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PREFACE

This volume contains papers contributed for presentation
at the 3rd International Meeting of Young Computer Scientists
(formerly the Czechoslovak - Soviet Conference of Young Compu-
ter Scientists), held at Smolenice Castle, Czechoslovakia,
October 22-26, 1984.

The conference was organized by the Association of Slovak
Mathematicians and Physicists with the aim to promote research
in various areas of the computer science and to provide an op-
portunity for young computer scientists of exchanging their
ideas and establishing professional relations.

The Proceedings include 4 invited and 42 submitted papers.
The contributed texts have been completed by the authors in the
camera ready form (except for Aladyev''s paper) and have not
been formally refereed. However, the members of the programme
committee and the editors spent considerable time discussing
a number of the papers and improving the formal level of seve-
ral of them. It is anticipated, that most of the papers will
appear iIn a more polished and completed form in scientific pe-
riodicals ..

The members of the programme committee (S.K.Dulin,Moscow;
J.Hvorecky, Bratislava; A.Kelemenova, Bratislava; P_Mikuleck?,
Bratislava; J.Pittl, Prague; M.Szijart6, Gy6r) and the editors
are deeply indebted to all the contributors to the programme
of the conference and to the Proceedings.

We wish to express our gratitude to the Computer and Auto-
mation Institute of the Hungarian Academy of Science for pub-
lishing the Proceedings. Special thanks go to Peter Mikuleck”,
the programme chairman of the conference for his substantial
technical support and help in editing the Proceedings.

Budapest and Bratislava, June 1984
Janos Demetrovics
Jozef Kelemen
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NEW RESULTS IN THE THEORY OF HOMOGENEOUS STRUCTURES

Victor Aladyev
Tallinn 200035, Paldinski mnt 171-26, USSR

During the recent years there has been a considerable in-
terest iIn the theory of homogeneous structures /HS/ about
which many interesting results have been obtained. Much of
this work has been motivated by the growing interest in com-
puter science and biological modelling. The HS is a formaliza-
tion of the concept of an infinite regular array of identical
finite-state machines uniformly interconnected in that sense
that each machine can directly receive information via inter-
connecting wires from a Ffinite number of neighbouring machi-
nes where the spatial arrangement of these neighbouring machi-
nes is the same relative to each machine in the array. Each
machine can synchronously change its state at discrete time
steps as a function of the states of the neighbouring machi-
nes. This function can change from time to time step,but will
be identical for each machine in the array at any given time
step. The simultaneous action of these local functions will
define global functions which will act on the entire array
changing configurations /CF/ of machine states in the array
to other configurations.j A d—giQFnsional HS /d-HS/ 1is an or-
dered quadruple HS =<Z , A,X , X> , where

/l/ 7 is a d-dimensional regular array

/2/ A = {0,1,...,a-1} is the alphabet of the HS

/3/ t(nD is the global transition function of d-HS

/4/ X is the neighbourhood index of HS

/5/ n is the number of neighbouring machines in HS.

Such models have been applied in such diverse areas as pattern
recognition, machine self-reproduction, cellular differentia-
tion, evolution and development theories, theory of morphoge-
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nesis, adaptive systems, parallel algorithms and parallel pro-
cessing and so on e HS can serve as the basis for mo-
delling of many discrete processes and they present enough in-
teresting independent objects of investigation as well. This
paper considers such problems as modelling in HS, decomposabi-
lity of the special global maps in HS, the complexity of con-
figurations and global maps in HS, employment of HS in para-
lIlel programming, apparatus of investigations in the HS theo-
ry and so on. The latest results in this directions in detail
can be characterizrd as follows. All definitions,notations

and designations can be found in [I] .

The problem of modelling in HS plays a very important ro-
le in the theory of HS itself and in its applications. A num-
ber of scientists have dealt with the problem, but it is nece-
ssary to note that neither the neighouring nor the stateset
reduction techniques are necessarily optimal, and here we ma-
de an attempt to obtain the optimal technique along these li-
nes. On the basis of our approaches we can formulate the fo-
Ilowing theorems [4] .

Theorem 1. For an arbitrary d-dimensional (d>1) HS there exists
a binary HS*® of the same dimensionality, which 1-models it and
whose template satisfies the following conditions

, t d
L=(11+1) (1d+1) n(px + D

where P1XP2XeeeXP™ is the template of HS, log2log24(a-1 )= d

and d

I, =B + 2 , where B~log~Ca-1)

fl if B-1 <0,5

Id b+ 1 otherwise.
Theorem 2. For an arbitrary 1-dimensional HS with alphabet A
there exists a 1-dimensional binary HS " which 1-models it and
whose template is L=(n+1)(log2 a+n+E) ,(E=4)if aqzlg
wise E=5), where n is the size of the template of HS.

, other-

On the basis of a special simulation technique of this
theorem the following theorem can be proved.
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Theorem 3m A 1-dimensional HS is said to be universal if it mo-
dels a universal Turing machine. There exists a universal 1-di-
mensional binary HS with a template of size n=17

To our knowledge this result is the best of its Kkind.

Theorem 4. For an arbitrary d-dimensional HS (d>1) with the
alphabet A there exists a d-dimensional binary HS® which 1-mo-
dels it and whose template is

L = [ + D(log2a+E+pl)] xp2xp3X .. .xp" ,

where pAx”~._xp” is the template of HS, E=4 for a<219

otherwise.

and E=5

With modeling in HS the problem of reliability of HS is
linked . It is said that HS is real structure if at any moment
t>0 the computation of a new state of an elementary automaton
in HS (on the basis of local transition function L(W&(x y--
Xn) = x") can be exposed to breaches, i.e. L(n%oo\,--_,£h>:xA

/x". Real HS is self-restoring if it is capable of above-men-
tioned breaches in the process of functioning. It is said that
a real d-HS has (I1-1/K")*100% - reliability if in any d-dimen-
sional hypercube with edge of size K can be exposed to breaches
any more than p~l elementary automata. With a glance to this

suppositions the following results can be formulated [4].

Theorem 5. For any 2-dimensional real HS with (1—1/K2)*1OO% -
reliability (d=2,K"3) and an alphabet A there exists a self-re-
storing HS of the same dimensionality which 2-models it and.
has an alphabet A"=AU{M} , and a global transition function

where is a reliable function with Moore®s neighbour-
hood index.

Theorem 6. Let an elementary automaton of the real HS with al-
phabet A within the limits of any t steps can perpetrate any
more than p™m breaches (m<11/2] ). Then there exists a self-
restoring HS*® of the same dimensionality with the same neigh-
bourhood index and alphabet A which (t+l1)-models it.
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In our book [I] we quite justly noted constructive defects
of HS with symmetrical local functions. On the other hand, from
our results in modelling in HS may be drawn that HS with symme-
trical and asymmetrical local functions are equivalent with
respect to computability.

Theorem 7. For any Turing machine with s symbols on tape and g
internal states /MT / there exists a 1-HS with alphabet A of
cardinality 2(s+2g+l), Moore"s neighbourhood index and symmet-
rical function which 4-models it.

On the basis of this result the following theorem can be
formulated.

Theorem 8. For any 1-HS with the alphabet A and Moore®s neigh-
bourhood index there exists a 1-HS with symmetrical local func-
tion, alphabet A" of cardinality 2(4a+5a+12) and Moore®s neig-
hbourhood index, which 4W-models it, where W is the length of
the rewritten finite configuration.

Two questions present undoubted interest: - Can an arbit-
rary HS be embedded in a reversible one of the same dimensio-
nality? - Are there at all computation- and construction-uni-
versal reversible 1-dimensional HS ?

Furthermore, | am inclined to the opinion, that both prob-
lems have a negative solution. Indeed, enough wide classes of
modelling of one HS by another of the same dimensionality co-
rroborate this conclusion. To this effect we introduced two
concepts of modelling: WM- and W- modelling in HS, which em-
brace a wide class of methods of modelling. On the basis of
investigations of the above concepts of modelling we can for-
mulate the following results [4].

Theorem 9. For any integer d™l there does not exist d-HS with-
out NCF, which WM- or W-models it.

In our above-mentioned book [I] we discussed the question
of community of the classical concept of HS. G.E.Tseitlin in
connection with the further generalization of this concept in-
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troduced heterogeneous periodically defined transformations
/HPDT/. It can be verified that any HPDT is equivalent to so-
me classical d-HS [4]

Theorem 10. For any HPDT defined on d-dimensional abstract re-
gister R in alphabet A there exists a classical d-HS (d*l) with
alphabet A U {b} (b/A), which 1-models it.

Thus, these and a number of other widenings of the classi-
cal concept of HS show that this concept possesses the suffi-
cient degree of community. In that connection the question ari-
ses about the complexity of global functions in HS. We give an
answer in the terms of the theory of recursive functions.

Theorem 11, Any global transition function x"1» of HS defined
on the set C of finite configurations is a primitive recursi-
ve word function.

This result defines the position of the class of global
functions of HS in the hierarchy of all recursive functions.

In the book [I] the following problem is discussed: Can
any global function of HS of special type be presented in the
form of composition of the finite number of more simple global
functions of the same type? It is said that a global function
x™ Y in an alphabet A is more simple than a global function xm*
in the same alphabet if n<m. Such a problem is called composi-
tion problem.

On the basis of Yamada-Amoroso"s results on completeness
problems the negative solution of the general composition pro-
blem is presented [4]. There exist enough interesting classes
of global functions, for which the decomposition problem is
algorithmically solvable.

Theorem 12, Let MB be the set of all d-dimensional global fun-
ctions such that for any x~eMB and any CF ceC” lcl<lcx™n
where |c] is a minimum size of CF c. In the class BM of global
functions the composition problem is algorithmically solvable.

Theorem 13. Let M be the set of all binary l-dimensional glo-
bal functions x™nY) In HS /n”2/. There exist global functions
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x™n Y of M which cannot be presented as a composition of the fi-
nite number of functions t(n )e M /n™<n , i=Il,...,k.7.

On the basis of Yamada-Kaoru"s result on the completeness
problem in 1-dimensional binary HS we have the following re-
sult.

Theorem 14. The general decomposition problem in the class of
) B } . ] ] n

binary 1-dimensional injective global functions x has a ne-

gative solution.

Further, the following iInteresting problem is discussed:
Is it decidable whether an arbitrary global function over an
alphabet A can be presented as composition of the finite num-
ber of more simple global functions in the same alphabet ?
Let a global function x* in l-dimensional HS with alphabet

A be defined by the local function:
C s k

r n"(x1,.../4Xn>=x" + xn + ~xi ~“mod
. Jj=1 j /1/
for O4k™n-2 and i”e{2,3,...,n-1} .

It is well-known that in such HS any finite configuration is
self-reproducing. The relation between the concept of comple-
xity and decomposition problem in HS is stated. Then the re-
lation between A(X) and other famous measures of complexity
is presented [4] .

The classical concept of HS is very bulky for modelling
of complex processes and phenomena, iIn a number of cases. The
modelling itself in such HS becomes complex, boundness and lo-
ses sometimes any sense. In [I] we discuss a class of HS which
to a Certain extent is similar to nervous tissue. In such HS
/HS"/ each machine can directly receive information from its
immediate neighbours and each machine can synchronously chan-
ge its state and outcome impulses at discrete time steps as a
function of its state and incomung impulses. Such HS allow to
obtain extremely lucid picture of information streams which o-
perate by functioning of algorithms realized in HS_HS", by de-
finition, is a quadruple HS "=<Z ,A,l1 \> ,where Za and A are
defined as for classical HS, I is a set of impulses, and p is
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a Ffunctional algorithm /FA/ of HS." The next result can be easi-
ly verified: Any HS "=<Z1,A, | ,§> can be constructively embedded
in the classical HS= <Zl,A;k(3),X> . Furthermore under certain
conditions HS can be embedded in HS = <Zl,A u I,t(S),X>, whe-

re X is Moore®s neighbourhood index. Such conditions for HS-*
are discussed. The following result can be shown {4".

Theorem 15. Any HS*® = <Z1,ALi]> can be embedded into classical

kiS=<:Z% AU |,t(7)/X>, where X is the neighbourhood index.

Formal language theory is by its very essence an interdis-
ciplinary area of science: the need for a formal grammatical or
machine description of languages used arises in various scien-
tific disciplines. Therfore, influences from outside the mathe-
matical theory itself have often enriched the theory of formal
languages.

Perhaps the most prominent examples of such an outside
stimulation is provided by the theory of L-systems and -~-gram-
mars. L-systems were originated by A_Lindenmayer in connection
with biological considerations in 1968. We defined -~-grammars
in 1974 [1]. Two main novel features brought about by the the-
ory of L-systems and i”-grammars. From its very beginning are:
/1/ parallelism in the rewriting process and
/2/ the notion of a grammar conceived as a description of a dy-
namic /i.e., taking place iIn time / rather than a static entity

The later feature /2/ initiated an intensive study of se-
quences /in contrast to sets / of words, as well as of gram-
mars without nonterminal letters. During the past five-year pe-
riod, the research in the area of L-systems and i”™-grammars
has been most active. For a systematic presentation of the es-
sentials of Tn~grammars mathematical theory we refer to [I].
Here we present only some problems in t~-grammars theory and
discuss non-deterministic t grammars. A number of results pre-
sent decisions of the previous open problems in t h-grammars[ 4]

Definition 1. A tn~grammar is an ordered quadruple
Tn =n,A,T n ’C6> , where
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/1/ n is the size of the template of n-HS,
/2/ A is the alphabet of the HS,
/3/ t(n) is the global transition function of 1-HS /produc-

tion in grammar /,
/4/ cQeCA i1s an axiom / initial CF in 1-HS/.
The language generated by -~-grammar is the set L(xn>=
{CsC"Z Cqg—"cCc } .

The following results in such languages can be presented [4].
Theorem 16. There exist L(xn)-languages and a set of words

/CF/ C=ic,...,c~} (c™eC” -10) i=l,...,d) such that sets
i/Th)—C and I(tn) u C are not L(ﬁn)—languagps.

Theorem 17. There exist L(t )-languages for which the rever-
77 N
sions L 1(Tn) are not L( xm)-languages.

Theorem 18,The problem of nonempty intersection for arbitrary
L( ) -languages is undecidable.

Definition 2. A nondeterministic T-grammar is an ordered quad-
ruple T= <d,A, T/CO> , where

/1'/ A is the alphabet of the grammar

/2/ d is the dimensionality of words /CF/

/3/ cQeCA is an axiom

/4/ tw is admitted finite set of global functions /set of pro-
ductions/.

The language generated by T-grammar is the set L(T)={ceC

The Ffollowing results in L(T)-languages can be presented [4] .

Theorem 19. There exist L(T)-languages which are not L( x)-lan-
guages. There exist regular languages which cannot be genera-
ted by x - or T-grammars.

Theorem 20. Any finite set of words in an alphabet A can be
generated by some T-grammar. For any integer m>2 there exist
regular sets of words which .cannot, be generated by T~-grammars,
but can be generated by some Tm+|—grammar and %+ —grammar .even.
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Theorem 21. L(T)-languages are not closed under intersection
with regular sets.

Theorem 22. L(T)-languages are closed with respect to the ope-
ration of inversion and are not closed with respect to the ope-
rations supplement and intersection.

Theorem 23. The membership, equivalence and finiteness problems
and the problem of nonempty intersection for two arbitrary
L(T)-languages are undecidable.

Theorem 24. Let W be a finite transformation and L be an L(T)-
language. There exist W such that W(L) cannot be generated by

some T-grammar. Similar result take place for sets x(L), H(L),
where x and H are global transformation and homomorphism, res-
pectively.

A correlation between L-systems and 1-HS can be stated [4] -

Theorem 25, Any L-system can be simulated by a l1-dimensional
HS (broadly speaking not in real time), and vice versa.

Now we go over to the discussion of some possibilities of
HS i1n parallel processing. In [4] we present some approaches
in utilization of HS in parallel programming. Above all,the
problem of non-contradictoriness of algorithms of parallel sub-
stitutions 1is discussed. This problem has the vital importance
for parallel microprogramming. In this direction the follo-
wing result can be proved.

Theorem 26. The problem of non-contradictoriness of algorithms
of parallel substitutions

| d "1 n; i i
KFXCmTA, ..., mp =~"KF3(m ,...,im) [xi,...,Xd]
is constructively solvable.
The established correlation between modified Post-algeb-

ras and HS allow to use the HS in the applied algorithm theo-
ry [4] . The above mentioned general decomposition problem
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(GDP) of global transition functions in HS is very important.
The problem was solved by V.Aladyev [I] with help of noncons-
tructibility approaches in HS. In [4] the problem receives the
further decision on the basis of other interesting approaches.
In the first place, with the help of Shannon®s function we pre-
sent a solution of GDP for binary general HS.

Theorem 27. The general decomposition problem for binary d-dim
mensional (d~1) global function has a negative solution.

On the basis of results in k-valued logic we have the following
theorem [M]] -

Theorem 28. The general decomposition problem for d-dimensional
@>1) global functions r<") in alphabet A (@3) has a negati-
ve solution.

For a solution of the GDP the algebraical approach can be used.

Theorem 29. Let L(a,d) be a semigroup of all d-dimensional maps
t(n): CA = CA . L(a,d) can be presented in the form of union of
subsemigroups AN (i=1,...,4) {(Vi)NVJX(i/] =A™ A”=0 }, which
has no finite systems of generators and a maximum group.

The absence of the finite system of generators for subse-
migroup A™ was received on the basis of investigations of the
special types of the infinite mutually erasable configurations
in HS.

Theorem 30. The semigroup of all l1l-dimensional maps x(n) has
not a finite system of generators.

The utilization of the possibility of representation of
local transition functions LK in the form of polynoms in
(mod a) allow to receive a number of iInteresting results on
the GDP in HS.

Theorem 31. For any prime number a there exist global functions
which cannot be presented in the form of composition of the fi-
nite number of more simple global functions in the same alphab
bet A. For any integer n>2 there exists a binary global func-
tion x which has a negative solution of the GDP.
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At the end of this results constructive approaches to the
solution of the GDP for some classes of global functions are
presented. An approach is based on the following result.

Theorem 32. A global function has a positive solution of the
GDP iff the corresponding polynom Pn (mod a) can be presented

in the form of superposition of polynom P (P (P ..
nk nk-1 nli
(mod a) for n™<n (i=l,...,Kk).

Since up to this point there do not exist enough general
own methods of investigations of HS, along with attracting for
these purposes the methods of other mathematical areas,the wor-
king out of such methods would be extremely desirable.The pre-
sent survey of methods allow, in my opinion, to use some litt-
le-known methods by many investigators and to intense the wor-
king out of one"s own methods of investigations of HS. Here we
shall only be content with giving a list of topics which are
used for investigations of HS:

/0/ basic level / it contains one"s own methods of investiga-
tion of HS /

/'/ group, semigroup and algebra theories,

/2/ k-valued logic and Boolean algebra

/3/ structural approach

/4/ simulation

/5/ theory of the shift dynamical systems

/6/ graph-topological approach

/1/ theory of recursive functions

/8/ modelling

/9/ formal language theory

/10/ number theory

/11/ computer modelling

/12/ general system theory

I hope that this survey will help to clear up some aspects
of the methods of investigation of HS as well as giving some
information about modern methods to scientists working on this
topic.
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1. Introduction

One of the most important and well investigated subjects
in formal language theory 1is the descriptional complexity of
languages with respect to such measures as the number of vari-
ables required for the generation of the language, the index,
etc. One of the early results in this direction is the fact
that the regular languages form an infinite hierarchy with re-
spect to the number of variables necessary for the generation
by context-free grammars,/Gr/. The same holds for some other
classes of languages and grammars with respect to the index.

In this note we summarize some results of the authors on
the number of variables and productions, respectively, which
is required for the generation of languages by matrix grammars,
programmed grammars, and random context grammars. Especially,
we give contributions to the following problems:

- Compare the complexities of the language descriptions by
egrammars of different types.
- Give uniform estimations of the complexity of languages in a
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given class of languages.

2. Definitions and notations

We assume that the reader is familiar with basic notions
and results in formal language theory especially concerning reg-
ulated rewriting (see /Ma/, /P1/, /5a/). Here we recall only
some definitions informally and specify some notations.

In all cases we use the nonterminal alphabet VN, the ter-
minal alphabet V», and the axiom S € VA

A matrix grammar is a construct G = (Vijj, V%, S, M, F)
with VN, V», S as above, and M and F denoting the set of
matrices (sequences of context-free rules A »w, A € V?,

w € (W u Vt)k) and the set of occurrences of rules in M

which are used iIn the appearance checking mode. In a step of a
derivation we have sequentially to use all the rules of a ma-
trix; If a rule appears in F, and i1t is not applicable to the
current string, then it can be overpassed.

For any non-matrix grammar G we denote the set of rewrit-
ing rules by P.

The rules of a programmed grammar G = (VWN, VT, S, P) are

of the form (b, A ew, E, F) where b is the label of this
rule, Ae VN, w € (W u v™)*, E is the successfleld, and F is

the failure field (sets of labels). If the core production A »w
is applicable then, after using i1t, we have to apply a rule with
label in E; if A ew 1is not applicable, then we continue with
a rule whose label belongs to the failure Ffield F.

The rules of a random context grammar G = (W, V», S, P)
are of the form (A w, R, Q) where R, Q£ VN are the set

of forbidden and permitting letters, respectively. The core
rule A »w can be used only for the rewriting of sentential
forms UuAv such that uv do not contain any symbol of R and
uv contains all letters of Q,

By CF, M, PR, RC we denote the classes of context-free,
matrix, programmed, and random context grammars (with erasing
rules), respectively,
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For a class X of grammars, let £(X) be the family of
languages L(G) generated by grammars G of X. By £(RE) we
denote the family of recursively enumerable languages. It is
known that

£(RE) = C(M) = £(PR) = £(RC) .

For a grammar G and a language L, we define

Var (G) = card (WN),

Varx(L) = inf (var(G) : G € X, L(G) = L} ,

Prod (6) = card ( {A »w - A -ew occurs in a rule/matrix
of G} ),

Prodx(L) = Inf (Prod(G) : G € X, L(G) =L> .

Further we put

Ex(n) ={L L e £(X), Varx(L) < n}

3. Comparison results

By definitions, we obtain
Varx(L) ™ Varcp(L) and Prodx (L) ProdCF (L)

for X e {M, PR, RC) and L € £(CF). The following theorem in-
dicates that the description by regulated context-free grammars
can be as more economic as you like compared with the use of
context-free grammars.

Theorem 1. (/Da/, /DPl/, /BCMW/) There are sequences of context-
free languages L ,M , N , 0 , n€ N, such that

) VarM(Ln) < 2, Varcp(Ln) = n,

i) Varp~(Mn) = 1, VarCF(Mn) n,

ii1) VarRC(Nn) < 8, VarCp(Nn)
iv) ProdpR(On) - 5 Prodjj(On) S 10, ProdRC(On) < c¢ (where c

n,

is a constant), and ProdCF(On) > log(n) + 1 .

The results on the comparison between matrix and programmed
grammars are summarized in the following theorem.
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Theorem 2.(/Da/, /DP1/, /DP2/) For each L € £(RE),
i) VarM(L) < VarpR() + 1, VarpR() < VarM(L) + 2,
ii) ProdM(L) < ProdpR(L) + 5, ProdpR() < ProdM(L) + 1

Concerning the optimality of the estimations we mention

Theorem 3» (/DF2/) There are context-free languages L and K
such that

i) VarpR(L) =1, VarM(@L) = 2,
i) VarM(K) = 1, VarpR(K) = 2.

Random context grammars form a class with greater descrip-
tional complexities than the other two regulation mechanisms as
can be seen by

Theorem 4-, (/Da/) 1) For each L € £(RE),
VarpR(L) < VarRC() + 1, VarM(L) < VarRC(L) + 1
ii) For each n € N, there exist regular languages Rn and Sn

such that

VarPR(in) m 1* VarRC(V -
VarM(Sn) < 3) VarRO(Sn) > n.

4_ Uniform estimations of language families
Theorem 5. (/P2/, /DPl/)
E£m(6) = £pR(B) = £(RE)

It i1s an open problem whether or not the values of Theorem 5
are optimal.

Some special families require only a fewer number of non-
terminals. A context-free grammar G = (VR, V%, S, P) is
called
- linear 1t all productions of P are of the form

A *u, A = uBv @
where A, B € VR, u, v € and

- metalinear if all productions are of the form S -»w,
w € (VR U VT)*, or of the form (1) and S does not occur at
the right side of a production.
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By LIN and MLIN we denote the families of linear and meta-
linear grammars, respectively.

Theorem 6. (/DP1/) 1) £(LIN) 9 £M(2), E£(LIN) 9 £pR(2),

i1) £(ILIN) 9 £Emn(3), E£LIN) 9 £pR(3).-
The optimality of these relations is shown by the following re-
sult.

Theorem 7« (/DP1/) 1) There are regular languages U and V
such that

VarMU) =2 and VarpR(V) = 2.
i1) There is a metalinear language W with VarM(W) - 3.

By definition, each sentential form of a linear (mnetaline-
ar) grammar contains at most one nonterminal (a bounded number
of nonterminals). This is the characteristic property of the
language family which will be defined now.

By #x(w) we denote the number of occurrences of letters

of the set X 1in the word w. For a context-free grammar G

with the set VR of nonterminals, a word w € L(G), a deriva-
tion

D S = W,,1<i"2WO = .. -—‘iwn_f Z*Wn S w

of w, and a context-free language L we define
Ind(D) = max w.) 1< i<n} ,
Ind(w,G) = min (iEd(D) : D is a derivation of w in G) ,
Ind(G) sup (Ind(w,G) :w 6 L(G)} ,
Ind(L) inf (ind(G) :L(G) =L }.

Further let
EFINCCF) = (L L e2(P), Ind(L) <00}

be the family of context-free languages with finite index.
However, in order to obtain a generalization of Theorem 6
we consider matrix grammars with leftmost restriction, i.e, the
productions of the matrices have to be applied to the leftmost
occurrence of their left side in the current string. This class
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of grammars is denoted by M*. The class PR, of leftmost restric

stricted programmed grammars is defined analogously. (Note that
this leftmost restriction differs from that given in /5a/ and

/PV.)
Theorem 8. (/DP2/) 1) E£FIN(CFH c £ (3),

U) £Fin CI™ - APR.A) =

We mention that Theorem 8 can be generalized to matrix/pro-
grammed languages of finite index.

For random context grammars such results (as Theorem 5-8)
are not possible since already the regular languages form an
infinite hierarchy as it can be seen by the following theorem.

Theorem 9. For each n> 1, £RC(n+1)\£RC(n) contains a reg-
ular language.

Further we note that
- all languages in £M(1) are semilinear

- there is a non-semilinear language L with VarM(L)=VarpR(L)=3,

contains non-context-free languages.

With respect to the measure Prod we have only estimations
for language families over a fixed alphabet V.

Theorem 10. (/DP2/) 1) Prod”L) <13 + card(V),
ii) Prodpp(L) <15 + card(V)
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1. Introduction

Since the work of Thue, [15], infinite words have been investigated from
different points of view in theoretical computer science, see e.g. [1,2,6,12].
The purpose of this paper is to discuss some recent results and open
problems concerning infinite words obtained by iterating morphisms, the main

emphasis being on some periodicity questions.

After preliminaries in Section 2 we recall the DOL prefix problem [10]
and some other related results. In Section 3 we shall first study equations
of the form h(x) = xn, n=2,3,... , where h is a given endomorphism on a
finitely generated free monoid. It turns out that all the solutions of these
are obtained as powers of finitely many primitive words. Then we turn to
consider the DOL periodicity problem: Is there an algorithm for deciding
whether the limit of a given DOL language consists of ultimately periodic
infinite words? In the last section we state some further results and discuss

some open problems.2

2. Preliminaries

Let A be a finite alphabet and A* the free monoid generated by A W
denote by 1 theidentity (the empty word) inA* and by A+ the free semigroup
A* {1}. For aword w £ A*, |w| denotes the lengthof w, while 1Al is the
cardinality of A ,

Aword w£ A* is primitive if it is not a power of another word. Every

word is a power of a primitive word, denoted by v~-Given two words w and v
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we say that w is a prefix of v in case v = ww for some £ A*. Also, wand v
are conjugates if one finds words uw and such that w= u”2 and v = " .
In what follows we are interested in iterating a morphism h: A* » A*

starting with a given word u. This iteration gives us a sequence
" u,h(u),h2(u),...

of words. The pair (h,u) is called a POL system in the literature and its
language is the set L(h,u) = {h*(u)l i > 0}, which may be finite, of course.

Given a morphism h: A* -» A* we call a letter b £ A finite if L(h,b) is a
finite set. Otherwise b is an infinite letter.

The limit, lim L(h,u), of the set L(h,u) consists of all infinite words
a=a”"2... , a GA such that for all n, a possesses a prefix longer than n
belonging to (). The adherence, adh L(h,u), of the set L(h,u) consists of
all infinite words a such that for every prefix w of a, there is a word X
such that wx is in L(h,u).

It is easy to verify that adh L(h,u) / $ if and only if the language
L(h,u) is infinite. So the emptiness problem for the adherences of DOL

languages is decidable. The same holds true also for the limits as was shown
in [10].

Theorem 1. The emptiness problem for the limits of DOL languages is
deci dable.

The proof presented in [10] is mainly based on the so called defect
theorem, see e.g. [12].

We note also that if lim L(h,u) ~ ¥ then one can effectively find integers
p and q such that h”~(u) is a proper prefix of h™CMu) . In this case

q-1
1im L(h,u) = U limL(hCh”+1(u)),
i=0

where moreover |lim L(h¢,h~>+I(u))| = 1 for each i =0,1,... ,g—1. W can thus
separate the case (1) in an effective way into a finite number of special
cases where the limit of the sequence exists uniquely.

We finally mention two recent generalizations of the ordinary DOL sequence
equivalence result. The first is obtained by Culik Il and Harju [4] and the
second by Head [9].

Theorem 2. There is an algorithm for deciding whether or not two given

DAL systems generate the same limit.
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Theorem 3. There is an algorithm for deciding whether or not two given

DOL systems generate the same adherence.

3. On the periodicity

As discussed in the preceding section, we can restrict ourselves to DOL
systems (h,u), where (if the limit exists) h(u) = ux for some x£ A*. This

kind of a system defines the infinite word
hw(u) = uxh(x)h™(x)...

Besides Theorem 1, one of the crucial questions concerning infinite words
obtained by iterating morphisms is the following. Is it decidable whether or
not a given prefix preserving morphism h defines an ultimately periodic

infinite word, that is, whether or not
G = wd

for some words v and w? Here w denotes the infinite word ww... . Some special
cases of the problem were solved in [9] and [11]. In [9] a partial solution
to the problem was used to solve the adherence equivalence problem for DOL
systems (Theorem 3)e

The ultimate periodicity problem, shown to be decidable in [8], comes
into use also in solving the ui-regul ari ty problem for the limits of DOL
languages. The ordinary regularity problem for DOL languages was shown to be
decidable in [14]. The corresponding problem for infinite words is just
another formulation for the DOL periodicity problem. In the following we shall
present the main ideas of the solution.

First we shall consider the equations
(2) h(x) = xn, n=2,3,...,

where h: A -» A is a given morphism. It turns out that all the solutions
of (2) can be effectively found.

Given a solution, h(w) = wn for some n > 2, we note that (vAvj®is also
a solution for all p > 0. Thus we need to search for the primitive solutions

only. With this in mind we define
={w £ A+l wprimitive and h(w) = wn for some n > 2}.

Let A= Ap U A|, where Ap is the set of finite letters and Al the set of
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infinite letters with respect to h. One can prove
Theorem h. For a given h: A* -» A* there are only finitely many primitive

words w for which h(w) = wn for some n > 2. In fact there is a partition
Ajt...,A of A| such that

r
Ph E _ul(Apu VvV *
1=

and the words in fi (Ap U Aj)* are conjugates (i = 1,...,1).

Given two words v and it is decidable whether or not h'(v?®) = h'(v2)

for some integer i, cf. [3] or [5]. Using this result together with Theorem A
one can prove

Theorem 5- The set can be constructed effectively for a given morphism
h: A* - A*

The following decidability result is an immediate consequence.

Theorem 6. It is decidable whether or not the equations h(x) = xn,

n=2 ,3 , possess a nontrivial solution.
This result can also be given in a somewhat stronger form.

Theorem 7- For a given h it is decidable whether or not there exists a

nontrivial word x such that hm(x) = xn for some m> 1 and n > 2.

Now using Theorems 1 and 5 one obtains

Theorem 8. The ultimate periodicity problem is decidable for DOL systems.

Proof. Let us be given a morphism h: A* -» A* and a word u £ A* such that
h(u) = ux for some x £ A+. Denote by A* the subset of A which consists of the
infinite letters occurring infinitely many times in hWwu). Clearly A" is an
effective set.

In case AJ = ¢ there appears only one infinite letter b which is
isolated, that is, no letter produces b. This case is thus easy, since the
period comes out from h(b) = u”bv.

Assume now that Al » ¥ and let b be the first letter of h”iu) from AN
Then for some i < |Al and y £ A*

h'(yb) = yby™ and h”~(y) = 1

For otherwise hw(u) is not ultimately periodic. W& may assume that i = 1
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si nee otherwise we consider the pair (h',u) instead of (h,u). Thus

h(yb) ybyl and h'A™y) = 1.
Let us write now

hw (u)

ulybu2u”...,

where h(u”) = ulybu2 and u™ € A*A(A*

By Theorem 5 we may test whether there exists a primitive w such that
yb is a prefix of w and h(w) = wn for some n > 2. If no such w can be found
then h~u) is not ultimately periodic by above. Assume then that we have

found such a word w.

Claim. hu(u) is ultimately periodic iff hw(ybu2u® =wJ iff (h,ybu2u®

defines an infinite word.

Proof of the claim. Assume ha>(ybu2u®™) is defined. Then haxybu2u®) =
hw(yb) = ww (since b £ Al and yb is a prefix of w). We have also for all i > 1

h*'(ybu2u® = ul-ybu2*..."hl(ybu2)-h1(uj)’

and so h'(u”) is a prefix of h'+l (ybu2u”). Suppose i is here already so large
that 1hl(uj)l > Iwl and h*(ybu~”™) is a prefix of w® for all j > i. Then
also w is a prefix of h'(u”) and hence h'(ybu2) £ w*. Now h”iu) = hw(u”~ybu2u®)
implies that ii (u) is ultimately periodic. The converse of the claim is

trivial.

We note that the last statement is decidable in the claim and so is the

first one. This completes the proof of the theorem.

Remark. Pansiot [131 has recently given another quite different proof

(based on simplifiable morphisms) to the above theorem.

*. Discussion

Theorems b and 5 or their proofs in [8] do not give the primitive
solutions wexplicitely. In the binary case, Al = 2, one can, however, obtain

a very effective characterization to the set Ph as well as to the morphism h,

[71:

Theorem 9. Let w be a primitive word in {a,b}*and let h be an endomorphism

on {a,b}*-Then h(w) = wn for some n > 2 iff at least one of the letters, say a,
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is infinite and
(i) w =\Vh(a) and either
1°. h(b) = 1 and, |w| > 2 or h(a) is not primitive;
or
2°. w = \2h(b) ;
or
3°. h(a) 6 a2a*;

or

(ii) w=b 1lab 2 and h(b) = b, h(a) 6 (ab 1+ ~)+a;
or

(iii) w=ab and h(a) € (ab)+a, h(b) £ b(ab)+.

We note that in above all the primitive solutions w are of length at most
max{ |h(a)[, |h(b)I}. It is a matter for remark that this is not so in
alphabets of larger size. We mention just2a simple example: h(a) = ab,

h(b) = ca, h(c) = be. Here h(abc) = (abc)

The finiteness result in Theorem k is characteristic to free semigroups.
Namely, this property fails already in one-relator semigroups. As an example
we mention the free commutative semigroup <a,b; ab = ba> where the morphism
h defined as h(a) = a2, h(b) = b2 possesses infinitely many 'primitive’
solutions of the form a'b.

Also it is worthwile noting that this failure concerns free groups as
well. To see this consider a word w in a finitely generated free group F
such that h(w) = wn for an endomorphism h on F. Now, let G be a disjoint
finitely generated free group and define h to be the identity on G W have
h(uwu ™ = uwnu 1 = (umu 1)n for all u in Gand so h has infinitely many
solutions of the form uww 1 in the free product G*F.

W still mention one open problem. Is it decidable, for given morphisms
h,g: A -* A and given words u,v £ A , whether there exists a word w£ A
such that hw(u) = wgWVv)? In the special case h = g the problem reduces to the
ultimate periodicity problem for DOL systems which is decidable by Theorem 8.
We mention also that the positive solution of the general problem would
easily imply the solution of the limit equivalence problem for DOL systems
(Theorem 2).

Acknowledgements: | like to thank Tero Harju for helpful comments.
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1. Introduction: Motivation and Goalsl

In this document we provide an overview of the research being conducted at the Cognition and
Programming Project in the Computer Science Department at Yale University that deals with
understanding novice programming. Since there are a number of available reports that examine our
research efforts in some detail, this report will present only highlights to that body of research, and
pointers to particular papers. In particular, 1 will focus on 3 topics that we view as key in the

process of understanding novice programming:
» The knowledge base underlying programming.
» The types of bugs and misconceptions that novice programmers exhibit.

» The relationship of programming language constructs to the cognitive strategies of
programmers.

The thread that ties the above topics together is that of being sensitive to the underlying
knowledge representation and processing strategies that novices (and experts) use when they
program. Clearly, the above topics do not exhaust the area of novice progarmming; however, we
believe that our research efforts have been able to tap into some of the important cognitive aspects

of programming.

2. Beyond Syntax and Semantics: Plan Knowledge and Discourse Rules
While knowledge of the syntax and semantics of a programming language is important, this
knowledge alone will not permit one to effectively read/write computer programs. We have

identified two types of deep-slruclure knowledge that expert programmers seem to have and use:

» programming plans which represent the stereotypic action sequences in programming.
(Also see (11, 2].)

» rules of programming discourse which guide the composition of plans into
understandable and executable programs.

We have carried out a number of empirical studies with novice and advanced programmers to

"This work was sponsored by the National Science Foundation, under NSF Grant MCS-8302382.
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evaluate the above claims; data do in fact support these claims [14, 5, 15, 16, 17].

2.1. Programming Plans

Problem: Read in numbers, taking their sum, until the number 99999 is seen.
Report the average. Do not include the final 99999 in the average.

PROERAM OrangeAlpha;
VAR Sum, Count, Num : INTEGER;

Average : REAL
Counter Variable BEGIN
Plan - --—-> Count := 0;
1 — > 8um = 0; Running Total Loop Plan
| I Read(Num); <
Running Totall | WHILE Nim < 99999 DO <---------- 1
Variable Plant I BEGIN I
---------- > Sum = Sum ¢ Ny <-----------1
---------- > Count ;= Count * 1, |
Read(Num); S S
B\D Ski p Guard Plan
IF Count >0 THEN <
BEGIN < 1
Average = Sum/Count; <----------- |
Writeln( Average); <--------------- 1
B\D < 1
ELSE < 1

Writeln(’no legsl inputs’); <-|
BND.

Figure 1: Examples of Programming Plans

We can identify two types of programming plans in the program in Figure 1: control flow plans
and variable plans.2 For example, the RUNNING TOTAL LOOP PLAN and the SKIP GUARD
PLAN are two control flow plans in this program. The former plan repeatedly reads in some
values and accumulates their total. The latter plan is also a common one: it protects the average
computation from an illegal division by 0. The RUNNING TOTAL VARIABLE PLAN and the
COUNTER VARIABLE PLAN are two common variable plans used in programming. Notice that in
these plans, the variable’s initialization is explicitly tied to its update; while textbooks don’t
emphasize this point, we have found that programmers use this relationship in understanding

programs ( [5]). In Figure 2 we depict a network of programming plans that captures the tacit

*Variable plans are related to, but are richer than, the computer science notion of ahtraet data typet, in that plans
have more properties (e.g., relatedness, goal) than are usually associated with abstract data types.
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knowledge underlying a portion of introductory programming (14).

There is already substantial empirical evidence that provides support for the claim that
programmers have and use programming plans. Shneiderman [13], Adelson [1], and McKeithen et
al. [9] showed that expert programmers had better repall of meaningful programs than did novice
programmers, but that both groups performed about the same on nonsense programs (randomly
composed lines of code). We have built on this work by identifying specific pieces of programming
plan knowledge (e.g., Figure 2). Moreover, in empirical studies we carried out, we have gathered

supportive evidence for the existence of these specific knowledge units [15, 14, 5].

2.2. Rules of Programming Discourse

Rules of programming discourse specify the conventions in programming, e.g., the name of a
variable should agree with its function; these rules set up expectations in the minds of the
programmers about what should be in the program. They are analogous to discourse rules in
conversation. Under our theory, programs are composed from programming plans that have been
modified to fit the needs of the specific problem. The composition of those plans is governed by
rules of programming discourse. Thus, a program can be correct from the perspective of the
problem, but be difficult to write and/or read because it doesn’t follow the rules of discourse, i.e.,

the plans in the program are composed in ways that violate some discourse rule(s).

In Figure 3 we depict a set of programming discourse rules that we have identified. Individually,
they look innocuous enough, and one would hardly disagree with them. While these rules typically
are not written down nor taught explicitly (except, for example in [7]), we claim that programmers
have and use these rules in the construction and comprehension of programs. Moreover, if
programmers do use these rules and expect other programmers to also use these rules, then we
predict that programs that violate these rules should be harder to understand than programs that
do not. Data we have recently collected from a number of empirical studies bear out this

prediction [17, 16].

We call programs that are consistent with the discourse rules plan-like programs, and ones that
are not unplan-like programs. For example, in Figure 4, Version Alpha is the plan-like version of
a program that finds the maximum of some numbers. In our plan jargon, it uses the MAXIMUM
SEARCH LOOP PLAN which in turns uses a RESULT VARIABLE PLAN. Notice that the RESULT
VARIABLE is appropriately named Max, i.e., the name of the variable is consistent with the plan’s
function. In contrast, Version Beta is unplan-like since it uses a MINIMUM SEARCH LOOP PLAN
in which the RESULT VARIABLE is inconsistent with the plan’s function: the program computes
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the minimum of some numbers using a variable named Max To create the Beta version, we

violated the first rule of programming discourse in Figure 3: Variable names should reflect

function.

(1) The nare of variable should reflect its function in the program.
(2) Don’t include code that won't be used.

(2a) If there is a test for a condition, then the condition must have the
potential of being true.

(3) Avwvariable that is initialized via an assignment statement
should be updated via an assignment statement.

(4) Don’t do double duty with code in a non-obvious way.

(5) An IF should be wused when a statement body is guaranteed to
be executed only once, and a WHILE used when a statement body may
need to be repeatedly executed.

Figure 3: Examples: Rules of Programming Discourse

3. Understanding the Bugs and Misconceptions of Novice Programmers

Bug and misconceptions, to say the least, abound.” In order to more systematically explore the
large space of programming bugs and misconceptions, we have developed a categorization for types
of bugs and types of misconceptions. In what follows we first describe the categories themselves;
we then demonstrate the explanatory power of our theory of programming knowledge, and bug and

misconception categories by examining actual buggy novice programs.

3.1. Types of Bugs
We are exploring the bugs and misconceptions that novice programmers have as they try to map
their understanding of the problem into a programming language. From this broad category of

bugs we have isolated the following two subcategories:

» Bug Type 1: bugs that are the result of a discrepancy between the stated problem and
its program realization,

» Bug Type 2: bugs that dont interfere with the running of the program and appear from
the program’s output to give correct results, but that nonetheless indicate a
misconception on the student’s part.

By way of terminology: a bug is an error in a computer program, while a mieconeepticn is some conceptualisation in
the student's mind that can lead to a program bug.
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Vertion Alpha

PROGRAM Nagenta(input. output):
VAR Ra«. |. Nui : INTEGER:
BEGIN
M = 0;
FOR1 := 17010 DO
BEGIN
READLN(Nua);
If Nui > Mbix THEN Na« :« Nua
BND
VRITELN(Na>);
END.

Vertion Beta

PROGRAM Purple(input, output):
VAR Na«. 1. Nua . INTEGER

BEGIN
Ma« := 999999:
FORI =1 TO 10 DO
BEGIN
READLN(Nua);
If Nua < Max THEN Max = Nua
BND:
VRITELN(Nax);
END.
Basic plan: search plan (aax, ain)
Discourse rule: Avariable’s naae should reflect its function (1) (Figure 3)
Alpha case: variable naae agrees uith

search function

To construct
Beta version: violate discourse rule (1)

Beta case: variable naae does NOT agree
uith search function

Figure 4: Discourse Rules: Plan-like and Unplan-like Programs

3.2. Types of Misconceptions
We can also identify different types of misconceptions that manifest themselves as program
bugs:

1. A clash between what students bring to programming and what students are
supposed to learn in programming. Oftentimes a student’s preprogramming
knowledge will override the student’s budding computer knowledge resulting in a bug.

2. Faulty/incomplete understanding of programming concepts. This is a general
category of misconceptions that can be further broken down:

a. Overgeneralization: Students have difficult in discerning the specific context in
which a concept is appropriate. This sometimes results in the overgeneraliiation
of a concept.

b. Hazy understanding of a concept. Programming knowledge is cumulative: one
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builds on what one knows. Students often have a hazy notion of a concept
that does not manifest itself in the simple programs, but rather comes to light
only when more advanced topics are introduced.

c. Simply not knowing the rules of programming discourse. In conversation (and
text) there are tacit rules of communication that must be obeyed in order that
understanding be facilitated. These rules are built up with experience. Since,
by definition, novices do not have much programming experience, they
typically have not acquired these rules of programming discourse. The problem
is compounded since the rules are usually not taught explicitly. One goal of our
research is to identify these otherwise tacit rules.

3. Difficulties arising from the coordination of multiple constructs. That is, a student
may well understand each individual construct, however, since this knowledge may not
be as routinized as other knowledge, the complexity that results from having to
coordinate many new pieces of knowledge can result in program bugs.

4. Students may decompose the problem differently from that which was intended. The
result is usually a buggy program.

3.3. Example: Bug Type 1 & Misconception Type 2.a: Intention/Realization
Difference
The program in Figure 5 is an attempt to solve the problem also given in Figure 5. The
programmer intended to write a program that reads in a sequence of numbers and takes their
average. However, the programmer has written a program that reads in a number and then
computes the average of all the numbers between it and 99999, in integer increments. Thus the
bug in this program is of type 1: there is a discrepancy between the intended goal of the problem

and its realization.

Averaging Problem: Read in numbers, taking their sum, until the number 99999 is seen. Report the
average. Do not include the final 99999 in the average.

1 PROGRAM Average( input, output );
2 VAR Sum. Count, New, Avg: REAL
3 BEGIN

4 Sum := 0;

5 Count ;= 0;

6 Read( New );

7 WHILE New<>99999 D

8 BEGIN

9 Sum = SumNew;

10 Count := Count+1,

1 New 1= Newal

12 END,

13 Avg := Sum/Count;

14 Writeln( ’The average is ’, avg );
15 END,

Figure 5: Example: A Buggy Program
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One might be, as we were, baffled by this bug: what would prompt someone to write such an
unusual program? However, by appealing (1) to our theory of programming knowledge and (2) to
the sources of misconceptions, we can provide a cogent analysis. We would argue that the
misconception that the student was most likely laboring under is an overgeneralization of the
COUNTER VARIABLE PLAN: if incrementing Count gets the next INTEGER value, then
incrementing New should get the next input value. From within the context of our theory, then,
this bug becomes less surprising: the COUNTER VARIABLE PLAN and the READ VARIABLE
PLAN are both types of (i.e., members of the same class) NEW VALUE VARIABLE PLANS (Figure

2), since both of the former plans result in the same function, i.e., the production of the next value.

3.4. Example: Bug Type 2 & Misconception Type 1: “But My Program
Runs...”

Consider the program in Figure 6; it too is an attempt to solve the problem in Figure 5. While
this program runs, and produces a correct result, the “fractured” running total update indicates
that the student may not really understand the assignment statement: the use of the variable Yto
hold an intermediate result is unnecessary. Note we are not making an efficiency argument; the
fact that an extra variable is used, and thus may be more costly computationally, is not the issue.
Rather, we suggest that this misconception is a result of a clash between well routinized pre-
programming knowledge and nascent programming knowledge: in algebra, students know full well

that one doesn’t have the same variable on both sides of an equation.

program Student21_ Problems3;
var C, X Y, Z : intoger;

begin
C :=0;
Z =0
while X< 99999 do
begin
Read (X);
C=Ce¢
Y = X+ Z
Z =Y
end;
A = Ydiv C
Writeln (A ' Average’)
end.

The above program contains a fractured RUNNING TOTAL assignment statement in the body of
the while loop.

Figure 8: A Fractured RUNNING TOTAL Update
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The fact that the student did form the counter update correctly might appear to be evidence
against our analysis. However, we would argue that a counter update is viewed as an indivisible
whole, not as an assignment statement with two variables and a constant. In fact, we believe that
novices perceive the RUNNING TOTAL VARIABLE as being different from the COUNTER
VARIABLE because the models underlying these two concepts are quite different. That is,
calculating a running total is not a common technique: when one wants a sum, one writes all the
numbers down and then adds them by columns. This pre-programming method does not fit well
with the programming technique. In contrast, counters in everyday experience go up by 1, and
thus the realization of counters matches quite well with the programming method (e.g., count :=
count + 1). As support for the claim that novices do perceive these two types of variables as

different, we cite three pieces of evidence:

* In [14] we report on a study in which novices were asked to write a program to solve
the Averaging Problem (Figure 5); 100% of the novices wrote a correct COUNTER
VARIABLE update, while only 83% wrote a correct RUNNING TOTAL VARIABLE
update (this difference is statistically significant at the b level).

In looking more closely at the programs gathered in the study cited above, we found a
number of programs similar to the one in Figure 6. If students perceived the
COUNTER VARIABLE update to be of the same sort as the RUNNING TOTAL
VARIABLE update, then we would expect to see “fractured updates” used in both the
COUNTER VARIABLE update and the RUNNING TOTAL VARIABLE update.
Fractured updates were observed in 7 programs from the novice group. However, in all
instances this occurred to a RUNNING TOTAL VARIABLE update, not a COUNTER
VARIABLE update.

» In Figure 7 we present a fragment of a verbal protocol taken by a colleague, J. Bonar
[3lin which a student openly discusses the difference in perception he has of the
RUNNING TOTAL VARIABLE and the COUNTER VARIABLE.

Students resist being told about bugs of this sort. They typically respond by saying that their
program works, so there really is no problem. They apparently view programs as yes/no answers
rather than as “English compositions”. However, programs with type 2 bugs indicate some form of
misconception on the student’s part and need to be remedied at some point. Data we have
collected clearly shows that while students may initially get by with a hazy notion, say of a
variable, when arrays and subroutines (with parameter passing) are introduced, they will certainly

have trouble.

Interestingly enough, the computer itself helps support the student’s claims that bugs of this
type are not harmful. That is, when the student uses incorrect syntax or when the algorithm itself
is incorrect, the student gets immediate feedback: the program doesn’t run at all, or it produces
spurious results. This type of interaction is one of the positive features of computing (e.g., [10]).

However, students come to believe that an «tsence of feedback means that all is fine with their
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Problem : Write a program which reads in 10 integers and prints the average of those integers.

After working on the problem for a few minutes, the subject had written the following:

Repeat
(1) Read a nuaber (Nub)
(la) Count := Count ¢ 1
(2) Add the nuaber to Sua
(2a) Sua := Sua ¢ Nub
(3) until Count := 10
(4) Average := Sua div Nua
(5) writeln (’average = Average)

Below we give a portion of the verbal interview of the student who wrote the above code.

Interviewer:
Steps la and 2a: are those the same kinds of statements?

Subject:

How’s that, are they the same kind. Ahhh, ummm, not exactly, because with this [laj you are
adding - you initialize it at zero and you’re adding one to it [points to the right side of la], which
is just a constant kind of thing.

Interviewer:
Yes

Subject:

[points to 2a] Sum, initialized to, uhh Sum to Sum plus Num, ahh - thats [points to left side of 23]
storing two values in one, two variables [points to Sum and Num on the right side of 2a]. Thats
[now points to la] a counter, thats what keeps the whole loop under control. Whereas this thing
[points to 2a], this was probably the most interesting thing ... about Pascal when | hit it. That
you could have the same, you sorta have the same thing here [points to la], it was interesting that
you could have, you could save space by having the Sum re-storing information on the left with
two different things there [points to right side of 2a], so I didn’t need to have two. No, they’re
different to me.

Interviewer:
So -* in summary, how do you think of la ?

Subject:

I think of this [point to la] as just a constant, something that keeps the loop under control. And
this [points to 2a] has something to do with something that you are gonna, that stores more kinds
of information that you are going to take out of the loop with you.

Figure 7s Example: Verbal Protocol
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program: if the computer doesnt complain then the program must be correct. Since, as we said

above, these seemingly harmless bugs can cause significant problems later, we feel it important to

identify bugs of this type and the misconceptions that cause them/

4. Cognitively Appropriate Progamming Language Constructs

In the above we have tried to lay out some of the knowledge and processing strategies that
novices and experts employ. However, for the most part, these sorts of observations have not been
used in the design of programming languages. This is unfortunate, since a unnecssary barrier to
learning has been erected if a language construct is “not matched” with the cognitive strategy that
underlies it. In what follows we will identify one such language construct — Pascal’s while loop
— in which there is a clear mismatch between how people prefer to solve problems and how the
language construct forces them to solve problems. The upshot, which is not surprising, is that
people’s performance using this construct is unacceptably poor. (An expanded version of this work

appears in [15].)

Consider then, the problem and its program solution given in Figure 8A. Notice that the
problem is neither esoteric nor tricky; certainly one would expect novice programmers to be able to
write a correct solution to this problem. However, we have found that performance on this
problem is generally quite poor; in one study where we asked students to write a program, at their
desks, for this problem, we found only 40% could write correct programs.5 We have argued that a
major stumbling block is the unusual model of looping required by Pascal’s while construct.

Stepping back from the code, the strategy that this program embodies can be characterised as:

Read (first value)
WHILE Test (i *tft value)
DO BEGIN
Process (i'th value)
Read (l¢lIst value)

END
Since the loop may not be executed if the First value read is 99999, a Read outside the loop is
necessary in order to get the loop started. However, this results in the loop processing being one
step behind the Read; on the ith pass through the loop, the ith value is processed and then the ith
+ 1 value is read in. We call this strategy “process i/read next-i” (henceforth referred to as

PROCESS/read). In effect, processing in the loop would be “out of sync” with reading in the

"Because we see that bugs of this sort often “fall through the cracks”, PROUST, our program that finds non-
syntactic bugs in novice programs, has been explicitly designed to provide comments to the student on just such bugs

kL

®WN\k did not count off for incorrect syntax.
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loop.

In contrast, consider the program displayed in Figure 8B that solves the Averaging Problem
using a variant of Ada’s loop...exit construct. The strategy underlying the use of the

loop. ..leave., .aga in construct can be abstracted as follows:

LOOP
DO BEGIN

Read (i'th value)
IF Test (i'th value) LEAVE
Process (i 'th value)

AGAIN
That is, on the ith pass through the loop read the ith value and process it; we call this the “read
i/process i” strategy (henceforth referred to as READ/PROCESS). We argue that the difficulty of
this strategy arises from the extra burden that it places on memory and processing resources, in

comparison to that placed by a READ/PROCESS strategy.

In a study reported in [15] we tested the following hypothesis:

People will write correct program» more often when the language facilitate» their preferred
strategy.

Subjects were novice, intermediate and advanced programmers. In the first part of the study, we
asked subjects to write a plan — not a program — to solve the Averaging Problem. We found that
when programmers were not constrained by a particular programming language they
overwhelmingly used a READ/PROCESS strategy in their plans. In the second part of the study,
half the subjects were asked to write the program using standard Pascal, the language that they
already knew; the other half were asked to write the same program using Pascal-L, which is Pascal
with only the loop... leave... again construct. Both groups were given a one page description
describing how the language’s looping construct worked. We found that programmers using the
loop... leave.. .again construct wrote correct programs significantly more often than those using
the while construct — the increase in performance was approximately 20%. Note that the
programmers had never seen or used the loop... leave...again construct before, whereas they

had been using the whi le construct for up to 5 semesters.

Strong claims have been made against a construct that permits an exit from the middle of the
loop; it is argued that one should exit a loop from the top or the bottom, not the middle (18, 4, 8].
It is further claimed that the readability of a program is hampered if exits from the middle of the
loop are allowed. Our study did not examine the readability claim, since we looked only at
program generation. However, a series of studies by Sheppard et al. (12) suggest that in fact a
construct that permits an exit in the middle does not interfere with readability. Thus, there

appears to be empirical evidence that an exit from the middle of the loop is not as harmful as was
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T\t Averaging Problem: Write * program that repeatedly read« in integers, until it reads the integer 09099.

seeing 99999, it should print out the correct average. That is, it should not count the final 99999.

{A} A S tylistically Correct Pascal Solution to Averaging Probles

PROGRAM STUOENT6 PROBLEM3.
VAR COUNT. SUM, NUMBER  INTEGER. AVERAGE  REAL;
BEGIN
COUNT - 0.
SUM  *0 .
READ (NUMBER).
WHILE NUMBER <> 99999 DO
BEGIN
SUM » SUM + NUMBER.
COUNT * COUNT + 1.
READ (NUMBER)
END.
IF COUNT > 0 THEN
BEGIN
AVERAGE ® SUM / COUNT.
WRITELN (AVERAGE).
> END
ELSE WRITELN ('NO NUMBERS INPUT AVERAGE UNDEFINED').
END

(B) The Averaging Prob les using Pascal-L

PROGRAM PASCAL-L,
VAR COUNT. SUM, NEWVALUE INTEGER.
AVERAGE REAL.

BEGIN

COUNT = 0.
SUM « 0.
LOOP

READ (NEWVALUE).
IF NEWVALUE * 99999 THEN LEAVE.
SUM = SUM ¢ NEWVALUE,
COUNT « COUNT + 1.
AGAIN
IF COUNT > 0 THEN
BEGIN
AVERAGE ® SUM / COUNT.
WRITELN (AVERAGE).
END
ELSE WRITELN ('NO NUMBERS INPUT AVERAGE UNDEFINED').

Figure 8: Pascal and Pascal-L Solutions

After
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conjectured. Finally, we hope that this sort of study indicates how one might proceed to analyze

the relationship between language constructs and cognitive strategies.

5. Concluding Remarks

In the above, we have described several aspects of our research into novice programming. As we
have mentioned several times, the key to our insights has been the sensitivity to the programmer
— to the novice and to the expert: we have not focused solely on external factors, e.g., on a debate
between Pascal or BASIC, because that puts the problem outside the programmer. If one is to
really make some headway on that particular debate, for example, one needs to argue about how
and why programmers use the constructs in the two languages — a debate divorced from the
programmer just is not sufficiently convincing. Thus, more than the details we tried to get across,
we hope to have conveyed a sense a how powerful the cognitive approach is to gaining insight into
the workings of the novice programmer.
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CUHXPOCETI - CPE/ICTBO OMUCAHIA B3AUMOAENCTBMA
ACWUHXPOHHbIX MPOLECCOB

buicTpoB A.B.
BblMCNNTE/bHBIA LEHTP
HoBocubupck, 630090

CCCP

1._BBepeHue

B nocnegHee Bpemsi npob6nema OnucaHUA  NapaieNbHbIX M
pacnpefeneHHslX CUCTEM W WUCCNefoBaHMA WX CBOWCTB NpUBMEKaeT
bonblioe BHWMaHWe. OAHOW M3 Hambonee WWPOKO PaCnOCTPAHEHHLIX U
aKTUBHO U3y4aeMblX (OpManbHbIX MOAeNen TakKux CUCTEM SABNSAKTCA
cetn [letpu [3]. B npeanoxeHHoir B.E. KoToBbiM anrebpe ceteil
MNeTpu LT ceTm 3anuceiBanTca B Buge  ((opMyn - KOHCTPYKUMIA
00blYHbIX ANA  A3blKa NporpaMmvmMpoBaHusi. 370 Aaio BO3MOXHOCTb C
nomowbl yfobHOro W HarnsgHoOro annapata CceTeil  ONUCHIBATH
CTPYKTYpY YynpaBneHus napanfienbHbiX nporpavm. [py 3TOM Kaxgomy
MOAYNK WM onepaTopy MporpaMmbl COMOCTaBNAETCA MNepexon ceTu, a
HEOOXOAMMbIM YCNOBMEM AN €r0  UCMOMHEHUA ABNSETCA BO3MOXHOCTb
cpabaTbiBaHNA COOTBETCTBYKWEro nepexoja. B To Xe Bpewms, onuca-
HE CNOXHbLIX MepapXMYecKux CUCTEM, B KOTOPLIX eCTb B3auMOLENCT-
BUA MO YNpaBNeHWi Mexay pas3HbiMUM YPOBHAMM 4acTo TpebyeT rno-
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6aNbHOr0 PacCMOTPeHUs ynpaBAsikuein CeTn.

PaccmaTpuBaembie B [aHHONM paboTe CUHXpoceTW, siB/siwunecs
0600ueHnem ceTeil leTpu, MNO3BONAKNT BLHAEMTb B CTPYKType ynpas-
NEHNst OnpefeneHHble Ccnou. Kaxgpl M3 3TUX CMOEB  OMUCHIBAETCA
ceTbld, a WX B3auMOAeiiCTBME CTPOro pernameHTMpoBaHo. Croii MoxeT
onuchiBaTb B YACTHOCTM  HEKOTOPYW  TUMUYHYI — CUHXPOHMU3aUMW,
HanpuMep,  B3aMMHOE WCKJ/IYEeHWe Mogyneld paboTanlmx C  OfHMM
pecypcoMm. Takoe NOKa/M30BaHHOE OnucaHue TUMNOBOW  CTPYKTYpbI
ynpaBfeHns,  POACTBEHHOE MOHATMI abCTPaKTHOrO  TuWna  AaHHbIX
OKa3biBaeTCS BecbMa MOME3HbIM MPU WU3YYEHWWM NapanfefibHbiX CUCTEM.

2. CuHxpoceTu

CeTblo MeTpn Ha3bBAETCS OPUEHTUPOBAHHLIA [ABYAONbLHLIA rpad, "B
KOTOPOM BEpWWHbl OAHOrO TUMa Ha3blBANTCA MecTamy U M3o06paxanTcs
KPyKKam, a BEepWUHb Apyroro Tuna Ha3bBawTCA nepexofamun K
N300paxanTCca BePTUKA/bHLIMA  YepTouKaMu WM NPSMOYTONbHUKAMU .
KaxgoMmy  MecTy  COnocTaB/fieHO  HeoTpuuaTeflbHoe  Lefioe  4ucno,
Ha3biBaeMoe pasMeTKoW. Pa3meTka u306paxaeTcsa COOTBETCTBYUNM
UMCNOM TOYEK WM (UWEK B BepumHax. OyHKUMOHMpOBaHME ceTu MMeTpu
3aK/yaeTcs B cpabaTbiBaHMM nepexodoB. [lepexod MoxeT cpaboTaTb,
€CM BO BCEX €ro BXOMHbIX MecTax eCTb XOTA 6bl M0 OAHON (uLKe.
CpabaTtbiBasi, Mepexofl W3biMaeT M3 Kaxaoro CBOEro BXOAHOro MecTa
Nno OAHON ®uwke u Ao6aBnseT nNo OAHOW (UWKE BO BCE BbIXOAHbIE
mecta. B paboTe ceTu ponybTum napaniennsm u asTonapaniennsm.
/IMeeeTcsi B BMOy, 4YTO B MPOMEXYTKE MEXAY W3bATUEM U PACCHIIKO
duek MOryT cpabaTeiBaTb  Apyrue nepexofs, a Takke, €eCnu
Nno3BoNsieT pa3MeTka, MOBTOPHO I3TOT xe nepexod. OTMeTUM, YTO
cetn cl(aBTo)napanienuamMom Nerko MoaennpywnTcs
06bIYHbBIMM CETAMM U HAaOobOopOT.

Mpumep ceTW, oONucCbiBawlWed ABa napanfiefibHblX  LMKINYECKNX
npouecca C KPUTUYECKUMU WHTEpBaiamu:
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CuHxpoceTb npeacTaBnseT coboilt Habop ceTeil MeTpu, Ha3bBa-
embix cnosimm.  Cnou (YHKUMOHWPYKT napanieNbHO HO He He3aBUCKMO.
Mepexod OAHOro C/osi MOXeT ObiTb CUMHXPOHWU30BAH NEepexofoM ApYroro
Cosi, KOTOPbIA Takke MOXeT OblTb CUHXPOHW30BaH W T.4. BmecTe OHY
06pa3ynT CBA3KY. OJTO O3HayaeT, 4TO Ana Toro, u4ToOb cpaboTan
OAMH K3 3TUX MEepexofoB HeobXxoaumo, 4TO6H MOr cpaboTaTb M
ApYyroi, npuyem cpabaTbiBaT 3TU Nepexofsl BMecCTe.

MoXHO paccmaTpuBaTb BapuWaHT CUHXPOCETEN, B KOTOPOM OfHUM
Nepexofom MOryT O6bTb CUHXPOHW30BaHb HECKO/MIbKO nepexofos. B
3TOM cnyyae npu cpabaTbiBaHUM CBA3KWM cpabaTbiBaeT TOMbKO OAMH M3
3TUX HECKOJIbKMUX MEepexofos.

MpuBegem NpuUMep CUHXPOCETU, OMUCHIBAKWENA TWUMUYHYK paboTy C
OyjepoMm orpaHuyeHHoro obbema. B Oydep MOXHO 3anucLiBaTb U U3
HEro MOXHO CuuTbiBaTb. Ecnm OGygep nycT, TO CuUMTHBATb Henb3A,
eciM Xe B Hem Yyxe ecTb K 3anuceil, TO Henb3a B Hero
3anucLiBaTb.B cucTeme MHOro npoueccos, paboTawumx ¢ 6yhepom,
npuyem 3anuceiBaTb B Oyhep MOXeT OJHOBPEMEHHO TONbKO — OAWH
npolecc, uuTaTb paspewaeTca napaniensHo. [lpoueccsl, B KOTOPbIX
NCNONb3YHNTCHA Onepauum 4TeHWs W 3anucu B 6yjep MOryT ObTb CKOMb
YrOAHO C/MOXHbIMM, BO3MOXHO M3MEHAKWMMUCA, WX CTPYKTypa ynpasne-
HUS MOXET ObTb MPOM3BOMIbHOW, OHA COBEPWEHHO He BaxHa. [iA TOro
yTobbl oOnucaTb TPebyemyl CUHXPOHM3ALMI0, [OCTATOYHO BOCMO/b30-
BaTbCA M300paxeHHOW HuXe CceTbl. Ee nepexofpl CUHXPOHU3YKT
COOTBETCTBYNWWe onepauyun paboTbl € Gydhepom.

K | MUCATDb] YUTATb[™

o 2

B npaBunax (yHKLUMOHMPOBAHMA CUHXPOCETU O6bi10 CKa3aHo, 4TO
CWHXPOHWN30BAHHbIE  MEPEXOApl  cpabaTbiBalT BMECTe. 3TO  BHElHe
npocToe onpeaeneHue, OAHAKO, NpPeAnonaraeT onpefaeneHHyl CUHXPO-
HA3aLM CaMMX MEXaHW3MOB paboThl  CMOEB:  NPOBEPOK  YCOBWIA
rOTOBHOCTU, W3MEHeHWs pa3MeTKu W T.Mn. [N KOPPeKTHOro onpeje-
NEHNS1 CEeMAHTWKWM CUHXPOCETEA B YCNOBUSX pacnpeAeneHHOro ynpaB-
neHus TpebyeTcsi 3adMKCHUPOBATb HEKOTOPbIi MPOTOKON B3auMOAeicT-
BUA cnoeB. OnuweMm OAWH M3 BO3MOXHbIX NPOTOKONOB B MPEANONOXe-
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HAW, YTO Ha MHOXECTBE C/OEB €CTb YaCTWUYHbIi MOPSAOK M OTHOWEHUE
CWHXPOHM3ALUMM C HWAM COrnacoBaHO, T.e. BCe MNepexofsl OAHOIA
CBSAI3KA MOXHO JIMHEHO YnopsfouuTb. 3TO WMEeT MecTo, B YacTHOC-
™, AN MEPapPXMUYECKUX CUCTEM, B KOTOPbIX CUHXPOHM3YMble MEPEexofpl
HAXOAATCS B WEPepXuM HUKEe YPOBHS  CUHXPOHM3YKIWMX. [POTOKON
OCHOBaH Ha W3BECTHOM Crnocobe pacnpefeneHnss pecypcoB, WCKIKYan-
lileM AeAnoKu: BCe Pecypchl ynopsgounBanTCcst M NpoLecc 3anpawnBaeT
PECYpPC Cneaywliero YpPOBHA TONMbKO MOMYYNB  PECcypchl  npemblayumx
YpOBHeii. B [gaHHOM cnyyae pecypc - 3T0 (WWKu, Tpebyembie ANs
cpabaTbiBaHus nepexoga. OHWM W3bIMATCA M3 BXOAHLIX MECT U TO/bKO
nocne 9TOr0 BHISICHSETCS, MOXET /M cpaboTaTb B CBOEM Cloe
cnefywunini nepexon CBA3KM. ECAM MOXET, TO M3 €ro BXOAHbIX MECT
N3bIMAKTCA (UKW, U 3TO MOBTOPSIETCS [Nl BCEX NEPEX0[0B CBS3KU.
Ecnm nepexon He MOXeT cpaboTaTb, TO BHM3 MO CBSI3KE NepefaeTcs
CUTHAN  MHULMMPYWUMA  BO3BpalleHWe (UIEK BO BXOAHbEe MecTa. B
Crydae, KOrfa OMWUCAHHLIM CMOCO6OM BhISICHEHA TOTOBHOCTb BCEil
CBA3KM W OHa cpabaThiBaeT, Kaxdbl Nepexof pacceinaeT (UUKW B
CBOW -BbIXOfHbIE MECTA.

3. 3ak/ueHune

PaccMoTpeHHble B AaHHOM paboTe CUHXPOCETW COCTaBWAM OCHOBY
CPefCTB ONuCaHus CTPYKTYpbl ynpas/ieHWa nporpavMmm B ba3oBOM A3blKe
nporpaMMmMpoBaHnsa A1 MHOrONPOLEeCCOPHbLIX BLIYUCIUTENLHLIX CUCTEM,
pa3paboTaHHOM B BblumcnmTenbHoMm ueHTpe CO AH CCCP [4
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1. Introduction

Theory of Lindenmayer systems also referred to as the theory
of developmental systems is the result of an infusion of ideas from
developmental biology into formal language theory. This theory has
become a very actively iInvestigated topic in the last few years. It
has produced many results of interest both for the formal language
theorists and the ones various types of real systems. Lindenmayer
systems, short L systems, were introduced by Lindenmayer (1968).

Ve shall consider a special type of L systems, called TOL sys-
tems. The reason for introduction of TOL languages was the fact
that developmental behavior of many organizms depends on environ-
mental conditions (such as dark, light, cold, warm, etc.). To des-
cribe the development of such an organ!zm one has to provide diffe-
rent sets of developmental miles corresponding to the different en-
vironmental conditions, with the assumption that at each moment of
time one such set is obeyed.

Ve will study graphic controlled versions of TOL systems in
this paper. The main reason for introducing them was the fact that
many real systems behave according to conditions whose changing is
in nature of a law (day and night, spring, summer, autumn and win-
ter, etc.) or it can be beforhand fixed in which order this condi-
tions set iIn. Ve introduce 4 versions of graphic controlled table L
systems, briefly graphic table L systems (we hope that it will cau-
se no confusion), in dependence on considering the determinizm with
respect to the graph (the order of the conditions) or to the TOL
system.
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The graphio TOL systems differ from TOL systems with determi-
ning the order of using different tables by deterministic or nonde
terministic way. This order is determinated by directed graph in
which each edge corresponds to using some table. In deterministic
graphic TOL system exactly one edge goes out from each vertex.

This paper is organized as follows. Section 2 involves the ba
sic definitions of GTOL systems. The hierarchy and closure proper-
ties of language families defined by GTOL, DGTOL, GDTOL and DGDTOL
systems is given in Section 3* In Section K we shall give the defi
nition of growth functions of DGTOL systems and make analysis and
synthesis of these functions. Finishing Section K and this paper
too we obtain some results according to growth equivalences.

2. Basic definitions

in order to establish our notation we will first review the
definitions for TOL systems.

Definition: A TOL scheme is a pair G = S, where 51 is a
finite, nonempty set called the alphabet, <€ (the set of tables)
is a finite, nonempty set. Each element R of A ( called a table,
is a finite, nonempty subset of ST x £L* such that for all a in 51
there exists #C iIn 5! that (a,1£) belongs to R. We use a o r
a—*=£ to denote (a,«C) is In R.

Definition: A TOL system 1is a triple S =<£_,&,x5 where
G =<Z,90 is a TOL scheme and x, called the axiom of S, is a word

L

Definition: A graphic TOL system, GTOL system, is a 5-tuple
<£,<P,G,«. ,x~ where
2 is a finite nonempty set of symbols called the alphabet,
G’is a finite nonempty set of tables. Each element P of P ,
called a table, is finite, nonempty subset of SI x51* (called pro-
ductions) such that for all a in 51 and for all P in @ there is
in ST that (a,«£) belongs to P,
ASP is a nonempty set, called the initial tables,
X *51* Is an axiom,
G£ Px (P is a graph such that for all P in <P there is at least
one table P~in (P such that (P,P*) is in G,

Definition: Let S =<b51,~ ,G, be a GTOL system. Let
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y = al...an with "8 and a in for j = 1,,..,m and let z be
in SI*. Then we say that y directly derives z 1in S, denoted by
y = z, iff there exists P in ? and m inZ* such that
31 - T and y =@,;...d . In this case we
also write x |p v-

Definition: For any GTOL system S P .G, XY we define
a table set sequence by induction on n in the following
way

=t 1 (p,p")e G, Pe”™n_J

Definition: For any GTOL system S = ,G,A.,xI> we define
the finite language A (s) by induction on n:
A,<S) = Api,(S)n Ap,ins) =AY (

A-(®) - 31 Ap-"1s) V., (s>=iY

Al n ., and F,P)<£G such that z p> Y}.

a, (© for some n.

Definition: Let S=(S1, P*,G, A,x) be a GTOL system. The lan-
guage generated by S, denoted L(S), is defined as L(s)="y|x ~y}.

Definition: A deterministic graphic TOL system, DGTOL system,
is a GTOL system S =(&,P G, .,X} stach that for all P in < the-
re exists exactly one Plin € such that (P,Pl) is in G and & is
an one-element set.

Definition: A graphic DTOL system, GDTOL system, 1is a GTOL
system aiith deterministic tables (for each ac 2. there is exactly
one production a-—»06 in each tabic P€ @.)

Definition: A deterministic graphic DTOL system, DGDTOL sys-
tem, is a DGTOL system with deterministic tables.

Note: Because DGTOL, GDTOL and DGDTOL systems are special
cases of GTOL systems, all notion defined for GTOL systems applies
for DGTOL, GDTOL and DGDTOL systems too.

Note: It is easy to see that a table set sequence of DGTOL
system consists of one-element saabsets of {P (i.o. any <L . contains
exactly one PE @ ). So, for DGTOL and DGDTOL systems \ie define a
set | 1 « j called the table sequence where IL = P a=> Pe
Becaunse the set of tables in system is finite, it is clearly that
G contains a cycle.
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3. Hierarchy of language families and closure properties

To show the hierarchy of classes of languages generated by
graphic table L-systems we give at first any assertions about lan-

a2, a4}1«

Then L1*#(DGDTOL), a6(ToL).

Corollary 1:

1& (GDTOL) , ifi(DGTOL) ,HIGTOL)
L * 1?(DTOb) Fi£(0L) , itF(DOL) .

Theorem 2. Let L2= {a2, a\ a"}.
Then L26 # (GDTOL) , L2& ~ (DGTOL) -

Corollary 2:
L26 TVUTOL)
\ 4. if(T0L) ,afi(DGDTOL).

Theorem 3. Let LN = 'I_a\AJ“OJ i,J= 0,1,.../I .
Then L,j6 afFf(DTOL), L~ ADOTOL).

Corollary 3:
L3 #(TOL)
L~* iR @GDTOL) .

Theorem 4. Let LN = 1adJi"l- {a , k=1,2,...}.
Then L~6 TE£(OL), L~* &C(GDTOL).

Corollary 4:
L™ € #(TOL) , 1F(GTOL) ,iE(DGTOL)
L4  (©OGDTOL).

For the sake of easy survey the relations between this classes,
we give three graphes. In these we note the relations (A) C / U?(Bj
with A —* B and (A £ I£(B) with A«---->B.

guages which will be used.

GTOL < GDTOL <—-———-——— > OL

FIG. 1.
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GTOL GDTOL
X X X X
TOL <-—--* DGTOL DTOL <-— *DGDTOL
X X1 mX X 1
oL DOL
ETG.2. FIG.3.

For closure characteristics the families generated by systems
defined In this paper we have a following theorem.

Theorem 5» The families of DGTOL, DGDTOL, GDTOL and GTOL lan-
guages are not closed under
a) union
bj intersection with regular languages
c) L -free homomorphism

inverse homomorphism,

The growth functions of deterministic graphic TOL systems

In this part we shall give a definition, analysis and synthe-
sis of growth functions of DGTOL systems.

As a conclusion we shall give some assertions about growth
equivalence of these systems.

Definition: Let S =<£,<P ,G, #i1,x~ be a DGTOL system. The
growth function of S, denoted fg, is defined for ni 0 as follows

where JAn(s)] 1s a cardinality of An(S), [xI is the lenght of x.
So, T,, Is a mapping from natural numbers to the nonnegative
rationals such that fg(n) is the expected word lenght after n steps
of derivation of S,
Before given the algorithm for computing of growth function
we define still some important notions.
Definition: Let S = ~ .G, A. ,x} be a DGTOL system and
21 = Nal,a2»ee«> = Let 4ia™(x) be the number of occurences a"
in Xx.
The Parikh vector of x, denoted v(x), is the following t-dimensio-
nal row vector Ka.j(x,), ... ,#at(®X ).
The growth matrix of table P, denoted G, = @hJD is the t by t
matrix where
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Sij = num(a.,P) *
the sum is over all o6 such that ai—>® 1is in P and num(a. ,P)
is a number of all productions in P with a™ in left hand.
The stuin vector 1 is a t-dimensional column vector with all compo-
nents equal to 1.

Theorem 6. For any DGTOL system S =<S,<P,G,«, and any na-
tural number n, the value fg(n) of the growth function can be com-

puted by
fs() =v(x) . jJJj Gr . T
(1] i
Theorem 7. For any DGTOL system with n tables and a cycle of

n-k+1 lenght there are matrixes M, ... ,Mn,GI,Ga_such that
f(k-1+a(n-k+1)+b) = v , G1 . G . e MM LT
for all a = 0,1f... and all b in {o,1, ... ,n-k}

Theorem 8. There is an algorithm which, given a DGTOL system
S with t symbols, n tables and with cycle of lenght n-k+1, will
construct a system of n-k+1 linear reccurence equations of degree at
most t such that the growth function fg of S fulfils this equations.

Theorem 9. For any DGTOL system S = ,G, £ XN with t sym-
bols, n tables, with cycle of lenght n-k+1 and with growth function
fs there is an algorithm, which, given the first k-1+t(n-k+1) va-
lues of fg, will construct a system of n-k+1 linear reccurence
equations for fg such that all values of f can be computed from
these initial values and the reccurence equations.

Definition: By 7(DGTOL) we denote the class of all functions
which can be obtained as growth functions of arbitrary DGTOL sys-

tem, 1.e. Jr(DGTOL) = {fg|l S e DGTOL} .

Theorem 10. Let f(n) be in J"(DGTOL) and c be a natural num-
ber. Then the function g(n) = c.f(n) is in 7" (DGTOL).

Theorem 11. Let f(n) and g(n) are in J“(DGTOL) . Then the
function f(n) + g(n) is in 7" (DGTOL).

Definition: Let S =<2T, P,G, & ,x~ and G G, £,x0"
be two DGTOL systems. Let fg and " be the growth functions of
DGTOL systems S and G respectively. Ve say that x* is k growth

equivalent to x,, , if fg(n) = ~(n) for all n=0,...,k. Ve say that
x~ 1s growth equivalent to xj; provided f(n) = fG() for all n> 0.
Theorem 12, Let S = ,0> ,G,A,Xx.p , G= ,P .G, £ x> be

a DGTOL systems with t symbols, n tables and with cycle of lenght
n-k+1. Then x* and x0 are growth equivalent iff they are k-1+
+t(n-k) growth equivalent.
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Theorem 13« Let S1 = , PO, 6N XN resp. S2 =A5A, 2,
G2,A 2,x0> be a DGTOL systems with tl resp« t2 symbols, resp.
n0 tables and with cycle of length c” resp, c2« Then and S2 are
growth equivalent iff they are n-c+t.c growth equivalent where

c = smallest common multiple of ¢ and c2,
n = max {nl-cl1l, n2-c2} +c,
t = tl1+t2
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1. Introduction

Infinite words serve often as a useful tool in the inve-
stigation of the structural and combinatorial properties of
words. A wide class of infinite words is formed by the so-called
tag sequences (Cobham, 1972). This class is quite natural since
each (uniform) tag sequence can be characterized by a finite
automaton.

In the present paper a characterization of uniform tag se-
quences by means of substitutions is given. Moreover, new kinds
of operations on infinite words - a stepwise compression and.

a stepwise substitution - are described. It is shown that the

family of all (uniform) tag sequences is closed under stepwise
compression and that the family of all infinite words obtain-

able by iteration of stepwise substitutions is a proper subfa-
mily of all (uniform) tag sequences.

2. Basic notions

Let N= 10,1,2,... J and for p &N let
[P) = jo,1,...,p-11 , For a finite alphabet Z let £ p de-
note the set of all mappings (finite words over Z of length p)
Vi [P*—-» Z and let Z~ denote the set of all mappings (in-
finite words over Z ) V: N —» Z . Moreover denote
21* = £°°=ZA0ZIN and £ the empty word. We
shall i1dentify ZT and Z

£" together with the usual concatenation of words form
a free monoid over ZZ , moreover the concatenation can be par-
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tially extended to 1" - finite words can be concatenated with
infinite words but not vice versa. Denote for ¥ € [wj
to bB the length of W and for ¥ £ set |v] = ©.
For a word ¥ £ Z™and for i,j £N , j~ 1 Ilet
Subj(w) = £ if i+j > W
= ¥()V@a+Dh) .. ¥(i+3-D) otherwise
Let 2L tP be alphabets. A mapping W : Z is

called morphism if for all X,Y £ £ >0 = yioo W) .
y> is uniquely determined by its values on 2- and can be exten-

ded in a natural way to map Z°to T“ . ¥ is called p-uniform
for p £N iff for all a £ Z Iy»@| = p-

A word ¥ over 21 is called simple tag sequence iff there
is a morphism L —-*Z anda letter a £ 2 such that
¥ = 1im yn@ , i.e. each yn@),n~"™ 0 , 1is a (mapping) re-
striction of ¥ . This is possible 1ff the first letter of ~(a)
is a , Y is called prolongable in a in this case.

Example 2.1: The infinite word T = abbabaabbaababba. ..
generated by the morphism (@ =ab , y>() =Dba is a simple
tag sequence - the well-known sequenc% of Thue (Thue 1912) con-
taining no cubes (nonempty subwords wJ).

A word ¥ over P 1is called tag sequence iff there is
some alphabet 21 T a simple tag sequence ft over 21 (genera-
ted by some morphism “F prolongable in a) and a 1-uniform mor-
phism ~ :Z —-*»P such that ¥ = () . ¥e shall write
¥ =T ,a,Y It ) « I V* is a p-uniform morphism then ¥
is called p-uniform tag sequence.

¥e have the following properties of p-uniform tag sequen-
ces (Cobham, 1972)

Proposition 2.1: ¥ i1s a p-uniform tag sequence iff there
are some integers O r < s such that for all i,j £o0

Subl (¥ = Subj (¥ implies Subls® = SubJg(® .
Pr Pr P P

Proposition 2,2: ¥ is p-uniform iff ¥ 1is pr-uniform
(r being arbitrary, r ~ 1, and ¥ a tag sequence).
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Propositlon 2_.3: The family of all p-uniform tag sequences
is closed under
2.3.1 g-uniform morphisms, q 1
2.3.2 inverse of injective g-uniform morphisms, g~ 1

3. Substitutions

In (Christol et al. , 19803 a notion of substitution has
been introduced. An (i, j)-substitutionf 1$ i < j , is a par-
tial mapping L —>T7 defined as £+ = (30 Vi where
Z1: A —-*Z is an injective i-uniform morphism and
B: A*—e r* s a j-uniform morphism. Substitutions can be
extended in a natural way to infinite words. An easy observation
gives us the following lemma.

Lemma 3.1: Let X € £/ and let g —* 7 be
a (q,p-q)-substitution, g £ 1, p~ 2 . Then @ =X
iff X = jhim £ @) for some V E£EZq .

We can give a characterization of p-uniform tag sequences
by means of substitutions:

Theorem 3.1: An infinite word X £ £ N is a p-uniform tag
sequence (P £ 2 iff X = <4(X) for some (Qg,p™q)-substi-
tution W, g~ 1, m~ 1.

Proof: 1. The only-if-part follows from Proposition 2.1 and
Prpposition 2.2.

2. The if-part. Let X = ) for a (g,p™g)-substi-
tution . Let =/o”"~1 where A and are as 1iIn
the definition of substitution. Then is a pm-uniform

morphism and
“lo/i (~_LX)) = jTL(/io~_1(x)) = £1" LX)
According to Lemma 3.1 (the case q = 1) is a
p -uniform tag sequence. Proposition 2.2 and 2.3-1 of Proposi-
tion 2.3 imply that X is a p-uniform tag sequence.

The operation from 2.3.2 of Proposition 2.3 is often
called the block compression. However, one can imagine another
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way how to compress the blocks - the stepwise compression -
when each block of q consecutive letters is compressed. For-
mally, let Z =fr"W)|Jw6jn]g, qnl, and let

<Pg: Z'g ™ 2; he 1ihe hijection defined by (fq("W) ¥ .
Furtheron, denote Cq = {¥£Zq-{f3 | for ali 1¢é i < |w]
Sub®” <Tqg(w(i))) = Sub”™i <IgWw(i-1))) . <Ig can be exten-
ded to the bisection

defined _inductively for ¥ £C , 2 £ |[¥I<k @© by
Zq®¥) = ~Mq(Subew]_1(¥)?.SubM1(~M(Sub~r"rrW)))
and for infinite words from C by
- —im- & w9
T8, V) = B 6@y

0 is called the stepwise g-block compression.

Lenma_3j 2: Let X € AN be a simple (p-uniform) tag
sequence. Then J7”1(X) £ Z q 1is a simple (p-uniform)
tag sequence.

Proof (sketch): Let X = Jjim where IF is a (p-uni

form) morphism. Denote V : Z* — *T=* the (p-uniform)

morphism defined for A £ Z by

[V(a)3(@ = 57 (Subg@» 0 *q(A))) 4o & 17
where for Z £ Cq n™ = | Gutrzj (cTa@)) |

One can (in a rather technical way) prove J}(Z”"(X) = <I"1X).-
Lemma 3.1 implies that d~ (@ is a (p-uniform) tag sequence.
'll'heorem 3.2: Let ¥ € £EN ,, p,gq£ 2 . Then ¥J_ is

a (p-uniform) tag sequence if and only if J* (¥ 1is

a (p-uniform) tag sequence.
Proof: Considering Proposition 2.3 one can see that it is
stifficient to prove the theorem for simple tag sequences.
The only-if-part follows from Lemma 3.2. The if-part follows
from the fact that ¥ = ~(cTql(®)) where TEF —>
is a morphism defined for A £ Z = by I;l @) = W1

As an analogue of an (i,j)-substitution we can define
the (i,j)-stepwise substitution (i ~ 1, j”™ 2) to be a mapping
o] where is the stepwise i1-block compression
as above and AS: £* —*P* 1is a j-uniform morphism.
An analogue of Lemma 3.1 is valid for arbitrary stepwise sub-
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stitutions.
Our main result concerning stepwise substitutions Iis
stated in the following theorem.

Theorem 3.3: XF for some X 6 £ and for some (i,j)-step—
wise substitution on A one has (x) = X then
X is a jJ-uniform tag sequence.
Proof (sketch): Let s be an integer, s ™ max {2, (1+j-2)/(-1)}
Let V : (2_1)3-—» (Zy)g be a j-uniform morphism defined for
A€ (2%)s by
V.A) = 1(Subj+s_1(J”10R o <g(A)))
One can prove
V{S;:10j"1(x)) = <r;10J-1X)
Hence the latter is a j-uniform tag sequence and so is X
according to Theorem 3.2 and Proposition 2.3.

Obviously, each simple p-uniform tag sequence is a Tix-
point of some (i,p)-stepwise substitution, for each 1 ™ 1 .
This is not true for p-uniform tag sequences, as shown 1iIn
Example 3.1. On the other hand, in Example 3.2 a tag sequence
is shown which is not simple but i1t is a fixpoint of a step-
wise substitution.

Example 3.1: Let X = WO , £ = jum yn@ where
Y (@ =ab , ®® =a , Yy =oc , rMmb = c =0,
N(@)=1. Then

X abacabccabacccccabacabcccccce. ..

X 1010100010100000101010000000. - -

Suppose there is a (i, j)-stepwise substitution generating X .
£ contains arbitrarily long factors kKE*-1 and c" . The
corresponding factors o' of X should be mapped to 105'1

and 0J , respectively - a contradiction.

Example 3.2: For the stepwise substitution defined by
W@@a) = jjA@d) = £*(ba) = ab , (bb) = ba the infinite
word X = abbaababab... 1s a fixpoint. Obviously, X 1is not

a simple 2-uniform tag sequence.
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The result can be summarized as follows.

Theorem 3»4: The set of all infinite fixpoints of (i,p)-
stepwise substitutions, 1 ~ 1 , properly contains the
set of all infinite simple p-uniform tag sequences, and
it is properly contained in the set of all infinite
p-uniform tag sequences.

We are not able to give an analogical theorem for (i,j)-
substitutions. Our conjeoture is, that the set of all uniform
tag sequences is properly contained in the set of all fixpoints
of arbitrary substitutions. The proof will not be very easy
since the necessary conditions for a sequence to be a uniform
tag sequence (Cobham, 1972) seem to be valid for the above
fixpoints, too. These sequences can be characterized as '‘uni-
form with rational modulus™.
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1. INTRODUCTION

The notion of an interpretation of a finite language /finite
form/ was introduced in 2J . The concept was motivated
by the notion of an interpretation of a grammar form and
some important properties of finite forms and of the
corresponding language family were examined.

In this paper we define a restricted version of the
interpretation a finite form, namely the notion of a
k -bounded interpretation. This concept has a deep combina-
torial motivation. We present some interesting properties

of the k -bounded interpretation family, as we study the

structural decomposability of it.
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2. BASIC TERMINOLOGY AND RESULTS

We First review the notion of an interpretation of a
finite form £2 /and introduce the notion of a fc-bounded
interpretation and a fc-th inflation of it. We state some

simple properties concerning them.

In the following let 2L be an infinite countable set of

abstract symbols.

DEFINITION 1.
A finite language L~ d ~ s said to be a finite form iff

C z
DEFINITION 2.
Let L—._ and Lg be finite forms with L1 Cl .]Elr_ , D-C Fl,

i=1,2_. We say that L~ 1is an interpretation of L2 modulo

y , written Lr 8 Ljiy) , if vy is a finite substitution

T n _
- - K 7r satisfying
m p(a d , Tfor all aft 2~ ;
i2/ v@)N\yb)O0 , for all a,b in b;

/3/  LICy(L2) #

NOTATION 1.

Let L™ be a finite form. The set of all interpretations of
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is denoted by L)

Next we define the notion of a fc-bounded interpretation of a
finite form. This notion is motivated by the notion of a

~-bounded interpretation of a grammar form introduced in (33 .

DEFINITION 3.
Let and L2 be finite forms and let L2 £ L(L"N). Let
H:£ y J LO IS N(ii)J . L2 is called a fe-bounded interpre-

tation of LN if

min max card Eb Jb€y(a), b occurs in at least
Veff a £ E, one element of L2j =k
a occurs in at
least one word
in L»
The set of j-bounded interpretations of Ln, where j ™ k ,

is said to be the k -bounded interpretation family / gramma-

tical family/ of L™ and is denoted by 1MNL).

The next notion which is analogous to the notion of the

k-th inflation of a grammar form expresses maximality.

DEFINITION 4.

Let L2 be an interpretation of a finite form L. We say that
L2 is a fc-th inflation of L™ if there exists a finite substi-
tution y such that L2 < Ly) and cardfy(a)J=k for all

aegn and L2=y(L™"). The set of all fe-th inflations of
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is denoted by If(l").

The following two theorems can be obtained by some simple

considerations [4]

THEOREM 1.

Let and be two Ffinite forms such that WA (L2).
Then and L2 are isomorphic.

THEOREM 2.

For all finite forms L and for all positive integers k

fk L)= L1(X(L1))-

3. DECOMPOSITION

In this section we define the notion of a decomposable finite
form and that of a k-th order decomposition of it. We present
some theorems concerning the structure of the “--bounded

interpretation family.

DEFINITION 5.

A finite form is said to be k-th order decomposable if
there exists a finite form L2 such that is a Zcth
inflation of L2 . is said to be a k-th order decomposi-

tion of it. A finite form L is said to be decomposable if
there exists a positive integer k> 1 such that L is

k -th order decomposable. The number k 1is called a



-70-
number of decomposablity of L. The set of decomposable.ty
numbers of L 1is said to be its spectrum and is denoted

by SP().

Next we define a concept showing the degree of decomposabili

ty of a finite form.

DEFINITION 6.

Let L be a decomposable finite form and let be a

k-th order decomposition of it, where k=maxSP(L). Then
is said to be a kernel of L. The set of all kernels of

L is denoted by KER{L).

The next theorem 1is of special iImportance and needs combi-

natorial considerations. The proof of it can be found in

THEOREM 3.
Let L be a decomposable Tfinite form. Then all kernels of

it are isomorphic.

The following theorem shows that the operation of forming
kernels is insensitive to the operation of forming k -th

inflations.

THEOREM 4.

For all finite forms L and for all positive integers Kk
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KER{K(L))=KER(L) -

PROOF.

Let L be a finite form and let k be an arbitrary positive
integer. Let L™ £ X(L) . First, assume that max SP(L)=n,
max SP[L™)=1. By simple considerations we obtain that

| k-n . First, let I=k-n . Let L" be a kernel of L
Then by the corresponding definition LAEE(L)EIX(TIV(L)).

So, L"c KER(L™). Applying Theorem 3. and the corresponding
definitions we obtain that in this case KERCL)-KER () .
Let ly k-n and let L and L~" be arbitrary kernels of
L and L™ , respectively. It comes by technical considerations
that the number of symbols occurring in L 1is equal to the
number of symbols occurring in L™ and the number of words
of L is equal to the number of words of L . Moreover, L*
and L”~" are 1-bounded interpretations of each other.
Then they are isomorphic and by Theorem 3. it means that
KERCL)= KERiL" .

Hence the result.

The next theorem characterizes the spectrum.

THEOREM 5.
Let L be a finite form. Then SP{L) consists of all divisors

of max SPQL)-

The proof can be found in £5]
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The last theorem is about the equality of bounded interpre-

tation families.

THEOREM 6.

Let and L~ be different finite forms and let Kk
and 1 be different positive iIntegers such that

() = L (L2). Then

111 at least one of and L2 1is decomposable;

/2/  KER{L1)= KER{L2);

73/ 7
max SP(L2)
I = 1leceme[ max SP (L1) maxSP (L2))

max sp (L2)

where j is a positive integer.

The proof can be found in [H]
REFERENCES

Maurer, H.A., Salomaa A., Wood D., /1980/, Context-free gram-

mar forms with strict interpretations
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1. Introduction

During the last ten years an iIncreasing activity in developing
error handling methods for syntaxtic analysis algorithms can
be observed. This is doubtless a consequence of the low
developed theory of error handling in comparision with the
high developed theory of language translation.

But also the development of more and more special languages
and their compilers asks for general strategies in handling
syntactic errors.

The error handling routine is a main part of the syntactic
analysis, because most programs, which have to be analysed, are
affected with errors. So it is necessary to detect all syntactic
errors in the first run. Otherwise a sequence of further
fruitless translation attempts could be the consequence.

Error handling methods can be broken up into error recovery

and error correction schemes.

The only aim of error recovery algorithms is to continue parsing
after the error for discovering as many Ffurther errors as
possible. The errors themselves are not corrected.

Error correction methods try to transform the erroneous part

of a program into a syntactically correct one.

In spite of numerous promising statements up to now there is
no general solution, which meets all practical requirements.
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In most cases the known methods have disadvantages in error
detection, space or computation.

Many existing compilers perform language dependent actions
during error handling. Already slight changes in language de-
sign can destroy the used concept.

Modern compiler construction by generating systems needs general
methods.

A project is under way at the Wilhelm-Pieck-University of
Rostock to implement the compiler generating system RUEGEN.
It is based on the principle of the grammar of syntactic
functions (see (Rie 76) and (Rie 83)), which is a kind of an
attributed grammar.

The already implemented LR (@) parser generator uses the
algorithm of Pager (Pag 77), which is based on the idea of
Knuth (Knu 68). It produces an optimized LR (@) parser.

This part of the system is now improved by a slightly modi-
fied version of the algorithm of Pager (Pag 73), which eli-
minates unit productions without semantic functions of the form
A := B (A, B are nonterminals).

The algorithm and its comparision with (Pag 73) is described

in (For 82 B).

The compiler generating system has also an error recovery
routine for the optimized LR parser.

The used method is a combination of the algorithm of Leinius
(Lei 70) and my own method (For 80).

It was suggested in (For 80) to use specieal error rules in the
grammar. This decreases the number of states iIn the generated
parser, but gives a good possibility of error diagnostics. In
this paper 1 propose a new method with a reduced number of

error rules, but with the same quality of error handling.

(A detailed comparision of numerous methods can be found in
(For 82 A) . A large bibliography can be found also in (Cie 79).)
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2. LR error recovery

It is assumed that the reader is familiar with principles of
LR parsers. For detailed information see (Aho 73), (Aho 74)
or (Aho 77).

The proposed error recovery method tries to restart the
Syntactical analysis after detecting an error as soon as
possible in a correct way.

This is achieved also with the help of new error rules in
the grammar.

Error rules will be generated for all production rules with
terminals which have the character of brackets.

IT a production rule has the form

= X. GO X XD X e X

A 1s a nonterminal
XN 1s a nonterminal or terminal for 1Mk
HC' is an '"opening" bracket"
" is a "closing bracket"
Odnam-2ak-4
the error rule
A "ERROR™ ") Xm#"z' . )&

will be generated.

"ERROR"™ is a new terminal, which has not been an element
of the grammar.
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For the grammatical rule

statement "IF" condition "THEN" statementlist
"ELSE"™ statementlist "FI'.

for example the following error rules will be produced.

statement :5:= "ERROR™ "THEN" statementlist

"ELSE™ statmentlist
statement ::= "ERROR™ "ELSE" statementlist
statement ::= "ERROR™ " FI".

Beside "brackets" some other terminals are choosen to be
potential start points after errors. These terminals should
have a ambigious syntactical meaning in the programming
language to guarantee a correct restart for the parser.

Some error handling systems use identifiers as restart termi-

nals. Our tests have shown that identifiers are tooweak for
this purpose. They have an unambigious sysntactical meaning
most programming languages. Therefore it is better to re-
strict the set of potential restart terminals to some

(or all) keywords, operators and delimiters.

In our method the potential restart terminals are broken up
into three groups.

A All opening terminals of syntactcal constructions.
(. g- "IF'", "CASE", "BEGIN", (" )

® All brackets in closing position.
(e- g- "END"™, 'THEN', "ELSE"™, "FI', 'D" )

© All other restart terminals.

@ g ", na, )
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After detecting a syntactical error the following
algorithm is proposed.

V.

VI.

VIL.

The parser skips the remaining input-string to
the next restart terminal. Go to II.

If the restart terminal belongs to group A
then go to VIl else go to IIl.

All elements are popped from the stack until a
nonterminal successor of the top element exists,
which accepts the restart terminal.

IT such a nonterminal successor exists then go to IV
else go to V.

The nonterminal transition will be performed and
the syntactical analysis can go on. The error
handling method has finished.

If the restart terminal belongs to group B then
go to VI else the actual restart terminal is skiped
and the error routine begins again with 1.

In these cases the bracket structure of the iInput*
string is incorrect. Now it is the task of the error
rules to allow a further analysis.

The stack is popped until the top of the stack
accepts ("'ERROR "restart terminal'). IFf this

attempt is successfull, the error handling process
finishes and the analysis can go on

else the restart terminal will be skippedand the
error routine begins again with I.

The stack is popped until the top of the stack
accepts the restart terminal.

IT the stack is empty another attempt is performed
with the current restart terminal, go to IlIl.
Otherwise the syntactical analysis can go on and the
error handling method has Tfinished.
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3. Summary

The error recovery method explained in this paper has the
same quality in error detection as the method in (For 80),
but needs less space. It has a better error detection
quality than (Lei 70), (Aho 74) and other algorithms. For
detailed comparisions with some other methods see (For 82 A).
A bibliography of error handling methods can also be found
in (Cie 79) .

The proposed method has the advantage that "important
terminals™ are treated correspondingly and "insecure" termi-
nals are not used.

The correct bracket structure will never be destroyed. This
is an advantage over many other methods (e. g. (Lei 70),

(Aho 74)).

The method can be used in compiler generating systems,
because error rules can be constructed automatically. Only
three groups of restart terminals explained iIn the paper

are needed.
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1. Introduction

In this paper the languages composed of forests are conside-
red and a new framework for these considerations 1iIs presented.
Forests p-languages there are languages in which any word is a
p-tuple of trees i.e. forest. We assume that from each node of
any tree of a forest at most p branches are going out. The matrix
representation of such forest is defined and it simplified our
considerations. We define some operations on the family of all
forests and then on p-languages : a catenation,a j-catenation and
their closures. We iIntroduce systems which generate forests p-lan
guages and then check m * basic properties. This paper is a first
step on our purpose to construct an algebra of regular expressions
for forests p-languages.

2. Definitions and notations

Now we introduce the basic notions and notations to be used
in this paper. K denotes the set of non-negative integers that
is N=70,1,2,... 7 . The set of all positive integers is denoted
by [gi] = For any n £ by [n] 1is denoted the set [I,...,nj}.
Any non-void finite set is called an alphabet. A stratified alpha
bet is a pair (A,r ) where A 1is an alphabet and r 1iIs a func -
tion r : A — > H. For any set X /finite or not/ a free monoid
over X is denoted by X* .

Definition 1. Any finite and non-void set V C =
if and only if :

1° A e V / A - an identity of w:]*/

2° v veV, we [c],3u t[AJ such that if v-wu then weV

3° tfvev, tffc if vjév then vitV for 1t jl
Each v éV is called a node of a tree V .

I*

is a tree
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Definition 2. Let n € CwJ. A forest composed of n trees Iis
any set WC [n]x jojj* such that for each i £ [n], a set WH is
a tree where Wi = [ve (@ 1i1vel]

Definition 3. The frontier of a forest W 1t is the follo-
wing set

frw=[w£S : wl 2*Wj .

Let us assume that a pair (Z,r) is any stratified alphabet
such that the set [p] is contained in 20/20=r_1(0) , p is
any Tixed positive integer/. Now we define a valued forest of
(n,p) type.

Definition 4. Let n,pe [@d7] , A valued forest of (n,p) type
over stratified alphabet (2 ,r) is a pair 1 =(w, where W
is any forest composed of n trees and :W —»2 is a function
such that r sl(-v)) = max [16 N -vi £WA

Any valued forest 1 of (n,p) type isdenotedas 1;n— >p.
For simplicity any forest 1:1- =>p 1is identified to valued tree.
For any 1:n— %p ti denotes an i-th tree of 1 _ITf 1=(W,AD
then t= (Wi?~1):1— psuch that “Vjilv) =r|(v) , as in de-
finition 2. This gives a reason for the denotation 1-(t",....,tn).
For any | £ [p] the symbol j denotes the tree ( W - *P
such that = (Al , YJ(®O =3 - Ap denotes the forest (W,-")
of (p,p) type such that w- [p]x j fTor J £ [pi .
Hence A p= (I,...,p) . To any valued forest of (n,p) type we
associate some matrix representation defined below

Definition 5. 2 Let 1=(W, :n—>p be any valued fo-
rest over (2,r) . A matrix representation of 1 it is an aug -
mented matrix™Aja) where A is a nxp matrix and a is a n*l
matrix defined for any 1ie [n], JE£Lp] as follows :

Aij =HL DI ifc-107 il ,**ilc-D1% : v =iil...ilcEfr W,A) =j,

Pjis added to AN if v=1i and >]|(v)-]

aj~ (MIDi] - ==ifE 1 Ni»ee”'Hec-1)N(FVv) . v _Tfpeee 4 fr W,
Gt £e-[p] ]
It is easy to see that any i-th row of A =L"ijl represents an

i-th tree of a forest 1 . For example a tree j has the follo-
wing matrix representation [0,... ,{A}J,--- O][0J and a forest AP

is represented by
0 "0
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Now some operations on valued forests are introduced.
Definition 6. Let 12~ Wi> i) :n—->P and 12=@2, 7@
p— *q be any valued forests. A catenation of two forests 1/

and Ig / 14 lIg / gives as the result a valued forest de
fined below

im3122- (W,") :n—>q where

v=7>*1L-qillW) u >
and ™ (vw)= (w) for v € N (1) , w 6 Wgi

IT (A;a~ and (B 1Y) are matrix representations of H and Ig
respectively then the matrix representation of 1M~ Ig is of

the form ~A-B ; a + A-b) / '+' a set theoretic sum, string
catenation / .

Definition 7. Let j ¢ [n] and 1i= (ti n—9 P *
~2 ~W2»~2):i>—9 ~ be any valued forests over (2 . A j-ca
tenation of two forests 1~ and Ig / 17 lg / gives as the

result a valued forest defined below :
Ny N2 (MgreeeN ] N Rreesttn Nt N —9 max |p,q”N -

As above if (A;a) and (B;b) are matrix representations of ‘1IN

and Ig the forest 14 Ilg has the following matrix repre -
sentation :
_ _ -
\VAR 8
A-:F’ + A () -g(Bsb) where A= - g -
A a
A n kn n

A catenation of forests is an associative operation but a j-ca
tenation hasn"t this property.

3. p-Languages and p-systems

Let n,pt CwJ and (2 ,r) be any stratified alphabet such
that r (cr)t[pl for any 0"t 2 n,p denotes the family of all
valued forests of (n,p) type over (2,r) . In the case n=p this
family is denoted by

Definition 8. A p-forests language /a p-language for short/
it is any subset L of Fp .

The set F2 with a catenation of forests forms a monoid

with Ap as an identity.

The following operations are defined on the class of p-lan
guages
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a catenation
Liilg” [lpFI12 s IpeELl™ ,12E12N
a j-catenation for any jt|[p]
L1 h L2 ~ 111 ~ 12 « £ §7M2 N H2
3. a catenation closure
L* = ©cXk where -{JIp] , «d Xk+F U  X*

4 _ a j-catenation closure for any jECpl

L*J= M Xk where Xo= M-p] and xk+1= L Xk

The equality (*A) J= (IL*J) doesn®t hold.
Now we introduce a system generating £ p-language.
Definition 9. Let (2 ,r) be any non-void stratified alphabet
such that £p]Jc zc¢ and r (@) t ip3 Tor any <fe 2 . A p-regular
system over (Z ,r) it is a 4-tuple S - (V,Z , P,p) where
V 02 ~ 35 and
(V,s) is a nonterminal alphabet and s(X)£[p] for any XéV ,
Td Fp»n is a finite set of initial axioms |,

P d f\_(}% X fof£x is a Tinite set of productions.

Now the process of generation in a p-regular system S is
defined. We use the following denotations
1° forany t-(w, eFj™p andany w ¢é
tjw = (U,T )™
where U= Vjiw= [u£[uM zwueWj and J(u)="(wu) for

ueu
So t]w it is a subtree of t detached at the point w
2°  forany 1=, 6FX , 1= ---,tp) &t Ff>p

and any w é Wi

1 (W= if) - ~tp,, .St |(Ws—TFp ==, tp)
where t™w«— Ff)=(u,™) and U = {ueW: Vvt u™wjuU ww
« U)= for ueWA,r(W)=~Cv) for u=wv , vf I

It means that in i1-th tree of 1 at the point w a tree t 1is
attached.

Definition 10. Let 1,1 € FA~ . lLet 5-(V,Z ,f ,pJ be any
p-regular system. A forest 1 generates 1 in S / 1—> 1/ if
and only i1f there exist 1n,...,!1" e Fp such that i1p*“1 »
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lk=1 and 1i—» i+ 1In S for 1i£f [k-11 where

1 —*1 in S iff it exists wfv and 1-"»1 in S and

1 -~>1 in S iff it exists (t,t) £P such that G I DJw =t ,
11(1* <- j-©H =1

Definition 11. Let S -(v,”™ ,P ,P) be any p-regular sys -
tem. A p-regular forests language generated by 5 it is a fol-
lowing set of p-forests

L(S)-{1¢€ :310tT , 10-1 inS j
Any two p-regular systems S and are equivalent if and
only 1f L(S) - L(s")
4. Results

Let us consider a p-regular system S*(V,] ,({"™,p)- In
this case a p-language L(S) can be treated as cartesian product
of p tree regular languages. It means that LL{s)= L/X ...*L"
and for each 1t[p] Li- L(Si) where Si=(,Z [141Q",P) is"
a regular system in the sense of Brainerd [I] . It is essential

to note that an alphabet (Z ,r) fulfils the condition [plc jEO
This condition is very important in the definitions of operations
on forests. There 1is no such assumption in Brainerd [I]. We em -
phasize that our operations on forests are different from the
introduced in Thatcher [31.

The following properties of forests p-languages and p-sys
stems are obtained /we have the use of results of [I] /7 :

1° Let L C . It exists a p-regular system S=(V,Z, r,p)
such that L =L(S) iff it exists a finite number of p-regular
languages Ll v such that L = I’J LI and for any itlr/\]J
L' = X ... x 1~ where LAC FX “and is a regular tree lan-

guage for j £Cp3 . We note that it holds an equality k- cardP.

2° For any p-regular system it can be effectively construe
ted an equivalent p-regular simple system. It means the system
in which every production (t,t) is of the form :

t=(M, "vT) , (AW VO and
€=(w,n) , 1 [rC*™W))J , , M(1) éVvQ  for id[r((CA))J
Such production is written as :
X —->a <T if ~® NAXR<TE m -rii™)
for 1£ [m
eoeoe m 1 (1>J
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An equivalent p-regular system with a single iInitial axiom not
always exists.
3° Each singleton of F~ 1is a p-regular language.
4° A class of p-regular languages is closed under the set-
theoretic sum .
5° A class of p-regular languages 1is closed under the j-ca
tenation and its closure for any je [pi
6° A class of p-regular languages 1is not closed under the
catenation and the catenation closure.
For the construction of the language generated by any p-regular
system S one can use the matrix representation of a forest .
It i1s possible to determine a matrix representation of each fo-
rest obtained during the process of generation using the follo-
wing algorithm
Let S=(,Z. ,P ,P) be any p-regular system and IQtP
where 1Q-(X°,...,X) . Let 10- 1™~» ... —>1In be any de-
rivation of In in S . A matrix representation of an initial

forest 1 is (A°;a°) defined as below

Ao:[O]/Ajjs for m,jE[pi/ , #=[Lm] For me€ til -

F i\ . . .
Let us assume that fA ,a J 1Is a matrix representation of a

forest 1, where

AK" [ hi
Ai al
, ak =
ik_
p PJ
Now we define a matrix representation (Ak4i;ak+lj of a forest
lk+1 under the assumption that 1~ 2. is obtained from by

a production (X,t) .

if k<n then it exists Vv e am such that v =vX and

there are possible 3 subcases
as If t=] for jJe [pl then

Akf_ﬁj’l- = Amj Uqjxg > Aj1= Aih for ie[pj and i"j
Jc+l
am » 1 - W
\Y if t=<r ,<rt 2C then
Anl1(a - 7 ag*l = ag - j ufv(Ti
o/ if t= cr , s= ("1 then
/I \
X *e*s
k+1 k

A§+1 = A% a = ag - {V] U [vIX1l,...,vsXs j
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2° 1f k=n then for any ve it holds v=v<T oOr
k / m
an - N e
This paper is a First step on our attempts to construct the
regular expressions for forests p-languages. We consider an ab -
stract algebra RET with a set theoretic sum,a j-catenation and
a j-catenation closure as operations and with a support composed
of some special kind of 2p-forests /not trivial only in one place
of their 2p-tuples/. Our preliminary investigations suggest the

following ;
Conjecture j The algebra RE™ 1is the algebra of regular

expressions for forests p-languages
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We consider the family of cofinite languages over some al -
phabet A and give a fixed point characterization of it in the
following way. We define the family 72~ of functions such that
the correspondent family of fixed point languages 1is equall
COFIN A . Then we define.two abstract algebras with COFIN A and
7™ as supports. It iIs established some morphical interdepen -
dence beetwen these two algebras.

The following notations will be used, let A denotes an
alphabet that is any finite non-empty set. A* 1is a free monoid
generated by A _A language 1C A* such that A* - L 1is finite
is called a cofinite language. The class of all cofinite langua -
ges over A iIs denoted as COFIN A _ For any Lc A" by card(l)
is denoted its cardinality. The cardinality of the set of iInte -
gers 1is denoted as y< . For any function TfT:A* > A* and any
L ¢ A* the restriction of f to L 1is denoted Tf|™ .

Definition 1. The class 3™ consists of all functions
f:A*~ > A such that for any L <L*A* for which card(L)= KO it
holds f(L) ~ L ? .

Definition 2. Let T:A*—> p? be any function. The set of
all fixed words of f 1is defined as

Fp £ = Tw (AL : f(W) =w j

THEOREM 1. Let A be any alphabet. The class COFIN A 1is
identical to the class Fp 77

Proof. Let us assume,for an indirect proof, that for some
f e 3 it holds card(A* - Fp T )= w0 . So it is possible to
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define the following sequence :
wrio A* - Fp T and

Wn+l 6 (A*-Fpf)- "f(wzx) , FfQwn+l)*wx Ffor 1 -1,...,u

This sequence of words may be finite or not. In the first case it
follows that there exists an infinite language Lc(A*- Fp f)-s 1t (W,)
mapped by f on one of the words of this finite sequence (w’\,l?l.-
.,WwWN) . For this language L the equallity LO f(L”~=0 holds.
In the second case it is obtained an infinite sequence of words
from A -Fp f . It forms an infinite language L such that
Ln f(1)- . Hence 1in both cases we come to a contradiction. So
the language Fp T belongs to the class COFIN A

Conversely let 1 belongs to COFIN A with A* - I-Ju—",.. ,unj.
ITf n>1 it is obvious that the function TfT defined below be-
longs to the class dr~ and that Fp f =L

w if we€Ll
fLCw)- { s

ul*I(mod n) If ,=%“1F 1

If n=1 we can put f(w)=v where v 1is any word from L for

w-u™ and T(w)=w for each w €L . OfF course iIn this case
f £ 3 and Fp f= L also. So the proof is complete.

Let us define two abstract algebras
COFIN =~COFIN A ;U ,0 ,* ,«= > and

,0 in the following way. Symbols wux*, O
denote respectively set-theoretical sum and intersection that is
two binary operations on COFINA and * ,< denote Kleene star
and reversal - unary operations on COFIN A . In the algebra T
symbols 0O , O denote binary operations defined on 3™as follows:

for any T , g 6 wAsuch that Fp f=L1 , Fp g -12

fa g= fTj~ro0o glL™Mu g where Z = A* - (I1u L2)
f o g= ((Fng utizrc B]z2_(zI02z2) U F|L2-L U ~1I™-D
where Z1= A - s Z2 - A* - L2 , D=rMwtA* © F(w)-gwW".
Two unary operations and <+ are defined In P as below.
For any f € yA we put
jo
Te = nU:Of ik« - I-

where 0 - ja,ny4 and Tn
ed wxel such that w=w
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W =V - gV the value of fn iIs the same /

For any f6 © f 1is a function defined as
fw)=f(w)
It is obvious now that the function H : —---> CQFIN

defined for any T € 9r as H(F) = Fp T iS an epimorphism
of two define! above algebras. Now let us define a binary rela -
tion 2 on the set 3™ the support of 3 in the following way:
for any f ,g we put
f £ g iff Fp F ~ Fp g
It is easy to check that ~ 1is a congruention. So it is possible
to define a quotient algebra and to formulate
THEOREM 2. The algebras and COFIN are isomorphic
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O. I ntroduction

Two specific classes of semirings are to be concerned
in this paper, the class of semirings with divergence and the
class of the iterative semirings. The definition of these
structures is justified by the effort to describe the semantics
of a programming language as an algebra. Considering the Dijkstra-
language (@ simple theoretical language) one can see, that its
semantics can be described by the set of all correspondences
in Z, where Z is the set of all states, i.e. the set of all
mappings from the set of all identifiers into the set Z of
integers. (Assumpted, that using the Dijkstra-language one can
use integers only.) The following operations in Z are needed in
this describtion:

The composition of correspondences:

Oele FIO?2 := YI -x - 17z Mz (X, " Az y]|tl)}
- The union of correspondences:
0.2 Aoun2 ={[xylezx zZ V Cx"~C«”™ }

- The divergence of correspondences:

0.3. Div~" = [xx]1jvye Z(Ix,yl" )}

The iteration of correspondences, i.e. the transitive reflexive
closure of correspondences:
0.4. =L/A<Nn/n C-N where < = 1 ={[X,X}/ X ®Z" P +":

The set Z is together with the operations composition and
union a semiring with 0 and 1. Therefore one can generalize the
operations divergence and iteration and define them iIn an arbitrary
semiring by axioms.
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l1.Semirings with divergence

Definition: The semiring R with O and 1 is to be called a semi-
ring with divergence if and only if there is an operation div.
(divergence) in R and the following rules are holding:

D1 diva .a =0 @épR
D2 div a + div div a =1 @mp
D3 div(a.div div b) = div(a.b) (a,biR)

The axioms D1, D2, D3 are independent. The following
propositions are holding:

1.1. div div a . a = a @GR
1.2. div 0 = 1 A div 1 =0

1.3. divx =1 =% x =0 x e R
14. div® 1y = div a, divrna = div div a (a<R,nf IN)

Theorem 1: In the semiring of all correspondences ~c ZX Z
there is no operation holding D1,D2,D3 different from Div. Defined
in 0.3.

Proof: Let a be an arbitrary element of the Boolean & (ZX 2
of ZXZ. According to D2 is diva C 1, i.e. div a ={[X,xj IX€A}
where ACZ is well-defined. On D1 follows:

1.5. div a c Div a

By D1 and D3 holds:

div(Div a . div div a) = div(Div a . a) = div(0) =1.
On 1.3. 1is then:

Div a . div div a =0

and by D2:

Div a = Div a . div a,

hence

Div a + div a Div a . div a + div a = div a

and hence Div a c¢ div a and then follows according to 1.5.:
Div a = div a.
g-e.d.

Let R be an idempotent semiring, i.e. let it be for every
a £R, that:

a +a = a.
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Then is R ordered by the relation:
a<b :<£ a + b= b. (a,b€R)
Lemma 1: Let R be an idempotent semiring with divergence. Then:

diva < div b<i> diva . div b div at=

<i> div b -div a = div a. (a,b eR)
Lemma 2: In an idempotent semiring wxth divergence holds:
a>b => div a < div b.
Theorem 2: In an idempotent semiringwithdivergence holds:

1.6. div (@ +b) =div a . div b. (a,be R

Proof: By lemma 2 holds:

div(a + b) < diva A div(a +b) < div b.

Hence follows on D2:

div(atb) + div a . div b = div(a + b)(div b + div div b) +

+ diva . div b= (div(a + b) + div a).div b+

+ div(a + b)divdiv b = div a . div b +div(a +b)divdiv b <
< diva .divb +div b . div div b.

According to D1 follows then:

div(a + b) + diva .divb < diva .divb

hence:

1.7. div(a + b) < div a . div b.

On the other hand, on axiom D1 and lemma 2:
diva .divb .@+b) =diva .divb.a +div adiv b . b=
=diva . divb.a < diva .a-=0,

i.e.:

diva .divb . @+b =0.

Hence follows on D3:

div(div a . div b . div div(a + b)) =

= div(div a .divb . (@ + b)) =div(0) =1
and then follows on 1.3.:

diva . divb .divdiv(@ + b) =0.

Hence follows by D2:

diva .div b =diva . divb .div(a + b),
i.e. according to lemma 1 holds:

diva .divb < div(a + b) .

Because of 1.7. 1is then:

diva . div b =div(a + b).
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Notion: In idempotent semirings with divergence holds then:
1.8. div a . div a = div a. @@R)

Lemma 3: In semirings with divergence holding 1.6. holds:
div div(a + b) =

= div(div(a +b)+ a + div(div(a + b) + diva) =

= div(div(a +b)+ b) + div(div(a + b) + divb).

Theorem 3: In an idempotent semiring with divergence holds:
div div(a + b) = div div a + div div b.
Proof: According to lemma 3 and 1.8. holds:
div div(a + b =
(div({div(a + b) + @ + div(div(a + b) + div a)).

(div({div(a + b) + b) + div(div(a + b) + div b)).
Hence by theorem 2:
div div(a + b) = div(div(a + b) +a + b)) +
+ div(div(a +b)+ a + div b) + div(div(a + b) + div a + b) +
+ div({div@ +b)+ div a + div b) .
Then it follows on theorem 2 again:
div div(@ + b) = div div(@ + b) .div(@ + b) +
+ div({div a . div b + a + div b) +
+ div(div a. div b+ div a+ b) +
+ div(div a.div b + diva + div b).
According to lemma 1 and axiom D1 follows then:
div div@ + b) =div(@ + div b) +
+ div(div a + b) + div(div a + div b).
Hence by theorem 2:
div div(a + b) = div a . div div b + div div a . div b +
+ div diva .div div b = (diva +di div a)div div b +
+ div diva . (div b + div div b).
According axiom D2 follows at least:
div div(a + b) = div div a + div div b.

q.e.d.

Notion: In the same (idempotent) semiring more than one operation
divergence (holding D1,D2,D3) can exist. The image div [rJ oOF
the mapping "divergence" is a Boolean algebra in an idempotent
semiring, where:

&8 = div a. @énR



2. lterative semirings

Definition: The semiring R with O and 1 is to be called iterative
semiring if and only if there is an operation .° (iteration)
in R and following rules are holding:

11 (@a.-b)e =1+ a.(b.a)°.b (a,bf R
12 (@ + b)° = (a°.b)°.a° (a,b6R)
13 (@°)°= a° @6 R

The axioms 11, 12 and 13 are independent!

Let Rel denote the semiring of all correspondences {peZ X Z.
Let .© be an iteration in Rel holding 11,12,13. Let . x denote
the operation iteration defined in 0.4. Then holds:

Lemma 4: For arbitrary a@Rel and b: ={[x,yj}e Rel holds:
(ab)°e =1 + ab.
Proof: It holds:

2.1. ab={0,y3 1 z € A} with well-defined AcA
2.2. (ab)° ab ={£z,yjlz € B} with well-defined B c Z.

According to axiom 11:
2.3. (ab)° = 1 + ab(ab)° =1 + (a@a)° ab = 1 + ab + abab(ab)°.
Using 2.1 ., 2.2. and 2.3. one can show, that if [u,vj @ (ab)° and
urv, then the following implications are holding:

f [u,vl] e @)° ab =£> v =y
22" [ [u,v3 é ab(ab)° =2> u 6 A.

The pair [u,y” is element of (a@b)° For arbitrary u 6 A, because
(ab)° =1 + ab + abab(ab)° (see 2.3.) Therefore:

2.5. (ab)° 3 ab.

On 2.1.,2.3.,2.4. and 2.5. Tfollows:
(ab)° = 1 + ab.

Lemma 5: Let M cRel be defined as follows:

M :={a £ Rel I *plpca => p° = px)J

Then holds:

(aif M A[x,y1fZ)(Zz A [x,y]1 » & => (auU {[*.yj} 6 M)
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Proof : Let be:= @Rel, g Ca + b be arbitrarily choosed.
IT £x,y] ~~q, then gCa and because of aiM follows g° =gX.
This holds also if [Xx,yJ e q, because then g=p+b where pc a
is well-defined. Using axiom 12 follows:

qa = @E+b = @b p = @Eb p
hence:
a = @Ebp = @E+b =g
because by lemma 4 TfTollows (pr)O = (pxbf

q.e.d.
Theorem 4: In the semiring Rel no operation holding 11,12, 13
is different from . x defined iIn 0.4., 1i.e.:

Va £ Rel(@® = ax).

Proof: The set M defined in lemma 5 is not empty, because

0° = O0X = 1. Furthermore, the set M is ordered by inclusion

in that way, that Zorn®"s lemma can be applied. Therefore there
exist a maximal element a of M and because of lemma 5 is a = ZX Z.
Then for arbitrary pCZX Z holds:

(o} X
P~ =P

q.e.d.

Notion: Generally there can exist more than one iteration
holding 11,12,13 in a (idempotent) semiring.
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1. Introduction

Theory of Lindenmayer systems,also referred to as theory of
developmental systems,is the result of an infusion of ideas from
developmental biology into formal language theory.This theory
has become a very actively investigated topic in the last few
yers,and it has produced many results of interest both for the
formal language theorists and the ones modelling various types
of real systems,briefly L systems,were introduced by Lindenmayer
[6 -We shall study the stochastic versions of L systems introduced
by Jirgensen ,3 and Schaffler M in this paper.

We introduce three versions of stochastic table OL systems.
The motivation for introduction the table OL systems,called TOL
systems,was in the fact that the developmental behavior of many
organisms depends on environmental conditions.To describe the
development of such organism one has to provide different sets
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of developmental rules corresponding to the different
environmental conditions.

The stochastic versions of TOL systems introduced here
differ from TOL systems in two ways.Instead of a single axiom
the stochastic TOL systems have a probability distribution over
a finite set of possible axioms.In a STSOL system we add a
probability distribution to the set of tables and each table has
a probability distribution over the rewrite rules in the same
way as stochastic OL system.Clearly,one of the meanings of
introduction stochastic TOL systems can be the same as the
motivation for introduction stochastic OL systems.But,the most
important meaning which we consider is in the fact that the
occurence probability of various types of environmental
conditions can be different.And this fact is simply described
in the probability distribution over the tables of an STSOL
system.

This paper is organized as follows.Section 2 contains the
basic definitions for OL systems,TOL systems and their
stochastic versions.Topics including techniques for computing
of a growth functions of a stochastic L systems are in Section 3
and hierarchy of the classes of growth functions defined by
stochastic L systems is studied in Section 4.Synthesis of growth
functions and classification of growth rate are investigated in
Section 5 and Section 6 respectively._Section 7 involves the
results concerning several types of growth equivalences.

2. Basic Definitions

In order to establish our notation,we will rewiev the
definitions for OL systems.
DEFINITION._An O scheme is a pair G=~,R™ where ~ is a finite
set of symbols called alphabet and RCAX” is a finite set of
rewrite rules/called productions/ such that for each a in
there exists at least one A in / that (@,a,) is in R.We use a=>d,

G
to denote (a,°0 is in R.

DEFINITION.A OL system is a triple S=,R,x where (J,r) 1is OL
scheme and x is an element of ~ called the axiom.

DEFINITION.A TOL scheme is a pair where ™ is a finite
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nonempty set called the alphabet,” /the set of tables/ is a
finite .nonempty set.Each element R of tcalled a table,is a
finite nonempty subset of such that for all a in ~ there
Ox1stS @ in ~ that (@,=¢) belongs to R.We use a™»«™ or to
denote (@, is in R.
DEFINITION.A TOL system is a triple S\, 01,x" .where G=""\,0L is
a TOL scheme and x,called the axiom of S,is a word over

Since the OL systems are the special cases of TOL systems
which have only one table we define the following notion only
for TOL systems.
DEFINITION.Let G=""\,JI™ be a TOL scheme,let x=al...am with ml1
and aj in ~ for .1=1,...,m and let y be in J _.Thenwe say that
X directly derives y in G,denoted as x="y,if and only if there
exists R in dt such that there exists "i,...,=0 in N such
that a. . d. ,... ,a do and y=at .., .In this case we also

. 1 m R r 1 m

write Xy,

DEFINITION.For any TOL scheme G="\"\,51" ,for any word x in ~ and
for any nonnegative integer n,we define the finite language
L (G,x) by induction on n.

LO (G,x)={x}

Ln+i(G*)={y |1 thore exists z in Ln(G,x) and R 1in such

that z=> vy}

Ve say that x derives y 1in G/x=>y or only y/ if y is iIn
Ln(G,x) for some n.IF y is in LkG(G,x) we write xzjjc>y/x§>y/

DEFINITION. Let S\, lo,x “"be a TOL system.The language generated
bv S.denoted L(s).is defined as L(s)={y|x4>y}.

Now we give the basic definition for stochastic L systems.
DEFINITION. Astochastic OL scheme.SOL scheme, is a triple ("R,h"
where™T._R™ is a OL scheme and h is mapping from ~ to the half
open interval (0,1> of real numbers such that,for each a in ~ ,
“h(a—"=<)=1 .where the sum is over all productions with a on the
left-hand side.A stochastic OL system .SOL system,is a four
tuple S~ ,R ,h, where is SOL scheme and Co,called axiom
distribution is a mapping from to the closed interval <0,1”>
of real numbers such that there are only finitely many x in"
withdJ(x)>0 and such that ~“lc(X)=1 .where the sum is over all x

inr °
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DEFINITION. A™_sjtocha”tic_jrOL_scheme, STOL scheme,is a triple
where (2*”7) is TOL scheme and H called the probability
distribution on Ais a mapping from tfj,to half open interval (o,1>
such that "~ h(r)=1,where the sum is over all R in &.A stochastic
TOL system.STOL system,is four tuple where T, ,H”
is a TOL scheme and Wis a axiom distribution over

DEFINITION.A table stochastic OL scheme.TSOL scheme,is a triple
G=""\(R.,3t) where/*,(R,) is TOL scheme and 9t is finite .nonempty set
such that if A=|R1,R2,....RjJ then3~=* h2,..,1”* and(”,Ri,hd)
is SOL scheme for i=1....... k.A table stochastic OL system.TSOL
system,is a four tuple S where (* K, Oi) is TSOL scheme
and W is axiom distribution over "+,

DEFINITION.A substochastic TOL scheme,STSOL scheme,is a four

tuple where is a STOL scheme and(2,A,3t. ) is
a TSOL scheme.A substochastic TOL system.STSOL system,is five
tuple S="&,H,&,U>) where is STSOL scheme and uuis a

axiom distribution over

We define following notion only for STSOL system because
SOL,STOL and TSOL systems are special cases of STSOL system and
so the notion defined for STSOL system will be defined by this
way for other stochastic systems too.

DEFINITION.Let G="R,,H,9C) be a STSOL schemé and

d=w1 1\sz??**f_n_1>v\n is a derivation in (!,<*>.Let-w’\:a’\ ...ak and
by the derivation V\Q ]3$»w1+1, are used the productions
alp->a.l.... ,akp->.Lk.Wedefine

P < iF=1! -Wi+1):H.(Pi-) ° ]'Itl h| (-(aj"* J))
and the probability that w* =>wn according the derivation d is

p(,w,=$45wn,d).: B[hlP(V\{.:> Wi+l)' .Let T(n,x,y) denote the set of

all uerivation of y from x having lenght exactly n.Let x,y be in
2"eThe probability of deriving y from x in exactly n steps is
denoted P(n,x,y) and defined P(n,x,y)= "~ P(x=""y,d) .where the sum
is over all din T(n,x,y).

DEFINITION.Let S="\dl,H,JC,Oi) be a STSOL system.Let y*,y2,...,ym
be all words over » such that U)(y*)>0 and let x be an element
of ~*.The probability of deriving x from u; in exactly n steps is
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denoted P(n,w,x) and defined by
P(n,uj,x) = |2:1 oo(yi.) . P(n,yi ,X)

Then the growth function of S,denoted fg,is defined for n"O as
follows: fg(n) = xIR(nvx>x) »where the sum is over all x in
and bDd denoted the lenght of x.So fO is a mapping from
lr;itural numbers to the nonnegative reals such that fg(n) is

expected word lenght after n steps of a derivation of S.

3. Analysis of Growth Functions

Before we give the algorithms for computing of growth

functions we define still some important notions.
DEFINITION.Let G="2f& ,Hf be a STSOL scheme and a be in in
AR inal for i=1, ,k.We define p(as-’\«L) H(R ) e h. ((a «u)) if

(a, |) is in R and p(aR =5>3)=0 if (a<L) does not belong to Fﬁ
Then we determlne the probability of use of the production a—

7 p(a—i)= F£. p(a—N) .
P

DEFINITION. Let Npbe a STSOL system and ~="a™,...,a" .
Let #a.(x) be the number of occurences a. in x.The Parikh
vector of x.denoted v(x),is the following t dimensional row
vector (&aj (x),... (x) ).The growth matrix of S.denoted

G =(g cI),is the t by t matrix where g.dzJ#aJ * p(a ->o0c),
where the sum is over all *L such that ai—> xis in FGL_JiL R.

Let yl,y2,...,ymbe an enumeration of all strings y® in 2~ such
that ic(y*]>O.The initial vector of S - z” is defined as the
following sum of Parikh vectors.

=S, wly£) -« v(yi)
Thesum vector 1 is t-dimensional column vector with all
components equal to 1.

Our first assertion is a extension of the analysis theorem
for deterministic OL systems made by Herman and Rozenberg

THEOREM 1.For any STSOL system Aand any natural
number n,the value fg(n) of the growth function at n can be
computed by

fs(n) = zL " T
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The next theorem gives us the posibility to compute the
growth functions of STSOL systems by means of algorithms made
for growth functions of SOL systems.

THEOREM 2.For any STSOL system S there exists an algorithm which
constructs SOL system s®"such that fg(n)=fg"(n) for all natural n.

The next two results were shown by Eichhorst and Savitch 2
for SOL systems and using Theorem 2 we can formulated them for
STSOL systems.

THEOREM 3.There is an algorithm which,given any STSOL system S
with t symbols,will compute a homogeneous difference equation of
order t,with real coefficient,such that the growth function fg
of S satisfies this equation.

THEOREM 4.Let f be a function known to be realizable as the
growth function of some STSOL system with at most t symbols.
There 1is an algorithm which ,given the first 2t values of such
an F,will construct a linear reccurence equation for f such that
all values of f can be computed from these initial values and
the recurrence formula.

THEOREM 5»There is an algorithm which,given a STSOL system S with
t symbols,will construct a linear recurrence equation of the
degree at most t such that the growth function ¥ of S Ffulfils
this equation.

4. Hierarchy of Growth Functions

In this section we study the relation between the classes of
of growth functions determined by stochastic L systems.Let us
first define some basic notion.

DEFINITION.Let A be some class of L systems/for example OL or
STOL/ .Then by A) we denote the class of all functions which
can be obtained as growth functions of arbitrary A systems,i.e.
T(A)=F fs|s£A }.

THEOREM 6.There is an algorithm,given any SOL system,will
construct a STOL system S."such that fg(n)=fg/(n) for all natural

n.
THEOREM 7. T (SOL) = T(sTOL) = -T(TSOL) = -1(STSOL)

We conclude this section by two theorems which show the
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relation between the growth functions of stochastic and
nonstochastic L systems.

THEOREM 8.There exists such stochastic L system S that the growth
function cannot be a growth function of any nonstochastic L
system.

THEOREM 9.There exists such nonstochastic L system S that the
growth function fg of such system cannot be a growth function of
any STSOL system.

5. Synthesis of Growth Functions

Now we introduce a theorem whose results we prove using the
results made by Eichhorst and Savitch P2 .This theorem study the
closure properties of the growth functions of stochastic L
systems too.

THEOREM 10. (1) Let c be arbitrary natural number and f be in
~(SOL).Then the function g(n)= f(n) c is in ~(SOL).

@ 1T "»f2*eee>ft are in -?(S0L) and c™, , . . . fc
are nonnegative”real nimbers such that cN N 1,then the
function f(n)=~" cM™M(n) is in ~(sOL).

() Let g be in ,E(SOL) and let c be a nonnegative
real number.Then there exists SOL system S with such growth
function ¥ that fg(n)=cg(n) for all n™l .

(@ Let gl1,92 be in-3'(S0L) and let c,d be arbitrary
nonnegative real numbers.Then there exists SOL system S such
that fg(n)=cgl () + dg2(n) for all n™1 ,,

6. Classification of Growth Functions

We classify STSOL schemas according to their growth rate in
this section.First we define some basic notion.

DEFINITION.Let fg be the growth function of a STSOL system S.The
growth rate of S is said to be terminating if there exists such
natural number N that fg(n)=0 for all ri>N.The growth rate of S
is said to be limited if there exists a polynomial p(n) such
that fg(n)”™p(n) for all n.If the growth rate of S is not limited,
then it is said to be explosive .A STSOL scheme G=""_,&,H, £ ~1is
said to be Terminating/limited.explosive/provided that for each
axiom distribution over ~ the STSOL system®S="",&»H»ui™ has
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terminanting /limited.explosive/ growth rate respectively.
THEOREM 11.Let S be a STSOL scheme with growth matrix Gg.Let
p(z)=det(Gb - zD) be the characteristic polynomial of G _.Then
@) S is terminating if and only if all roots of p(z) are zero
(2) S has limited growth rate iff all roots of p(z) have the
absolute values less than equal to one
(@3) S has explosive growth rate iff at least one root of
p(z) has the absolute value strictly greater than one.

7. Growth Equicalences

We introduce and study several equivalence problems for all
types of stochastic L system iIn this section.Using the assertion
of theorem 2 in this paper and the decidability results made by
Eichhorst and Savitch 2 for SOL schemas and SOL systems we
should formulate theorem as theoremlO in hj in the similar way
for STSOL schemas and STSOL systems.We omit this formulation and
we shall define the other types of growth equivalences for .
stochastic L systems.

DEFINITION. Let =J>1.,3™ X, tu,) and S2K"~2"2 a2 0P ) be a TSOL
systems.Let Al=(y.| .r1 X, ) and AE ,&2 ,H2 ,82 yu2) be STSOL

systems with growth functions f and f _We say that IL is
Al A2
growth equivalent to H2 for S .denoted HywHg.iff f (nN)=F* ()

for all n™0.We say that S is more powerful in H completion as
S2>denoted N S2,iff for every such that "R A2N2>82»" 2 24iP)
is a STSOL system,there exists such that the growth function
™ of STSOL system M *s the same as the growth
function F of M*.Two TSOL systems S and S”are said to be H

2 i H H
growth equivalent.denoted S’\<—u>82,provided SAM~N>S2 and S 1%

DEFINITION. Let SJ i, } and s2=("2»"2>H2*"2) be two STOL

systems.Let A, *&, »H and A2=(£ 2 ,H2,X2,u2" be STSOL

systems with growth function f and ¥ _We say that X is growth
Al A2

equivalent to ¥ for " .denoted WX . iFF 7 (n)=F* (n) for all

nAO.We say that S is more powerful in X completion as S2 ,denoted

Sj S2 ,iff for each € such that m2=(Xj"™»2*H2»2*W2) is a STSOL

system,there exists such X that the growth function ¥ of STSOL

1
system M,=QjJ* ™ R is the same as the growth function
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of M2 .Two STOL. systems and S2 are said to be & growth
equivalent .denoted S"<-"S2 ,provided S2 and -i$s .

DEFINITION .Let S=",R,h,tD™ be a SOL system.Then the triple
*a. ,R,oj we call SOL subscheme.Let ,R Juj) and

* & e ** 9% pe SOL subschemas .Let SR ,h A and

V G, JRM.hgfUj™ be SOL systems.We say that b is growth
equivalent to h2 for S~.denoted hy"-"hg.iff ¥ (n)=F* (n) for all

n™0.We say that is more powerful in h completion as S ,denoted

S1-5>S2 ,iff for each h2 such that ,R2 ,h2°"2) is a SOL
system there exists such h.1 that the growth function fw of SOL

system ad, R~ M is the same as the growth function f~ of

Mg.Two SOL subschemas S and S2 are said to be h growth
equivalent .denoted SIk-1>S2 ,provided s-j~",s2 and S2~">S1*

THEOREM 12_Th.ere are algorithms to decide each of following
yes-no problems. @) Given a TSOL system ~Nand 1L
such that WA ot ,51,10" are STSOL systems for i=1,2. Determine
whether or not H™H,, for S. @) Given a STOL system
S=W.6t,H.ui™ and such that AN="_&,H.”N ,,0”are STSOL systems
for i=1 ,2_Determine whether or not for S. @B) Given
a SOL subscheme S=" ~_R.o0™ and lu such that AN="> R,h" are
SOL systems for i=1 ,2.Determine whether or not h~hg for S.

OPEN PROBLEMS.Are there algorithms to decide some of following
yes-no problems?
O] Let and S2 be two TSOL systems.Determine whether or not
s,—>5§2 (s.,<-£>s2).

an Let S. and S? be two STOL systems.Determine whether or not
s1¥s1 s1< S 5o )

Let ™ and S2 be two SOL subschemas.Determine whether or
not S1-7~>S2 (Ckkii>S2).

~
-
-
-
o/

We conclude this paper with some interesting remarks
concerning the open problems.We conjecture that the open problems
(),(i1) and (iii) are equivalent.
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N k-REFETITION FREENESS OF LENGTH UNIFORM
MORPHISVS OVER A BINARY ALPHABET

Veikko Keranen

Department of Mathematics, University of Culu
Limamea, SF905/0 Qulu, Finlad

Abstract. A word is called k-repetition free, if it contains o suoword
of the form Pk,\/\here k isamaural nnber ad P/ 1 _let h be
a legth uniform norphisn over the alpabet {a,b} (eaning that  |h@)|
= Ih®)1) ad let h@ + h{) . In this case we can give an gotinal
ugeer bound for the legth of Pn ,nak, were Pn is a sunord of
hw) such that w s k-repetition free. Also, we give autlines for tre
proof of the folloving result. When deciding whether a given norphism h
of the form mentioned aowve, Is k-repetition free, oe hes only t© examire
the words  h(WQ) , where the legth of WQ is s4 (or, in sore special
s, even less). Finally, we consider the k-repetition freeness of [OL
ad NOL sequences ad dotain, for example, the folloving result. IF h
gererates a albe P3 iIna DL sequence, then It does It in three steps.

1 INTRODUCTION

OQur study originates from L. Wegner®s prablem, solved by many writers
in [I] .- In our article there ([P. 24 - 31 ) we were considering te
word sequence S=sN &, Y, ... , defined recursively as follons:
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@) .

Sitl  S151%t (i & 1),
where u”™ A is aword over a finite alphabet Y ad i is te
reersal (mirror Imege) of <N . Originally, iIn Wegrer’s sequence u=a,
ad the broblem wes to decide whether this sequence is abe-free. In the
sqel, let u ad v be different nonepty words of eqal length ad
consider the NDOL  system

(&) 6= Y, 0 h &,

where X = {a,b}, tre endomorphism g X* >X* isdefined by g@) =ab ,
ob) =ab , adthe legth uniform morphisn  h: x> aY* is defined by
h@ =u, h@=v . .Wdsowedin [] tat S=KG ,iIf V=W,
ad conjectured that if P3 IS a subnord of a word In the sequence S,
then tre legth of P is <j U .We can now show that this (ogptinal
result) iIstre for S ad also for ay NOL sequence HG)  generated
by G in @- This in um mplies that all abes P In the sequence
EG® cn ke foud in the fourth word. Also, by the fact that S = EG),
Theorem 7 belov Inplies 1n a trivial way that the Wegner™s sequence
(u:vR =a In @ ) 1sabefree. Moreower, In this article wve gerer-
alize these considerations t concem also gereral k-repetition of words.

2. PRALIMINARIES

For the very besic notations ad definttions (conceming, for exanple,
Lsstas) ttereader isrefenred to [3] ,or to [Z] ad [4] , which
also cotain results conceming repetitions.
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Aword u is called a subword [an 1mer subword] of w , If
w =u.ul for sare words [nonenpty words] ot ad W2 . The notation
SMW) [SMW)] deotes the set of all subwords [imer subnords] of w .
Moreover, we write XSW(w/™ . ,w ) = XSNWY) u === U XSN(wn) for words
wj ad X=aA or 1 _Aword w 1is primitive, iIf w=w inplies
n=1 (w is only a trivial poner of ancther word wg ).

let k be a natural nunber. Then we say that a word is [strongly]
k-repetition free, if it contains ro stbword of the fom X+ o [P<la
were a is the first letter of Pt A ]. Aword sequence or alaguege
is k-repetition fiee, if all words iInit arek-repetition free, other-
wise e say that there is a k-repetition In 1. A norphisn ho X* aY*
is k—repetition fiee, if h(W) is k-repetition free for every k-repe-
tton free w In X .

Firally, If not otherwise mentioned, Y is a finite alphabet, u , Vv
are different nonenpty words of eqal legth and h: {a,bf* Y* isa
legth uniform morphisn such thath@) =u ad hdo) =v . Inte ca=e
of endamorphism we saretimes write  ginsteed of h .

3. MAIN LEWMAS

The proofs of aur main results are quite log containing many lemes,
fran which we present the most Interesting ad fudamental anes.

lema 1. Let u,v ad w be nonempty words of equal length such
that ufv . Then WE ISKUA, W2, w3) ad WP £ M) . Further-
nore, If w € IS\, W) ,ten w=w} forsoe wWQ ad r>3 .

By Lema 1 it Is eesy O prove
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Llema 2. Let u ad v be different nonempty words of egaal
legth and A = {ifv, W, VVu, W’} . Then A D ISW(aRyS)= 0 for

a,R,y ad 8 in {uVv}y .

Lema 2 tells s that ifaword w is in {u,vfrfad w =www* ,
with w» in A, then also® ad whare in {u,v}* . This inplies
the folloving fact. HFaword w in X* = {a,by* is k-repetition free,
then h@) oontains only short subnords of the form P such that
Pt h®T - (ote that Pk=PkK"IP = PPK'l ad ewery log Pkl
would cotain, as a sovord, awordin A ) (n the other had, If here
PE hX)] ,ten P =X, a thefolloving lema goss. In this lema

we also consider the case P >2 .

Lerma 3. Let X ad Y be finite alphabets with P 42 ad
M i2,ad let amophisn h: X* @ay* be such tat h@ ad hb)
are different nonempty words ofequal  lengthfor every different a ad
b ;m X . Ifawrd w In X* isstrogly k-repetition free ad hWw)
hes a subword Q of the form pref(Pk+) , where P € [hO]+ , then
d<|k +2p@|inte ca= | &3 ,ks2ad K< Pk
+ |h@] intecase PN =2,k>3 . FRurtemore, if P =2 ad
aword w is k-repetition free (ksd , ten h@®) hes o subnord of
the form Pk , were P 6 [WQOH -

4. MRAHIQS

By the previous lemes we have dotained the folloving optimal result.

Theorem 4. Hawod w In {a by is k-repetition free (ka3d)
ad hw) hes a subnord of the form Pn ,where nz k , then
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< @& - D - 1f, Inaddition reither aCba)™ ™ nor biab)y™
iIsasionord of w, ten || s 2Kk - Dy|

As an example of the gotimality of the upper boud for || , con-
sidkerttecase n=k=3 ,u=h@)=ac ad v=hb) =dd .
Coosing Pt = h(abeb) = (cdod)™ ,we get Py =4Ju] =2k - DUl

As a corollary of Theorem 4 we get

Corollary 5. Let aword winf{a,b}* be k-repetition free k  ad),
ad let wq bea suword of w. Then hW) Is k-repetition free ifad
only it h(WQ) is k-repetition free for every wq of legth s X -1 .

This corollary gives us a test set for checking whether a given
legth uniform morphism h: {a,bf* Y* iIs k-repetition free. Hovever,
Corollary 5 1s nore interesting fram the point of gereral k-repetation
freess of DO ad NDOL sequences. This is the case, because In
Theorem 7 we dotain, quite Independently of the proof of Theorem 4 ad
Corollary 5, a ery efficient test st (optimal In gereral) for testing
the k-repetition freeness of h .

lema 6. Let tewords u ,v ,w ad w be primtive ad, if
k=3 ,tewords u ad v abefree. Let aword w in {a,by be
k-repetition free (a3d adP aswword of h@) , say h@)
:WPKAI\-'ITm V\/‘PK/\/\+V\/\af3yW’\ whenever wa ,w are In {u,v}*
ad B isin {w, w, W, W} . Consequently, PX is a suword of
h@,) ,where w, isasuwordof w ad Mla4s .

Using Lemma 6 ae can easily proe
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Theorem 7. A length uniform norphisn h: @@,b>" #Y"  is k-repe-
tition free kad Fadoly if

O) u,v,w ad w are primitive;
h0) is k-repetition free for eery wy in {a,b}+ of
legth <3 (differing from a ad b3 if k=3); ad
h@0) Is k-repetition free for every "o in
Ooyx, Xy, XX, xyy | x ,y in {a,b} ad x7/y} .

By Theorem 7 It Is easy to decide, for ay k , whether a given
morphisn h , of the considered fom, is k-repetition free. Because the
words wq (N the test s=t) are always of legth s 4, the amount of
work, needed to solve the prablem, does not grov as Kk gets greater.
In fact we ¢et

Corollary 8. Llet Y =Ma2, adlet u,v ,wad w
be primitive. Then h  iIs @Ju} 1) -repetition free.

A aeaple, let u=h@=ab ad v=hb) =bea. Then, by
Corollary 8, h is 5-repetition free.

5 BNDOVORPHI9B

Conceming sort words u ad v in Theorem 7, one can stll im-
prove the uper bouds for the legth of WQ . In the case of endo-
morphism (X =Y = {a,b} ) we hawe dotained the folloving results
using WINIVAC 1100/2 computer ad, In spite of an efficient program,
hours of CRU tame. In e case k=3 we foud out that
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(©)) 0(@ = abbedbabedbabba ,  g() = baababbaababasb

is the first (in alphebetical order with respect © h@h() ) birary
legth uniform endomorphism g such that gWQ) is cube-free for every
abe-free WwQ of legth S3 , but gWwQ) ocomtains a cuoe for a abe-
free wg Of legth =4 _ Here g(@ma) cotains the aloe (bak:raabattraa)3
ut gWQ) is albe-free for other abe-free wWQ t aea of legth =4).
S ve hae

Theorem9. Inttecase Y = M s 4 a legth uniform endomor-
phisn g ower the alphabet {a,b} is ce-free If ad only If

@ u+v;
G u ad v ae primitive; ad

GiD) 9gWQ) is aue-free for eery ale-free WQ iIn {a,b}+ of
legth s3 .

Also, for k=3 ,4 ad 5 , the folloving endomorphists

=3: g@ =abaddba , g() = badbesb ;
=4 : 0@ = addma , o) = babeb ;
=5: g@ =aasboba , o) = bebabeb

are tre first such theat g fulfils the primitiveness condition (@) In
Theorem 7 ad gWQ) is k-repetition free (k=3 ,4 or 5) for
eery wQ of legth <2 , but gWQ) ocotains a k-repetition for a
wQ of legth 3 or 4 (consider the words g@m®) ) - These results
mean thait
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Theorem 10. Intecase k=3 [k=4, k=5 ad Ju =M <6
[ 4, s6] a legth uniform endomorphism g ower the alphabet  {a,b}
IS k-repetition free if ad only if

@ u,v,w ad w are primitive; ad
Gr) w,w ,w ad w are krepetition free.

Using these resulits ae can nov enuerate  In alphabetical order k-
repetition free endonorphists for ay Kk . As an exaple we consider
telegts MY =M=1,.--., 6 , the repetitions k=3, 4, 5 ad
give for each Ju ad k the first endomorphisn g such tat g s
k-repetition free but not (k1) - repetition free. By Theorems 10 ad 7
the work is here very easy also without any carputer program.

A ¢3

g8 B8 BB ¢
i
:
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6. DOLAND NDOL SEQUENGES

Here we consider the decidability of k-repetition freeness (k z J)
of DLad NXOL sequences gererated by length uniform morphisms. |kt
is possible o gererate a k-repetition free DL sequence, although te
iterated endomorphisn g itself is ot k-repetition free. For eanple, if

@ 9@ =ab ., ob =a,

ten G= {a,b}, g, @ oererates a 4-repetition free DL sequence, &
is straightforvard 1o see using Corollary 5. Huever, here gk b
= 26D - KK2 gning that g s ot k-repetition free for any k8.

In gereral 1t s deciddble, for ay k , whether a given endomorphism
g ogrerates a k—repetition free DL sequence (= [, p- 21).

In our case this result Is easy to prove using Corollary 5. A simillar
positive decidability result holds true also for NDOL  sequences, gerer—
ated by NDOL systars G = ({a,b}, Y, g, h, W , where the morphisms g
ad h are length uniform.

In deciding the k-repetition freeness of a DOL [NDOL] sequence
gererated by a given legth uniform g [g ad h] we, at first, decide
by Theorem 7 whether the given norphists] are k-repetition free. I tre
aser iIs affimative, then we are ready. Otherwise we have to dheck
whether there is aslbonord WQ In the DOL sequence such that g(WQ)
[gWQ) or h(WQ) ] s not k-repetition free. In this work there are two
possibilities: either u ,v , w ad w are primitive for g
[o ad h] or tey are not. If not, then we have t© use Corollary 5
insteed of Lemma 6 that otherwise would ke sinpler  us=. (For example,
casicer g in @ . However, here Lemes 1, 2 ad 3 may be very useful.
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In the seqel (exogpt In Theorem 12) we consider the situation, N
which u ,v ,w ad w are primitive. \\e dotain optimal ugper
bounds for the nurber of words needed 1 be tested in the begiming

of agiven DOL or NDOL sequence In order to sohve the k-repetition
freeness problem for this sequence. At first we consider DO sequences.
Here, using Lemma 6 we get

Theorem 11. Let g bke a length uniform endomorphism over the
alpebet {a,b} such that g@) , 9® ,9@E) ad gle) are prim-
ie. Trena DO sqence EHG gererated by G= {a,b}, g, W) s
k-repetition free if ad only if the sst {gn©@ | ni 4 is k-repe-
tition free.

In gereral this reault is optimal as indicated by the endomorphism
g@ =bebeb , g) = adma , for vhich gY@ oomains a 4-repeti-
tion @ ,but the sst {on@) |n<3} is 4repetition free. Using
Theorem 10 ore Immediately sees that this g IS S5-repetition free.

Allthough Theorem 11 s gotimal  iIn gereral, we getin Theorem 12
sall stroger result for the case k=3 . This case Is QUIte excep-
toal: if u = M ad g does ot fulfil the primitiveness condi-
tion @) InTheorem 7, then (=2 4], p- 282) g never gererates
aabe-free DOL sqene. Inte a2 Ki 4 the situation IS very
different as indicated by g In (@ . This goecial property mekes the
aube-freeness problem for DOL  sequences (gererated by binary length
uniform endamorphisms) very easy to sohe, at lesst for dort words u
ad v . In fact ve kov that, If 2 < |Jo@] = lo®)| s 4 , ten te
DOL sequence gererated by G = ({&,b}, g, W) Is albe-free if ad only
if g ad w are abe-free. It is possible that insteed of 14 we
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my hae even R , but not more, since the endamorphisn g , defined by

iIs suh that g(WQ) is cube-free for every ale-free wg f baba of
legth S4 , but glebr) ocottains the clbe

P3 = (abhebbeabeabbechbabheabeab)

Furtremore, baba isrmot in swigQ) | wa| <2} ,ad o BB B
abe-free for every DL system G= ({a,b}, g, W ,were w is aie-
free ad baba mot a subword of & . (\ote also theat g fulfils part
(1) in Theorem 7.)

In [Z] it is shown that, in gereral, binary endomorphism (ot
necessarily length uniform) gererates a abe Ina DL sequence if ad
only if it does 1t In less then 11 steps. Using results in 2] we
cn in aur case prowe the folloving Theorem 12, This result s gotinal
& sen by oconsidering (Oce again) the endomorphisn g N @ .

Theorem 12. Let g be a legth uniform endamorphisn over the alpa
bet {a,b} - Thena DL sequence EHG) gererated by G = ({a,b}, g, u
is calbe-free 1If ad only If the sst {o@W) | n <3} 1S albefree.

Finally we consider NDOL  sequences. The followving theorem is
straightforvard t proe using Theorem 11, Lemes 6 ad 2 ad the fact
tat aword w In {&a, b, &, ba} is a suoword of BG) gererated
by G= ({a,b}, g, W) ,were g s legth uniform, Iif ad only f w
sin Yogn@® [ns3} .
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Theorem 13. Let g ad h be legthuniform morphians over te
alphabet {a,b} such tat the inlege words of a , b , & ad ba are

primitive for both g ad h [for g ad h@ $ h@®)] - Then an
NDOL  sequence B gererated by G = ({a,b}, Y, g, h, W) is k-repe-
tition free 1If ad only if te sst {h(gn@)) |ns4 [ns 5]} s
k-repetition free.

By Theorem 11 the nonbracketed part of this result s gotimal. The
sare yyer boud 4 for n i1s gotimal also In the case, where k=3

ad tre uderlying DO sequence isaue-free. This IS seen by consid-
erigttre ez »=b , 9@ =a ,90) =ba adh a the morphism
gmn @ .-

In aur last theorem we consider the case k = 3. Here the proof
goes straightforvardly using Theorem 12, Lema6 adthe fact that all
tewords aa ,kb ,a ad ba are sunords of gquv) whenever te
DL sequence BHG) gererated by G = ({a,b}, g W) scube-free ad
lo@I] = lg®) >3 -

Theorem 14. Let g ad h be legthuniform norphisss over the
alphabet {a,b} such tat Jo@) = o] ~ 3 -Then an NDOL sequence
EG oeerated by G= (@b}, Y, g, h, W is cbe-free if ad only if
the sst {h(n@) | n & 3} iIs abe-free.

By choosing w= b ,9@ =ab ,gl)=ab ad h asthe mor-
phisn In @) , we see that this result Isoptimal, too.
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1. INTRODUCTION

The construction of the optimium hierarchical tree is the kernel of
hierarchical clustering. This is difficult, in fact NP-hard jjSj , pro-
blem. Because of wide range of applications both in social and natural
sciences, a lot of efficient (but approximate) procedures have been deve-
loped and used in hierarchical, clustering . These procedures sometimes
lead to completely different hierarchical trees and also for this reason
we need to study the consensus between them. In subsequent sections we
review some basic definitions that are necessary for introducing three
open (as to complexity) decision computational problems arising when we
want to compare several hierarchical trees from the poxt of view of me-
dians j°1Ij - minimum length sequence metric and nearest neighbour
interchange metric M All these problems are shown to be NP-complete.
(Our NP-completeness theoretical terminology la that of |j?2J ).

2. BACKGROUND
In this section we give a brief summary of relevant definitions £cf.7
which are also visualized in Figure 1.
Throughout this paper let X * ~ | ___,x*jbe a finite set .
Hierarchical tree H" (or simply bierarchjr) on X is every subset
of (P((PU))f/ suchthat
(1) xeH
2 oen
3 (vx x) {6 _
(4 (v/h,h"€H) hnh £ {h,h",0

t Usually droping the subscript X when it is clear from the context

p (PQO denotes the power set of the set X
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X = XI»X2*X3 ,X4 ,X5,X6 ,X7 ,X8*X9 ,X10"

AN ZfiXIF * AX2N % EX * IXES *ixB\ » (XB" » * {X81 * XN * IO
XA EX2mX2n , COXAXET » DOXXEXY (=10 ),

{2 XA XS B, X7] o {XTX2X3 56, X6° X Xa.X0) ° X)

‘e - 6
O(H) « 38
HE) =6
7(H) = 22

Figure I«
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Svery hierarchy H 1is in 1-1 correspondence with the tree % ¢ ,uh),
where UM * A (11,100 HxH / h O & (h C h = nh h
By Ph we denote the length of the path between X and h 1in H - The

degree of the vertex h of Tii will be denoted by
Hereafter we shall use the following notation concerning

*r the root of H\
«{{x} [/ x€ x} ... hierarchy is labeled by the set of
leaves L
Il =H-L the set of internal vertices of
«h {h"6H} / h"c h} .. the subhierarchy of induced
by an internal vertex h£I
“h hi
The hierarchy H is described by means of the following indices
Height gH) * max ~» / X € x}
Width oH) - Z ( Z n)
X€ X ie l
Size r(ny-i] - 1
Density I - Z Sy
i£1
We shall express the structure of a hierarchy as the word in the
alphabet N\ (,,,) with the aid of the following rules
@ hwm fx} £ L - Wh - @

@ he£1& (ObIWEUR ,j=1,...,s"
either (" ,,
W, eh
or (wh_ ).
\7hen the integer a appears b times in the structure ! >h
(a,-..a) it will be abbreviated by (b *a ).
We say that the hierarchy H is binary iff s *2and (~» T£1-X))
s = 3. The binary hierarchy H is said to be a comb (on X) iff each
subhierarchy of H (i € I) has the structure ("™ - 1, D.
The dissimilarity of two hierarchical trees is mesured by the length of the
sequence of elementary transformations converting one hierarchy into the
other. We say that the hierarchy H* on X is obtained by an elementary
transformation from the hierarchy K on X iff 1 & |h A H#]é2.
( A stands for the symmetric difference of sets ). Note that the inter-
section of two hierarchies on X is the hierarchy on X and that pA bU>1
B,B" being two different binary hierarchies.

t Usually writing X instead of °

(4
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By mis (H,h ) we denote the minimum number of elementary transformations
needed to convert tiehierarchy H into the hierarchy H*. B and B"being
binary hierarchies on X, mis (B,B") is exactly the nearest neighbour
interchange metric of (see ) and so we shall write nni (B,B )
instead of mis (B,B").

3. RESULTS

First we shall consider a family of median-type computational problems
in hierarchical clustering :
MEDIAN : Instance : Hierarchies on X, integer k ,LE{@,0™, T}

Question : Is Z LHAHD) k 2
,M J

We show that the MEDIAN is NP-complete problem for the index Y _The proof
for the other indices is similar and thus omitted.

THEOREM 1

The MEDIAN is NP-complete.

Proof.

We first note that MEDIAN is certainly a member of NP since a nondetermi-
nistic algorithm can just guess a hierarchy and then check if

Z fCHNH.) >k , which can be done in polynomial time. Now we polyno-
J*1,...,m J

mially transform the known HP*complete problem (X3C) ~5,p.221J to MEDIAN.

EXACT COVER BY 3-SETS (X3C) : Instance : Set X with [x]=3q
and a collection C of 3-element subsets of X.

Question : Does C contain an
exact cover for X, i.e. a subcollection Cc C such thai

every element of X occurs in exactly one member of C*?

So let X,C be an arbitrary instance of (X3C). The corresponding instance
of MEDIAN is illustrated in Figure 2.

Hj s
(§=1yeees|C])

Figure 2,
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We complete the proof by verifying the following equivalence

£ j»1,...,(c] y(HOH..) = g iff (X3C) has an exact cover for X.
Indeed, let C.,..,,C be the exact cover for X. We construct the hierarchy
H (on X) consisting gxactly of g subhierarchies 1L such that each Ih is
labeled by Ch, 1 * 1,...,q- Then H has the structure (q *3) and thd
equality £ /(HnH. ) * q is satisfied (cf.Figure 2).
Similarly the converse is also true, QED.

Our second problem belongs to the minimum length sequence problems intro-
duced by W.Day [2]
MLS : Instance : Two hierarchies Hj,H2 on X, integer k
Question : Is mis Fk ?
We find the following solution t

THEOREM 2

The MLS is HP-complete.

Proof.

It is easy to see that MLS is in HP. So we only have to give a polynomial
transformation from the known HP-complete problem to it. We choose the tran-
sformation from PARTITIOH , [5,p.223]

PARTITIOH s Instance : Finite set A, size s(a) € Z+ for each a 6 A
Question : Is there a subset A"c A , |A"{= JAl/2, such

that £ s(@) » £ s(@ ?
af A* atA - A*

Let {s(@"),....sCa™) } be an arbitrary instance of PARTITIOH and let

Bal2 £ s(@ . The corresponding instance of MLS is constituted by a
aéA

hierarchy that has the structure (s(a"),-...,s(an)) and H2 has the struc-

ture (B,B), How it is immediate that mls(HM,H2) * n - 2 iff PARTITIOH

has "yes"-solution, QED.

Similarly we solve the analogous problem in the case of binary hierarchies.
The following problem is often referred to as the problem of nearest neig-
hbour iInterchange

FHI : Inslaice : Two binary hierarchy B.j,B2 , integer k

Question : Is nmni(BM,B2) £ k ?

THEOREM 3
The HHI is HP-complete.
Proof (Outline).
The problem HHI is obviously in HP ; furtheméore we can polynomially
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transform PARTITION to it. So taking any instance Ls(a_i y - .- 'S(an)ﬁ of
PARTITION we construct the instance of NNI as it is implied in Figure 3.

Figure 3.

Let B » n2/2 i} s(a.) - Then the binary hierarchy Bl aas the structure
((C...((l,nzscla’l\. nzsl(aZ)),...),nzs(an)),l) and the bilnary hierarchy B2
has the structure (B+1,B+1). Note that the hierarchy B. consists of n
combs (L and each hest n23(a’\) leaves (i=1,...,n). T(/)\ conclude the
proof it is sufficient to show that nni(B1,B2) £ n2 ifF PARTITION has
"yes'"-solution. So let A" be the solution of PARTITION. Let us divide

the set of combs {c”,...tC } from the hierarchy B" into two sets C and C*
as follows : CL é C <=> 6 a-, 6 C* ar ' Aa" |,
i*1,...,n . Then the hierarchy B* (see Figure 3) can be obtained from
the hierarchy B1 by transforming /.1 combs of C over the root in B .

The hierarchy B" has the required structure and clearly nniCB™B") 4 n =
Conversely suppose that PARTITION has "no''-solution and that xmi(B",B2)é

én2. This yields 1JI n2s(@) - 2L n2s(@)/Uilfor each A"d A.
a6A at A-A™*
Consequently we need at least one elementary transformation of one comb

over the root in Bl and n2 elementary transformations of n2 leaves over
the root of B1l to shape the structure (B+1.B+1) of the hierararchy B2~
- a contradiction, QBD.
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1, Introduction

In order to generate non-context-free languages By grammars
using context-free core rules, many restrictions were considered
about the derivation in Chomsky grammars. In this frame, an inte-
resting question is to study combinations of these restrictions,
grammars with two or more regulating devices. Some such combina-
tions were already investigated! extensions of the so-called In-
dian and Russian grammars were considered in /R/, /3/, respecti-
vely, and similar extensions of Fri8 ordered grammars /$/ were
examined in /4/. The present paper continues this program by in-
vestigating the generative capacity of certain extensions of ran-
dom context grammars. We consider random context mati®ix, program-
med and scattered context grammars, as well as matrix, programmed,
controlled and scattered context grammars. The main conclusion of
this study is that, in these cases, two restrictions are as power-
ful as one (as the most powerful of the two restrictions involved),
possibly excepting the case of scattered context grammars where

new characterizations of context sensitive languages family are
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obtained (without knowing whether the X -free scattered context

grammars generate all context sensitive languages /6/).

2, Notations

We assume the reader familiar with basic notions of formal
language theory, including definitions of matrix, programmed, con-
trolled, random context, scattered context grammars, etc. Here we
shall give only informal definitions for double restriction gram-
mars.

Generally, a class of doubly restricted grammars is denoted
by (X~.Y”), where Y is the core restriction and X is the extra
restriction, acting on rules/matrices of type Y. Throughout, the
subscripts o( , 8> are either equal to ac (indicating appearance
checking features) or to the empty word (no appearance checking),
whereas ™ 1is either X(X-rules allowed) or the empty word (nho
X-rules). 1in this context, max(o(,”) 1is equal to ac i1ff at least
one of is equal to ac.

The restrictions iIn derivation are denoted as follows! M =
= matrix, PR = programmed, RG = random context, C=(regular) con-
trol, SC = scattered context, O = ordered, 1 = Indian. Also, we
denote by CS the class of context sensitive grammars. The family

of languages generated by grammars in a class X is denoted by~ (X).

3. Extensions of ordered grammars
Wwe report here without proofs the results in /4/, where the
next classes of grammars were considered!
1) (O,Mp ) - matrix grammars with an order relation on the
set of matrices,
i1) (O,PRyj ) - programmed grammars with an order relation,
iii) (0,RCA) - random context grammars with an order rela-

tion,
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iv) (0,1) - ordered Indian grammars,
v) (0,SC) - ordered scattered context grammars.
The following results are proved in 74/ (they show that an
order relation is of the same power as the appearance checking):
THEOREM 1. a) ~ U ac) = /(0,X) = ~£(0,Xac), Ffor all X£
e™M, PR, RC";

b) ~(0,1) = ~ (EDTOL);

c) ~(0,SC) = ~(CS).
Similar results are true if the superscript \ is added to

X in the first statement and to I, SO, OS in the last two.

4. Extensions of random context grammars
4.1. Random context control imposed to other restrictions

We consider here the following classes of grammarsl

[)) (RC’\ijD - grammars with matrices of the form ((r™,...

. ,rk),R,Q), where r~,...," are context-
-free rules and R,Q are sets of nonterminals;
such a matrix is applicable to a string x in
order to effectively rewrite some symbols
X1,...,Xt, 0<t "k, X = x1IX1Ix2..,xtXtxt+1,
only if the string X/~x”N.~Ax”~" contains all
symbols in R and no symbol in Q.

In all the paper, we consider each pair (R,Q), of associated
sets of nonterminals, to contain disjoint sets (otherwise the rela-
ted matrix/rule cannot be ever applied).

i) (RGN ,PRR ) - grammars with rules of the form ((r,A — > X,
ff-r-fr’-1,Q0); the rule (r,A - X, O™, "Fr)
is applied to a string w only if the restric-
tions imposed by R,Q are observed (when the

application is effective, w = uAv, uv contains
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all symbols in R end no symbol in Q, and
when the application is not effective, then
w contains the symbols in R and no symbol in
Q#

iii) (KC’\jSC’g ) - similar to (RC’\jM’g), with scattered con-
text-type derivation, namely ((A" — ~x™, ...
--- Ak — >xk),R,Q) is applied to uiAiu2A2***
-, XXkAKuk+1l only if uJu2ee,uk+l contains all
symbols in R and no symbol in Q.

The appearance checking in SC& means to pass over some rule
Al — > xi iIff it appears in a distinguished rules set F and Al
does not appear in the subword of the current sentential form boun-
ded by the nearest neighbouring rules which are effectively applied
(or the end of the sentential form when no rule in the left/right
hand of A — ™ Xi effectively applied). See discussions about
“ac 1In /V-

In what follows we examine the families ~(X,Y), (X,Y) as
above, compared to "E(Y). All the proofs are constructive (they
will be omitted here), by mutual simulation of involved grammars.
Although some constructions are straightforward, sometimes they
involve certain delicate points which have to be carefully checked.
Moreover, generally, <j(*<) — A > tX) and ™~ XN )HQ. O(Xd ,
YP ) (we reduce the restriction Y t% the null case), and some
inclusions directly follows from equalities 7 (M§‘C) = ’\(PRg
= (HO?. ), proved in /V.

THEOREM 2. a) "(RCNM.M~) = "(M*ax(* ,~ )5

b) YIHON_PK") Y(PRY,(*,£)>>
0) ,SCJF) = Y(ao£,x(o(J )).



-130-
4_2_. Restrictions imposed to random context grammars

We consider now the following types of grammars!

i (M »RC& ) - grammars with matrices of random context rules
(GE XL AL AL " HHHN xK "®K*N KA *

if) (PR™ ,RCN ) - grammars with rules of the form (r,A — > X,
R,Q),0~r, r)5if (A - > x,R,Q) is effective-
ly applicable, then we pass to O~+> if
(A — "™ x,R,Q) cannot be applied (either A
does not occur in the current string, or the
restrictions imposed by R,Q are not observed),
then we pass to ,

i) (¢C» fRC*A) - random context grammars with regular control
languages associated to them,

iv) (sc» ,Rci ) - as at (M’\,RG’l\J ), with scattered context

derivation.

THEOREM 3. a) X<»0<.-RO£ ) .t @FEXW
b) *(PR™_RC?) —t(PA )(d_;m.l
0O ~(CN.RO™,) ™ (0N x(ot
d "(SONM.RCp -"f_ISCIx(of,” )>=
5. Pinal remarks
As two superposed restrictions generally behave as only one
as generative capacity, three or more superposed restrictions are
not of interest. The same result can be obtained for other pairs
of regulated devices. Such possible pairs (of compatible restricti-
ons) are (PR,M), (G,M, (PR,SC), (C,SC); using the usual mutual si-
mulation procedures of M, PR, C we can easily obtain equalities
of the form ~(XC,Y?) =7 (Ymax(cA,B )N for (X»¥) as above*
Interesting results can be probably obtained by iImposing
further restrictions on valence grammars in /8/; as the valence

restriction does not determine the order of the rule application,
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all restrictions on order (M, PR, C, 0) or on context (RC, SC) can
be added.

As the generative capacity is not increased by iImposing a
further restriction to a regulated device, it remains to look for
a possible utility of such a hybrid from other points of view, for
instance, taking Into account the descriptional complexity of lan-
guages.
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1. Abstract

There is given a new method for describing automaton
mappings induced by finite Mealy-automata and, conversely,
for constructing finite cyclic reduced Mealy-automata
realizing every element of given finite sets of finite

automaton mappings.

2. Introduction

A Mealy-automaton is a quintuple 1A= (A,X,Y,6,A), where
A is the set of states, X is the set of iInputs, Y is the set
of outputs, 6 : A x X A is the transition function and
X A Xx X @Y is the output function. We shall assume that

6 and X are extended in form
6 :AXX* +A and X : A x X* Y*

in the usual way, where X* denotes thefree monoid over the
set X. Let X+ = X* - <e>, where e is the empty word and for
p6 X let ﬁl denote the last letter of p. Moreover, for

p 6 X* Ip Imeans the length of p. is said to be finite

if ALX and Y are finite sets. It is supposed that all of
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automata considered in this paper are finite ones. We say
that W is cyclic if it has a generator state aQ 6 A for

which
aeA; 3Pe x*): a=5@Q,p)-
We correspond to VC a set of automaton mappings Noo=
=<a I X*®Y*lab6A>, where a is defined by
VpeXx* : ay ip = X(@,p)
VC is called reduced if the implication
ad=aF2=>a=b (a,b 6 A

is true. We say that an alphabetic mapping a : X* &®yYy* is
a finite automaton mapping if there is a finite automaton
VC , for which a 6 holds. It is well known that the
alphabetic mapping a: X* mY* , with finite sets X and

Y = <yl/e=_./Ym> is Finite automaton mapping if and only if

it satisfies the following conditions:

@ VvVpeXx: la@I= Irl .
(i) ¥p,geX* @ a@yd = a(pla @,
Gi) ¥y ey :L =<6 X |&p) = yi> is a regular
Iang::JLuage. V!

A finite automaton mapping a : X* “aY* can be given by a
complete regular language vector (briefly £-vector)
a = [a™,...,am] over X. The regularity of a means that every

component of a is a regular language and we say that a is

complete if

1
>

m
i#j=>a. fla. =0 (@ <i,jJ <m) and £ a.
1 3 i=l 1
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hold. The fact that there is a one-to-one correspondence
between finite automaton mappings and complete regular

~N-yvectors can be verified as follows:

If a: xX* Y* is finite automaton mapping then the correspond-
ing complete regular Jl-vector a = [a®,...,a ] is determined

by the connection

a. =L =<p6Xt]la@=y.> (i=1-——-,m
yi
and conversely the complete regular i-vector a = [a,-...,a ]
is just corresponded to the finite automaton mapping
a : X¥» Y* , for which a(e) = e and if p = e X+
then

dp) =y, ¥, ®-.yH <= x. ea , XX» € a. ,--.,X X ..X, € a
X2 1k XN\ b 2 11 K 1k

a < --fik S m) hold.
For the notation and notions that will not be defined

here we refer to [2,5].

3. Analysis of finite Mealy-automata

Let A = <a®----"an> and Y = <y-|/---»y¥> be the
state set, respectively the output set of the finite Mealy-
automaton X = (A,X,Y,6,X). By the transition matrix of Vi
we mean the language matrix (briefly £-matrix) N of n xn

type defined by

= 2 X xeX; i,j=1,...,n).
3 S@i#x)=aj
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Similarly, the output matrix of IX is the ~-matrix P of
n xm type given by

(P) = E x e X; i=l,...,n; k=1,...,m)
1K \ (at ,x)=yR

The following theorem shows that the analysis of vt

is equivalent to the problem of solving the U-matrix equation

Q=NQ+P
THEOREM 1. Let ™ = (A,X.Y,6,X) be a finite Mealy-
-automaton with state set A = <a”/...,an> and output set
Y = <Y, ..., Let N and P be the transition matrix and
respectively the output matrix of Vi . Then the complete
regular %-vector a” corresponding to the finite automaton
mapping asv:L @A <1 <n is just the x-th row in the solution

matrix of the H-matrix equation Q = N Q + P

Proof : Let A be the Mmatrix of n xm type
defined by
Atk = <p e X+ Jaa_ () = yk> (=1,...,n; k=1,...,m
i

that is, the i-th row of A 1is just the ”~-vector a" (i=1,...,n)
We prove that A = N A + P holds. Let (@)ik be an arbitrary
component of A and let us consider an arbitrary word pC X+.

If Ip] =1 then p = x for some x 6 X and we have that

X 6 (Aik <=> Xia™x) = aa (¥ =yk <=>x 6 P ik <=>
i

<=> X 6 (NA+p)ik
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IfT ol > 1 then p = xq with x e X and q 6 X+, therefore

we obtain that

p 6 (A)tk <=> X(a,p) = X(6(ai,x) ,05 =05@ x) (@ = yR <=>

<=> 33 A" j~ An) :x6 (Ntj &ge @Ajk<= xq =p 6 N A)ik<

<=>pe (NA + P)ik ,

where j is the index of the state 6(a*,x). On the other
hand, the A-matrix equation Q = N Q + P has a unique solu-
tion. This fact can be obtained by a slight generalization
of a Bodnarjuk®s result on the solution of systems of linear

equations in the algebra of languages (see [I] and [4] or
[5D. O

In [5(] was pointed out that the solution of the
E-matrix equation Q = N Q + P can be determined by subsequent
elimination of unknown rows of Q and at the same place an
illustrative example can be found as well. Thus, by the
previous theorem we can assert that the algorithm for solving
the i-matrix equation Q = N Q + P is an algorithm for the

analysis of Vt.

4. Generalized synthesis problem of finite Mealy-automata

Everywhere in this paragraph X and Y will denote finite
nonempty sets, with Y = <y®,___,ym>. As in the introduction
it was shown any Tfinite automaton mapping a : X* Y* can

be given by a complete regular i-vector a . In [6] we have
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defined the left side e-free derivations of ~-vectors with
respect to a word p 6 X* as follows; the left side e-free
derivation of a = [a®,...,am] with respect to the word
p € X* is the 5,-vector £Dp @ = [~D*a-j),—— "£Dp(am” "

where
i,bp(at) = <q 6 X+ 1 pg e ai> (=1,...,m)

It can be easily verified that if a is complete and regular
then 5 (@) is also complete and regular for all p 6 X*.
Moreover, the regularity of a implies that the set of all

different left side e-free derivations of a is a finite set.
In [5] was proved the following

THEOREM 2. Let a ; X* -=maY* be a finite automaton
mapping and let a = [a®,---,a ] be the corresponding complete
regular %-vector. Then a can be induced by the finite cyclic
reduced Mealy-automaton Vt = (A,X,Y,6,A) , with
A=<"p@ |p € X*>, 1In which a = (@ is the generator
state and the functions & and X are defined for all xDp@ 6 A

and x 6 X by

<$@Ep(a),x) = £Dpx@ and X(Dp (@),x) = yk <=> x 6 £D~(ak)
A <k<m.

More precisely a = aq holds.

e I>

Now we consider a finite set <ou : X* 2 Y*|
of finite automaton mappings and verify that a finite cyclic
reduced Mealy-automaton can be constructed which iInduces
every mapping ou (@G e D. For all i el let = [an, ...

**x=aim] he the complete regular £-vector corresponding
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to ai- By the previous theorem it is enough to prove that
there is a complete regular 2-vector b = [b",...,bm] such
that every a~ (@ e I) can be obtained as a left side
e-free derivation of b with respect to some word p e X*

This is, that will be proved in the following theorem.

THEOREM 3. Let <a™ = [a™,...,a™m ] | 1 6 I> be a finite
set of complete regular 9,-vectors over X. Then there exists
a complete regular 9,-vector b = [b* ...,bm] over X such

that for all iel
2y

holds with some p 6 X*.

Proof: Let n be the less natural number for which
card(l) < card(Xn), where Xndenotes the set of all words
p 6 X* with |pl = n. Moreover, let <I"]i 6 I> bea set

of pairwise disjunct languages such that

Z L. = Xn
e

iei 1

Finally, let b" = [bj,...,b~] be an 2,-vector over X for

which
m
jftk => b Ffib"=0 (@ <j,k < mandE b" =  X+...+X
3 K j=13

We form the left side linear combination of 2,-vectors

au (@ 6 1) with languages GG 6 1) as follows:
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where L”~a” 0 - j - m) means the catenation of languages

L. and a. . and L.a_.. means the sum of languages
i 1D iei 11D

L1a1]- a6 n.
Let b be the R-vector given by
b= £ La.+b" .
iei 11
We shall prove that b satisfies the demanded requirements.
It is obvious that b is regular since the catenation and the
sum of regular languages is regular. Let us assume that j ™ k

but p 6 bDﬂ b holds for some p 6 X+. Since j F k implies

K
that bb Db'K = 0, the length of p must be greater than n

and

p6 £ L.,a. fl £ hzxaik .
iei 11D je

But |Jpl > n implies that p = gr (q,r 6 X ) with gl = n and

—-taking into account that <L~ | i 6 I> is a partition of Xn ,

p=qr 6 £ L.a.. 1l £ L.a.,
iei 1 13 ieir 11

implies that there exists a unique 1 6 1 such that
p=9qr e L.a. . flL.a.k

Since L.I E Xn it follows that
q 6 Lr and r6a|] Qalk ,

which contradicts to the completeness of the A-vector an.

On the other hand,
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m m m
Zb.= Z (E_L,a..+ bg = Z_ L. Za..+ X+ ... +Xn =
FlL3 Fliei 113 iei 1 =1 13
= Z_ L. X+ 4+ X 4 .+ XN = XL AXNEXnX+ = X+

iel

Thus we have got that b is a complete regular £-vector. To
verify that every a” (i 6 1) can be obtained as a left side
e-free derivation of b, let p be any word from for
arbitrarily fixed 1 6 1. Then, taking into account that |p] = n
implies that for all j(=1,...,m) X,Dp (bj) =0 , and for

a
arbitrary languages L and L

A
rD-(L-£) _ - z 0 (L.
ivL>i>h+ qr=p | E'r

holds, where

e if q OL,

= <
V L>
.0 if g0, -
we have got that
VA~ 1- [IDP <Jj. Liail + bi>____ iDp jej Liaim + bi»l -

tj& £0p (Liail]" = jdj £Dp (Liaim)J *

= [Brr-----3n 4721 -0
Constructing the finite cyclic reduced Mealy-automaton
inducing the automaton mapping determined by the £-vector b
according to the Theorem 2 it will iInduces every Tfinite

automaton mapping of the given set <ct™: x* @WY* | i e I>.
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The paper deal with one of the ways to maintain the
integrity of data base in the sense of Heider®"s con-
sonance of special ternary relations on data base
components. The consonance of data base is expecially
important in the case of active data base, i.e. when
it includes some procedures of knowledge generation.
The verification of active data base consonance may
be realized using ordinary, fuzzy or linguistic re-
lations between components.

INTRODUCTION

The procedure of data base designing suggests the definition of
informational model of the problem environment to a precision of
the names of the object"s types and to a precision of the specifi-
cation of links between them. The name of the object"s type defines
several objects of this type distinguished by their attributes. The
structuration of data base is based on fixation of links between
the pairs of objects. Omitting the problems of data base designing
we" 1l point out several Important distinctions between data base
organization and knowledge base organization. At first, knowledge
simulation and knowledge representation have special forms, which
reflect knowledge-dependent inner structure of every knowledge type.
At second, knowledge structuration suggests much more strong inter-
knowledge relations and iIn general case they can"t be presented
only by binary relations.

The 1nner knowledge representation is difficult to discuss without
problem environment description. But as far as general structura-
tion problem is concerning, the problem-environment iIndependent
areas exist. One of such areas is the knowledge base integrity pro-
blem which is unsolvable without elimination of contradictions iIn-
side of the knowledge set, i.e. without transformation of the know-
ledge base into consonance state.

TYPES OP RELATIONS

By analogy with data base we define knowledge base as iInterconnec-
ted set of knowledge pieces. We consider knowledge base as further
development of data base from the point of view of introduction of
new relations on data types. As a result fragments of declarative
and procedural knowledge arise and they produce semantic network.

In formal way we may present the knowledge base as quintuple (T,

L, R, G, P), where T - a set of terms; L,R and G - local, regional
and global relations; P - a set of knowledge base management proce-
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dures. The global relations define_ logical structure of knowledge
base and they have the same semantic meaning as they have in data
base, i1.e. they provide the general scheme of the system on the
base of hierarchy, priority and membership of system components.
The local relations are closely connected with concrete data types
(terms) and may be regarded as undivided integrity with such data.
Por example, the local relations are used for generation of frame
knowledge bases. Frame models £1'} greatly improve the adequacy

and dynamic of information support in comparison with data bases,
Where any change of structure is impossible without participance
of data administrator. The modification of frame model suggests
the human interference in connection of inner frame structure. Ac-
tive i1nner term-level regeneration of knowledge system is possible
only without strictly plotted pieces of problem-oriented knowledge.

Otherwise we ought to consider such pieces of knowledge as terms.
The knowledge generation needs the special tools for generation

of inner structure, which are based on the knowledge system rela-
tion, In this case the relations on data types become regional and
take part in logical-procedural representation. Here we may point
out the possibility of uncertain knowledge representation using
fuzzy sets theory. Fuzzy relations can be used on the frame level
and on the level of regional relations. In general case each frame
needs it"s own linguistic scale and it's own rules of membership
function evaluation (semantic rules). On the contrary the regional
relations can be universal. This fact allows to construct a number
of&r?ther simple and effective consonance procedures using fuzzy
models.

APPROACH TO CONSONANCE PROCEDURES

One of the central questions of knowledge base generation is the
support of knowledge base in consonance state independently on
every regional relation. The support of knowledge base consonance
is the generalization of the procedure of data integrity support
in data base. As it was mentioned above, it can"t be based only on
the analysis of binary relations between pieces of knowledge. To
investigate active knowledge base consonance we use the method

> ped for determination of internal inconsistensy

Consonance ternary relations were defined by Heider using con-
sonance functions 0(X,Yy,zZ) = XyZ V Xyz Yy Xyz Vv xyz, where X,y

and z are boolean variables, which characterised the existense of
given relation between all pairs of components of certain triple.
Ternary relation is called consonance if 0 (X,y,z) =1. The sys-
tem 1s called consonance i1f all the triples of components gives
the consonance relations. Here we point out two types of binary
relations used in definition of consonance. The Tirst type is based
on threshold estimation of relation between elements and corres-
pond to ordinary boolean matrix. The second type suggest the exi-
stence of fuzzy relations between elements, that corresponds to
matrix with coefficients from [0,1] or from the term-set of given
linguistic scale. For the second type ternary relation is called
consonance, If 0>(x,y,z) 0,5, where x, y, z - fuzzy grades of
links between elements or linguistic approximation LA £0 (X,y,z)J
e —{true, not very true, very true, very very true etc.J- in the
case of linguistic values of variables.

The introduction of fuzzy relations especially linguistic rela-
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tions, needs several special procedures of fuzzy information pro-
cessing (so-called direct and iInverse linguistic approximation,
storing of the meanings of fuzzy linguistic terms, the adaptation,
of the knowledge base to the new problem areth. This adaptation i3
closely connected with transforamtion to universal 3cale or
with the invariancy principle for fuzzy linguistic scale given by
modelling relation L51 . Inspite of the fact that nonfuzzy model
is the special case of fuzzy ones, algorithms of consonance appro-
ximation, using maxmin criteria instead of additive ones, are much
more simple.

The problem of consonance approximation of the relation with mini-
mal number of changed links between elements iIs equivalent to the
problem of maximal cut of the graph and has no effective algorithms
In 163 it is described one of the heuristic consonance approxima-
tion algorithms which allows to reduce the search to find the nearest
consonance relation to the given relation. The description of seve-
ral such algorithms is given in1 71 , where the procedures of tran-
sitive closure and transitive approximation are used. They are

based on following ideas.

It i1s easy to show that relation is consonance iIf and only iIf It
induces the partition on the objects and forms tw/0 disjoint classes,
so that 0 (X,y,z)*-0,5 for the objects inside the classes and
(X,¥,z) < 0,5 otherwise. In particular, fuzzy equivalence rela-
tion Is consonance, If It forms exactly two classes for = 0,5.
In this case the transitive closure of:similaruty relation S gives
also the algorithm of construction of fuzzy consonance relation on
the object set. The set of all < , such that ¢L - cut S* induces
exactly two classes of equivalence is an interval and in
general case i1t doesn"t include 0,5. But we can monotonically
transform the values of the relation S, so that the new relation
S will give such interval iW, <*xJ , that 0,56 Lai/'tx'j . As
fg.r as the results of classification are invariant under the mono-
tonic transformations, the obtained relation will be fuzzy conso-
nance relation.

IT We use the standart method of transformation of the relation
into consonance state, i.e. the replacement the values s. . of the
relation S by the opposites ones, S. .= 1 - 3. ., we can"T"use the
algorithm of transitive closure. But™we"ll base on the assumption,
that the most rational variant for the system is to change the
values with minimal amplitude. Hence we"ll minimize functional
gnaxs™|s. - sij | , where S* - the set of all values, changed

dicing the transformation into consonance state. The suggested al-
gorithm searchs for cut of the set M, which includes the most
"heavy" links s~ among s~ & 0,5. If the search is failed, then

the algorithm additionally considers the links 0,56 s..<0,5 + a( .
The value of oc monotonically increases Zuntil the o<-cut will be
found.

We need much more complex algorithm, if the fuzzy relation S4of

type X, is given. Using the algorithm of transitive approximation
with some additional conditions C7J we get such fuzzy equivalence
relation S*, that Jj @S is the largest consonance relation

among all consonance relations with the some partition.

The above mentioned procedures may also use information, given as
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modelling relation L53 (of type 1 or of type 2), if the values s.,
can"t be obtained directly. Then S can be defined by the formulall
S = Ro R* or S = R"S’R», where o and - maximum and generalizated
maxmin operations. Thus, modelling relation may be used for know-
ledge representation in active knowledge bases.
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MPUHLWNG OPTAHU3ALAN BHYTPEHHEFO $13bKA CUCTEMb PACMPEJENEHHON
OBPABOTKWN HOOPMALIAN .
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NeHunHrpapn, Meupeneesckad nuuma 1, JIHUBL AH CCCP
Toprawes B.A.
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B HacToslee BpemMs npu peweHWn 3afgay C nomowbl IBM 06bYHO MCMONb
3yeTCA aNropuTMMYECKWiA NOAX04, 3akniyawwuics B TOM, 4TO ANA 3afauu
COCTaBNAETCA anropuTm €& pPeweHns WA, WHbIMA CfoBaMu, SBHO ONpeaenéH
Has nocnepfoBaTeNbHOCTb [JEWCTBUA, KOTOpbE HEOOXOAMMO BLINOMHWUTL ANA
npeo6pa3oBaHUsA WCXOAHLIX AAHHbIX B pe3y/nbTaT. TakoW MOAXO0J UMEeT MHO-
rOBEKOBYK WCTOPUK, SABNAACH E€CTECTBEHHbIM AN CO3HATENbHOr0 4YenoBeyec
KOro Mblll1IEHUA, XOPOWo cOornacyetcsa CO CTPYKTYPOW COBPEMEHHbLIX MalMH
TPaAMLMOHHOTO Tuna W JOCTATOYHO IPPEKTUBHO NPUMEHAETCH NPU PELEHMN
Hay4YHO-TEXHWYECKNUX 3aja4y, B KOTOPbIX, B OCHOBHOM, oOb6pabaTbiBaeTcsi 4Uun-
CnoBas MHpopmayma.

B TO Xe Bpemsi CywecTBYeT MHOr0 NpaKTUYeCKW BaxHbiXx 3agady (B uvacT
HOCTM, OONMbWWHCTBO 3afay ynpaBNeHus, MNJaHUPOBaHMA U MPOEKTUPOBAHUSA,
pasNMYHOro poja MogennpoBaHue W Mobble 3ajayn, CBA3aHHbe CO CTPYKTYp
HbIMM npeobpa3oBaHuAMM), AN KOTOPLIX MPUMEHEHWE anrOpUTMUYECKOro MOA
Xofla NPWBOAMT K HEOMnpaBfAaHO CNOXHLIM peweHusM. [03TOMy B nocnegHue
rogbl 60Nnbloe BHUMaHWe yAenseTcsa anbTepHaTMBHLIM MOAXOAaM, WUCMONb3Yi0-
WAM npeAcTaBieHWe 3ajayn B BUAE CTPYKTYPHOro OnucaHus npeamMeTHonW o6
nacTu, K KOTOPOW OTHOCUTCA 3ajadya, C MNOMOWb (QYHKLUMOHANbHLIX CeMaH-
TUYECKNX CeTeln unm ppeidmoB. Takoil MOAXOA MO3BONAET CYUECTBEHHO
TYNpocuTb NporpaMMmupoBaHue CHOXHbIX 3afady, CAenas ero AOCTYMHbIM Ans
HenpojeccuoHanbHuiX nporpammuctos 1,2 . OfHako, npu ero
peannsaunax BO3HWKAET psA4 CepbE3HbIX Npobnem, 06YCNOBMEHHHIX TeEM, 4TO
ANA pelleHus 3afjays Ha mawuHe TPaAMLMOHHOTO TuUna HeobXo[MMO WMETb
nporpammy, npeAcTaBNEHHYK B anroputmuyeckoit (opme. [lepexon oT ce-
MAHTUYECKUX CeTeil K anroputmam TpebyeT CHOXHLX TPaHCNATOPOB U
3HauMTeNbHOr0 06bEMA ONepaTWBHOW NamMATU AN Pa3MeweHUs CUCTEMHbIX
cpeacTB. Kpome TOro CTPyKTypa COBPEMEHHbIX 3BM npakTUYecKu He
NO3BONSET MCMNO/Mb30BaTb €CTECTBEHHbIA napannenn3m 3agay, MOMAHOCTbI
COXpaHsiemMbll B CemMaHTuyeckux ceTax (B OTNMYME OT anropuTMUYECKOro
NOAX0f4Aa) [ANA COKpaleHWs BPEMEHU peweHns 3agaun. [103TOMY BO3HUKAET
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npobnema pa3paboTku Takux 3BM, KoTopble MOranM Obl HENOCPEACTBEHHO
peann3oBbiBaTb CTPYKTYPHbIA MeTOA npefcTaBfneHus 3ajadv 6e3 nepexoja K
anropuTMam.

B pabotax 3,4 6bna npeanoxeHa HoBas MOAENb BblYMC/IEHMA, ob6na-
Aanlas BbICOKOW KOHCTPYKTUBHOCTbK W NO3BONSAKWWAs CO03[aBaTb BbICOKOI(-
(heKTuBHbie 3BM B OCHOBE KOTOPbIX NEXMT npefcTaBneHne 3agay 6/M3Koe K
CEMAHTUYECKUM CceTaM uiu dpeiimam. B oCHOBe 3TOil MOenu nexaTt AUHa-
mMuyeckne asTomaTHole ceTn (JAC), obecneumsanwme npefcTaBfieHne Nnwbon
3afjauM B BMAe [AMHAMUYECKOW CTPYKTyphl, TO €CTb B BUAE MHOXecTBa
00bEKTOB, CBA3aHHbIX OTHOWEHMAMM. Kak 06bLEeKTbl, TakK W OTHOWEHUA Ccamu
MOTYT SABMATLCA CTPYKTypamu. [uHamu3am CTPYKTYpH 3aknwyaetcs B TOM,
YTO OHa HafensieTcAa CMoCcOOHOCTbI K aBTOTpaHchopmauuu, TO eCcTb B COC-
TaB CTPYKTYpbl BK/IWYAWTCA Takue 3NEeMeHTbl, KOTOpble CMNOCOOHb M3MEHATb
eé. llcxogHon nporpamme COOTBETCTBYET HeKOTOpas HavanbHasa CTPYKTypa,
K TpaHchopmauny KOTOpOil W CBOAMTCA peleHue 3afayu. 3ajadva cuutaeTcs
PEWEHHO, ecnn B NPOrpamMmHOA CTPYKType He OCTaéTCA HW OAHOr0 3neMeH
Ta, CMNOCOGHOro W3MeHATb 3Ty CTPYKTypy. B AAC Kaxgomy 3/MeMeHTy CTpy-
KTYpbl COMOCTaBNAETCA KOHeYHbld aBTomat (UCKNKYeHUe COCTaBNANT NMLb
HEKOTOpble NPUMUTKUBHbIE OTHOWeHusA, Takue kKak MMPUHALNEXHOCTb, C/NELOBA-
HWE, 3KBWBANEHTHOCTb u pap Apyrux, KOTOPbLIM COMOCTaBNAKNTCA MEXaBTO-
MaTHble CBA3W) , KOTOPbIA He TONbKO Mpeobpa3yeT BXOAHbEe CUTHaMbl B Bbl-
XOfAHble, HO M obecrneyumBaeT (opMupoBaHMe TaKWX BO3[eNCTBMIA HA KOMMyTa
UnoHHYl cpegy (obecneumBanllylw MexaBTOMaTHbe CBA3W), KOTOpHE MNO3BO-
NANT U3MEeHATb CBA3W aBTOMaTa C ApYyruwmu asTomaTamu CeTW, NUKBUAMPO-
BaTb BCE CBA3M, YTO 3IKBMBANEHTHO YHWUYTOXEHUKW aBTOMaTa, BK/WYaTb B
COCTaB CeTU HOBble aBTOMaThl, ObOecneynBas TeMm cambiM €€ pa3BuUTHe.

Nw6oit JAC MOXHO COMOCTABUTb BUPTYaNibHYH MaWWHy, apXuTekTypa
KOTOPO#l [MHAMUYECKN M3MEHAETCA B COOTBETCBWUM C W3MEHEHWEM CTPYKTYPb
[LAC B Xo4e peweHus 3afjayun. Takas MalMHA Ha3blBAETCA MaWWHOW C AuHA-
Muyeckoir apxutektypoir (MLA).

Nwbas MJA cocTOMT W3 ABYX OCHOBHbIX YacTeil - onepauuoHHOW U KOM-
MyTayuMoHHON. OnepayMoHHas 4acTb COOTBETCTBYET MHOXECTBY aBTOMATOB
KOHEYHOr0 4ymcna TUNOB, W3 KOTOPbIX U CTPOATCHA Niobbie ceTn, a KomMmyTa-
UMOHHAA 4YacTb COOTBETCTBYET KOMMYTaLWMOHHOMY oMK, obecneynBanwuemy
ANHAMUYECKOe W3MEeHEHWe MexaBTOMAaTHbIX CBA3ei. Haubonee ecTeCTBEHHOM
(hopMOil Takoro nons SABNAETCH KOMyTauWOHHas aBTOMaTHas CeTb C perynsp
HOl CTPYKTYpOW, COCTOAWas W3 Chneynannm3npoBaHHbIX KOMMYTALWOHHLIX aBTO
MaToB. Ha AaHHOM 3Tane pa3BUTUA TEXHONOTUM Lenecoobpa3Ho conocTaB-
NATb peanbHOe YCTPOWCTBO He OTAE/IbHO B3ATOMY aBTOMATy a MHOXECTBY
aBTOMaTOB. TaK MHOXECTBO OMEpaLWOHHbIX aBTOMATOB OTOOpaxaeTcs B Bblul

cnutenbHele moaynu (BM), Kaxgeli M3 KOTOPHX COOTBETCTBYET BHUUCNUTENb
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HO/ MallMHe, BK/KuYalWeih B CBOWi COCTaB MPOLECCOph, o6GecneuuBanlune pea-

Nn3aunin aBTOMaTHLIX (YHKLWIA, OMNepaTUBHYW U BHEWHW namaTb, obecneyun-
BalWyw XpaHeHWe OnucaHuii aBTOMATOB W UX COCTOSHUWA, W KaHans BBOAA
BbiBOAA, OCYWeCTBAsfWWMe B3aWMOAeiCTBME aBTOMATOB C BHEWHell cpegoi
(nepudepnitHiMm ycTponcTBamn) . MHOXECTBO KOMMYTalOHHLIX aBTOMAaTOB OTO
bpaxaeTca B KoMmmyTaunoHHbie mogynu (KM), COOTBETCTBYKWME cneunanusn-
POBaHHLIM npoueccopam, M0 CBOUM (YHKUMAM ONIM3KUM K CBSA3HLIM NpoLecco-
pam, MCMo/fb3yembiM B BbYUCNUTENbHLIX CETAX. B LenoMm no cBOei CTPYKTy-
pe MOA cooTBeTcTBYeT ceTW 3BM, OAHAKO NO CBOEW apxXUTeKType nwbon
BbIYMC/IUTENbHbLIA MOAY/Mb MPUHUMNMANBHO OT/MYAETCA OT TPafULUOHHLIX Ma-
WAH. Huxe O6YyLYyT pacCMOTpPeHbl OCHOBHbE 4epThl BHYTpeHHero s3bika MIA,
onpejensauuero B LUEOM apxXMTeKTypy TakuX MaWuH, WMEnWMX BbLICOKUA Ypo-
BEHb BHYTPEHHEro "uHTennekta'.

BHYTpeHHNEe A3bIKW N10ObIX COBPEMEHHbIX MaWWH, BK/W4Yasas HeTpafuyWMOH-
Hble, COZepXaT 3NMeMeHTh ABYX NPUHUMNWANLHO Pa3/INYHLIX KMNacCoB - KOMaH
Obl 1 JaHHble. [lporpamma, onpejendpwas anropuTMm peweHusa 3ajauyn npepg-
CTaBnseT U3 cebs XECTKO onpefenéHHyl nocnefoBaTeNbHOCTb KOMaHj, OC-
TalWMXCAa HeW3MEHHbIMW B XO4e e€ peweHus. [aHHble, ABAfwWMecs 00bekTa-
MU npeobpa3oBaHMA CO CTOPOHbL MPOrpammbl, HENOCPeACTBEHHO He BXOAAT B
eé coctaB. HecmoTpsa Ha npuHUMNUanbHoe pasnuuyne (KOMaHAp He MOryT
ABNATLCA 00bLEKTOM npeobpa3oBaHMsi, a [aHHbe He MOryT BbIMOSHATLCS)
KOMaHAbl W [aHHble He cofepxaT B CBOEM COCTaBe NPU3HAKOB,MNO3BONMANLMX
OTIMYNTL WX ApYr OT Apyra.

BHYyTpeHHnn A3blk MAA (Ha3biBaembli B AanbHeidwem [LAP) cocTouT U3
nporpammHeix 3nemeHToB (M3) AOCTATOYHO OAN3KMX APYr K APYrY Kak no
CTPYKType, TakK ¥ N0 UCNO/Mb30BaHMK B MaWWHE, MNOCKONbKY KaxAbli 13
3TUX 3NeMeHToB cooTBeTcTBYyeT aBTomaTy [AC. /60N 3NEMEHT MOXET Bbi-
NONHATLCA W, B CBOW Ouvepefdb, ObTb 06bEKTOM npeobpasoBaHusd. Mporpam-
Ma, npefcTaBneHHaa B MIA, COOTBETCTBYeT CeTW NPOrpamMMHbIX 3/IEMEHTOB,
W NPOUECC peweHWs 3afayn 3aknpyaeTcs B npeobpa3oBaHMM UCXOLHON CeTw
B KOHEYHYW CeTb, COOTBETCTBYWLUYW pe3ynbTaTty.

Kaxgpii M3 cocToMT M3 TPEX OCHOBHLIX YacTell: OnucaHusi, COCTOAHUSA
n ceasen. OnucaHue onpefenset (YHKUMO, BbINOMHAEMYyKW aBTOMAaTOM, COOT-
BeTCTBYlWUM M3, a Takxe onpefenseT cuHTakcuc M3. CMbiCA OCTasbHbIX
yacTel HenocpeACTBEHHO ONpejensieTcs MX Ha3BaHWEM.

CBa3n M3 COOTBETCTBYWT MNPUMUTUBHLIM OTHOWEHWUAM, CBA3bLIBANWNAM LaH-
Hblil anemMeHT ¢ gpyrumu M3. O6bIYHO B MAWWHHLIX A3bIKAX WCNONb3YKWTCHA [ABa
QOYHKLUNOHANbHLIX OTHOWeHUs APITYMEHT wu PE3YNIbTAT, cBA3biBalWWX KOMaHLY
C AaHHbIMM W HesaBHoe oTHoweHue MPEAWECTBOBAHWE (CNELOBAHWE), onpege-
nsemoe C MOMOLbLK COOTBETCTBYWLWLEro pasMeleHusa 371eMEeHTOB B namaATu ma-
WWHbI. B HEKOTOpbIX MaWuHaxX C BLICOKUM YPOBHEM BHYTPEHHEro A3bika uc-
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nonb3yetcd Takxe oTHoweHnue [MPUHALNEXHOCTb (BK/KYEHUE), nossonswuee
onpefensaTb LPeBOBUAHbIE CTPYKTYPbl A1A AaHHLIX WAN 6/I0YHbIE CTPYKTYPS
AN KomaHg. [locKoNbKy fA3blK QAP OpueHTMpoBaH Ha HenocpefcTBEHHOE
npefcTaBneHne B MalWWHe NPOWU3BO/bHLIX CTPYKTYpP, B €ro cocTaB Lenecoob
pasHO BK/WYUTb MOMUMO NEPEYUCNEHHLIX BblLe eWe HEeCKONbKO MNPUMUTUBHbLIX
OTHOWeHUn, Takux Kak IKBMBANEHTHOCTb, COOTBETCTBWME wu PABEHCTBO. flio-
6oe nNpUMUTUBHOE OTHOWEHWE, CBA3biBakwWee M3 C APYruUMU 3N1eMeHTamu, HAB-
naetca gna N3 sxogdwum wuam ucxogawum (CUMMETPUYHOE OTHOWeHMe, Hanpu
mep, PABEHCTBO, fBnsieTcqd OAHOBPEMEHHO W TeMm W Apyrum). [PUMUTUBHbLIE
OTHOWEHUA MO CBOEeW CTPYKType NOXoxu Ha M3, TO eCTb OHW COCTOAT M3
onucaHua, onpejendnpwero TuUN OTHOWEHWA, COCTOAHWA U CBA3U.

B cocTosHUM 13 MOXHO BbLIAENNTb TPWU OCHOBHLIX 3/1EMEHTA: COCTOSHUE
koppekTHoCcTH (CK), cocTosiHne akTtuBHoCTU 3nemeHTa (CA) M COGCTBEHHO
cocTosiHue nporpammHoro 3asnemeHTta (C3), COOTBETCTBYNWEE €ro 3HAYEHWK.

CocTofHNE KOPPEKTHOCTM onpefenseT cTeneHb npaBuabHocTW C3 M mMO-
XeT npuHuMaTb 4 Noruyecknx 3HadveHusi: NIOXb, HEOMPEJENEHHHIN, BE3PA3-
NNYHBIA n UCTUHA (cnepyeT 3ameTuTb, u4TO B A3bike [JAP ucnonb3yercs ue-
Thipéx3HauHaa noruka). [na oTHoweHnun CK cosnagaeT c C3, npuyém OTHO-
lleHWe cyuTaeTcs HeonpefeneéHHsIM, €ecnuW 3NEeMeHT, [N KOTOpPOro OTHoWe-
HUe ABNAETCA UCXOAAWUMM HAXOAWUTCHA B HeonpefeNéHHOM COCTOSHUM, W 6e3-
pa3finyHbIM, €C/MM OTHOWEHWe HENPUMEHUMO K 3N1EMEHTaM, KOTOpble OHO CBfA-
3biBaeT. [pyrue 3 nepexoAaT B /IOXHOE COCTOAHME NPU BO3HUKHOBEHWU
OWMBOK B XOf€ XpaHeHWs WK BLINOMHEHWUS. HeonpefenéHHoe COCTOSHME
ncnonb3yeTcsa ANa Lenel ynpasneHus BblUMCNUTENbHLIM npoyeccom B MOA.
be3pa3nnyHoe cocTosHne nwbbix M3 (KpoMe OTHOWEHWA) UCNonb3yeTcs ANs
peleHna 4acTUYHO onpefeneéHHbX 3ajad.

CocToAHMe aKTWBHOCTM onpefenseT pa3uyHble CTaAWUU BbiNOSHEHUA
M3. Ecnn B 0ObIYHbIX MAWWHHLIX A3bIKAX BLINOJAHAEMbIA 37eMeHT (KOMaHga) Mo
XeT HaxoAautca B [BYyX coCcToAHWAX - BHIMOMHEHWE n XPAHEHWE, To0 B [APe
TakKux COCTOAHWIA umeeTcs ueTbipe: XPAHEHWE, AKTWBALWA, BO3BYKLAEHWE W
FOTOBHOCTb. CocTosHme XPAHEHWE onpefensieT OTCYTCTBME Kakux Nun6o
[AEACTBWA, BbINOJHAEMbX COOTBETCTBYWWMM aBTOMATOM. M3, Haxofdwwics B
3TOM COCTOSIHUM XpaHWTCS B OnepaTUBHOW MW BHeWHer namaTu BM. Mpu
nameHeHun CK nwb0Oro nNpuMMMTMBHOIO OTHOWEHMA, BXoAdAwero B M3 M Haxoas
weroca B CA XPAHEHUWE, M3 nepexogut B cocTosfHue AKTUBALWA u 3aHo-
CUTCA B 0uyepedb Ha BLINOMHEHME, cocToAlyw u3 [3, KOTophle HaxoAATcsA B
TakoM Xe COCTOAHWM. BuimosHeHue nw6oro 3, HaxoAAwerocs B AaHHOM
COCTOSHUN 3aK/yaeTcs B MPOBEPKe COCTOAHMIA OTHOWEHMA, BXOAAWWX B
M3. Ecnm BCe 3TU OTHOWEHMA WCTWUHHH, TO I3 nepexogut B cocToaHue BO3
BYKAEHWE n cTaBuTCcA yxe B ApPYryl oyepeflb Ha BbMONHEHWE, COCTOALYHW
n3 M3, HaxoAaWMXcs B TOM Xe COCTOSiHMM. BbinonHeHne BO36yxAEHHOro M3
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3aBUCUT OT Knacca W Tuma 3NemMeHTa, a Takxe 0T pasmelleHusa gpyrux M3
(Hanpumep, CBfA3@HHLIX C AaHHbIM 3 oTHOweHueMm APIYMEHT), yuacTBylwmx
B npeobpa3oBaHnu, ¥ MBO OCYyWecTBAAETCA OAHUM W3 npoueccopos BM, B
KOTOPOM pa3smeleHa COOTBETCTBYyhWas ouyepedb, /1mMb0 nepefaérca B oye-
pedb Ha BbHBOL B TOT BM, rpe HaxogAaTcA COOTBETCTBYWWWE apPryMEHTb WK
aprymeHT. AHanoruyHad cutyauus BO3HWKAET U TOrja Korja fANuHa ouyepe-
An B Tekylem BM npeBbilaeT HEKOTOPYW MNOPOTrOBYK BENNYMHY .

locne 3aBeplWeHNs BLINONHEHUA 3N1eMEeHT nepexoAuT B cocToauue [OTOB-
HOCTb »n nonagaeT ewWé B OAHY oO4vepefb. BbinonHeHue nWO60Oro anemeHta, coO-
[epxawerocs B 3TOW ouyepean, 3akKnpyaeTcs B nepe.ofe B cocTosHue AKTU-
BAUMA Bcex M3, C KOTOPbIMM AaHHLIA 3NEMEHT CBA3aH MCXOAALWMU OTHOWEHU-
amn. Tlocne 3aBepueHus 3TOro [JerWCTBUSA 3/IEMEHT NEpPexofuT B COCTOSHUE
XPAHEHWE nm6o yHuuToxaetcs ( B 3aBUCMOCTM OT Kfiacca, Tuma u psaga
BCNOMOraTe/ibHbiX MPU3HAKOB). J/eMeHTh, HaxopAawuecs B cocTofHun XPAHE-
HUE 06bIYHO HAXOAATCA B O4YepefAn Ha nepefayy BO BHEWHW namaTb. [lpu
npbbix nepemeweHnsx M3 BHyTpu BM wnu B gpyrue BM ocyllecTBnsSeTcd COOT-
BETCTBYWlWEe W3MEHEeHWe CBA3eil BO BCEX 3/IeMEHTaX CBA3AHHLIX KaKuMu N -
60 OTHOWeHMAMM C nepemewaemsiv 3.

Kaxgon M3 nepeynmciieHHbIX BbiLe o4vepefeld MOXHO COMoCTaBUTb CBOIA
npoueccop, ob6ecneynmBanliMii BbINO/IHEHME 3NEMEHTOB, HAaXOAAWMXCH B COOT-
BETCTBYlWe ouyepein, TO eCTb Hambonee ecTeCTBEHHas CTpykTypa BM co-
OTBETCTBYET MHOrOMNPOLECCOPHON CUCTEME C OTHOCWUTE/NIbHO MPOCTLHIMU (YH-
KLMOHANbHO-0PUEHTMPOBAHHLIMK npoueccopamn. /60N M3 3TUX NPOLECCOPOB
OepéT nepBbid 3NEMEHT W3 CBOEW O4Yepeau, BHMONMHAET €ero 1 nomewaeT Nnu-
60 B OAHY W3 Apyrux ouepedein, nnbo B CBOW COOCTBEHHYW O4Yepelb, €Cnu
BbINOJIHEHME 3/IEMEHTA He O6bi10 3aBepleHo, /iMb0 NPoCTO noMewaeT B na-
MATb. [lIOCKONbKY MNOPAJOK 3NEMEHTOB B oyepean ABnseTca 6e3pas/inyHbim
ANA  BLINONHEHUA NpOrpamMMmsl U OTCTYTCTBYIT NPUYKHLI, W3MEHAKWUe NopAjoK
M3 B oyepean, TO B npoueccopax BM MOXHO opraHu3oBaTb 3(PEKTUBHYH
KOHBeiepHyK 00paboTKy, o6ecneynB Tem CambiM BbICOKYKH MPOU3BOAUTENb-
HOCTb MalWHbI.

Bce anemeHTH BHYTpeHHero A3bika [AP fenATca Ha 5 OCHOBHbIX Knac-
COB: 3HauyeHua, onepatopbl, OTHOWEHMUA, CCHIKM U PEecypChl.

3HauyeHMs B LeSOM COOTBETCTBYWT [AaHHbM W obecneumBawT npeacrase-
HNe Ha MaWWHHOM YPOBHE NPaKTUYECKM NOLIX CTPYKTYp, MPUMEHSAEMLIX B CO-
BPEMEHHbLIX A3blKax NporpamMMmupoBaHus .

OnepaTopbl A3blka [AP o6ecneunBanT NPOU3BO/bHLIE CTPYKTYPHbIE MpPeo-
bpa3oBaHua, BKAKYaA U 0ObYHYH 4ucCnoByw 06paboTKy, MNpUYéMm, Kak npaBu-
no, B XO4e peleHuWa 3afayn cHayana NPOUCXOAWUT POCT Mporpammel 3a CYET
Pa3MHOXEHWA ONepaTopOB M CBA3AHHLIX C HUMW 3HAYEHUA, a K KOHUYy pewe-
HAS 3ajayn nporpamMma yMeHbWaeTCA 3a CYET YHUUYTOXEHUA OTpaboTaBWMX
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OnepaTopoB M MCMONb30BaHHLIX 3HAYeHWi. Bce onepaTopbl Ha TeopeTuyec-
KOM YpOBHE MOFyT ObTb OMNpefefieHbl yepe3 efUHCTBEHHbIA NPUMUTUBHLIA One
paTop CTPYKTYPHOW NOACTAHOBKMW.

OTHOWEHUA WMENT TOT Xe CMbIC/l, 4YTO W B CEMAHTUYECKUX CeTAX W no-
A06HO Ni6bIM Apyrum M3 MOryT COOTBETCTBOBATb MPOW3BO/IbHLIM CTPYKTY-
pam. BbinonHeHWe nwp60Oro OTHOWEHWA COOTBETCTBYET MPOBEPKe €ero npaswb
HOCTW MYyTEM ONpefeNneHns COCTOAHMA KOPPEKTHOCTM. C NobbiM 3HaYeHuem
OTHOWLEHNS MOXeT O6blTb CBSi3aHa CTaHfgapTHas wau onpejensemas nofb30Ba-
Tefem nporpamMma peakuuy Ha yKasaHHOe 3HayeHue.

CChiNKM ABMAKNTCA WCKNNYUTENbHO MOWHbIM CPeACTBOM MOBLILEHUSA 3(dek-
TUBHOCTU fA3blKa W KOMMAKTHOCTW nporpamm. OHW MUCnoNb3ywTcA ANA onpeje
NIEHUA TMPUMUTUBHLIX OTHOWEHUA Hafj HEABHO onpegenéHHoiMn M3 nu6o cpasy
Haj MHoxecTBoM [13. Kak npaBui0 CCbIKM YKa3biBaWT Ha 31EMEHTH HEKOTO-
poit cTpyKTyphl (TO ecTb Takue [13, KOTOpble CBA3aHH C 3/1EMEHTOM, COOT-
BETCTBYWWNAM COOGCTBEHHO CTPYKType, OTHoweHuem MPUHALNEXHOCTb) c nomo
Wbtd MHAekcoB ( ANA MOCNefOBATENbHO YNOPAAOYEHHLIX CTPYKTYpP), WUMEH
unn obpasyos (accoumaTuBHLIX MNPU3HAKOB). B KayecTBe 3/1EMEHTOB CChIIOK
MOTYT WUCMONb30BaTbs Takke KBaHTOps BCE u NIBOA. Hanpumep, nporpamma
3anucaHHas Ha BHeWHem fA3bike B Buae BboipaxeHusa: (BCE=nana W3 TekcT
3AMEHATb HA NOBOW M3 (nanawa,oTel,6aTs)), obecneuyusanwyas 3ameHy
BCeX CNnoB '‘nama" Ha b0 N3 yKa3aHHHX CUHOHWUMOB B 3alaHHOM TeKCTe,
npu npefgcTtasneHun Ha A3vike PAL copepxut opuH onepatop 3AMEHUTb (MOA
CTAHOBKA), cBfI3aHHbW C aprymMeHTOM W pe3ynbTaTOM C MOMOWbH CCbIIOK,
Kaxnasa M3 KOTOpbIX COOTBETCTBYET OAHOMYy [13.

Pecypchl aBnawTca anemeHtamu [JAP, ucnosb3yembiMun A 39PEeKTUBHOIO
OTOOpaxeHWs nporpamMmsl Ha CTPYKTYpPY peanbHON MawuHbl. Hanpumep, 3Tu
M3 no3BonanT o06ecneynTb BbINONHEHWE NpPOrpammsl B KOHKPETHOM Mogy/e
WAM mpoueccope uAM B 3afaHHOW rpynne BM, ucnonb3oBaTb B X0fe
BblYUC/IEHUI PErUCTPOBYK NaMATb AN XPaHEHUS MPOMEXYTOYHbIX
pe3ynbTaToB, Bbl4aTb WHQOpPMALMIO HA KOHKPETHOE BHEWHee YCTPOMCTBO U
T.A.

B 3aknwyeHne cnefyet OTMETUTb, YTO KaK MoKasann MNpoBeAEHHbIE
TeopeTMYeckne W 3KCNepUMeHTaNnbHbie UCCnefoBaHNs NpefnoXeHHbIA Bblle
NOAXOL NO3BONSAET Ha NOPALOK YMEHbWWTb OOBEM CUCTEMHOTO W
NPUKNagHoOro nporpaMMHoro obecnevyeHws npu OAHOBPEMEHHOM MOBbLILEHMN
a(heKTUBHON NpoM3BOAUTENbHOCTN IBM Ha 1-2 nopagka fgaxe B chnydvae
NCMOMb30BaHNA OAHOM M TOW Xe 3NEMEHTHOW U KOHCTPYKTUBHOW 6a3bl 3a
CYET CYWECTBEHOr0 YBE/NMYEHUS uncna OAHOBPEMEHHO paboTawwnx
npoLeccopos.
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Since the computer language PROLOG (PROgramming in LOGic),
based on symbolic logic, has been designed and implemented
by Colmerauer and Roussel in Marseille in 1972, there has
been increasing research activity on such areas as expert
systems, natural language understanding, plan formation,
computer aided building design, compiler construction, data
base description and guery, the solution of mechanics prob-
lems, natural language processing, e.t.c. PROLOG is not the
ultimate version of the logic programming language. Several
languages based upon logic have been created. However, in the
actual implementations the logic programming languages

are not yet completed.

What we expect from logic programming is that

= running a program, we make a logical proof of the solution
of the given problem, that means, we do not have to care
about the correctness of the program.

e the computation to be done forward and backward depending
on the given environment.
The formula F(X,y) can be interpreted as y = fix), when
y is the unknown value or x = g(y;, when the unknown
value is x instead of y.
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both, the order of the literals in the clause and the order
of the clauses to be irrevelant to the correctness of the
logic program, that means, the logic program could be seen
as a collection of pieces of known facts.

Autors inform about the first version of the experimental
logic programming system EXL implemented in Institute that has
features a» follows:

EXL is based on the first-order Horn clauses.

EXL always halts for programs not containing terms with
functional symbols.

None of the known PROLOG system satisfies that condition.
unification is complete.

Most of PROLOG implementations has logically incomplete
unifier to increase the speed of computation.
computation is bidirectional.

Usually, PROLOG programs contain too many extralogical
operators to make the program work efficiently, that
effects one-directional computation only*

the order of literals in clause as well as the order of
clauses in programs is not critical.

Changing the order of clauses and the order of literals
in clause does not change the logic of the problem, still
the execution of PROLOG programs leads to nonterminating
loop or an incorrect solution is obtained.

EXL is a built-in function of LISP 1.10 for PDP-11/40.
EXL has its proper input language LPL similar to PROLOG.
the cut operator is eliminated.

the obscure parameter evaluation is avoided.

the side effects as input/output primitives and
variable/value assignment executions are eliminated.

For those abovementioned reasons the program is transparent.

To stress the deductive power of EXL a small but strong
example is shown.
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Suppose we have a single fact, say
REL(constl,constl) < ,
and we define the transitive closure by rule
RELCvarl ,var3) < REL (vari,var2) ,REL(var2 ,var3.)

The preceding clauses constitute a complete specification
of the problem. Asking

<~ REL(constl,const2) ,

whether constl is iIn relation REL with const2, we can see
that answer is NO. But running PROLOG, the execution leads
to nonterminating loop that represents the incompleteness of
the PROLOG proof procedure. The similar behavior have the
other dialects of PROLOG and LOGLISP.

EXL halts returning the correct answer.
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INDUSTRIAL SYSTEM DEVELOPMENT - "PROJECT"
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This paper describes designing principles and
structure of a program package for the planning
of Industrial Systems capacities development.
The planning offices personnel iInteracts with
the package on its -professional language. When
solving the package uses original methods to
handle with large-scale boolean programming
problems.

The planning offices personnel (POP) engaged in industrial planning
from the final goals usually encounters difficulties caused by the
very large amounts of information to be taken iInto account.

Dealing with the large-scale arrays of input data characterizing
the planning situation POP has to produce a number of alternative
plans, evaluate them on the basis of the final goals and to choose
the best one. Large dimensions of the planning problems, limita-
tions on the resources to be allocated and the variety of industri-
al links make these problems very hard for the analysis and deci-
sion making.

It is generally accepted nowdays that for these purposes modern
computers must be used. The formalization of different aspects of
planning gave rise the development of mathematical methods while
the widespread of programming languages provides their efficient
computer realization. Also, to deal with highly structured and com-
plexly organized data, the Data Base (DB) representation of infor-
mation and the Data Base Management Systems (DBMS) were created.
The computer development brings into play the possibilities to accu-
mulate and store practically unlimited amounts of data and programs
which may now be considered as knowledge accessable for automatic
use for solving of applied problems.

Though POP are professionals in their field, usually are Just dab-
blers in programming, applied mathematics and computer science.

Thus, an urgent necessity arises to create the intellectual systems
which ehables users to describe the problems under consideration on
his professionally oriented language and to solve them with the
help of applied mathematics, programming and computer aoience tech-
nique.

The traditional approach to handle this problem is the developing
of Program Packages (PP) technology £2,3J = Due to the complex
inner structure PP"s possesses quite new properties as compared to
the isolated programs and information arrays. The principal merit
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is the ability to solve problems formulated in professional terms
of some applied area.

This report deals with the principles, structure and architecture
of the PP PROJECT, the design of the Computer Center of the Academy
of Sciences of the USSR.

PP PROJECT is developed for solving the project choice problems
while planning new industrial capacities and, in particular, for
finding the starting moments of their building and construction.

The target plan must be balanced as for the resources as well as

for the product output program. Such problems arise in planning
procedures fTor the industrial systems (1S). The package under design
is specially aimed for the mixed-boolean problem with block-trian-
guler constraints to which theses planning problem can be reduced.

The main components of the paokage are: problem area (PA), functial
and system components.

1. The problem area description comprises the POP*s knowledge
about problem area concepts and connections among them, about ma-
thematical class of problems under solvement, about routines of
functional component, data structures and man-machine comunication
language.

The description of the PA is arranged into three levels of descrip-
tion: the domain-oriented one, the mathematical and program levels

[43-

"The concepts of the domain-oriented level are as follows: planning
period, resource, industrial capacities, iIndustrial system, block
of projects, investment and capacity development projects, Tinished
product and complementing product, complementation matrix, task,
plan, optimal plan.

Interrelations between the terms are caused by the fact, that on
the domain-oriented level of PP the industrial system is described
by the blocks of projects of capacity development intended for the
product outputs. The connection between the finished and complement-
ing products is given by complementation matrix. The industrial
system, blocks, block®"s projects with their numerical characteris-
tics, the goal of the IS, the IS program define the planning situa-
tion model. The plan for IS determines the moments of the beginning
of the projects and, consequently, the summarized industrial expen-
ditures and total volumes of finished products from these new capa-
cities. The optimal plan is the plan which corresponds in a best
way (in the sence of MIN-MAX) to the task of the industrial output
(or to the task of capacities development, or expenditure of re-
sources).

The main operations on the domain-oriented level are as follows:
model construction operations (the description of the block of pro-
jects and the description of the industrial tasks), problem formu-
lation and problem solving operations, data access operations and
the report generation.

The operations on model description and manipulation with the in-
formation arrays can be, on the other hand, implemented by means of
data management operations. The conoepts in problem area and their
interrelation oon be represented by means of the data description
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language. In thia way the description of the problem area, models
and the data manipulation operations can be realized by the stan-
dard DBMS means of the PP.

The package is intended, fTirst of all, for the planning problems
solving and gives to user the possibility to find the solution for
the following problems:

- PROBLEM 1.

Find the plan of capacity development which under given level of
available resources gives the best approximation (MAX-MIN) for the
industry task of finished outputs.

- PROBLEM 2.

Find the plan which under the given level of available resources
gives the best approximation for the industrial task of the capa-

city development.

- PROBLEM 3.

Find the plan of capacity development which under given level of
finished product outputs gives the best way of resources utiliza-
tion (MIN-MAX).

- PROBLEM 4.

The statement of this problem is analogeous to the Problem 1, but
it takes in the consideration an inventry of product outputs.

- PROBLEM 5.

Find the plan of a block capacity development which minimizes the
reduced resource.

These planning tasks are reduced to the mixed-integer boolean pro-
gramming problems with block-triangular constrainsts.

On the mathematical level of problem area the description of these
problems and algorithms for solving them are represented in the
form of OR/AND graph. This graph is called subproblems network and
has block structure. Each block of network corresponds to one of
problems mentioned above and represents the algorithm for solving
this problem. The subproblems with their types make up the set of
verticies in the graph. There are three typical classes of subprob-
lems in PP: mathematical subproblems (linear and boolean programm-
ing problems, linear algebra subproblems), DB-problem3 (subproblems
of access to data corresponding to 1S, blocks, resources) and sub-
problems for decision making (subproblems for methods selection or
alternative problem solving way). Each type of subproblems has its
name and attributes. For example, the linear programming problem
has following attributes: the matrix of constraints, constraints
vector, vector of variables linear criterion. The set of the arcs
of the subproblems network is divided into two subsets: L-arcs
and D -arcs. L. -arcs define the logic of the algorithm and I) -arcs
describe exchanges of data between subproblems.

Problem statement and problem solving operations form the main ope-

rations of the mathematical level. User can stand the problem on

planning situation model, points out the type of problem (1-5)

and, possibly, changes input data. The executer of PP organizes

the task solving process by using corresponding block of subproblems
I network. The relationship between domain-oriented and mathematical
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levela of PA is performed by DB-problems, which carry out the in-
terface between the data base and subproblem3 attributes.

The program modules descriptions constitute the program level of
problem area. Each module has its name and input/output parameters.

The relationship between mathematical and program levels consists
of correspondence descriptions between the names of subproblems
and modules and the correspondence between subproblem®s attributes
and modules®"s parameters.

The representation of domain-oriented mathematical and program
knowledges in PA gives the possibility for easy changing of a
scheme of data base, iIntroducing of new types of standard problems
and adding modules without essential modification of PP.

2. The functional component of the PP consists of modules for ty-
pical subproblems solving. Standing and solving of the typical
problems (1-5) demands a large amount of data, but the reception
of precise desicion is difficult and not always need. Thus, the PP
utilizes an iterative methods which are based on Danzig-Wolf de-
compositional scheme, applied to approximational problems for prob-
lems 1 -4 and "branch and bound™ method for problem 5. Search
scheme for solving the standard problems 1 - 4 is based on sequen-
tial dealing with problem 5, [5U . The subproblems of mathematical
level are the steps of solving algorithms for these standard prob-
lems. The linear programming problems in PP are handled by the Di-
rect Simplex method or by the Danzig-Wolf decomposition method. Por
solving the boolean problems the method based on analysis of a
search tree, "knapsack' algorithm and heuristic method for genera-
tion solutions for linear system of inequalities with boolean va-
riables L6 2 are used. Por dealing with linear algebra problems

in package linear algebra routines are used.

3. The main functions of the system®s component of the program
package are following: a maintaining of communication between the
user and PP, an algorithm generation and a controlling of problems
S?Ivgng process by using the modules from the functional component
of the PP.

The monitor of PP accomplishes the monitoring functions and calls
the subsystems of package (module definition, data access, report
generation subsystems and executer).

Pirst of all, PP construct the algorithm for solving of the plann-
ing problem which iIs described on the professionaly-restricted
language. In the PP an algorithm is generated in accordance with a
correspondent block of the subproblem network. The data base prob-
lems supply the mathematical subproblems with information.

The executer organizes the solving process by interpreting the cor-
respondent block of subproblem network and calls a necessary modu-
les from the system library, adjusting and supplying them by data.

The user iInteracts with the package on a rather simple language
which concludes the professional terms from the planning area. The
language has an hierarhical structure. The basic construction of
the language is an iInstruction. Each instruction has defining key
word and a list of parameters. The language instructions form three
levels. The first level instructions give to user the possibilities
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of model definition, problem stating, data accessing and descrip-
tion of forms for report generation. Performing these instructions
monitor calls corresponding subsystems which languages constitute
the second level of PP"s language. Por the dialogue with a program
modules the third language level 1Is used.

To i1llustrate the possibilities of the PP PROJECT let"s consider
typical dialogue with the system. First of all, the user id determ-
ing the planning situation model, describing the blocks, the pro-
jects of 1S, ta3k and resources of IS. The iInformation about pro-
jects has been loaded to the data base under PP adjusting. On the
next step of dialogue the user can modify the part of data state
one of the standard PP"s problems and initiate its solving. During
a solving process the user iIs interacting with the functional modu-
les and taking an active participence in a process of an optimal
plan reseption. Has been recieved the plan the user, applying his
own professional practice, analyses it and then modyfies an input
data or describes and put into solving a new task. The solving of
a practical planning problems is not always possible in dialogue
mode because of large processing time. In this case the PP enaibles
user to formulate a task and to fulfil 1t then in batch mode. The
user can print an obtained solution in form of variable tables. The
formats of these tables are described in generating report subsys-
tem.

In this way PP PROJECT anables to the POP the possibilities for
analyzing of many variants of capacities development plans and for
reception of the well-grounded plan.

The program package PROJECT is under the design in the Computer
Center, the Academy of Sciences of the USSR, as a part of Dialogue
Industrial Planning System by using MAVR System L71 (Instrumental
System for the program packages developing; and DBMS COMPAS t81 .
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_Introdiaction

This contribution deals with the automatic recognition of
textures._Texture can be found in all images from multispectral
scanner images obtained from aircraft or satellite platforms
to microscopic images of cell cultures or tissue samples. Des-
pite its importance and ubiquity in image data, a formal ap-
proach or precise definition of texture does not exist. We
think of texture as an organized area phenomena. When it 1is
decomposable i1t has two basic dimensions on which it may be
described. The first dimension is for describing the primiti-
ves out of which the image texture is composed, the second di-
mension is for the description of the spatial dependence a-
mong the primitives of an image texture. The primitives are
maximally connected sets of pixels having a given tonal pro-
perty.

Problems solved in this work are following -

- to describe a new method of texture recognition based on
primitive extraction and on texture description by the
number and types of extracted primitives and spatial orga-
nization of primitives

- to show the function of this method on real textures

Methods of texture description are usually separated into

two large groups. The fTirst one includes symptomatic methods,
the second one syntactic methods /3/>/4/,/5/,/6/. We do not
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mention these two approaches to be of competition. We accept
both of them. Proposed texture recognition system is hybrid
and hierarchic, in one level symptomatic in the other syntac-
tic approach predominates.

21_Hybrid_Texture_Recognition_Method
2.1. Approach

Presented texture recognition method is neither symptoma-
tic nor syntactic. This method /7/ is multiple-level hybrid
one connecting advantages of both basic approaches. Hybrid
method gives relatively simple computation and operational ob-
jectiveness as same as symptomatic methods. In the same time
primitives are exactly defined what is a good property of syn-
tactic methods.

In case texture recognition is made this way, the propo-
sed method must content several following steps. In the first
step it is necessary to extrast primitives frmm digitized tex-
ture images, to describe and classify these primitives. After
finishing this step classifier is able to classify any primiti-
ve described in given manner. In the second step texture samp-
les are scanned, primitives are extracted, classified and spa-s
tial dependence among primitive kinds is computed. On the base
of the spatial dependence feature vector classifier for textu-
re sort discrimination is learned. The third step represents
classification of unknown textures entering texture recognition
system.

Presented method consequently has two levels of learning,
in the recognition level classification is performed. In the
first level classifier 1 is learned to classify primitives.

The learning proceeds by the cluster analysis method - learning
without teacher. It means classifier only needs examples of
different primitives and information about the number of pri-
mitive classes. Important reason for using learning without
taacher is impossibility to give right information about class
of all primitives because of their great number.
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In the second level the recognition system classifies
primitives and on the base of this classification and com-
puted spatial dependence among primitive kinds classifier 11
(working on a principle of minimum distance) is learned to
classify textures. It Is necessary to give an information
about texture sort to the system now. This iInformation is
easy to give - the name of texture.

In the recognition level unknown texture is scanned,
texture primitives are extracted, their characteristics are
described and primitives are classified. On the base of
primitive kinds the spatial dependence is computed and the
texture sort is determined.

2.2. Primitive Extraction

The goal of primitive extraction is to segment texture
image into primitives and background. Proposed hybrid textu-
re recognition method is based on texture description by
the number and types of extracted primitives and by spatial
organization of primitives. For effective primitive extrac-
tion was rather modified Hong"s et al. method /2/, based on
grouping edges into primitive boundaries by joining facing
pairs of edge points. This approach to primitive extraction
realizes requirements for texture primitives very well. Our
modification was designed to separate touching primitives.

2.3. Primitive Description

After extraction of primitives each primitive iIs an
isolated object. To decide about similarity of primitives
it Is necessary to find their information-bearing features
and to define a system of quantitative description of these
qualitative properties.

We have found following suitable features for primiti-
ve description - area
average gray tone
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gray tone dispersion
elongatedness

rec tangularity

direction

noncompactness
straigtness of a boundary

All algorithms for computation of these features are given
in /7/. Further it is necessary to provide all primitives
with identification numbers and to determine their position.

2.4_ Spatial Dependence among Primitives

After foregoing operations the kinds of all primitives
in the processed texture are known, the position of &l11
primitives iIs known, too. For each primitive In every 45°
cut the nearest neighbouring primitive is determined. On
the base of nearest neighbours for all texture primitives
a spatial dependence matrices Mj for every primitive class
J 1s computed. It means the number of spatial dependence
matrices is the same as the number of primitive classes.
The value Mj(i,k) tells, for instance, how often In proces-
sed texture primitive kind k was the nearest neighbour of
primitive kind j in the i-th cut,etc.

Information of each spatial dependence matrix is re-
duced into a scalar. Each texture sample is described by
the K-dimensional vector g = (pl,p2> e== ,PK)> where K is
the number of primitive classes

8 K
i1 k=1 @
K 8 K

M G,k
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3. £x2®rimental Results

Property of designed method was determined on real Bro-
datz texture samples /1!/ and on TIROS satellite meteorologi-
cal snaps.

On a set of four Brodatz textures - oriental straw cloth,
heringbone weave, pressed cork and plastic pellets, a 93 %
correct identification was obtained. The training set for
primitive classifier learning contained 455 elements -
primitives, primitives were classified into 8 classes. Trai-
ning set for texture classification contained 59 texture
samples. During recognition another set of 116 texture sam-
ples was processed. When the problem was reduced and the
first three texture sorts - oriental cloth, heringbone weave
and cork were processed, a 97 % correct classification was
achieved. Another solved problem was to recognize two very
similar textures - raffia and straw matting, a 92 % correct
identification was obtained. In all up to now discussed prob-
lems the processed 50x50 image entered the minicomputer
through the on-line connected TV system.

Next work was to identify three basic kinds of clouds
(stratus, stratocumulus, cumulus) on a limited set of TIROS
satellite meteorological data. Processed image 128x128 pi-
xels was scanned in B2 channel (0.75 - 1.00Mum). In this task
bright primitives were extracted because of bright clouds in
the meteorological snaps. Primitives were classified into
10 classes. There was achieved a 96 % correct identification.
It i1s very interesting only a little worse results were ob-
tainedwith dark primitives without physical interpretation.

4 . Conclusion

Each of the up to now existing texture recognition met-
hods tends to emphasize tone or structure/3/. Presented hyb-
rid texture recognition method treats both aspects equally.
Tone is the basic information for primitive extraction,
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Fig- 1 - Oriental straw cloth (@) Digitized Image
(b) Bright primitives extracted
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Fig-2 - Pressed cork (a) Digitized image
(b) Bright primitives extracted
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structure is studied with spatial dependence among primitives.

With the verification , these supposed good properties
of proposed hybrid method were proved -
- Independence of the gray tone monotonic transformation
- Independence of image turning

- short processing time (60 seconds for an 128x128 image
and EC 1040 computer)

- high performance of correct identified textures .

The new hybrid method for texture recognition will be
used in remote sensing, in meteorology and in technical and
medical diagnostics.
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APXWTEKTYPA U A3bIKOBAA OPIrAHW3AUNWA CUCTEMb
PACMPEJENEHHON OBPABOTKM
AwpaHacbes C.B.
levnHrpan, Mengeneesckas nuuus |, JHWABL AH CCCP
bapunos A.A.
NleHmurpag, Menpeneesckaq nuuuqa |, JIHWBL AH CCCP

. BBegeHue.

B HacTodu ee Bpema npobnema pacnpefenéHHOW 06paboOTKM MHBOpPMaLUN
3aHUMAeT LEHTPanbHOE MECTO B BbIYNCNUTENbHOW TexHWKe. Bcé 6onblee
3HayeHMe npuobpetaeT MOUCK HOBbIX MPUHLWUNOB OpraHusauuu pacnpegenédH-
HbIX BbIYUCAEHWIA M NEPCNEKTUBHBIX apXUTEKTYPHbIX pPEWeHnin, O0TBeYaw W mnx
TpeboBaHMAM 3D HEKTUBHOCTM W MOBUNLHOCTU B YCNOBUAX ObICTPOro passi-
TWS TEXHONOTUYECKOW 6asbl.

O6blyHO, pas3paboTka pacnpefeNéHHbIX CUCTEM LUKTYeTCA TEKyWUMM no-
TPeObHOCTAMM, CBOAAWMMUCA K OLHOMY: nonyvyeHue 60NbWUX BO3MOXHOCTEIN
NyTéM 06beMHEHNA CYWECTBYKLWMX BbIUNCAUTENbHBIX CPEACTB B CUCTEMY, U
npoussogmuTca no merogy “cHu3y BBepx". [lpn 3TOM OCHOBHbIE ycunus Ha-
NpaBNaOTCA Ha peweHue npobnembl CTLIKOBKM PasNUyHbIX NMporpamMmHoO-annapa-
THbHIX CPeACTB (Npu nomowu CTaHZApTHLIX NpPOrpamMMHO-annapaTHbIX WHTep(ei-
COB,MPOTOKONOB CBA3M W T.4.), OpraHusayut pacnpefenéHHoix 6a3 fJaHHbIX
n, 3atem, pa3paboTKy onepayuMOHHOM CUCTeMbl ,KOTOpas OCYyL ecTBNAET ynpa-
BNEHME pecypcamiu u npoueccamu,kak npaBuno, LEHTPanM3oBaHHbLIM 06pasom

OCHOBHbIM HEAOCTATKOM MNpW TakoM NOAXOAe ABAAETCH OTCYTCTBUE efM-
HOW METOAMKW pa3pabOTKW cucTem pacnpegenéHHoir o6paboTKM, 4TO NPUBO-
ANT C ORHOM CTOPOHBI K YHUKANbHOCTM pa3paboTku, C ApPYroi CTOPOHbLI K
CNOXHOW afantalMu Ha HOBble MPUNOXEHMA.

ANbTepHaTMBHLIA NOAXOA, HaWeAwWA CBOE BONMNOW eHUE B CO3ZaHUM Ma-
WWHBI C AMHamuyeckoir apxutektypoW(MAA) | , 3aknwoyaetrcqd B paspaboTke
BUPTYanbHOW CUCTEMbl, peannsytol el BbIYMCAUTENbHYK Cpejy, KoTopas noj-
fepXMNBaeT BYHKLUMOHUPOBAHUE CNOXHBIX WHHOPMALMOHHBIX CTPYKTYp Ha OCHO-
BE BHYTPEHHEr0o A3blKa BbICOKOTO YPOBHA,MO3BONAKLWEr0 LOCTATOYHO 3ddek-
TUBHO ONWUCLIBATL OpPraHu3ayuil W AUHAMUKY W3MEHEHWS MepapXuyeckux npo-
TPAMMHBIX CTPYKTYp, ABNAKWMXCA 06beKTaMW BbIYUCAUTENbHOW CPeabl.

Takoil NOAX0[ OTBe4aeT TpebOBAHMAM AONTOCPOYHOCTM W YHUBEpPCaNb-
HOCTW, a Takxe o6nagaetr APYyruMu [JOCTOMHCTBAMW. Bo-nepBbiXx, Npeacras-
NeHne 3agayum B CTPYKTYPHOM BWUAe ABNAeTCA Haumbonee eCTECCTBEHHOW (op-
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MO onucaHuA. BO-BTOpbIX, BUPTyanbHaq CUCTeMa C TOYKW 3PEHUA apXUTekK-
TYpbl OAHOpPOAHA ¥ 06nafaeT BO3MOXHOCTbK PErynApHOro HapalwmuBaHug.
B-TpeTbWX, BbICOKUA YpOBEHb OpPraHu3aumm BUPTYanbHOW BbIYNCAUTENbHOI
CpeAbl M BHYTPEHHEro A3blka ynpolwaeT 0TOOpaXeHWe CNOXHbIX 3ajay pacnpe-
[eNéHHOW 06paboTKM Ha ypOBHe cucTembl. B-yeTBEpTbiX, peanusayus cucte-
Mbl Ha KOHKPETHbIX BbIUNCAMTENbHbIX CPeACTBAX CBOAMTCHA K peanusaunum poc-
TaToO4yHO npoctoro sppa ( 6a30BblX MEXaHW3MOB MHTepnpeTayuum BHYTPEHHE-
ro f3blka ).

2 .MpuHUNNLl OpraHusauum cuctembl pacnpesenéHHoin 06paboTku

Pa3paboTka CMCTEMbl CBOAMTCA K NOCNEeLOBATENbHOW peannsaunu cne-
AYIOWMUX OCHOBHbBIX 3Tanos

-Bbl60p a6CTPaKTHOW MOAENW BbIYMCNEHWIA,0TBeYatr e TpeboBaHNAM 3D (ek-
TUBHOW pacnpefenéHHoil o06paboTKm,

-0praHusalumga BbIYUCNUTENbHON Cpedbl, obecneynBatoluleii peannsauuto aberT-
PaKTHOW MOJEeNM M BHEWHEro f3blka BbICOKOr0O YPOBHA

-OnpefeneHne NPUHLUNOB OpraHus3alum BUPTYyanbHOM CUCTEMbl, NOAAEPXMBA-
OWeid GYHKLMOHUPOBAHWUE BbIYNCNUTENbHOM CPeAbl W peanusyto e BHYTPEHHN
93bI K,

-peannsayns MOoLenu,3aknyaw i ancs B nNporpaMmmMHo-annapaTHol peanusa-
UMM BUPTYanbHOW apXMTeKTypbl, BHYTPEHHEro A3blka W 6a30BblX MEXaHW3MOB
Ha KOHKPETHbIX BbIYUCAUTENbHbIX CPeACTBAX.

B kayectBe abCTpakTHOW MOAENN BbIYMCNEHWUA BbibGpaHbl [uHamuueckue
AsTtomatHble CeTtu (LAC) 2 , OpMEHTMUPOBAHHbLIE Ha NpeAcTaBieHWe 3afay B
BUAE AWHAMUYECKUX pacnpefenéHHblX aBTOMAaTHbIX CTPYKTyp. B oTnuyue ot
APYTUX MOfeneid BbluymcneHnuit, astomatel [JAC HajeneHbl BO3MOXHOCTbI M3Me-
HATb CBOM CBA3M C APYrMMM aBToMatamum B npouecce GYHKULWOHWUPOBAHNS.
Niob6oe BbluncneHune, BbinonHsemoe Ha AAC, CBOAMTCA K U3MEHEHWID CTPYKTY-
pbl MCXOAHOW CETWM W CTPYKTypbl aBTOMAaTOB, BXOAAWMWX B eé cocTas, T.e.
TpaHc(hopmauuu B CeTb, COOTBETCTBYW WY pe3ynbTaty. CNOXHOCTb aBTOMAT-
HbIX CTPYKTYp Ha ypoBHe abCcTpakTHOW MOJENN He OrpaHnyeHa

Ons peanusaymn abcTpakTHOM MOLenu HeobXxoAuMma BbIYUCAUTENbHASA
Cpepa B Kotopyt norpyxatwTtcd o6bvektol ( astomatel JAC ). Ha ypOoBHe Bbl-
yucnutenbHon cpeabl AAC npegcrtaBnaer coboil CTPYKTYypy, COLepxawyw MHO-
XeCTBO 00beKTOB C ONpefenéHHbIM HAaj HUMU MHOXECTBOM OTHOWEHWA. Cpega
obecneymBaeT BO3MOXHOCTb MOPOXAEHWUA HOBbIX M M3MEHEHWA CYWECTBYH LW MKX
CTPYKTYP NyTEM MNOPOXAEHUS U YHUUYTOXEHUA O0O6BLEKTOB M U3MEHEHUA OTHOWe-
HWit. Lpyrumu cnosamu, cpefa obecneymBaeT "XM3HeAeATENbHOCTb" 06bek-
TOB. O6beKTbl Cpedbl M OTHOWEHUA MEXAY HUMW ONUCHLIBAOTCA Ha fA3blKe BbICO-
koro yposHa PAA4 | . OnucaHue KOHKPETHOW BbIYMCAUTENbHOW CTPYKTYpbl
COOTBETCTBYET MNporpamme.

Mpu peanusaluuu MOLeNn BbLIYMCNEHMI BO3HMKaeT npobnema onpegene-
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HUA BUPTYaNnbHOW CUCTEMbl, peanusylWeid BblYUCNUTENbHYIO CPeay W ee 00b-
eKTbl. Ha aTom 3Tane OnNpefenswTCq CNeAYHlWMe OCHOBHbLIE MOHATUA
- ApPXWUTeKTypa BUPTYanbHOW cucTemMbl (MAM BUpPTyanbHas apxutektypa ),
- BHYTPEHHUW HA3bIK U
- 0a30oBble MexaHU3Mbl BUPTYyanbHOW CUCTEMBI.

BupTtyanbHaq cuctema C TOYKM 3PEHUA apXUTeKTypbl npefcTaBnfer co-
60 MHOXECTBO BbIYMCAMTENEW - BbIYNCAUTENbHBIX MOAYNed (BbIYUCNUTENbHOE
NoNne) M MHOXECTBO KOMMYTAaTOpOB - KOMMYTAQUWOHHbIX MOAyneh (KOMMyTaun-
OHHOE NOoNe) COEAUHEHHBIX PErynspHelM 06pasoM W JONYCKAWMMNU BO3MOX-
HOCTb PErynspHOro 1 HEOrPaHWYEHHOTO0 HapalWWBaHWUA CUCTEMBI.

Ecnu KaxpoMmy 006beKTy cpefbl COMOCTaBUTb COOTBETCTBYH W ee YyCTPOiA-
CTBO, TO B pe3ynbTare NOAYYUTCHA BbIYUCNUTENbHAA CUCTEMAa MONHOCTbK pe-
ann3yluas ONMUCbIBAEMYH BbIYMCAUTENbHY CTPYKTYypy. OAHAKO, C TOYKM 3pe-
HUA 3D MeKTUBHOCTN LenecoobpasHo MHOXEeCTBO 00bekTOB pa3buTb Ha Hene-
pecekarw Wnecs NOAMHOXECTBA, KaXA0e M3 KOTOPbIX peanusyercs OLHUM BblYU-
CNUTENEM.

BHYTPeHHUIA A3bIK CAYXUT ANA ONUCAHMA O06BLEKTOB BbIYMCAUTENbHON
CpeAbl W OTHOWEHWA MEeXAY HUMWU Ha YpOBHE BUPTYaNnbHOW CUCTEMBI.

bazoBble MexaHW3Mbl 06ecneynBaw T GYHKLMOHUPOBAHME BUPTYyaNnbHOW CHU-
CTeMbl. J1t060ii 00beKT (aBTOMAT) MOXET HaXO0AWTbCHA B OLHOM M3 CNefylowunx
COCTOAHWIA: ynpaBeHWe, BbIYMCNEHWE, KOMMYTauus W xpaHeHuna. CoOTBeTCT-
BEHHO BbIJENAKTCA W annmapaTHO Peanu3ywTcA 0a30Bble MeXaHW3Mbl ynpase-
HUA, BBLIYUCNEHUA U KOMMYyTaLuu

Peanusayms cucTembl 3aKN04yaeTcqa B NporpamHo-annapaTHOW peanusa-
UK apXWTekTypbl U 6a30BblX MEXaHW3MOB BUPTYyanbHOW CUCTEMbI, 4YTO W AB-
naetcs TeM AAPOM KOTOpPOe NOABEPraetcs M3MEHEHWID NpW NepeHoce Ha ApY-
rme cpegcrtea 06paboTkun MHGpopmauuu

3.NTPUHLUNHBI BHYTpPEHHEH A3bIKOBOW OpraHusaymuu

Pa3paboTKka BHYTPEHHEro A3blka ABNAEGTCA Hanbonee KOHPAMKTHbIM 3Ta-
nom B obuwem npouecce pa3paboTku, Tak Kak TpebyeTcs YAOBNETBOPUTH
fBa, B 06WeM-TO, NPOTMUBOPEYUBLIX TPebOBaHWUA: C OQHOW CTOPOHbI, Hanmbo-
nee NONHOE O0TOOpPaXeHue CBOWCTB MOAENU BbLIYUCNEHWUIA, 4TO npeanonaraert
93blK BbICOKOTO YPOBHA, C APYroil CTOPOHbI AOCTATOYHO 3 deKTUBHAA peani-
3ayMNA, 4YTO NpepnonaraetT MNPOCTbIe MEXaHW3Mbl MHTepnpetayuu A3blika.

KoHLenTyanbHyl OCHOBY TPajgULMOHHOTO nporpaMmmupoBaHnd obpasyer
NMOHATWE anropuTMa - TOYHOrO ONMUCAHWA NOCNEAOBATENbHCTU [EWCTBUIA
(KoMaHA). MHOXecTBo KOMaHA pa3buBaeTcq Ha ABa OCHOBHbIX Knacca: McC-
NONHUTENbHbIE WUAM onepaTopbl (KOMaHAbl 06paboTku, BBOAA-BbIBOAA) W ynpa-
BAAlWMe (KOMaHAb nepefayun ynpaBneHuqa). Mporpamma Ha BHYTPEHHEM A3bl-
Ke ABNAEGTCA ONMUCaHMeM anropuima w npegcraBnaer coboid HeABHO ynopspo-
YEHHOE MHOXECTBO KOMaHJ Ha KOTOpPOM ONpedeneHbl OTHOWEHWS ABYX 6a30-
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BbIX TUMOB : MHHOOPMALMOHHbLIE W CNEeJOBAHNA.

NH(pOpMaLUOHHbIE OTHOWEHUA 0061afal0T HEBbICOKOW CTEMeHbl AUHAMU3MA
MW ONpelenA TCA afpPecHbIMM NOAAMM W MOPALKOM BbLIMONHEHUS OMEpaTopos.
OHM [OCTATOYHO NPOCTO MPOCNEXMBAOTCA Ha NUHEWHbIX (He COAepXalux Ko-
MaHJ nepejayu ynpasneHud) yyactkax nporpamm. OTHOWEHUA CNEejOBaHNA
6onee LUHAMWUYHBI W ONpPefenA TCA YNPaBAAWMMN NPUMUTUBAMMU, KOTOpbie 06-
pasywT CTPYKTYypy ynpaBAeHWA, 4TO M NO3BONAET B XOL€ BbLIMONHEHUA Npo-
rpaMMbl OpPraHu30BaThb BbLIYUCAUTENbHBIA NpoLecc.

B npuHuune, BbIMONHEHME MNPOrpamMMbl MOXHO paccmMaTpuBaTth kak Mnpo-
Lecc, 3aKknwyalwuuincs B NOCTPOEHUU N GYHKLUOHMPOBAHUA HEKOTOPOr0 MWH-
hopmMaLMOHHOrO rpada, COAepXawWero TONbKO OMepatopbl CBA3aHHbLIE TONbKO
MHOOPMALUOHHBIMU OTHOWEHUAMMU, BblYMCNNTENbHAA CUCTEMA ABNAEGTCHA YCTPOM-
CTBOM peanusylWwmum npoyecc NOCTPOEHUA U (QYHKUMOHWPOBAHUA WUHDOpPMALM-
OHHOTO rpaja Ha OCHOBE 3afaHHOi nporpaMmbl. WMEHHO WMHGOPMALUOHHDbII
rpad oTpaxaeT eCTECTBEHHYW CTpPykTypy 3apayu. Cnocob ero nocTpoeHus
m obecneyeHns (GYHKLWOHWPOBAHWUA NpeaCcTaBnfAeT YAOOHYW OCHOBY [ANd aHa-
nu3a u Knaccuukauum pasaMYHbIX BbIYUCAUTENbHBIX CUCTEM.

OfHMM N3 OCHOBHbIX HELOCTATKOB TPAfULMOHHON (HOH-HEAMAHOBCKOM MO-
fenn BbLIYUCNEHWUN ABNAETCHA HU3KUIA YypOBEHb BHYTPEHHEro A3blKa, 4YTO Bfe-
YET 33 COOOW HEOOXOAMMOCTb CMOXHBIX Npeo6pasoBaHuil npu 0TOOPaXeHuu
3afjayll C BHEWHEro Ha BHYTPeHHWIA A3blk. CTyKTypa nporpaMmMmbl Ha ypOBHE
CMCTEMbl He OTpaxaeT CTPYKTypbl 3afayl W 4epe3BblYailHO YCNOXHEHa AONON-
HATENbHbIMU "BHYTPEHHUMM" OTHOWEHUAMM, UYTO CUNbHO 3aTPYLHAET OTNALKY
W NPUBOAUT K NOTepe NPOM3BOLUTENbHOCTH.

N3BeCTHbIE anropuTMuYyeckue A3blkn U MynbTunporpamueie OC ABAAKO TCH
Heyfo6HbIMW NS pelWeHns WUPOKOTo Knacca 3afay pacnpefenéHHon obpabort-
KW B CUNY CNOXHOCTM ynpaBneHus. TONbITKW pacnapannenuBaHus BblYUCIN-
TENbHOTO0 npoLuecca Kak npasuno 3MMEKTUBHb AWlWbL ANA 00PabOTKM 3NEMEH-
TapHbIX PErynapHbIX (ParMeHTOB - HECA0XHbIX NUHEAHbIX Y4acTKOB MNporpamm
(cucTembl C onepexawwmum npocmoTpom), 06paboTKum BEKTOPOB WU MaTpuy
(BEKTOpPHbIE W MaTPpUYHbIE CUCTEMbI). ITO B Kakoi-To Mepe nO3BONSAET
MOBbLICUTb YPOBEHb BHYTPEHHEro A3blka 3a CYET BBELEHMA 0NepaTopoB Hap
MPOCTbIMM CTPYKTYypaMu [LaHHbIX, HO B TO Xe BPEMA 3HAYUTENbHO YCNOXHAET-
CA CTPYKTypa ynpaBAeHus nporpamm.

Ewé B 6onblWel CTeneHn 370 XapakTepHO ANA MHOTONpPOLECCOPHbBIX CHUC-
TeM, BO BHYTPEHHWI A3bIK KOTOPbIX BBOAATCA LONONHUTENbHbIE CUHXPOHU3M-
pyoune npumutusel. OpraHnsaung BbIYNCNUTENbHOTO npouecca Tpebyer npe-
[EeNbHO CNOXHbIX CTPYKTYp YNpaBNeHWUA, CBA3AHHbIX C pacnpefencHuem @usn-
YeCKWX pecypcoB W CUHXpOHM3aLuWu npoueccos. Kpome TOro, onucaHue 3a-
flay B TEpMUHAX A3bIKOB MapannenbHoro nporpamMMmupoBaHuq ABnseTcq focCTa-
TOYHO CNOXHBIM.



Bbix0ZOM ABNAETCA 0TKAa3 OT TPajMLUMOHHOW NPOTPaMMHON OpraHusayum
B NONb3y MOAEneih C BbIPOXAEHHbIM ynpaBneHnem. K HAM OTHOCATCH CeTHU
MeTpn, noToKOBbIe Mogenn w ap. 3 4 . Tlporpamma Ans Takux CUCTEM 0NN
CblBAET OMepaTopHyl CXemy, peanusylowyw 3agadyy. [MOpagoK BbIMOAHEHNSA
OnepaTtopoB ONpefensercd YCAOBUAMW TOTOBHOCTW. YCNOBUA TOTOBHOCTM 6e
PYT Ha cebd BCH OpraHu3ayuio ynpaBneHWd, Tak 4YTO MOXHO He pasfendthb
CpefcTBa ynpaBfeHWs Ha cpefctsa (Gopmupyoune MHMOPMALMOHHBIA rpad u
Ha CpefcTBa CUMHXPOHM3aUMM. HepoCTATKOM CYLWeCTBYOWMUX MOgeneid nofobHO
ro TMna SABNAEGTCA OTCYTCTBUE I3NEMEHTOB AUHAMWUKW. CXeMbl CTAaTUYHbLI U
ynpasnexune, Kak npasuno, OCYyUWecTsBnqerca nyTéM BBELEHUA COOTBETCTBYI
WX 3NeMEHTOB (CenekTOpoOB, apbMTPOB), BLINOAHAWMX KOMMYTaLWK nNoOTO-
KOB MHQoOpMayuu.

QTUX HEeLOCTAaTKOB NWUWEHAa npepnaraeman MOoAenb BblYWCNeHWid. Baepe-
Hue OTHOWEHMIA M 3NEMEHTOB [AMHAMWU3MA BO BHYTPEHHIOK A3bIKOBYID OpraHu3a
UMl no3gonser ewé 6onee ynpocTuUTb CTPYKTYPYy YnpaBneHusq npu peweHunu
CNOXHbIX 3ajay ( B yacTHOCTM 06pabTKU CNOXHBIX CTPYKTYp AaHHbIX W BBE-
[leHNEe 3NEeMEHTOB PEeKYpCUM) U YynpoCcTUTb OTOOPaAXEHUe MHOPMALUOHHBIX
CTPYKTYp Ha CTPYKTYpy cuCTeMbl. Takum 06pa3om, nporpamma Ha BHYTpPeH-
HEM fA3blke NpepcTasnder co60M rpad, BepWMUHbl KOTOPOro - OOBLEKTH U OT-
HOWEHUA, a AYru - CBA3U MEXAY HUMMU,

No6o 06beKT BblYMCNUTENbHOW cpeabl ( aBTomar JAC ) npepacTtaBnser-
CA Ha YPOBHE BHYTpPEHHEro A3blKa COOTBETCTBYWLWMWUM MNpPOrpamHbLIM 06bLEKTOM,
Cofepxawum noaHOe ero onucaHue W COCTOAWMM M3 TPEX OCHOBHbIX YacTeil:
CBA3N, OBYHKLUMA W COCTOAHMWE. B cuny Heob6XOAMMOCTM 3(QDEKTUBHOCTU ONN-
CaHMA MNPOU3BONbHO CNOXHbLIX 00bEKTOB TpebyeTrcs OnNpesenuTb QYHKLWUO-
HanbHO MONHbIK Habop 0a30BbIX HA3bIKOBbIX 3NEMEHTOB W NPaBuUN WX CTPYKTYp
HOW Komnmosuuun. Wcxonq u3 TpeboBaHUW KO BHYTPEHHEMY H3blKY MOXHO CKa
3aTb, 4TO 0a30Bblil Habop [OMKEH ObITb JOCTATOYHO MONHBIM AN NPefCcTaB-
NEHUS NpPOU3BONLHO CNOXHBIX MPOrPAMMHBIX KOHCTPYKUWA BHEWHEro fA3blka,
W, BO-BTOPbIX, AOMKEH 3MMEKTUBHO pPeann3oBbLIBATLCA, TO €CTb H3bIKOBbIE
06beKTbl 6a30B0ro Habopa AOMKHbI ObITb A0OCTATOYHO MNPOCTHIMU.

OCHOBHOI eAWHULEN BHYTPEHHEro A3blka ABNAETCA MNPOrPaMHbIA 3NEMEHT
( M3 )- cemMaHTUYeCKN 3aKOHUYEHHAds A3bIKOBAA KOHCTpPYyKLuA. [porpamma,
0TO6paxeHHas CO BHEWHEro Ha BHYTPEHHWIA A3bIK NpeAcTaBnfseT CO6OI
CTPYKTYpYy. B npouecce peweHus MCXOAHAA CTPYKTypa-nporpamma wWHTepnpe
TUPYeTCA U JUHAMWUYECKU PEKOH(GUTYypupyeTcs, B KOHEYHOM uUTore obpasys
CTPYKTYpY, COOTBETCTBYOLYK pe3ynbrarty.

MHOXecTBO 6a30BbiX TUMNOB M3 MOXHO pa3buTb Ha CnegyllWue OCHOBHbIE
rpynnbl: OTHOWEHWH, OMepaTtopbl, 3HAaYEHWA, YyKasaTenu

Bo BHyTpeHHEM H3blKe JOMXKHb MPUCYTCTBOBATbL CPeACTBA CTPYKTYPHOTO

onucaHna. Ana 3T0ro BBOAWUTCA NOHATUA TEPMUHANbHOCTU no u NPUMUTUB-
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Hble CTYKTYPHble OTHOWEHWUA. T3 MorytT ObiTb HETePMUHANbHbIMW W TEPMUHANb-
HblMW. HeTepmuHanoHble M3 cnyxar ANA ONpefeneHns 00bLEKTOB, ABIAKLWMXCH
CTpyKTypamu. TepMmuHansHoe M3 ABNAOTCA NPUMUTUBHBIMU, T.e. He Tpebylo-
WHMA CTPYKTYPHOR gekomno3numn. CTPYKTYPHbIMW OTHOWEHUAMU ABNSAK TCH
OTHOWEHNA wnepapxunm u cneposavHng. Cemantuka M3 (ero TUN WU CTPYKTYp-
HOCTb) MOXET ONpefensTbcs AMOG0O M3 onucaHua (AMCKpUNTOpa), HaXOAAWUM-
CA HENnoCpeACTBEHHO B camoM M3, Nu60 M3 OTHOWEHWUIA ¢ Apyrumu MO CTPyK-
TYpbl.

M3 MOryT HaxoAWTbCA B PA3NNYHOTO poOfa OTHOWEHMAX C Apyrumu M3.
OCHOBHbIMU TUMAMMU OTHOWEHUA ABNATCA CTPYKTYPHbIE, (QYHKLMOHANbHbIE K
MMeHHble. OTHOWEHUA MOTYT ObiTb CTPYKTYypamMu NPOM3BONbHON CNOXHOCTH.

M3 Tuna onepaTtopbl HeOXOLUMbBI ANS onucaHua GyHKuuM obbekTa U CO-
OTBETCTBYIOT oOMneparopam TPaguWLMOHHLIX fA3bIKOB MporpamupoBaHus. Ha ypos-
He BHYTPEHHEro A3blka OMpPefeNnAeTcs MHOXECTBO apUMMETUYECKUX W NOTH-
YeckMx onepauui, a TaK Xe pAf ONepaTopoB, Pe3ynbTaTtoM BbIMONHEHUA KO-
TOPbIX ABNAeTCA npeobpasoBaHue CTPYKTYyp. TepMuHanbHblii M3-onepatop co-
LEPXUT uMa (MM yKasaTenb Ha WUMSA) (QYHKLMK

M3 TMna 3HaYeHWA COOTBETCTBYIOT [aHHLIM B TPAAMULUWUOHHBIX A3blKaX
nporpammupoBaHua. B 3Toil rpynne 3 Tuna: 3HAYEHWUA, 3HaA4YeHus c (opma-
TOM ¥ o6WmMe 3HAYeHUA. 3HAYEHUA WUCNONL3YKWTCA ANA NpPeLCTaBNEHUA NUHEN-
HbIX MAaCcCWBOB JaHHbIX, CeEMaHTMKa KOTOpbIX OnpejeneHa Ha 60Nnee BbICOKOM
YPOBHE NporpaMmMmbl, TO eCTb, 3aBWUCUT OT nporpammsbl, obpabaTeiBatow e faH-
Hblil 31eMeHT. 3HauyeHue npepcragndercqa B obWeM cnyvyae CUNbHO-CBA3AH-
HbIM CMNUCKOM. 3HA4yeHWe B KaKOW-TO Mepe COOTBEOCTBYET MpPEeACTABAEHUIO
[aHHbIX B MalMWUHHbIX A3blKaX TPaguLUOHHbIX IBM. 3HaueHus C (popmatom cny-
Xat 4nq npescTaBNeHUs NpPOCTbIX CTPYKTYp LaHHbIX(B BMAE CTPOK), B KOTO-
ppiX onpefeneHa ux cemaHTuka (Tun, ¢popmar). Obuee 3HayeHue HeobXOhM-
MO ANS NPefCTaBNEHUA CNOXHbIX APEBOBUAHLIX CTPYKTYp AaHHbIX. 3T0T 3
COLEPXMT MHHOPMALMIO O KOMMOHEHTAX, CTPYKType, CBA3AX W Apyryw cny-
XebHY0 WH(popMaLmio.

Mpun 0TO6GpaXeHUU NPOrpamHbIX CTPYKTYp Ha YPOBHE CUCTEMbl NMPUXOAMUTCA
pewatb pAf npobnem, CBA3HHbLIX C MPefCcTaBAeHMEM mnporpaMm B namatu u
opraHnsaymueil csaseit mexpy M. Tak Kak nporpamHbie CTPYKTypbel - AUHaMK-
yeckne, TO BO3HWKAaeT npobnema AMHAMMYECKOro pacnpefeneHnsa namatv B
npouecce BblYUCNEHMA. ITO onpepenser makcumanbHbelil pasmep M3 . C og-
HOW CTOPOHbI, 6GOnbwoOW 06bEM namsaTw, OTBOAMMONA nog MJ, NpuUBOANUT K He-
paunoHanbHoOMYy eé MCNnoNb30BAHMIKO M NOPOXAAeT TpygHocTw ynakosku M3. C
APYTOA CTOPOHbLI, Manblil 06bEM namaTu He nos3sonser chopmuposats M3
Kak CeMaHTUMYeCKN 3aKOHYEHHYI A3bIKOBYK KOHCTPYKUMI u notpebosan Obl
BBEAEHMA MacCbl CNyXebHOW WHGoOpMauuu ANs OpraHu3aluu BHYTPEHHUX CCbl-
NoK. Takum 06pa3omM, BHYTPEHHUMN A3bIK UCMNONb3YeT CTPAHMYHYK OpraHusa-



179

UM namatu. B npouecce BbIMONHEHMA 3afayu Npu pasMewLeHUn w ypaneHuu
M3 namd4Tb BbIJensetTcqd W 0CBOOOXAAeTCA AMHAMMUUYecKu cTpaHuuamu. MMpobne-
Ma "cbopku Mycopa" pewaetcq nyTéM onpefeneHns ABYXCTOPOHHUX CBA3EH
Mexay M3, 4To TakK Xe MOBblWaeT HagEXHOCTb BbIYUCNEHWH.

PacnpefenéHHOCTb CTPYKTYp B CUCTeMe CBA3aHa C npobnemamu opraHu-
3aumm cBAaszeil mexay MO, HaxoQAWMWMMCA B PasNUYHbIX 4YacTax cucrtems. Ha-
npumep, B npefenax OAHOTO BbIYUCAUTENbHOTO MOAYNs T3 MOryT HaXO0fWUTh-
C4 B ONEpPaTMBHON, CBEPXOMEPaTUBHOW, MOCTOAHHOW WAM BTOPUYHON ( AMC-
KOBOW ) nmamaTu. 3T npobnembl pewarTcs NyTEM WUCNONb30BAHUA PasNNYHO-
ro TMna ykasatenew. Ykaszatenu 6biBalOT NPOCTbIMU U CNOXHbIMKW. TpoCTOM
yKasaTenb 3aHUMaeT OAHO CAOBO M MOXET HaxoAMTbcd B M3 pasAuUHbIX TU-
nNoB. CNOXHble yKa3aTenu 3aHUMalT LEAyw CTpaHuuy namaTu U COCTaBAAKT
oTgenvHytw rpynny M3. Heo6bX0AMMOCTb BBEAEHWA OTAeNbHbIX Tunos [3-yka-
3aTeneit obycnosneHa, C OLHOW CTOPOHbLI, HEOOXOAMMOCTbI OMpefeneHus
CNOXHBIX CTPYKTYPHbIX CBA3eid, a C APYroi - orpaHuyeHHboiMm pasmepom [3.
C nomoWwbio yKasaTenewn peanusyetrcs CNOXHbIA annapat OTHOWEHWA, WHPOKO
MCNONb3YWNACA BO BHYTPEHHEM A3blKe. TuUN yKaszaTens MOXET OpefenaTbCs
9BHO W3 JAeCKpuntopa WNM HEABHO, Hanpumep, No HOMepy CNOBAa B KOTOPOM
HaX04WUTCA yKa3zaTenb.

Ceasn mexay M3, HaXO4AWMMMCA B PasNUUYHbBIX BbIYNCAUTENbHBIX MOAYNAX
ONPefensoTCcs C NOMOWbLI MONHbIX BHEWHMX YyKasaTeneid . [Tlo cyTtu, 3T0
[BOHOA yKa3aTenb, COAEepXalluiA yKaszaTenb Ha BHEWHMIA O06bEKT N yKasa-
Tenb Ha M3 B 3TOM o0ObekTe.

MepemelleHne NPOrpaMMHBIX CTPYKTYpP MeXAY MOAYNAMW U Pa3NUYHOTO TH-
na namaTb TpebyeT AOCTAaTOYHO CNOXHOA 06paboTkm ykaszaTeneh.'C UeNbw
YyNpoWeHNs MexaHW3MOB MepeMelw eHns BO BHYTPEHHEM A3bIKE ONPeAenftw TCA
cneunanbHoro tun 3 - 4yaCTUYHble BHewWHMe ykaszatTenu. OH COLepXuT
TONbKO yKasaTenb(u) Ha M3 Bo BHewHem ob6bekTe. Cam Xe yKaszaTenb Ha
BHEWHMIA 06bekT Haxoputcs B M3 60onee BLICOKOrO YpOBHA.
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INCS™SA

CNEUMANUNINPOBAHHAA CUCTEMA MPOrPAMMUVPOBAHWSA

A. bensayckac
BunbHioc, YHusepcurter, BlU

1. BBejeHue

OfHOW M3 BaXHeAWWUX 3afay B PaguMOU3MEPUTENbHOW TEXHUKe B
nocnefjHee BpemMfA ABNAeTCA 3ajaya aBTOMATM3aUUW KOHTPONbHO-NOBE-
POYHbIX paboT paguonameputenbHblx npubopos (PWUIM), 4To BbI3BAHO YyC-
noXxHeHnem PWM, pocTtoM TPYAOEMKOCTM W CTOMMOCTU KOHTPONS

B obwem cnyvyae 3Ta 3ajaya pewaercd C MOMOLbIO aBTOMAaTU3NPO-
BaHHbIX cuctem KoHTpons (ACK).

Ang ACK, wucnonbsytowux IBM, BecbMa CNOXHOA M JOPOrocTosAL e
3afayenn 9BnqAeTcqd pa3paboTka nporpamMmmHoro obecnevyeHus. Lns nNoBbi-
WeHNAs NPON3BOAMTENbHOCTU paboThl mporpamMMmucrTa aBTOMaTU3UPOBAHHOMN
CucTemMbl paspabaTblBal TCA Cneumnann3upoBaHHble CpejcTBa aBTOMaTK3a-
Luu nNporpaMmMupoBaHna, NPUMEHEHWE KOTOPbIX MO3BONAET JOCTUTHYTH:

- YCKOpPEeHWS W ynpoweHus NOATOTOBKN U MOAAEPXKM NPUKNAZHOTO
nporpaMmMHOro obecneyeHus,;

- MOBbIWEHNA XUBYYECTH M HALEXHOCTU MPUKNAJHON CUCTEMBbI;

- YAOOHOro Auanora MexXAy YeNnOBEKOM W MaWUHOI

- MOBbIWEHNA NPOU3BOAUTENbHOCTU CUCTEMBI;

- MPOCTOTH ajantauuum K MEHAWMMCH YyCNOBUAM NPUMEHEHUSR,;

- CTaHpapTM3aumm u TUNU3aLMN peweHud npu paspaboTke nNpuk-
NajHbIX CUCTEM;

- MEepeHOCUMOCTN NporpaMmmMHoro obecnevyeHus.

MpepcTaBnaemas cneynanusnpoBaHHaq cucrema nporpaMmMmmpoBaHing
npefHasHavyeHa ANA aBTOMAaTU3aLuMuM NOATOTOBKM W NOLAEPXKW nNpuKnag-
HOTO nporpammHoro obecnevyeHns mHoronoctoBblx ACK PWM ¢ peuyeHtpa-
NN30BAHHBIM YMpPaBleHUEM.

2. KpaTkas xapakTepuctuka MHoronoctosoin ACK

MHoronoctosas ACK ¢ feLleHTpanu3oBaHHLIM YynpaBneHWem NOCTpOE-
Ha N0 NPUHLWUNY ABYXYPOBHEBOM MepapXxuyeckoil NOKanbHOW CeTu C O0f-
HOW LEeHTPanbHOW MUHM-IBM n HekOTOpPOro Konumyectsa MnepupepuitHblXx
MUKP0-OBM - no ogHOW B cocTaBe Kaxpgoro pabouvero nocrta (PM). Pa-
6oTa Takod MHoromawwuHHoi ACK B 06WMX 4yepTax BLITAAAUT CAEAYHO L MM
obpasom: UeHTpanbHas 9BM no 3anpocy nepudepuitHoit 3BM nepepgaer
yepes CUCTEMY MEXMALWMHHON CBA3M HEOOXOAMMYK nporpammy NpoBepKM B
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namats 3BM PM ACK; Pl aBTOHOMHO BbLIMONHAEGT NMporpammy nNpOBepKNU u
nepefaeT MNONYYEHHble pe3ynbTathl AN4 aHanu3a, XpaHeHWa M pacneyart-
Kn B LeHTpanbHyt OBM. LeHtpanbHaqa 9BM, kpome TO0ro, uCnonb3yetcs
LNS NOATOTOBKW W XpaHeHWs nporpamm NpoOBepKM.

B HacTodu e paboTe B KauyeCTBe LEHTpanbHOi IBM uncnonb3yetcs
CM-4, a B kayecTBe nepu(epuitHon 3IBM - MUKPo-IBM "I 1eKTpoHN-
ka-60M ", Pa6ouue noctel ACK noCTpOEHbl C MCNONb30BaHMEM annapaTypbl
MMEKLWen BbIXOA Ha CTbIK CTaHZapTHOro npubopHOro WHTep(elica
(TrOCT 26.003-80, IEEE-488, M3K-625). EcCTb BO3MOXHOCTb MCNONb30-
BaHus B ACK ycTpoMCTB C WHTepdeMcoM OTAUYHBIM OT NpuBOPHOTO
MHTEepQeica.

MUHUMaNbHa9 KOHGUrypayus LeHTpanbHoil 3BM Bkt Yaer:

32 K cnoB onepaTUBHON NamaTu;

- YCTPOMCTBO BHEWHEW NamMATW NpAMOro AocTtyna;

- ABa an®aBUTHO-LU(POBLIX BULEOTEPMUHANG;

- YCTPOACTBO neyatu;

- yCTpoiACTBO CBA3M C nepuepnitHon IBM.

MuUHUManbHas KOH(GUrypauna nepugpepuitHoinl 3BM BKAK YaeT yCcTpoil-
CTBO CBA3M C NPOrpaMmMHO-ynpaBnAeMoi TEXHONOTWYECKOW annapatypon
W YyCTPOWCTBO CBA3N C LeHTpanbHOi 3BM.

NleueHTpanusauueir ynpasnsounx dyHkuyuit ACK - BBeeHUEM aBTO-
HOMHOro npoueccopa B cocTaB Kaxporo PM ACK - obecneynBaetcs paj
NpeuMyL ecTs nepewy OAHONPOLECCOPHOW CUCTEMOW C LEHTPaNU30BaHHBIM
ynpasneHunem. Haunbonee O0YEBMAHBLIMWU MpPeuMMyl, ecTBaMin ABAAK TCA:

- MNOBbIWEHNE HAajexHocTU (0TKa3 OAHOTO M3 aBTOHOMHbLIX MNOCTOB
He OCTAHOBMT paboOTy BCEW CUCTEMbl B LENOM);

- BO3MOXHOCTb PerynuMpoBaHus NpPOM3BOLMTENbHOCTM BCE cucTte-
Mbl MYTeM W3MEHEHUA KOAMYecTBA NepudepuiHblX NoCTOB; 6OMbWYI CUC-
TEMY MOXHO BBOAWTb B 3KCMAyatayuiw N0 4acTAM MNOCTEMEHHO Hapawmn-
Bas KOH(puUrypayuto;

- YA0OOCTBO pasfeneHns QYHKUWA MeXAYy OTAENbHbIMUM YacTAMU CU-
CTEMBbI;

- CHUXeHWe cebecToumocTu;

- YCKOpEHWe BPEeMEHM peakUMu Ha BHEWHWe BO3JeACTBUA 6naro-
fapfq napannenbHoi paboTe 6onee OAHOro npoueccopa

- ygobctBo obcnyxuBaHnd, yao6CcTBO ajantauuMm K U3MEHEHUAM
YCNOBUA npumeHeHus 6narofapa MOAYNbHOCTM MOCTPOEHNSA.

Ang NONHOro NPOABNEHWUA NPEUMYL eCTB LeLeHTpannu3oBaHHOro yn-
paBneHns HeoOXOLUMO COOTBETCTBYH LW ee nporpammHoe obecneyeHne,
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npu NOATOTOBKE KOTOPOFO BO3HMKAET HEOOGXOAUMOCTb PEl aTb CMOXHYHO
3ajayy B3aMMOAENCTBMA MEXAY MPOLECCAMU, BbIMOMAHAEMbIMU Pa3NUYHbIMY
npoueccopamu.

3. Cuctema nporpammupoBaHna MHoronocTtoBoit ACK

Mpegctasngaemaq Ccneuuanu3npoBaHHas cucTtema nporpamMmumpoBaHug
npegocTaBnNfeT NONb30BATENK WMHPOKUIA KPYr BO3MOXHOCTEW, B TOM YUC-
ne:

- COCTaBfeHWE nporpamMm Ha CNELManu3npoOBAHHOM H3blKe BbICOKOTO
YPOBHA, OPUEHTUPOBAHHOM Ha 3ajayu nNpoBepku napametrpoB PUM u yuu-
ThiBalolWem annapaTypHbole ocobeHHocTn ACK

- cbopKy nporpamm npoBepKM N3 OTAEeNbHbIX MOAYyNnei ¢ obecneve-
HUeM B3aUMOAENCTBUA MEeXAY HUMMW, NPUYEM OTAENbHbIE MOAYAU MOTYT
6bITb HanmucaHbl  Kak Ha BXOLHOM fA3blKe HAaCTOAWEN CUCTeMbl, Tak W Ha
HEKOTOPOM ApPYyrom A3bike cUCTeMbl nporpammuposaHus PA®OC, Hanpumep,
GoptpaH IV unn makpoaccembnep;

- WCNONb30BaHME CNELMAaNnbHOrO0 OTNAJOYHOTO pexuma YHOO6HOTO
Kak fnd oTnajiku nporpamm, Tak u AnA oTnajgku annapatypsl ACK;

- HEe3aBMUCUMOCTb OT annapatypHoir KoHdurypauumn ACK;

- OAHOBpEMEHHYI He3aBucumyt paboty noctoB ACK ¢ pasiuyHbiMK
nporpamMmmamu npoBepKu;

- 3aMeHy nporpammbl NpoBepKW B KaxAoM paboyem nocTy B N0OOK
MOMEHT ceaHca paboThl ACK;

- Bblgavyy onepatopy ACK wH®popMauum 0 COCTOAHUW CUCTEMbl B
npouecce BbIMONHEHWA NporpaMMbl NPOBEPKM 0ObEKTa KOHTPONS

- 3aWuUTy nporpamm npoBepKM W annapaTtypbl OT HENpPaBUNbHBIX
felficTBMIA onepaTopa, M3BEWeHWe omepatopa O c6OAX B CUCTeMe, UX
MECTOHAXOX/AEHUN W NPUYNHAX

Cuctema nporpamMmMupoBaHnMa noCTpOeHa N0 MOAYNbHOMY MNpUHLMAY
Ee KOMNOHeHTb paboTalwT nNoj ynpasneHuem ONepaunOHHOI CUCTEMbI
PA®OC. Mogynu cuctembl nporpammuposaHusd ACK HanucaHbl Ha f3blKax
Makpoaccembnep u doptpan IV,

Cuctema nporpammuposaHuns ACK cocTouT U3 CRefytolnx KOMMOHEHT

- pacnpefeneHHON MCNONHWUTENbHOM CUCTEMBI;

- TpaHcnatopa A3bika nporpammuposaHud ACK;

- cpeacTts BepeHus 6asbl onucaHuit ACK;

- 6ubnnoTekn 6a30BbIX NOANPOTrpaMM;

- BCNOMOTaTeNbHbIX CPeACTB.

MporpaMmMHoe o6ecneyeHue pacnpejeneHHON MCNONHUTENbHOW CUC-
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TeMbl COCTOMT W3 [ABYX COCTaBHbIX 4YaCTeWd: MNpPoOrpaMmMHoro obecnevyeHus
LeHTpanbHOW OBM M nporpamMMHOro obecneyeHus nepudepuitHoil 3IBM.

KoMnoHeHTa pacnpejeneHHOd MCNONHMTENbHOW CACTEMbI B LEHT-
panbHOM I3BM BbLIMONHAET CcChnefywuine OYHKUNK:

- WHWUWMpYeT u 3aBepwaer ceaHc pabote ACK;

- yNpaBnaeT pacnpefeneHunem O06WUX pecypcoB B ceaHce paboThl;

- 0b6CnyxmuBaet 3anpochl nepudepnitHbix IBM;

- MOAJAepXMBaeT CBA3bL Mexay IBM;

- ynpasnaetr 6a3oil gaHHbix ACK;

- HabnwopgaeT 3a  COCTOAHMEM BCEW cucTembl ¥ obpabaTbiBaeT
ocobble cuTyayumum,

LentpanbHas OBM B TeueHun ceaHca paboTbl MHoronoctosoil ACK
MOXeT paboTaTb B ABYXNPOrpaMMHOM pexume: ONepaTUBHbIA paspen
npegHasHavyeH ANg paboTel ucnonHuTenbHo cuctembl ACK, a (OHOBbII
pasfen OAHOBPEMEHHO MOXeT 6biTb MCNONb30BAH ANA BLINONHEHUA APYTuX
MeHee MPUOPUTETHBIX 3afay, Hanpumep, NOATOTOBKW nporpammHoro obe-
cneyeHna. OpfHaKo ypoBneTBOpuTenbHaa paboTa (OHOBOrO pas3jena BO3-
MOXHA NWUWb B CAy4Yyae He CAUWKOM WHTEHCUBHBIX 3anpoCOB Ha 06CNYXMN-
BaHMe OT neputepuitHbix 3IBM.

OThenbHaa KONMA KOMMOHEHTbl WCMONHUTENbHOW CUCTEMbl nepuge-
pPUAHOW OBM xpaHuTcq B namaTu OBM kaxporo pabouero nocta ¥ BbnoN-
HAEGT Chedyllune OCHOBHbIE (YHKLUUM

- yNpaBnseT BbINONHEHWEM nNpoOrpaMmm NPoOBePKN, BLINONHAEMbIX B
37T0M paboyem noOCTYy;

- obecneynmBaeTr CBA3b C OMEpParopoM, NPOBOAAWMM KOHTPONb;

- obecneymBaeT CcBA3b C LUeHTpanbHoil 3BM;

- obpabaTbiBaeT 0cobOble cUTyaLum.

WcnonHutenbHas cuctema nepugepuitHon 3BM 3arpyxaetcs M3 LeH-
TpanbHOil 3BM HayanbHbIM 3arpy34yukoMm, KOTOPbIA XpaHUTCA B YCTPOMWCT-
Be MOCTOAHHOW namaTu neputepnitHoil IBM.

TpaHCnATOp NpefHasHauyeH AN npeobpas3oBaHus nporpamm Ha uc-
XOAHOM fA3bIKE CUCTeMbl nporpammupoBaHnd MHoronoctoBoil ACK B npor-
paMMbl Ha A3blKe Makpoaccembnep. HayanbHas NONroTOBKAa TEKCTOB Npo-
rpaMm Ha WCXOLHOM H3blKe W fJanbHeidwas ee 06paboTka Ha Makpoaccem-
6nepe NpoOW3BOAMTCA CpefcTBamMu onepaunoHHoin cuctembl PA®OC.

TpaHncnatop A3bika ACK npou3BogWT 00bEeKTHbIE nporpammbl  ABYX
TUNOB: OTNafgo4yHoro u pabouero. OTNagO4YHbIl BapuaHT NWOOA nporpam-
Mbl MOXET OblTb BbIMONHEH aBTOHOMHO C BO3MOXHOCTbIO ONEPaTUBHOIO 13-
MEHEHWS MCXOAHBIX AaHHbIX. Pabouynit BapuaHT KaxfAoih nporpammbl npep-
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Ha3HauyeH ANA ucnonb3osaHus npu pabore MHoronoctoBoil ACK B Komn-
neKce B aBTOMATMYECKOM pexume.

BX0ogHOW A3blK cucTembl nporpammupoBaHus ACK aBnfqercs npobnem-
HO-OPUEHTUPOBAHHLIM A3bIKOM BbLICOKOTO YpOBHA ANA 3anucu anropuTmoB
ynpasneHus npoueccamun KoHTtpond P wu obpaboTku wuHpopmayun B ACK.

Lenbto pa3paboTKu HacTOAWEro fA3blka NporpaMmmupoBaHus HBUNOCH
yCKOpeHue W ynpolweHue npolecca HanucaHwa u OTNagKW nporpamm npo-
Bepku PWUN, obecneyeHune ygobctBa AOKYMEHTUPOBAHUA KOHTPONA

A3blk nporpammuposaHud ACK npepoctaBnseT nNonbL30BaTento cpepc-
TBA AN ONUCaHWA onepayuit, OCylWecTBNAEMbIX NpPWU NPOBELEHUM NPOBEp-
Kn obbekTa KOHTpona B pabouem nocTy ACK:

- NOLCOEAUHEHME OMpefeNneHHbIX BXOLOB W BbIXOLOB Npubopos,
Bxogawnx B coctaB ACK;

- ycTaHOoBKa pexumos paboTel npubopos;

- N0jaya MCNbITATENbHbLIX CUTHANOB;

- YTeHWe WHGoOpMauum C U3MepuTeNnbHbIX npubopos;

- 06paboTKa NMONYYEHHBIX Pe3ynbTaToB;

- ynpaBneHWe BLIMONHEHUEM NpPOTpaMmMbl;

- Bblfgaya Tpebyemoil WH(popmMauuu B Xenaemon Gopme.

Asblk nporpammuposaHnas ACK nerko ocBauBaeTcs nNoNb3oBaTve-
NemM-HenporpamMMucToMm.

B peann3oBaHHOM BapuaHTe A3blka COAepxaTca cnegywliue onepa-
TOpbl (B andaBUTHOM NOpPALKeE):

BbIMOMHATD - BLINOAHUTL MOANPOrpaMMy, 0003HAYEHHYH YKa3aHHbIM
UMEHEM;

XOATb - He HauyWHaTb BLINONHEHMA Chefywlero onepatopa A0  Bbl-
MOSTHEHWA OMpPefLeneHHOro ycnosuq,

SAQEPXATb - 3ajepxaTb BbLIMONHEHWE CNefylwWero no nopagkKy one-
patopa L0 MCTEYEHWUS ONpPEfEeNeHHOro WHTepBana BPEMEHN,;

SANYCTWTb - 3anycTWTb ONpedeneHHbli npubop ANA  BbLINONHEHNS
N3MepeHmns;

N3MEPWUTb - BbLINONHMTL onepayut u3mepeHnsa (pasHoueHHo 3AMYC-
TUTb natoc YATATD);

WHAWUWPOBATD - npepctaBuTh WH(popmauutw onepatopy ACK ¢ nomo-
Wbl CBETOBBIX Tabno u UWHPOBbIX MHAMKATOPOB CNELMAaNnU3UPOBAHHOTO
nynbta ynpaneHuna pabouero nocra ACK;

HAYATb - nepBbli onmepatop NpOrpaMMHOW eAUHULBI;

OBO3HAYNTbL - BbBIYMCAUTL pPe3ynbTaT apuUOMETUYECKOTrO BbIpPaXeHus
M 0603HAYNTL €r0 MMEHeM (T.e. MPUCBOWUTL MEPEMEHHON 3HAYeHUe);
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O - ounmcTuTb MHTepdeilc;

OKOHYNTb - nocnepHuit onepatop NporpamMMHON efUHULbI;

OCTAHOBUTb - npuoCTaHOBUTbL BbLINOAHEHWE nNporpammbl A8  BbINOA-
HEHWA ONepaTtopoM PYYHOTo YynpaBleHus,;

MEPEATW - WM3MEHUTL NOPAAOK BLIMONHEHMA ONEPaTopoB M0 KAaKOMY-
nnéo ycnosuw wunau 6e3 ycnosus;

MEYATATb - nevyataTb an(aBUTHO-UM(POBYK WHHOPMALMIO C MOMOLLbIO
neyatawwero ycrpoidctesa ACK unu BbIBECTM Ha 3KpaH Aucnnes;

MOBTOPUTb - BLINONHWTL MOBTOPHO ONPefeNeHHOE KONMYECTBO pas
OLWH WNM HECKONbLKO MNpeAblAywmux OMNepatopoB NporpamMmbl;

CBPOCATb - yCcTaHOBMTb HEKOTOPbIe yKa3aHHbIe WAuM BCe npubopsl
pabouyero nocta ACK B UCXOQHOE COCTOAHMNE;

COEAUHUTDL - COoefAWHWUTL onpefeneHHble BXOAbl M BbLIXOALI KOMMYTa-
Topa nu6o onpefeneHHble BXOAbl M BbIXOAb  Kakux-nu6o ycTpOWCTB
BXxoaawmux B cocrtaB pabouyero nocta ACK,

YCTAHOBUTb - ycTaHOBUTb pexum paboThl ONPeAeNneHHOro yCTPOMC-
TBa N3 cocTaBa pabouyero nocta ACK;

YATATb - cyuTaTb WHOOPMALWK ONPELeNneHHOro ycTpoidcTBa M Xpa-
HWTb 3T0 3HAYeHWe B 3afaHHblX e€AWHMLAX B ONEPaTUBHON NamMATH.

WHpopmaunoHHad vyacTb CcucTeMbl - 6asa ONWCAHUW - COCTOUT U3:

- onucaHnit npubopHoit wyactu ACK;

- onucaHui kKoHpurypauuum ACK;

- ONWCaHWW pasmepHocTeil (uanyeckux sennuynH ACK.

B onucaHnax npubopHoi vactm ACK copgepxatcsd [JaHHble 0 BCEX
npubopax, Kotopble MOTyT ObiTb Mcnonb3oBaHbl B ACK. OnucaHue npubo-
pa COCTOMT M3 HaWMeHOBaHMA npubopa, HaMMEHOBAHWUN BbIMOAHAEMbIX UM
OYHKUMA, HaWMEHOBAHWIA 3HAYEHWW KaxXAOoh W3 QYHKUMA W ynpaBnsio e
MHGOpMauUnW, npu noMmowmu KOTOPOWA KOAMPYH TCHA 3TU (YHKUMUM W 3HAYEHUS
DYHKUNIA.

B MCXOAHbIX TekCcTax nporpamm Ha A3bike nporpammuposaHus ACK
menonbdyemble npubopbl M UMW BbIMONHAEMbIe MYHKLAN U 3HAYeHUA (YHK-
UMA YyKa3blBAlTCA B BWUAE CUMBONbHbLIX HaWMeEHOBAHWA, Hanpumep, ®YHK-
Una - 4yactora, 3HavyeHue QyHkumm - 100 repy wm T1.M.

OnucaHne KoHdurypauuu ACK cocToMT M3 Tabnuubl agpecos npnbo-
POB, BXOAAWMX B cOCTaB KOHKpeTHOW ACK.

OnucaHns pasmepHOCTel (MU3NYECKUX BEAUYUH COLEPXAaT CUMBONb-
Hble HaMMEHOBAHWA pasMepPHOCTEe, MCNONb3YeMbIX B nMporpammax, KOAu-
POBKY pasmepHOCTed [ANA OTAeNbHbIX NpUOOPOB M MacwTabHble KO3dpduUum-
EHTHl ANS TPYNN COOTBETCTBYK WMUX pPasMepHOCTEN.
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B tekcTe nporpammbl Ha A3bike ACK yKas3biBaetrca CUMBONbHOE
HaWMEeHOBAHWUE Pa3MEPHOCTU (HU3NYECKON BENUYMHbLI, B EAMHMLAX KOTO-
POl HEOOXOAMMO XPaHWTb pe3ynbTaT BbLINONHEHHOrO W3MEPEHWA HEe3aBH-
CAMO OT TOTO, B Kakux efuHuULax W3 3TOW rpynnbl M3MepUTENbHbIN
npubop nepegacTt nporpamme pe3ynbrar.

Mcnonb3oBaHue 6asbl onucaHnit ACK obecneymBaeT npocTyw ajgan-
Tayni cuctembl nporpammupoBaHus ACK K ycnoBusM NpUMEHEHUS W He3a-
BUCUMOCTb CuCTeMbl OT nboid vyactHoW ACK. [LnAa npumMeHeHWA HacToAL eil
CACTEMbl NpoOrpaMmupoBaHus B KOHKpeTHOW ACK [0CTAaTOYHO MOMECTUTH
ee xapakTepucTukum B 6a3y OnuUCaHuIA.

Cpepctea BepeHus 6as3bl onucaHnit  ACK cocTodT u3 nporpamm,
NpefHasHaYeHHbI X ANA:

- co3fgaHna (annos 6asbl onucaHui ACK;

- NMOMElW eHNA HOBbIX ONUCAHWIA B 6asy;

- yoaneHws onucaHnit u3 6asbl;

- KOpPPeKuMn CyWecTBYWLWMUX ONUCAHWUN;

- KONMMPOBAHMUA [JaHHbIX 6a3bl ONUCAHWNI;

- NPOCMOTPa W pacneyaTkKn COAepPXUMOro 6asbl OMUCAHUM.

OnucaHua MCNONb3YK TCA TPAHCNATOPOM ANA (GOPMUPOBAHMA ynpas-
nAWeid MHGopMaunm B NPUKNAAHBLIX nporpammax, a TakXe WUCNONHUTENb-
HOW CUCTEMOW npu dopmMmupoBaHuuM coobueHnit o npuynHax cboes BO Bpe-
mMs paboTel ACK.

bubnunoteka 6a30BblX MOANPOrpamMM BKAKYaeT NOANPOrpamMMbl TpaHC-
naTopa fA3blKa CUCTEMbl NporpamMmmupoBaHua W CTaHapTHele pabouyue nop-
nporpammsl. B ux yucno BXOAAT:

- nognporpamMmbl ynpasneHus ycrpoucreamu ACK;

- noAgnporpamMmbl ynpaBneHWa BBOAOM/BbIBOAOM;

- nognporpammbl npeobpasoBaHuMd WHDOPMALUK,

- NOANPOTpaMMbl MaTeMaTu4yeckoil 06paboOTKM [aHHBIX;

- nognporpammbl B3aumopeidcTtenA ¢ 6ason onucaHuit ACK;

- NOANpOrpamMMbl CBA3M C ONEPayMOHHOW CUCTEMOW;

- noanporpaMmsel 06paboTKW NpepbiBaHNM;

- nognporpammbl 06paboTkM 0COGBIX CUTyauuil u T1.4.

K BcnomoratenbHelM CpeAcTBam cuctemsl nporpammuposaHus ACK
OTHOCATCH KOHTPONbHbIE MNPUMepPbl-, nporpammel camokoHTpons ACK, npor-
PaMMbl, BbIMONHAK W MNE HEKOTOPbIE CEPBUCHBIE (YHKLUN.
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ONE STEP MULTIDERIVATIVES METHODS FOR SOLVING DIFFERENTIAL
EQUATIONS OF THE FIRST ORDER

Jozef Danco
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Komensky University
842 15 Bratislava
Czechoslovakia

The subject mattrer of this paper is usualy formulated as
a special numerical problem and concerns the problems of
obtaining coefficients for this special class of numerical
method for solving ordinary differential equations. These
coefficients were computed by computer as wellas the particular
methods which were programmed for computer. So, computer Ffinds
not only the solution of ordinary differential equations but
also the coefficients of the method. This seems to me be
an advantage for numerical solution of the above mentioned
problem and for use of computer as well.

1. Introduction

One step multiderivatives methods are a means for numerical
solution of a first order differential equation

y*::

y(*0) =y0 1

at the point xn. In this paper we suppose, that function

f(x,y) satisfy the conditions of the existence and unit theorem
of the solution of differential equation. This theorem has

been proved in [I™ < Numerical methods for solving the above
mentioned problem are using also the derivatives of the function
T(X,y)- The problem is solved in the interval <a,b> , where
Xx0=a. Interval <a,b> iIs devided into pafrts separet d by points

x1fx2, ... xn_1 and xn=b. A step we define as hn=xn+1-xn
and in this paper we supose hn=h.
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The basic i1dea of these methods is very simple. To find
the next value of solution, the values of function f(X,y)

and derivatives of this function in points » (xn+1*yn+-])
has to be used. can be written as follous:
' i) . <)\
gnei yn 4 hi+1CatffD) | 20 @)

i1=0

where a.pb” for i1=0,1, ee= k are unknown coefficients of
the method

h 1s a step, h«xn _j-x
and

T, y()) ©)

X=XN

As can be seen the methods defines by (2) are implicit.

2. The general form for finding the unknown coefficients
of the methods.

In this part we shall concentrate on the general form
for counting the unknown coefficients a™b. 1=0.1, ... K
for any value of k. If we expand yQ+1, ¥~ , *" to Taylor’s
serie and compare the coefficients of the derivatives of
f(x,y) and povers of h we get the linear equations system
of the following form:

Qa=y (C)
where a is the unknown coefficients vector
a = (ad»al» *** ~k,b0*b1* *** pk~

y IS a vector, the right hand side of the equation and can
be written in the form

y* - for 1=1,2, ... 2k+2
1 i!

Q denotes the matrix of dimension 2k+2 and has the form:

Q for 1=1,2, ... 2k+2
3=1,2, ... k+1

o
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1
o for 1 £ j-k-1
(i-J+k+1)! i£1,2, ... 2k+2
Jrk+2, ... 2k+2
» 0 for 1 < k-1

»J
Solution of linear equation system satisfy thé condition
ai a (-DD1 b~ Tfor i1»0,1, ... K ©))

This fact is very important, since the coefficients computation
requires only the solution of a smaller linear equation system
of the form:

Pb =z ®)

where b is the vector of unknowns

b = (bg,b”™, ... bd
vector : can be written as -follows:

zi * yi+k+l for 1=1%2» eee k+l

and matrix P is a reduoed form matrix from matrix Q as

That means that for finding the unknown coefficients the
right down quadrant of the matrix Q 1is used. By solving
the linear equations system (6) the unknown coefficients
are obtained. Special computer program in PORTRAIT has been
written for this part of solution. This program solves the
system of linear equations in fraction term. The algorithm
used In this program is a Gaussian elimination method in
fraction term.
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3. Local truncation error and the approximation order.

Suppose we have a general form of the methods:

yn - h GF(xn»yn’yn+i»h) @)

than the local truncation error tntl in the point xQ+1
is given by:

mn+i * y(*n) - h GF&xn,y(xn),y(xn+l1 ),h)

where y(xQ) 1is exact solution of differential equation (1).
In our case for methods definited by (2) the local truncation
error is given by:

h2k+3

1 a2y (2k+3)(x ) + O0(h2k+4) @)

Where the constant term c¢c” is equal to:

1 Vi
9
ek (k#3411 0c+3p ®

and nEﬁﬁ is the k-th raising factorial from n
b are unknown coefficients of the method

Approximation order can be as simply as possible defined as
the greatest power of polynom G(x)=g0+g™x+ ... gnxn, which
exactly sutisfy the method. Prom expression (8) we can see
that the method described iIn this paper is of order 2k+2

Suppose we have a more general scheme that than of (2).
this form is as follows:

k
Z e @o
=1 1=-
and (_1)
fhey = Yn-j

This scheme 1is for multiderivative multistep methods. Former
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scheme (2) is only a special case of this scheme where g=0.
In general, one can say that the methods described by the
scheme (10) are not stable. Daniel and Moore prooved that

the multiderivative multistep methods are stable only if

the order is 2k+2, also that the methods described by scheme
(2) are A-stable (See Dalquist, 1963).

3. Particular methods

The coefficients from k=0 to k=8 are tabulated in the Table 1.
Here are written only the a» coefficients for i1=0,1, ... k
and the coefficients b» for i1=0,1, ... k, multiplied by -1 or
1 , can be computed as we do it in (6). Table 1 consists
olso the constant term ck for local truncation error, but
the exact local truncation error is given by (9).
in the case when k=U, it is a well-known Euler’s method.
When k=1 we got the method described in [2] , but there is
not the procedure for finding the coefficients.

4. Numerical results

The methods described in this paper are acceptable for solving
the stiff differential equations as a corrector of one step
method. As for predictor the clasic Runge-Kutta method of 4
order could be used. The method can be written in the form:

0
i

By the clasic Runge-Kutta method we find a first value
of yn+1l. Then using the method described in this paper we
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correct this first value of yn+l. The general formula of those
methods can be written as:

P CEk+l C dm

where P is the predictor (in our case the clasic Runge-Kutta
method of 4-th order)
E 1is the evaluation of right hand side of differential
equation and the derivatives (counting k+l times)
C is the corrector of the method
m is the number of repeating use of the corrector

A kind of disadvantage of these methods is that we have to find
the derivative of the right hand side of differential equation»
The first two derivatives are as follows:

d bf .bf 4

R {CBY)

d2 f(X,Y) ¢ *1( + flt >
37 by bx oy

oupose we have a differential equation of the form

y* = 10y
y(©) = 1.

with exact solution y(x)=e . Function y(x) 1is steeply
increasing with growing x. One step explicit methods are not

able to take into account this sharp increase. If the methods
described in this paper are used for solution of differential
equations with step h = 0.1 in the interval <0,1} , there

is a substantial difference in accuracy.The next graph demonstrate
the error term (axis y) m absolute value in relation to an
increasing x (axis x) and could be used to prove our methods

for this kind of initial value problem.

Methods proposed in this paper are a bit complicated because
of derivative, but by this algorithm more accurate results cauld
be found for stiff differential equations.
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Por solving the coefficients of these methods as well as
methods for solving differential equations computer programme
is available iIn FORTRAN. The only limitation of this Programm
was a maximal word bit-lenght, but when using computer with
apropriate word lenght, Tfurther extention of these methods is
available and accuracy of differential equations solution
considerably increases.
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MPAVHECKU/ MAKET TPAICP:  KOWETILWM W1 BOBVOKHOCTY

Braomp A. TaraKvoHoB

HCTUTYT MpvkigaHOA verrevemvk MM.B_Kenmsue AH OOCP
125047 QOP, Mockea, Wmyockaa ., 4.

1. Beemere.

NHLMi—BﬂFFﬂhAGFD,EpCI’GA—O‘ByG_B-EI-IaytEI-bNM, KOHCTPYKTO-
paw, TeXHOOraMM Kak MOLHOE QE/ICTEO BIAVMONEVCTBIR Mex(ly |efo-
BEKOM U MAWHOA. MorveHeHe mpajyHeECKAX YCTPOCTB CYILECTBEHHO [pac—
WASET NOTEHYarbHbe BOBVMOXHOCTV BoMHACTUTE BHBIX MALWH, MOBBOHET
peboTarb C TakwW ooseVawW VHIOPVELWA, OCBOUITb KOTORbE CTebMA Me-
QAW CHeHb TpyHO, a Mopoi M HEBORVOKHO. Harpvep, B 33mpe
TPEXVEPHOIO WICEHHOID MO 00BaH/A MPOLEcca. BOBH/KHOBEH/A U 98B0
JHLM KOYyrHOVEALUTaoHOM CTRYKTYLI BoeneHHo vicoreayeTcs SBoiys
3" yacl NoA, ASACTBVEM QOOCTBEHHHX Ol THroters /2/. YooGbM
CNoco0OM MPEACTAaREH/A PE3Y/BTATOB BoM/CTIEHAA SBIFETCH (WHV, Kk
[l K0P KOTOPOIo MoKa3BaET pacrpeleeH/e VIOTHOCTY YaCTAY, B He-
KOTORbM MOVEHT BRavEHA.

MOKHO BojjeUTb ale QIVH WPOKAA KIBcC 390gH, PeldaTb KOTOmE,
He VVESI pes3BATLX CPEOCTB NAllWHHOA Mea, MPaKTVMECK/ HEBORVIOKHO.
310 Mpexae BoEro 3g4p aBTOVETVZALYM MPOEKTVOBaHAA U MpoVBBOaCT-
Ba, CB3aHbE C O0OpabOTKOM MEeOVETPVMECKON VHIoVELW, OTVICBH/EM
reOVETIMA COKbX (oM 1 T.MN. Ha paterve sk 3gipd (B TV WIOe U
HA paspaboTKy COOTBETCTBYHWMX IMoajHECKX CPEOCTB) HAMPaREHbl YO
JVS1 NHOIVIX Hay“HbIX U MPOVIBBOACTBEHHbIX KOTEKTVBOB.  [JOCTaloqHO G-
b, Y10 KovieHs doqa, QOoHa VB BEOYyLWWX aBTOVOOWIECTROUTE BHbIX
v wmpa, K 1987 oy marpyeT npassgiyms 906 BoeX MpoeKTHO-
KOHCTRYTOPCK/X paboT Mo HENoCpeacTBEHHOM MCIONB308aHM CQOELCTB
MaLHHOA rpedukn /o7 .

QoHOM VB PEEBATLIX QVICTEM MELWHHOA TPEjVKA,  MPENOCTaRUMX
LVPOK/Ee * VB0GRERUTENBHLE' " BORVOKHOCTY, SRETCH MPajyHECKN MBKET
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Mpegop, paspaboTaHbit B MM mvM.B.Kenmsua AH GOCP /1/.
2. CipyKrypa 1 aoctaB Kovrvexca: [oediop.-

o ceoat cym Moadop SBMHETCH GMMIOTEKDA MPaHECK/X MO0
maw 1 gyHkyn (MX Goree 400), HaICaHHbIX MPEVWILECTBEHHD Ha Pop-
Tpere. Tew cavbM PELBOTCH VHOMVE MPoQEvbl, CBAaHbE C MEPEHO0OM
MaKeETa HaL JoyTve VWbl U OrgpalyioHbe O/CTewsl.  3aB/Q/MOCTb OT
rpefHecK/X YCTPOCTB B [pajiope okarvisoBaHa Tak, UTO M NQOKo-
YEH HOBOIMD YCTPOICTBA He TPEOYETC CKYbH/OYb 3HAWMTE BHLIX Me-
PeneoK. GopTpeHHast MpvpQaa. Mpedopa,  BH0Op Y3KOID Gesnca MakeTa,
paLyoHarEHoE eNeH/e Ha YpoBHA aNoCOOCTBOBaV NepeHocy Mpagopas Ha
vHorve 3BV (BOV-6, EC &M, Qv4, M-6000, PDP-11, NORD, ECLIPSE
N 0p-) U aoammam Ha padvHrbe rpajonoctpoterv v guaen (BC AGIEF
064, EC 7064, CALCOMP, BENSON, YU-2000 (SINTRA), TEKTRONIX W [0.)-
B pe3yrbrare [pajop nomysm o4eHb WPOKDe padriocTpaHeHe U Cran
MEBKTVHECK! CaVbM MOMyHHbM TPEfMECK/M MBKETOM B CTpaHe. Pacaovo-
TP/M KOETKD OCHOBHbE BO3VOKHOCTY, MPEOOCTaRHEVLE MO/B30BaTE 0
3T/M MBaKETOV.

2.1. Qpencrea NOCTPOeH/A MB00paEH/H.

Basiabii (HAHAA) YpoBeHb MaKETa COCTaRAOT Mporpavivbl MOCTPO-
e/ "reajyHeCK/X MOVMATVBOB' - OTPESKOB MAAVbIX JVHAA, I OKOyMHO-
CTell N IVUNOoB, CTPOK TEKCTA, MapKEPOB N . Ha X ocHoBe CTposIT—
1 60 ToKbE VEOOPaKEH/A, a Takie doyTVe YpoBHA MBkeETa.

Ha Mpakvike YBCTO MVXQIUTCH CTVKVBATLCS C VBo0pae -, KO-
TOE COQOogHar QOHOTTHBLE YeveHTHl (MOoKaoTvHKA), OTTVMaaLECH
[oyr OT [pyra TObKO MECTONONOHEH/EM, OVEHTALYEN, [pe’vepov. B Ta-
KX CiydesX yaooHO BOCTIN30BATHCH MPONPaMveM/,  PealviByalym JvHe-
e (@ivbe) MpeoqasoeaH. Kawape Takoe MpeoipasoBaH/e OVt
BaETCH METPALIEN.  PesyrsTvpyialee MpeodpesoBaH/e BoMUCTHETCA MyTeM
WHOHEH (BORVOKHO C MONONB30BaH/EM CKOOOK B CIvHiee VBo0paeHiii,
MELYX VERaX/MECKYI0 CTRYKTYRY, e C K2XHM YPOBHEM MOWET Gbb
CB3aHO CBOE MPe0gpastBaH/E) VAT, OCHOBHLIX MPeoopasoBaHA MoBO-

cnarns3ys Mporpavivbl SKPBH/P0BaH/AA, NOKHO 3aPETUTL [VICOBaH/E
BHyTov (WU BE) /1004 oaiac (B TOM WACTE 1 VHOIOCBSIBHON) , VIE0—
LLE (HopVly MHOMOYTOrBH/AKAL. Bosvori0 qaHOBpeVEHHOE 3gTRH/E HECKD -
KX aqaHs (D 16), Torpgraveoﬁpaleve@/mpﬂ/mmrbpesy—
TV 30eH, SBHLACA O0LEIVHEHVEM OTJE BHbIX 3KO0BHOB.

B MNpafiope nvaeoTcA qoenctea, NosBoaWe opwiosaTb Tak Hazb-
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BaEVLI CNEd NEPA, T-€. C HeKOTOPOA [MICKPETHOCTHO OTODETL TOHKA,
MvHaoekawe Tpaektoom nepa ((yya). PviocosaH/e it STav MOKET U
He MPA/BBQIUNTLCA, T.€. MNEPEVELEH/E MUMLIEID VHCTPYWEHTA MOYET GbTb
KoK pearbbM, Tak 1 BoooparaebM . 3aa/poBaHHY0 B MAVHTA KapTW-
HKy NOKHO B [JarBHELEM pVOoBETb, He MOBTOPSA BoMACTEHA. OHa MOYET
GblTb Take NOQOBEPIHyTa MOO/BBOBEHOMY, B TOM WIO'E N HETVHE/HOWY,
MpeotpesoBaH0. (el Nepa OKaRBAETCA NONE3HHM ale U 4 (iopwpo-
BaH/A IMoaHAL, YHBCTKOB, KOTObE BIIOCTENCTBN OyyT 385KIaH/N0BaH|
W 3aUTXOBaHb .

2.2. TeqveTpHeECK/e BBHACTEHVA.

B aocraee [Mpaiopa MVETCH Mporeamivbl,  MO3BOLYVE MPOVBBQIUTL
VHOI/e MeOVETIVMECK/E BBHVICTEHAA, C KOTOLMA MVXQIUITCA CTarK/Ba-
TECA MOV aBTOVETVMECKOM (JIOOWI0BaHM [VICYHKOB 1 YepTenell, a Takie
MoV NQOrOTOBKE MPOINPavM il CTeHKDB C YACI0BM Morpavii-bM VIeRe-
HEeW. K TakM 330a4av OTHOCATCA, HAWVEP, MposefeHe MoAwiX, Q-
cmmwpwrcpwrawaauaﬂmyrmwmmmyxmaauaﬂx
OKOYHOCTEN, mmammmmeawawwm OKOYHOCTEN,
mmyxm,cwr,cpyrawmaguawmm MOCTRoEH/E TOHEK Mepe-
CeYeH/A MAVLIX N OKOYHHOCTEN, BNOTHEH/E pBcHOIO pOdp corpsieHm,
OKOYTTEHAA N T.N.

2.3. MocpoeH/e mavikos (yHKUWA. AITPOKCOVBLYA U CITRW/BaH/E..

B Moajiope mpenyaviotperb! A0BOBHO pas3BATLE QUEOCTER, MOGBO B
e veogmataTb pavHHbE (YHKLOHABHE 38B/Q/MOCTU. B rpocTent-
ILeM C'ydee - 310 MOCTpoeH/e KvBbX, 330pHbX TavHbW 3HRHEHA-
AW, U MpoBedeH/e 0oavt KoopyHar. Orogpaer/e MEmevET/HECKOIO
MPOCTPaHCTEA NOB30BATE/H HA (M3VHeckDe MPOCTPaHCTBO J1ricTa Gywarv,
a Takie pasveTka 00, BoMNOHAOTCA aBTavavHeECKA. [patk MoeT
GbITb MOCTPOEH B EKaPTOBO/ 1 B MOVEOHOA Q/CTEVEX KOOQVHAT, MVHEM
B NEPBOA B HAX NOINYT MCNONB308aTECH JOMUIMMECK/E LLKaBl D Q-
HOA WU Coe/M OCM.

numodmne(soamﬂw mome, arawesHM). B pesyb-
Tare YWIBETCA KaK METeVET/MECKDE, TeK U SCTETVHECKDE MPeOCTaR e
wemtqavam B pavkax pajopa pearv3oBaH0 HeCKDVBKD METQOB
AVEHVHTENO AW, a Takie pa3VHbEe 10000kl CITa/BaH/A (yHKUM
(rocmoeﬂeraooﬂeewerrqua@av&wmleaqmm pAooB dyee,
OPTOrOHABHHIX VHOMOHIEHOB, JVHEVHOIO (uisTpa. U 0.)-

B a/crevax asTovETVEaLyM MPOEKTP0BaH/ A 1 MPOVBBQACTBA METO-
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[ aTPOKOVELWM IMVIVEHROTCA MORHIE BOBTO B LITFX KOHCTOWINOBaH/A
m&xmmeemme/l mrparpamwea«ymvm%mmm

Nmemmwwmmwmmbmmmmm W ITeBHyi0 POk
wmmmmwwamwwpmmaumw
OTCYTCTB/E COLWTHLMA N T.N. B amx aysasix YoessHaHO YaooHM

N AfEeKIVBHM 0KaEBA0TCA METQIA aTpoKOVELWM Be3se 1 B-avaiHoB
(MPovBBOBHON CTENEHA).

2.4. /sogpaeHe QyHKYI OByX MepeVEHHbIX.

MoV paeHm MHOTVIX pearbHbIX MoaKTVMECK/X 330pH MvIXQIUITCA
WETL 20 C GOHWM MaooBaW WO, KOTObE SBMHOTCA 3HaHeH/sW
qumyﬁerqusﬂx-ﬂcﬂmvsoGpacemmeBgemrp/weﬂm
[Ba aooota: KOThl VBOIVHAA U MPOEKLYM MOBEXHOCTEN. [ Kawopro
M3 IX a100000B B Moajiope MMEETCA HECKDNBKD OTTVMAUMXCS JoyT OT
[pyra pearvsayi.

MocTpoeH/e JYHAA YPOBHA MOKWET BoNOVHATECH C AN B30BaH/EM
KaK JVHE/HOA, TaK U O/KyO/MHecKon HTepnos L. [ocneoHii aooob Le-
feoooﬁpaaﬂrp/lvgmbTa\n, e cetka 3Haderin "penkest”. Mpouecc
MOCTPOEH/A KO0 VBOIVHM pasiyBaETCA NMO-CYILECTBY HA TN STarA:
MocK eovHM (Opeseee HaslarbHoA TOHK HAL VBOITHM),  OTCTBWA-
BaH/E VBOVHM (HaXOKIEH/E HA HEV NMOCIIedoBaTe/ BLHOCTU TOHEK) U, Ha-
KoHEL, Ojopwere vBovHM (BIVGhBaH/E 3HAYEHA B pasbBbl VBOW-
HA, HYWEpaLYH, pacCTaHoBKa GEpr—LUTPVXOB) -

eathop NOSBOHET CTPOUTL MOOVBBONBHbE aKOOHOVETIVMHECKVE U
NEPCTEKTVBHLE MPOEKLM MOBEXHOCTEN. [ JOCTMEH OOMBHLEN HarT s+
[HOCTV Te 4YaCTV MoKy OOEEKTa, KOTopbe "Hesl* HanQqaaTeno,
CTa0TCA. [rveHsievbe anmropUTVvel YIgreH A HEBAOYMVBLIX JVHAA OCHOBbH-
BAOTCA HA. YNopAaoHeHM " EVEHTOB' " MoBEXHOCTN, Oy TO ceqeHvs
NOBEXHOCTU MaaebHbMA TVIOCKOCTAW WA SHEVIKA. KOVBONVHEVHON
OSTKA.

Eowv cemka, Ha KOTOPOA 3g0pHa (yHKLYH, OKa3bBaETCH CTULKOV
pemKo, TO (WHKLMO BOerda MOWHO J0BOCTIOHATL B y3iax HoBOA, Goree
YACTOA OSTKA, MYTEM aITPOKOVELYM Ky OCOHHO-VHOIOYIEHHBIM (yHKLYSIWA
rmaakocm 0,1,2,3 wm GkyamMHeck/wm MHOMoWeHa. BEom xe dyHkups
39pHa B YIBX, He OOPesyHLYX PENYTFPHY0 MAVOYTOTEHY0 CETRY, TO
MOBEMXHOCTL ATPOKCVDYETCA € MOVOLEO TREYIOVEHON 0STiA, hopvoy-
eVO M0 330pHHOM MeaHLE OOMeCTVI ONPefe et (yHKLVA 1 Y3Mav BHYT-
1 Hee C MOVOULB0 TRVaHN LY.

A vBoopaeHss1 00LEKTOB Goee dalyX, Yev QOHOBHaUHbE (yHKUMA,
MOKET MCIIONB30BATLCH MeTO, "'opeod’, KOrda B jarbHe (HEBLE)
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OTPESK/ BHOCATCH padbBbl, BoBBaHHbE BOOOpaHaEVbMA HEMPO3aHHMA
QP B BOKOYTT 60Nee GVBKAX K HEONQATE 10 OTPe3KoB.  3T0T METO[,
NO3BO/HET pab0Talb C HECTPRYKTYVO0BaHHOA MRatMECKOA VHIopVELYEN,
T.e. OH MpefHasHaYeH [ VBogpeeH/ il O0EEKTOB, MPEOCTaR EHbIX B
BADE HEyNnopAaoHEHHOA COBOKYTHOCTU OTPESKDB MAVLIX.

3. Mpajop 1 yHvkaLys valwHHON Moedvii.
Bmwuaeaoevnsoﬁrmummrpam«tpesaama(

Ma.LI/H-U/II'[ZRh/K/I a, CEIBATEBHO, U MOOWTBHLIX MVKIBOHbX Mpor-
VM, OTHOOUTENBHO JIENKD MEPEHOOMVLX C QOHOM armigdaTHOM KoH{VINype—
Ly HA JQoyTyi0. Ha ocHoBe aHarviza OOWX YepT R MpajyMHeCK X MaKe—
TOB GbiM pagpaboTakbl YHINLpoBaHbE patecke axctewsl CRE /6/
n GS /4/.

B nocreqve gl B M AH COCP Ha Gase mpeyoieHid, oqiepie-
LLUXCA B MPOEKTE CORE, GbV1 CO30pH M COCTbKOBaH C [Mpatiopav Basoesii
MmajyHecki MkeT, NoSBOIAMA QPraH/30BaTL MPREjMECKAA BN C
rporpawaw, HarvicaHbM Ha doprpeHe /3/. Takmv ogoesav, pediop
OKaB3aCA ONOTHEHBM VHTEREKTVEBHW CReICTBAaW, T.€. NoBAECH
BO3VOKHOCTL peboTalb C MpatyHeECK/M [MATVEeM B pewnve amra. Qo-
HAKD B CB13/ C MOVHITVEM Q/CTEMbigks B KaYECTBE MEXyHaPQOHOIO
CTaHIgPTa IS0 BechMa. aKTyarb-bMA CTHOBSTTCH Takie 390 peaiviza-
LM 3TOA Q/CTenbl U corpsieHss ¢ Hen Mpagopa.
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MPOrPAVVHLIA KOVTTEKC HETTTYH
B MAKETE MPYKNADHbIX MPOTPAVM CAGPA.

'epacmoB B.T1.

/HCTUTYT MVKNgOoHOM vamrevermiki WM. B . Kenapua
Agpewn Hayk 00CP, Mockea.

I. MamevemmMeckas NoCcTaHoBKA 390pH.
KOHBEKTVBHOE [RMEH/E HECKHAVBEVIOA BSIBKOA MOKOCTU ONMICBAETCAH
Q/cTevor ypaBHeH Haeee-CTokca B mvirvierm ByooHeaa:

0 ddtv m(Vv)V =-yobp+ ja V- GT

+(W)T  a~TQ

vi?= 0 -
30ech V [nrrd - CKOPOCTb TeveHs ™ T — OTKIoHe-
H/e TEeMErarypsl OT gPeiHero MoCToAHHOM 3Hade T, p - OTKD-
HeH/e [pBNeH/s OT TIpQHaWMHECKDIO p , COOTBETCTBYHALEIO MOCTO-
SHHOA Temnepemype T, @ - MOLHOCTL TErVioBbX UCTOHHAKDB, " -
KOQIDAYEHT K/HEVETVHECKOA BA3KOCTY, 38 — KOSIAEHT TeMeparypo-
rmpoBQHoCc, G-B\f, R  — KOSUIMYEHT TEMNEQETYPHOIO paaupeH/A
BalECTEa, T — YoKopeH/e CcBOOQOHOIO MaeH/A. [l Q/CTEVb! YpaBHEHA
(D B nepaveHbX gyHKLYA Toka 4° 1 BAXDb 1> [[aCOVETVIBAETCH BHYT-
peHHAA KpaeBas 3g30pHa B MAVOYTOBHAKE. B 3aBYCYMOCT OT_KDHIETHLIX
eHMbX YOIOB  PacavaTvBaEVBs] OONBCTb MOKET GbiTb /100 3aVKHYTOM
MOOCTHO, MO0 MPOTOHHOA.  Tn obespeavepvBaHM ypesHeHs () coa-
HA0T CBOV B/, QOHAKD QVbIC BXQOAWX Ty rapavetpoB J aey G, Q ?
a Takie MaalTabbl OCHOBHbIX BE/VMVH a3 VMl [ 3aVKHYTOM U MPOTOH-
HO MOIOCTEN.

Peuerve accrewsl (I) A0KHO YOORNETBOPATLCA CNEMQYHLVM MoaH/MHM
YOOBAM: HAL CTEHKaX BblNOHI0TCS YOI0B/A MOWITBH/AA U HENpOTeKaH/
(g NopCTO CTEHK/ 330ETCH CKOPOCTL MpoCavBaH/A) U 330aH0 pac—
Meeseer/e TeMeparyp WU TErVIORbIX MOTOKDB;  HA BXQOHOM O24eHM
TPYGs! MBpaVETL! BTEKAALEIO MNOTOKA MBBECTHL (HAMVVEP, NONYT GblTb 3a-
Jabl pacpefeer/e TeMNeparybl U yHKUM ToKa);  HaL BoIXQOHOM Ceve-
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HETV PECTPEIETEH/E CKOPOCTY,  TEMMERETYb! U A0yTVIX MApaVETPoB O0bH-

HO HEVBBECTHO, MOSTOMY MPENITEIEETCH, UTO /VHM TOKA MEpav eV b-
Hbl, & 3HEHEH/A BOEX MEPEVEHHX CUTAOTCA MOCTORHBMA B0 JVHA

2. PasHocTHasA o@ve.

[ wicnerHoro pelers actevsl (1) UConBs3yTCA pasHOCTHE Me—
TQb! M BBQIUTCH HEPaBHOVEPHaA OSTKA MO MPOCTPaHCTBY U paBHOVEHEA
Mo BpeveH . Boe mapaveTpsl CHUTAOTCH ONPEeEHbMA B Y3MaX CETKA.

YpasHerst oy B (1 1 Tevneparybl T almpRoKOMAGWOTCH Ha

[ra pelers ypaeHeH s 4 vHKMA Tokas Y MANrbs3y0TCs Apa Me—
jlelcn
a) VTePaLYIOHbIN METQL, YCTaHOREH/A C MgpaveTpaw,  OlT/MABV0BaHHbH-

M 10 HopdpHy;
@ququascpremrepevaﬂxcmmeﬂmwﬁampomrpeoﬁoasom—

HAA ]

MoyseeVas a/CTeval PacHOCTHLIX YPaBHEH PELBETCH MO Ie0BaTe -

HM/A MporoHkew. CHadarias Mo MBBECTHBM 3HaYeHM T, cj ny Bpe-
3y/bTare MPOroHOK  HAXQIUITCA 3HaveH/e TeMNEpaTy bl Ha. HOBOVI BpevVeHHOM
coe T . ToocTessAa HaljgeHHoe T B ypaBHeH/e /A , MOyHeem

HOBOe €3 Bomyrpelﬂ/lxmkaxoﬁnacn/l- 3arem, peles ypaeHeHe o
yHKym Taka, openesem Y« [lanee BoMACTHIOTCH HOBbE 3HaYeH/s BUX-
pA HA rpaHe. Ha STov 3aKkaHWBaETCH pacHeT QOHOMO Lara Mo BpeveH.
OvCaHHbIA anfopTM 3aVIKO/0BaH B O@VE CHETa MPorpavivbl U, B YaCT-
HOCTW, B Mporpavive VIpaBeH/A pacqeToM BpeveHHOIo Liara <2.10"ISTEROjJ.
PacyeT mpoBoo/iTcA [0 YCTaHOReH/1 TeMgRaTysl W BAqaA. B mpor-
pavve MpoBEpka HA OKDHYaH/E [pacHeTa MPOBOIYITCA MO QOHOWY VB Yo —
BAM; KaKoe I3 HAX BupdaTb, OMPEEFET NOB30BAE b, MCXOOA VB (M-
IVHECK/X MBPaVETPOB 330 Llar no gpevery BiopaeTCH aBTOVETVMECKA.

3. CipyKrypHoe ovicaH/e MorpavivHoro  KOMIVIEKCA.

Moorpavvib KOMTEEKC NEPTUtt  HamcaH Ha sibke $OPTPAH-IYE-
HA B pamax axctevel 01YMPOS [ij. CraHobgp/saws CTpyKTy®bl, MVeH
N NOIEHTUVKATOPOB B 3TOA Q/CTEME O0ECrEWBaET MPOCTOTY OCBOEH/H
MporpavM HoBLMA MOML30BATE A U VIOALRET BHECEHV/E VRVEHEHMA. FB
JEHICh YaCTHO (YHKLYIOHAMBEHOMO HanorHeH/ MakeTa MoVKgaHbIX Mporpaviv
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CAPPA (Orcreva AsTovaTVEaLym vizveck/ix PAcqeToB) [2] |, mporpav-
M KOMTEKC TJEPTUN CYLECTBEHHO UCNOMB3YET BOVHHOCTL aBTO-
METVBaLYM COOpKA MOIyT .

Bce nepeveHbe, HeoOXQmVbE i palb0Thl MPOrpavivbl,  XOaHATCH
B ONgpalVBHO/ MaVHTU VALl U TRYITWIOTC B GNOKA QL MaVHTAL
BoBQA, HOpVALWM HA BHELHAA HOOATE b BEOETCH TOBKD C LETHO 3a-
O/ PE3y/BTATOB Pac-ETa.

Kanpoid mporpavivHOA eyHALIE MOVICBAVIBAETCH HOMED,  YKa3BaLW
KBOC, KOTOPOWY OHA MovHaQe T, a Takie ee MeCTO B [JpHHOM Krac-
®. Hapowep, 3avcs (L.5) yKazbBaeT Ha MATY0 Noarporpavivy 3 nep-
BOM Kriacca (Kiacca nparora). AHamornvHHoe CoryialeHe MVeeTcA U O
oawx GooB. OnLEV HEKOTORbE MOANPOrPavivbl KOVTTEKCA.

Knacc 0. Ypaenere pacqeTav.

ST0T KMacC BKIHAET OCHOBHYIO MpOrpavivHyio eqmHaly MAT A/ 1 ye-
Thpe Moporpavvbl: BASIC, MODIFy, COTROL, EXPERT.
HeaHasere 3Tvix mporpavv orpeaereHo axctevorr OLYMPUS  [I] - B

mogporpavve MODIFY  pearmi3oBaH BBO, OCHOBHLIX MEPEVEHHBIX Q/C—
Tewbl OLYMPUE.

Knacc L. Tpomor.

B 310T KMacC BXQOAT NMOOporpavivbl, MVEHA U (lyHKLYIOHEBHOE HasHa-
YeH/e KOTOLIX COBMGOAT C MVEeHaM N HegHaqeiw, OvicaHbW B
01 VMPts & [1,8].

Krnecc 2. Borvorers.

210 STEPON - VIPERHET PacHeETOM 3HaueH (yHKLVIA Ha
«+1 BpeveHHoV e Mo 3g0pHHbM 3Ha4eH/sM Ha 1 -OM Oe:
a) BbsoeoM (2.20) SPEED Mo 3HaYeH0 YHKLYM TOoKa BoMCTROT-

CA 3HaHeH/ CKOPOCTEN, UONOTB3YeVbE JaVEe B aTOKOVELYM KOHBEKTVB-
HoX WIEHOB MV PaLeH M ypaBHEHA [l TEMIEPEmYbl 1 BAH;

6) mBoBoM (2.30) TEMPER PaLLBETCA ypaBHeH/E [ Tevnepary-
bl I HAXQIUTCH HOBOE 3HaueH/e TeMneparybl Ha BEpXHEM BpeveHHOM Oe.
Moorpawa TEMPER BojoalaTbBAET YACTIOBOA MABHAK, KOTOL B
CoyHee NoyHeHVsl OTPALIETE BHOM TeMMEETY(Dbl, NMOyHeeT 3HaseHe -l

B STEPOP aHaVBVDYETCA 3T0T MVBHaK. B oydiee noydeHs or—
PAATENBHOA TEMIERaTYb! BoBoBOM <2.35) TIMSTP MEoVIBBQIUT-
CA Apo0'eH/e Liara Mo Bpever 1 pacqeT MOBTORHETCH C Haviara C Bok-

[puell COOTBETCTBYLEIO coodleHs. [porpavva TEMPER  Bojpabarbh-
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BoeT ngpavetp DEL TEM =nnax /T y- Ty// T | no koropowy
OMPELEHETCH YCTaHOREHV/E PELEH/ 10 TEMNEETYE.

B) BoBoBOM (2.40) VORTSX peleeTca ypaBHeH/e /K BAXIA 1 HaxqoyT—
C HOBOE 3Ha4eH/e BUXA HAL BEXHEM BPaveHHOM ¢/ BO BHYTPEHH/X TOY-
kx. [porpawa VORTEX  BopabameaeT rgpavetp DELCUR -
noax /m,-. - ooijt/ T~ , MO KOTOPOWY OMpefe/sieTcd YCTaHOReH/E [pe-
LeHAA 10 B0

N esoBom (2.50) STRFUA/  peaweeTca ypaeHeH/e s (yHKM Taka,
qmpaama%vepm%mmmmmaﬂwspevemm
Jra rporpavva 0opalipeETCA K mporpavve ((2.55>P0I1S0/U , peuaalen
ypaBHeH/e [/ (yHKLM ToKa UTepaLyioHbM METQIOM, [P Tex Mop, Mnoka
HOpVAL HEBSI3KN B MPOCTPaHCTBE L2 He CTaHeT MeHble 3g0pHHOA. Wic-
WWWUWWEWWMWWWWMWM-
re BBM/CTIEHAA ONPaH/MEHD CBEaXY MBKOVENBHO JOMyCTVLM, MU MPeBbLLe—
HM KOTOPOIO BbiARETCH Co0ALEH/E 00 QUWOKE U PacHeT MPeKaLpETCA.
) BooBOM <2.60>R0UPDY pacCTbBA0TCA HOBLE IMPaH/MHbE 3HaYeH/ A
B/OA HA. BEXHEM BpeveHHOV Ce.

Ha arov mporpavwwas STEPOP  ©BOO padoTy 3akeHVBaET. [/BE3ysich
QoraEHsIW aactemsl OLYMPUS , JHOW0 VB NEPE-NCIEHHbIX MPOr—
pavm 2-To Kracca MOKHO BLKMOHUTL VB pacHETa.

(2.70) PRESS PECC-MTLBAET 3HaHeH/e [pRNeHV/ Ha BEXHEM
BpeVeEHHOM Coe.Boronerve [pREH MV pacteTe He SBHETCH 0oAza. —
Te/bHbM HAL KO0V BPEVEHHOM Coe, MosToMy ogpaleH/e K rmporpavive
PRESS -MvHaOekalen N awoly K Knaccy BBHACTEHM, MPOVBBO-
[/ITCA 3 mporpavel yipeere oM OUTPUT  , 1 TOBKD
HA Tex BpeMeHHbX OAX, KOIda eCTb BbBQl.

K kiaccy 3 otHocATed mporpavivel <3.10} OUTPUT, <G>
MPRINT , 3.30>RECORD , Obecrewsaale B-BQf, VH-
opvaLym Ha BHELLH/E YCTROVCTEA.

Kecc 4. SJwor.

(4.1C>TESEPD — BojpalaTbBaET MOVIBHAK OKOHHaH/A pacqe-
Ta B UEOAMX CTysasX:
ad) MV OOCTMEHM 330pHHON0 WAC A LLAro.;

6) MoV AOCTHEHM 330HHOMO BPEVEH;
B) 3 TIERO Cek. [0 vicHepmaH/A pecypca BpaveH 390a41;

p) rmymamewmvrepawmaaug%cmmw;
) Mo YCTAHOREHM B C 330pHHOM TOHHOCTHO.
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Knecc 5. [arHocivika.

<5.40>ERROR - mporpawa BoipeT CooaleH/e O (ararbHbX awidkax
N 3aKaHVBIET acHeT.
Krecc U - Ywrmhl.

4U0i) APRIAIT - NeYarb ABYNERHOIO MacovBa [eliCTBATE b-
HIX WO B YKa3aHHOM [yaliesoHe M C yKazaHbM LLarov Mo vHoeKCav;
417.02) JORDAN - BbBM/CTHET OAVErbHbIA Mo XopaaHy Habop
UTEpaLOHBIX MEpaVETOB;

<lW) DEFAC — OPEelEFET NeC/B KOO/HYCOB, UCTIONBL3ye-
MbIX MV BoMACTIEH KOHEYHEIX CyVMM B METQIE GLICTROM MpenopasosaH/A
bypee;

07.12) POUR Si — METQOOM GbICTPOIo MpeodpasoBaH/ A Pypee

BBHAUHET KoHEUHLE CyMvbl Dypbe Mo QvHyCa.

4. pveps! MoviveHeHs1 Mporpaivi.

CogmpHbI MPOrPavVHbI KOMTTIEKC VHOIO JIET YCNELLHO  SKOT IV yaTAyETCH
AN PeLeH/A pasvMHbIX (VBVKD-TEXHMECKX 3g0pd [5-7] -

1. Tarpyw C.AA., Kgoos B.A., WeHko T.B. CANPA. OyHKLVOHE -
Hoe HanoHeHve. Oxctevas OLYMPUS  Mpermoir MM AH GOCP,

» 27, M., 1980.

2. TgpdyrHos{locgooB MM., Kapnos B.A., KoparnvH [.A., Kpacotued—
KO B.B., MapmoHoK B.B. MakeT movknagrbix nporpavv CAPPA. Onc-
TevHoe HanaHeHe . MpemomHr M AH GOP, Ne &, M., 1977.

3. Cavepaait AA., Teops pasHOCTHIX O@&M. Hayka, M., 1977.

4. Tepaovos B.M., QyH METOL, pacHeTa 330p4 KOHBEKLWM HEOKAVE—
evo }jakoc. MoermovHt M AH GOCP, e 131, 1974 r.

5. Tlepaommvos B.M1., KanawwHckaa 1.C. YWicneHHoe vooneoosaH/e Tervo-
—VacoooovEHa. B XMWMHECK/X peakTopax. MpervHt MM AH OOCP
N 197, 1979 r.

6. lepaomvoB B.M., Evzaposa T.I'. WicneHHoe viooreopsaH/e BIvst-
H/H CBOOQOHOM KOHBEKLYM Ha TEVI0BOE MPOCBET/EH/E agi030en.
MoerpvHT M AH GOCP N 69, 1979 T

7. Tepaovos B.M., E'wvizgposa T.I. O TernoBov CavoBO30ECTB/M
CBETOBOIO MydKa B MAVICYTCTBAN CBOOQOHOA KOHBEKLWW. [PerovHT
MM AH CCCP e 83, 1981 r.

8. M.M.Bantooea, B.M.IrepacvvoB 1 mp. Moorpawa pacqeTa ypaBHeHM
Haebe-Crokca B e byocoreaa. MpermpHt MM AH QOCP

13, 1983 r.
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MAKET MPOrPAMM AN MPOEKTUPOBAHWNA
ANEKTPOHHO-ONTUYECKUX CUCTEM

B.A KaTtewos

BblynucnutenoHolt uentp CO AH CCCP

. BBepeHune
Maketr 3OUP npefjHasHaYeH ANA pelWeHus cnegyrouwmnx sagauv.
a) .Pacyeta [BYMEpPHbIX NAOCKUX WU OCECUMMETPUYHBIX INEKTpOCTaTUyecC-

KNX nonew.
6) .PacyeTa OCECMMMETPUYHbLIX NONEA C HE3IHAYMTENbHBIM MCKAXEHWUEM Teo-
metpun [4, 11, 12] . Y4uTblBalwTCA BO3MYLW EHUA MEpPBOT0 NOpAjKa

OTHOCUTENbHO NapamMeTpPOB TEOMETPUYECKUX WUCKAXKEHWUIA Cnejyowmux TUMNOB:
CABUT, MOBOPOT WMNW NEPEKOC OCU CUMMETPUN OTAENbHbIX AeTaneit, 3nnun-
Tmyeckas ux pepopmaund. MopobHbIe 3ajayu, HanpuMmep, BO3HUKAKT Npu
pacyetTe [OMYCKOB 37eKTPOHHO-ONTUYeckux cucrem (30C).
B) .Pacyera xapaktepuctuk 30C. K HMUM oTHOCATCA yBenuueHue usobpa-
XeHud, nonoxeHne nnockoctm Maycca, NNOCKOCTU KpoccoBepa, reomMeTpu-
YyeckMe MCKaXeHWs n3006paxeHus (AMCTOPCUA), KOIDDULMEHTH NPOCTPaH-
CTBEHHbBIX, CHEpPUYECKUX W chepoxpomaTuyecknx abeppaluil BTOPOro no-
pAdKa, paspelarwuaqs cnocobHocTh npubopos u Ap. cm. [5, 6, ?].
r) .Ontumusaynn 30C, Tpeby U MX HAXOXAEHUS MUHUMYMa QYHKUMOHANa npu
OLHOBPEMEHHOM YLOBNETBOPEHWUM HEKOTOPHIM OTPAHUYEHUAM 3a CYET Bapbu-
POBAHWA reomMeTpuu 06nacT M KpaesBblX YCNOBUA. MUHUMU3NPYEMBIA (YHK-
LMWOHAN W OrpaHWyeHns 3agalTcqa B BUAE KOMOWHALMM XapaKTepUCTUK,
ONUCaHHBIX B n. "B". BapbupoBaHWe reomeTpuum JOonNyckKaeT CABUT, NOBO-
pPOT, CXaTue, pacTAXeHWe OTAENbHbIX yacTed rpaHuubl obnactum [10].
Maker pas3pabaTbiBaeTcqa C Yy4YeTOM MCNONb30BAHUA Er0 WHXEHepamiu-
-pa3paboTymKaMm U TeXHUKaMW, HENOCPELCTBEHHO 3aHUMaKLWUMUCH CO3f4a-
Huem npubéopos. Mo3TOMY HapAgy C obOecnevyeHWeM TOYHOCTU peWeHuA 3a-
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fayn, Bbl6Opa IKOHOMWYECKUX anropuTMoB peanusauun, 6yper yAeneHo
BHUMaHWe npobneme apTomMatus3alLum npoyecca peweHnsa 3agayu, B KOTO-
POM MOXHO BbIA€NNTb 3Tanbl:

a) ABTomatmu3auma 3apaHms u o6paboTKM BXOAHOW MHDOpmauun. An4
3T0r0 paspaboTaH NpPo6NEMHO-OPUEHTUPOBAHHBIA A3blk BK u peannsoBaH
TPaHCNATOpP C Hero, nosgonswwue B YAR0O6HOM W HArnsjgHOW GOpMe ONMUChI-
BaTb MOCTAHOBKY 3ajaun.

6) ABTOoMaTru3auua NOCTPOEHMA anropuTMa peWweHUs NOCTABNEHHOW 3a-
fayu. Mpou3BOAMTCA NyTem peanusayumum AN8 KaxAOro Tuna 3afay CcBoOeil
CXeMbl paboTbl anropUTMUYECKUX MOAYNeNl.

B) OnepatuBHas o6paboTka BbIXOAHOW MHBOPMauMM. B nakeTe BbIXOA-
HOW AOKYMEHT MOXHO MONYYUTb B TPagMLWMOHHOM YUCNOBOM BWAE, B BUAE
pUCYHKOB, rpaukos Ha AUMY wuanm rpagonoctpoutene. Peannsyetcs Ta-
Kaf BO3MOXHOCTb C MOMOWbLK CNELMaNnbHOTO CEPBUCHOTO KOMMiekca
CEPBWC, paboTa KOTOpPOro ynpasnfaetcqd AWPEeKTMBAMU BXOAHOTO fA3blKa.
Cuctema CEPBWC no3BonseT BbIBOAWUTbL pPacyeTHYw 00671aCTb, pPacyuThiBaTh
NWHWA PABHOTO NOTEHLUMAaNna MAW PABHOTO MOAYNA HAMPAXEHHOCTU, CUNO-
Bble AWHWM, CTPOMTL BEKTOPHBIE NONA,TPAQUKM Pa3NUYHBIX (YHKLUMOHANG-
HblX 3aBucumocteir [8 ] .

r) XpaHeHue uHdopmauun. BxogHaq MHdopMaumna, pe3ynbratsl ONTH-
MU3alLmun, pes3ynbTaThl PEWEHNA NONEBbIX 3afay XpaHATCcA B 6ase [JaHHbLIX
nnn 3®WP, pa6ota ¢ KOTOPOMW TakXe NPOM3BOAMTCHA C MOMOLLbK BXOAHOTO
236l Ka BK.

B faHHOW paboTe NPUBOAATCA YMUCNAEHHbIe aNnroOpuTMbl, peann3oBaHHble
B nakeTe, CTpyKTypa nakeTta, OnNuCaHue CEpBUCHOTO kKomnnekca u 6asbl
[aHHbIX.

MakeT OCHOBAH Ha MCNONb30BAHUW METOLA WHTErpanbHblX YPaBHEHUN
ANS NOTEHLMana npocToro cnof npu annpoKCMMaLuWM MNNOTHOCTW MNOTEHLMN-
ana c nomowbi B - cnNarHOB pasAuMYyHblX nopsgkos. Cucrtema anrebpan-
YECKMX YpPaBHEHWUN CTPOMTCA OTHOCUTENbHO KOIMDMUUMEHTOB CNNAWHOBOTO
pasnoxeHuda. BcnomoratenbHble WHTErpanbl BbLIYWCAAKTCA C NOMOWbLI rayc-
COBbIX KBagpatyp C Y4YeToM acUMNTOTUYECKOr0 NOBELEHWUHA B OKPECTHOC-
T 0Cc0o6bIX TOYeK aHanormyHo [1, 3. AnA peweHuq cucrtembl anrebpau-
YECKWX YpPaBHEHWW mcnonb3yetcqa meton Faycca C BblGOPOM TNaBHOTO
anemeHTa NM60 MeTOJ OPTOTOHAaNbHbLIX NpPeobpasoBaHMW OTPaxeHus, pea-
nn3oBaHHbll B Konnekce npouegyp KOMMNA [a]. OcobeHHOCTb MOCNEAHErO
COCTOMT B TOM, 4YTO NPOUEAYypbl MO anocTepUOpPHON MHGOPMALMKM BbIZaKT
rapaHTUpPOBaHHbIE OLEHKW NOTPEWHOCTN pPEWEeHUS NUHEAHON CUCTEMbl, Bbl3-

BaHHblE MNOXO0 06YCNOBNEHHOCTbK MaTPULbI.
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MakeT N03BONAET NPOBOAMTL pacyeTbl ANA ob6nacTelt, COCTABNEHHDbIX
M3 pasnUyHOro KONWYECTBA OTPE3KOB MPAMBIX W OKPYXHOCTelh. Ha pas-
NNYHBIX YyYyacTKax rpaHulbl MOryT 3ajaBaTbCA Kpaesble ycnosus 1-ro,
2-710, 3-T0 pOALOB MAW YCNOBUSA CONMPAXEHUA HAa MOBEPXHOCTM pasfena
Cpef C pasNMYHbLIMW LU3NEKTpUYeCKMMWU cBoidcTBamu. [paHuua obnactum mo-
XeT 6blTb OfAHO- MM MHOTOCBHA3AHHOM, 3aMKHYTOW MAN PA3OMKHYTOMN.

PeweHne HeNWHeRHblX 3afay ONTUMM3ALUM C OTPAHMYEHUAMU OCHOBAHO
Ha NPUMEHEHWN KBAAPaTUYHON (YHKUWW wWTpaoB MAW anropuTMOB MOAU(M-
LWpOBaHHOM (yHKUMM JlarpaHxa. Anq peweHns 6e3yCNOBHOW MUHUMMU3ALUN
MCNONb3YK TCH ANrOPUTMbl HAMCKOPedlWw ero cnycka MAW anropuTmbl coOnpa-
XEeHHbIX rpaguentos [ 2].

Nnnn 3®WP nonHocTbio peannsoBaH Ha A3bike ®OPTPAH-1Y u agantupo-
BaH Ha 3BM cepun EC u B3CM-6.

2. PeweHue 3apgay ontumusayum

Jajavya ontummu3aymum ocecuMmeTpuyHbiXx 0C CBOAMTCA K HAXOXAEHMIO
TaKoro 0CeBOT0 pacnpefeneHnsa noTeHymMana, npu KOTOPOM 3HauyeHUe He-
KOTOpPOTo (yHKLUWOHana , XapakTepusywlwero onTuYecKue cBOACTBA
90C, foCTMTAET MUHUMYMa.

Ana peweHnd 3agaym noTeHUMan npegcraBnfqeTca B BuUAe

O @) =n(1)*2.DK(r K

rae CD(r) 0CeBOe pacnpefeneHne ANA HayanbHOW KpaeBO 3ajauwu
(HayanbHoe MPUONUXEHUE TPAHUYHBIX YCNOBUA U reoMmetTpum obnactu),

G K(r)- QyHKUMN BO3IMYL eHUA (BNMAHMA) - eCTb MPOU3BOALHDbIedK*a$>/apK
0CeBOr0 nOTeHLMana, No napameTrpam ONpedenAl UM BO3MYL EHUA TEOMET-
pUU TPaHWLbl UAM TPAHWYHBIX ycnoBuil, Sj8K - BennuymHa faHHOro (kK -ro)
BO3IMYL EHUA.

Takum 06pa3oMm, ONTUMMU3ALMOHHAA 3ajaya CBOAMTCA K OTbiCKaHMIO
BO3MYLL EHWIA , npu KoTopom IF  pocTMraeT MUHUMYMA.
MUHUMU3UPYEMbIH GYHKLWOHAN NpefcTaBNAseTCcAs B (GopMme

3= 2 ) % , roe Ale ,*-*} » a; -
LM ’
3aflaHHble yncna, N1 - XxapaKTepUCTUKW 3INEKTPOHHO-OMTUYECKOTO M300-

PAXEHWA, NepeyYncneHHble BO BBEeAEeHWUM N. "B” W ABnAw W MNecH QYHKLUNA-
MU OT 0CEBOrO0 pacnpefeneHuns

MuHuMu3aLma GyHKYMoHana Npou3BOLMTCA NPU NUHEWHBIX OrpaHnye-
HWAX (TUNa pPaBeHCTB WM HEPABEHCTB) Ha MEPEMEHHbIE K
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MW nNpu, BO3MOXHO, DYHKLNOHANbHbIX OTPAaHWYEHMAX BU[aA

Nx ~ XK N
3aeco .
HEKOTOpbIe KOHCTAHTHI, 4 - matpuua nopagka /8 \mstfP+/VG
roe IYI5 - 4yncno (QYHKUWA BAWAHMSA, BbI3BAHHbLIX BapuauusMu NOTEH-
uumana, WG- - u4ucno QYHKYWA BAMAHWSA, BbI3BAHHBIX Bapuauuamum reo-
MEeTpUM.

Mpou3BoAgHble OT (GYHKUMOHANA M OT (GYHKUMOHANbHbIX OTPaHUYEHNIl

ONPEeAensioTCA C NOMOWbI0 LEHTPANbHBIX PAZHOCTEI.

3.

OnuncaHnme nakeTa

B cocrtas MMM 3®UP Bx0LAT cnefyrlwmne KOMMNOHEHTHI:

TPAHCNATOP C BXOLHOT0 f3blKa,

Habop MOAYynei, peanu3ylwWmUXx YUCNEHHbIE anropuTMbl,

Habop MoAynen, peanusywwnx o6paboTky M BbIBOA pe3ynbTaToB CyeTa
6a3a fJaHHbIX.

CTpykTypa naketa MOXeT 6biTb NpeAcTaBneHa B BufAe 610K-CXeMb

Ha puc. |, rge anbTepHaTUBHOCTb BbIMONHEHNA pa60T MoKa3aHa C NO-
MOLWbO NnapannenbHoOro COEAWHEHNA 6nokos, a NOCNefoBaTeENbHOCTb Bbl-
nNofHEHNA - B BUAE NOCNENOBaTENbHOI0O COEAQWHEHUNA.

Yyupasnsaomasn
IIporpamma

[ O

|

T:§§%§i>———.- Bxonuoit
xommiexc (AB)

1 [ | [
BHYTpDEHHHNE BHEUHNE IIO- 3ajlaun C Hapy- pacuer 3aa4n
II0JIEBHE JIEBHE 3ala- [leHreM OCeBO XapaxTre-| |OITHMHI-

3aJ1aun qu CHAMMETDpHHA pgggHK 3alun

l I | [

CEPBUC STOP

= TAHHHX
SToP

Puc.1



-209-

Nlutepatypa
. O.O . AHTOHEHKO. YuCcneHHOe peweHune 3ajauyn [upuxne ANA HE3AMKHYTHI X
NOBEPXHOCTEN BpaweHns. C6. "BblunCNUTENbHbIE CUCTEMb", BbIN. 12,
Hosocubupck, Hayka, 1968.
2. [T.M.3abuHdako. MatemaTmyeckoe ob6ecneyeHue, NMPUMEHEHUE W aHaNu3
BLINYKNOTO nporpamMmmupoBaHnqa. ABTOopedepar AUC. HA COMUCK. yy.cTe-

neHun KaHg. Gus.-mat.Hayk. - Hosocubupck, 1980, 15 c.

3. B.H.MBaHoB, B.M.MnbUH. PelweHne CMeWaHHbIX KpaeBblX 3ajay ANA ypas-
HeHus Jlannaca MeTOAOM WHTerpanbHbelX ypasHeHui. - C6. "Tunosblie
nporpaMMmbl pelWeHns 3afay MaTemMaTuyeckoil (uauku. - Hosocumbupck,

nsg-so BU CO AH CCCP, 1975, c¢.5-35.
4. B.MN.Wnbuu, B.A.Katewos. MMaker nporpamm I3PUP Agnd pacyeTa MOTEH-
LuanoB W Wx BO3MYyWeHUA. ABTometpua, Hosocubupck, N4, 1982
5. A.\H.Urnatbes, O .B.Kynnkos. PaguotexHuka u 3nekTpoHuka, 1978, 23,
N, 2470.
tO .B.Kynukos u gp. PaguotexHuka u 3nekTtpoHuka, 1978, 23, I, 167
O .B.Kynunkos. PagmnortexHuka u anektpoHuka, 1975, 20, 6, 1249.
B.A .KatetoB. CepBuUCHbIe nporpammbl naketa JOUP. C6. MeTtoabl pacue-
Ta INEKTPOHHO-ONTUYECKUX cucTem, yvacte M, n3g-so BL CO AH CCCP,
1983, 164...171.
9.3.A.lannpgesckan. Komnnekc nporpamm no NUHeWHOW anrebpe. HoBo-
cnoupck: 1980 (Mpenpuut/AH CCCP, Cub.otg-Hue, BLU; N 256)
10.M.A.MoHaCTbIPCKMA. WV HTerpanbHble ypaBHeHWA B 3afayax ONTUMMU3a-
UMK 3NeKTPOHHO-ONTMYECKUX cucTeM. [M.0OCecuMMETpUYHbIA Ccayyail.
CO. YncneHHble MeTOAbl pelWeHWs 3ajay I3NeKTPOHHOW onTuku, Hogo-
cnéupck, n3g-so BL CO AH CCCP, 1979, 109...120.
Il. W,Glaser, .P.Schiske. Zeitschrift fur Angew. Phys., 1953,
v.5,9,329...339.
12. P_A.Sturrock. Phil. Trans., Ser.A, 1951» v.243, N868,387...429.



IMCS™81

CWCTEMA KOHCTPYWPOBAHNA MPOCTPAHCTBEHHbIX
FTEOMETPUYECKMX OBBEKTOB TETPW3

Kuncnwok O.C.

CCCP, Bnagusoctok, WAHY ABBL AH CCCP

Cuctembl KOHCTPYWPOBAHMUSA CNOXHBIX T€OMETPUYECKMX OObEKTOB AB-
NATCA ALPOM MHOTMX CUCTEM aBTOMAaTW3auuu npoekTuposaHua. 3 pabo-
Te ONMNWCbIBAEGTCH CUCTEMA KOHCTPYWPOBAHMUSA CAOXKHBIX TPEXMEPHBIX T€0-
MeTpUYeCKUXx 06bekTOB, obnagawian ChegylWUMN OTAUYNTENbHBIMU Yep-
Tamu.

Ans onucaHus Tononorun 06bLEKTOB NpeAnoXeHa cneynanbHas cxe-
Ma NpeacTaBNeHNs, fawlas BO3IMOXHOCTb BblJ€1UTb MHOXECTBO NpaBuNb-
HO NOCTPOEHHbIX 0ObEKTOB, A4OKa3aTb KOPPEKTHOCTb BBEAEHHbIX Haj HMU-
MW onepawmit.

Ang NOCTPOEHMA NOBEPXHOCTEH CNOXHOM (GOPMbl MCNONbL3YH TCA pe-
KYPCUBHbIE AUCKPETHbIe B-cnnaitHbl.

Co3faH cneymnanbHblil A3blK W Habop onepayumii OPUEHTUPOBAHHbLIX Ha
peannsaunio MOWHbLIX METOLOB KOHCTPYMpPOBaHMA TakWxX Kak;,: nepexop oOf
rpy6oro onucaHus Kk 6onee TOYHOMY, COYeTaHMA aHanu3a W CUHTe3a B
npouecce KOHCTPYUpOBaHUA U AP.

PaccMoTpuMm onucaHue cuctembl 6onee nofgpobHo. BBejem MHOXecT-
BO ONUCAHWIA 00beKTOB. OObEKTH B CUCTEME OMWUCLIBAKTCA Yepe3 WX rpa-
HULy. MHOTOrpaHHuK onuceiBaetrcqd Habopom MHOTOYronbHWKOB. MHOTO-
YyronbHUK Habopom pebep (M NMOBEPXHOCTbK, B KOTOPOW OHM nexar B
Cnyyae KPUBONWHEAHOTO MHOTOYronbHMKa), OTPe30K ONuceiBaeTcad Habo-
POM TOYeK (M KpWBOWA, B KOTOPOM OHM Nexar B CAy4yae KPUBONUHEAHOTO
0TpesKa).

Hag MHOXeCcTBOM ONWCaHWiA BBOAMTCH npegukar A4(X,5), UCTHH-
Hbl, €Cnu TOYKAa NPUHALNEXWUT 06bEeKTY W NOXHBIA, B NMPOTUBHOM Chayyae.

S) WCTUHEH (NOXEH), ecanm Nwb0 nyy, BbIXOAAWMA M3 X
nepecekaet rpaHuyy 3 HeyeTHoe (4eTHoe) uyucno pas. B cnyuvae
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KPUBONWHEAHOTO MHOTOYrONbHMKA MAW OTpe3ka BMECTO Nyuel paccmatpu-
Bat TCA 00pasbl Ny4eil NMPOBEAEHHbIX B MapamMeTpuyeckoMm NpoOCTpaHCTBE
DYHKUMA, 3afa0WNUX NOBEPXHOCTb U KPUBYI.
Ecnu Aab A) onpegeneH pgas nwb6oi Toukum / , onucaHue S

ABNAETCH CEMAHTUYECKM KOPPEKTHBIM, MOCKONbKY ft cTaBut emy B CO-
OTBETCTBUE HEKOTOPOE MHOXECTBO TOYEeK. MHOXECTBO OCMbICNEHHbIX ONK-
CaHuMil BecbMa 06WMWUPHO. B Hero BXOAAT, HanmpuMep, MHOTOYTONbHUKK K
NPOU3BONbHbLIM KONWYECTBOM [AbIPp WAM MHOTOYTONbHUKWM C camomepecekat -
Werca rpaHuueid. XoTrs onpegeneHue MHTYWTUBHO HACHO, OHO HEKOH-
CTPYKTUBHO, NO3TOMY Mbl NMEPEXOAUM OT CEMAHTUYECKOW KOPPEKTHOCTM K
CUHTAKCUYECKOW KOPPEKTHOCTM - CBOWCTBY ONUCAHMA, KOTOpPOE NErko
nposepaercs.

MpenmMywecTeo Takoro NOAX0Aa K ONUCAHWI 06bLEKTOB NO CPaBHEHMI
C Hambonee M3BECTHbIM NOAXOAOM bpaitga |ij COCTOMT B TOM, YTO HBHO
onpepeneHa (GyHKUWA, CcTaBAW as B COOTBETCTBME KaXAOMY AONYCTUMOMY
ONMCaHMIO MHOXECTBO TOYEK. ITO rapaHTUpyeT OTCYTCTBUE 6eCCMbiCNeH-
HblX OMWCaHWUA W CBOAMT AOKA3aTeNbCTBO KOPPEKTHOCTM aHaNnoroB Teope-
TMKO-MHOXECTBEHHbIX OMmepayui K A0Ka3aTenbCTBY MX FOMOMOpdU3MA OT-
HoCMTenbHO ft

B kayecTBe onucaHuili 06bEKTOB MCNONb3YOTCH OPUEHTUPOBAHHbBIE
aumknnyeckne rpadol. Kaxpod BeplW MHE CTAaBUTCHA B COOTBETCTBUE HEKO-
TOpas reoMeTpuyeckas CYWHOCTb: OObEKT, MHOTOTPAHHUK, MHOTOYronb-
HWK, OTpes3oK, TOYKa, KpuBaf, MOBEPXHOCTb. [MOBEPXHOCTU U KpUBbIE
3afatTcA napametrpuyeckn. CooTBeTCTBYlO W Me DYHKLUUM LOMKHBI OblTb
rNagKuMu 1 B3aUMHO-OAHO3HAYHbIMU. MHOTOrpaHHUK COEAMHEH Jyramu ¢
MHOTOYTONbHWKAMKU, KOTOPble 3ajatT ero rpaHuuy, MHOTOYTONbHUK C
0Tpe3KaMu ¥ BO3MOXHO MOBEPXHOCTbIO, OTPE30K C TOYKAMW W BO3IMOXHO
KpuBoil. Kaxpablil rpaf MMeeT OAHY KOPHEBYHW BepW WHY, KOTOPOW conoc-
TaBnsetcs Becb 06bekT. OHa COEAMHEHa AyramMu CO CBOMMW NOJOOGbBEKTA-
MW. MHOTOTPaHHMKaMMU, MHOTOYTONbHMKaMMU, OTpe3KamMu WAM TOYKaMMU,

Onpepenenne |. Tpa ¢ KOPHEBOW BEPWUHON 5 ssnsetca ceman-
TMYECKM AONYCTUMBIM, €Cau iKXfi) onpegened .4nA N0 6OA TOUKM X .

OnpepgeneHne 2. Tpad C KOPHEBOW BEPLWUHON 5 asnsetca cuHTaK-
CUYECKU [ONYCTUMBIM, €CNu:

1. Mobyw BepWMHY TUNa MHOTOrpaHHUK W NOOYI BEPWUHY THNa OT-
PE30K COEAMHAET YETHOE YMCNO NYTENl.

2. Jlobylo BEPWMWHY TN MHOTOYTONbHUK W N6yl BepWUHY Tuna
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TOYKA COEAMHAET YETHOE YUCNO NYyTen

3. N3 nwo6oil BepulWHbLI TUNa OTPE30K MCXOAUT YETHOE YUCNO Ayl K
BEPW MHE TuNa TOYKa.

4. Bce TrpaHWYHble OTPE3KM MHOTOYrONbHMKA NexaT Ha MOBEPXHOC-
TW, KOTOPOA NPUHAZNEXWUT MHOTOYTONbHUK.

5. Bce TOYKM, ABNAOWMNECA TpaHULUEA OTpeska, Nexar Ha KPUBOM,
KOTOPOWX NPUHALNEXMT OTPE30K.

MpegnoxeHnne 1. 060 CMHTAKCUYECKN [JONYCTUMBLIA rpad ABNAeTCH
CEMAHTUYECKN AONYCTUMBIM.

MpepnoxeHne 2. CywecTtByer anropuTM, CTPOAWWNA No JaHHOMY ce-
MaHTUYECKNM JONYCTUMOMY rpady 3KBUBANEHTHbI eMYy CUHTAKCUYECKH AO-
NycTUMbIA rpad.

Hag BBEAEHHBIMM ONUCAHUAMU TEOMETPUYECKUX 0OBLEKTOB oNpepene-
Hbl aHanoruM TEOPETUKO-MHOXECTBEHHbIX OnepaUuuil: o06befMHEeHME, nepece-
YeHWe, BblYMTaHMe, a Takxe paj APYrux onepayuit, o KoTOpbiX Oyper
pacckazaHo HuUXe. ANA TEOPETUKO-MHOXECTBEHHbI X ONnepayuil onpegenet
romomopuam oTHOCUTEeNbHO a . Hanpumep, ecam JI  aHanor onepaymun

nepecevyeHuns, b " KOPHEBble BepWWHb rpaos, a Y #u Y T0Y-
K, T10
(1)
flokasaTenbcTBO npeanoxeHnit |, 2 u paseHcTBa (1) MOXHO Hail-

™ B paboTte 3] . B KkavyectBe 0a30BblX MNOBEPXHOCTEW B CUCTEME MC-
NONb3YK TCA NNOCKOCTM M YaCTUUYHO MOBEPXHOCTM BTOPOro NOPALKA.

PaccmMOTpuUM Tenepb BaXHblii BONPOC OMUCAHUA MOBEPXHOCTEN
NPON3BONbHOK TeOMEeTpUYeCKOW dopmbl. OAHUM U3 Hambonee YLOOHbIX
cnocoboB onucaHWA NOBEpPXHOCTE ABNA TCA Kybuueckue B-cnnalHbl. K
WX LOCTOMHCTBAM MOXHO OTHECTH:

a) . EcTtecTtBeHHOCTL napamerpusauun. CnnaH 3afgaeTcsd TOYKamu
B BEPWMWHAX NMPAMOYrONbHOW CETKM B NapamMeTpuyeckom mnpoOCTpaHCTBe
(XapakTepuCTMYECKUA MHOTOTPAHHMK)

6) . BO3MOXHOCTb NOKANbHOW MOZMMUKALUM (OPMbl MOBEPXHOCTH.

B) . OTcyTcTBME M3OLITOYHON BONHMCTOCTH.

OfHako knaccuyeckas B-cnnailHOBas MOBEPXHOCTb MOXET 6biTh
onpefeneHa TONbKO Hajg NPAMOYrONbHOW ceTkoil. O6o6ueHnem B-cnnaii-
HOB ABNAKTCA AUCKPETHbIE PEKYpCUBHbIe B-cnnaiHbl [2] , KoTOpble 3a-
fal0TCA Hapj NPOM3BONbHOW CeTKoW. Ecnm knaccuyeckue cnnaiHbl 3afja-
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TCA Kak @yHKqu

Vo 4e 2
Haf BepwuHaMnU  X*] XapaKTepuCcTUNYecKOro MHOTOTPaHHUKA, TO AUCK-
PETHbIEe PEKYPCUBHbBIE CNAaliHbl 3afal TcA QYHKYUMOHanoMm F(s) (rpe
CeTKa), KOTOpPbIA NO3BONAEGT MO CeTKe 5; CTPOMTbL CeTKYy Sj+i
C nomowWbl0 Takoro MyHKYMoHana Mbl MOAyyaem NOCNEeA0BAaTENbHOCTb Ceé-
TOK, Kaxpgas W3 KOTOpPbIX ABNAeTCH BCe 607ee TOYHbIM MPUOBAMXKEHUEM
MCKOMOW MOBEPXHOCTH.

XpaHeHue ceTku St Uenukom He 06493aTeNbHO, NOCKONbKY B CUNY
CBOWCTBA NOKAaNbHOCTW B-cnnamHoB ygaeTcs NOCTPOUTbL anroputm AnA
CO3J4aHMA NUWb Manoro yyactka NOBEPXHOCTH.

MWcnonb3oBaHue AUCKPETHbIX PEKYPCUBHBIX CNNaiHOB NO3BONAET CO3-
faTb YAOOHBLIA annapaT KOHCTPYMPOBAHMA CAOXKHBIX KPUBONWHENHBIX 06beK-
TOB: BHayane co3pgaeTcs rpyboe npuobnuxeHue, a 3aTeM OHO YTOUHAET-
CA nNpu nomown GyHKLMOHANA

PaccmoTpum Tenepb Cam Npouecc KOHCTpyuposaHus. OTNNYMTEND-
HOW YepToil ONUCHLIBAEMOM CUCTEMbI ABNAETCA BO3MOXHOCTb WCMNONb30BAHMUSA
HECKONbKUX BECbMa MOLWHbIX METOA0B KOHCTPYMPOBAHNA

PaspaboTaH cneyuanbHbli AMAanoroBbIA SA3blK W ANA 06eCnevyeHnqa uc-
NONb30BAHMA METOLOB KOHCTPYMPOBAHWUSA, MPUYEM UCNONb3YHTCH HE TONb-
KO Habopbl npouegyp, HO W A3bIKOBble CpefcTBa, Hanpumep, BO3MOXHOCTbH
HefETEPMUHUPOBAHHbLIX BbIYMCAEHUA (nporpaMmmupoBaHue ¢ BO3BpaTamu).

OCHOBHble METOAbl KOHCTPYMPOBAHMA,MCNONb3IYEMbIE B CUCTEME,3TO:

. CoyeTaHWs npoyecca KOHCTPYyMpOBaHMA C NPOLECCOM aHanmsa.

Ang KOHCTPYMpoBaHMA 06bEKTOB MCMNONb3YWTCHA: TEOPETUKO-MHO-
XEeCTBEHHbIe omepaynm, npeobpas3oBaHume o0bObEeKTa MAM €ro 4yacTu onepa-
TOPOM, NOCTPOeHMe O00OO0OWEHHOrO UMNWHApPA (Hanpumep, Tena BpaweHus)
NOCTPOEHME Tena no 060N0YKe.

Ang aHannsa 06bEKTOB WCMNONb3YeTCHA A3bIKOBbIA MEeXaHW3M HepfeTep-
MUHWUPOBAHHbLIX BbIYMCAEHWA M BO3MOXHOCTb CYLW eCTBOBAHUA MHOTO3HAYHbIX
OYHKLNUA. 370 no3Bondger cTpouth "ob6pasybl ™, KOTOPbIe MOXHO Haknagbl-
BaTb Ha uccnegyemblid o6bekT. Mpun 3TOM MCNONb3YKWTCH MHOTO3HAYHbIE
DYHKLMM, cTpoAwme Bce NOJO6bEKTH JAHHOTO 06bekTa paBHble 00bEKTY

S | Bce nogo6bekTsl JaHHOTO 06bEKTa HAa KOTOPbIE YKasbiBaeT CBETOBOE
nepo, TOMONOTMYECKN CBA3AHHbIEe NOAO6bEKTH JAaHHOTO 06bekTa W Ap.
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2. Mepexof 0T rpyboro onucaHua K YTOYHEHWIO .

OCylWecTBAeHNEe 3TOT0 MexaHU3Ma KOHCTpyupoBaHuqa obecneynsaetcs
CO3JaHneM NpPOM3BONbHOW CETKW, a 3aTeM MNOCTPOEHWEM N0 Hel pPeKypcuB-
HbIX AUCKPETHbIX B-cnnanHos.

3. HedBHOe 3ajaHue onepaunu nepemeweHns 06bEKTOB

JTOT MEXaHW3M KOHCTPYyuWpoBaHWA obecneymBaeTcqd: BO-MEPBbHIX,
CneunanbHOW npouefypoidl, CTpOAW e ONepaTop CMEWEHUA UAW onepaTtop
CMeWeHns - noBOpPOTA MO €ro AeWCTBUIO HA NAOCKOCTM, NpAMbIE, TOYKW W
06bekTbl. Bo-BTOpPbIX, HabopoMm npouedyp aHanu3a CTPOAWMNX mnocKocC-
T, NPAMbIE W LEHTPbl CUMMETPUWU, NAOCKOCTW M NpAMbIe, B KOTOPbLIX NEXMUT
00bEKT, M HEKOTOPBIX APYrux.

4. HenocpepcTBeHHOe co3faHue 06bekTa.

OTOT MexaHu3m ob6ecneynBaeTca HanM4yuMeMmM CheuumanbHoro 06bekTa
"NnaawWnin BeKTOp", KOTOPbIM MOXHO MONb30BATbCH KaK "YEpPTEXHbIM WH-
CTPYMEHTOM" .

Mpn pa3paboTKe LaHHOW cucTembl 6bIIN CO34aHbLI HECKONbKO anro-
puTMOoB. Hanmbonbwuil MHTEpeC NPeLCTaBNALT:

anropuTM NOCTPOEHWUA BEKTOPHbBIX M306paXeHWH C yfaneHuem He-
BUAUMbBIX NUHMA

anropuTM  NOCTPOEHUS nepeceyeHns U 06begUHEHMS 06bEKTOB
ANTOPUTM NOCTPOEHUA PEKYPCUBHbBIX AUCKPETHBbIX 3-CnNaiHOB.
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MPVYHUMBI TIOCTPOEHA U
OCOBEHHOCTV PEA/IVIBALINA
KOMIVDKCA MPOTPAMM PALNNYC-2

Knumayes C.H.
CCCP, r. MockBa

Ooppu M 1.
CCCP, r. MockBa

1. BBefeHue

MpoekTupoBaHne cuCTeM aBTOMaTU4YeCKOro ynpas/ieHUA MpeAcTaB-
NnsaeT co00W CNOXHYK 3afjaudy, Tpebywouwy npoBegeHUA 60/1bWOro obbema
BbIYNC/IEHNI AN 060BbEKTMBHOIN0o 000CHOBAHUSA MPOEKTHbIX PeLleHU.

B coBpeMeHHbIX yC/n0BMUAX OCTPO BCTaeT npobrseMa MOBbILWEHNUSA MPOU3BO-
ONTENbHOCTU MHXEHEePHOro Tpyja MNyTemM pauuoHasbHOW opraHusauumu
B3aMMOJeNCTBUSA NPOEKTUPOBLLIMKA ¢ 3BM.

3Ta npobnema MMeeT TpU rNaBHbIX acnekTa:

- co3gaHue cneumanbHOro BXOAHOrO fA3blKa, AOMycKawwero yaob6-
HbIi cnoco6 3afaHWsA BbIYUCNTE/IBHOW MallUHe MOAeNn uccnegyemon
CUCTEMbl B TMPUBbLIYHBIX A1 MPOEKTUPOBLLMKA TepMUHAX ;

- anroputMusaums M nporpaMmmmpoBaHMe MeTO40B Teopuu aBToMa-
TUYECKOro ynpasfeHUs ;

- cornacoBaHue W CTbIKOBKA OTAe/IbHbIX aifOPUTMOB M MporpaMmm
MeXay COoO6O0W.

B foknafe um3naraeTcsa KOMMAEKCHbIA MOAXOA K PeLleHU0 3TOoi
npobsemMbl, yunTbiBalOWMIA BCe TPU €e MNepevynucreHHble acnekTa, U ero
peanusauma B Komnnekce nporpamm PAONYC-2 (PAc4yeT [AUHaMUYeCKUX
Ynpasnsawowmnx Cnuctem), npejHasHadyeHHOM AN aBToMaTu3auum npoec-
COB UCCMefOBaHWA U MNPOEKTUPOBAHUA CTPYKTYpP CUCTEM YyrnpaBieHuns
CNOXHbIMW TEXHUYECKUMKN O0ObEKTaMWU.

2. TpuHUMNBLI NOCTPOEHUS
Mpn BbIPpaboTKe MPUHLMNOB MOCTPOEHUA KOMIMJeKca nporpaMmm
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PAANYC-2 oTnpaBHOW TOYKOW MOCAYXWMN aHanum3 npouecca NOATOTOBKMU

W UCCNefO0BAHMA MOAENN C nomowblo IBM, cxemaTuyeckm M306paxeHHOro
Ha puc /1 . OTAenbHble GNOKM COOTBETCTBYI T PasNMyHbLIM 3Tanam 3T0ro
npouecca, a B NPaBOW YacTW PUCYHKA BbINUCAHBI MPUHLAMBL NOCTPOEHNA
KOMNNekca, BbiTeKalolWMe M3 OCOOEHHOCTEA KaXAoro 3tana.

CocTaBaerue YHUBEPCANBHOCTH
MAT. MOIeJH dopM MomeJH
m
IlpoGnevuasn
[Iporpamvupo- :::::::C> HANPaBIEHHOCTH
i ¥ HENPOLEeLYDHOCTH

BXOAHOT'O A3HKA
X

v /rBapuaHTHOCTH
CclemOBaHUE MOIeJH > HOPMH MOTEJH

f, y' P fl HL 00 0 — fn Tﬂb—
\ !

COBMECTUMOCTb
anropuTmMoB
Puc.l

bnarogapa yHuBepcanbHOCTM (OpPMbl MOLENu yLanocb OXBAaTUThb
LOCTATOYHO LWMHPOKWA Knacc ucchnefyemblx cucTem. B KayecTBe OCHOB-
HbiX (OPM MOZenu NpuUHATH ABa Haubonee obwmux cnocoba onucaHus
CMCTEM aBTOMATUYECKOrO ynpaBAeHWA: CTPYKTypHas CXema ¥ cuctema
YpaBHEHUNA B MPOCTPAHCTBE COCTOAHUIM.
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Ha aTane nporpaMMupoBaHWg MOAENU BaXHEWW UMW npuHuMANAMU HB-
nawTca npobnemMHads HanpasAEHHOCTb M HEMPOLEAYPHOCTb BXOAHOTO
93blka. MpobnemHaqd HanpaBAeHHOCTb MO3BONAET NPOrpaMMupoBaTh MO-
feNnb B TepMUHax, NPUHATHIX B AAHHOW NPUKNagHOW ob6nacTum fesTenb-
HoCTu. HenpouesypHocTh AaeT BO3MOXHOCTb 3ajaBaTb B Mnporpamme
TONbKO MOZEenb WCCAefyemMoro o6bekTa W CUCTEMbl ynpaBfAeHWsa, He
pacnucbiBas anroputm ee obpaboTku. B obnactu nporpammHoro obec-
NevyeHWs LN WCCNEAOBAHUA AMHAMWYECKMX CUCTEM CBOWCTBA npobnem-
HOW HampaBNeHHOCTM W HENPOLEAYPHOETU Haumbonee NOAHO BOMNOLEHbI
B A3blKax MOAenupoBaHus, Hanbonee pa3BuTbie M3 KOTOPbIX MOCAYXUNN
npoToTMNOM npu pa3paboTKe BXOAHOrO A3blka komnnekca PALNYC-2,
KOTOpPbIA OTAMYAeTCHA OT HUX ABYMSA BaXHbIMU KayecTBamMu. Bo-nmepsbix
3TN CBOWCTBA peanu30oBaHbl He 3a CYET pa3paboTKM CNeyumanm3npoBaH-
HOTO A3blKa M COOTBETCTBYW LW Ero tpaHcnaropa, a B pamkax ®oprpaHa-4
NyTemM ero CeMaHTUYECKOro paclwupeHus. Bo-BTopbiXx, MOMMUMO CpPeiCcTB
MOAENUPOBAHUA AWHAMWYECKUX MPOLECCOB KOMMNAEKC BKAKOYAET anropur-
Mbl U Mporpawbl, peanusyolWnme pasnuyHble METOLbl aHannus3a W CUHTe3a
aBTOMATUYECKNX CUCTEM, Takue Kak pacyer yCcTOMYMBOCTM, ONTUMMU3A-
LA No 3afaHHOMY KPUTEpUw u Ap.

XapakTepHo, 4TO BCe pacyeTHble anropuTMbl AONYCKAKWT 3anuch
mecnepyemoin mMopenun B OAHOW u TOW Xe dopme. MHaye rosopf, BblbpaH-
Has (Gopma mMogenn o6napaetT CBOWCTBOM MHBAPUAHTHOCTU OTHOCUTENbHO
anropuTmMoB pacyeta. B pesynbTate 3TOr0 BO3HMKAET BO3MOXHOCTb
HEe3aBUCUMOT0O NMPUMEHEHMA HeCKONbKuX anroputmos fif fz, f*

K OfHOW W TOW Xe MOJeNu X :

tf.j r> fre] « X =<fr-x, fx:X,..., f,2 *>. (1)

MocKkoNnbKYy, KpoMe TOrFO, aNnropuTMbl COBMECTUMbl APYr C APYrom
No BXOAHOW W BbIXOAHOW MHOOPMALMM, TO MOXHO BbIMONHATL KOMMNNEKCHBbIE
pacyeTbl, npeanonarallime NOCNeg0OBaTENbHOE MPUMEHEHNE PasNUYHbIX

anroputmos fi, fi,..., f,, KaxAgbll M3 KOTOPbIX UCNONb3YET pe3ynb-
Tatel paboTbl NpeablAywnx:
(f, ° 170...° [")= x = fi: (fi: ). (@)

Mpu Takoh (Gopmanu3ayumum HanpawwuBaeTcqd aHanorus ¢ (QyHKUMO-
HalbHbIM CTUNEM NPOrpaMmupoBaHing: BbipaxeHue (1) MOXHO TpakTOBaTh
Kak KOHCTpykuuto anroputmos f,, fr,..., a BblpaxeHue (2) -
Kak MX KoMnosuuutw. Habop 3nemMeHTapHbIX DYHKUMA BKNKOYaeT Janeko
He 3NEeMEHTapHble anropuTMbl aHannW3a U CMHTE3a CUCTEM ynpaBneHuq.
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B kayecTBe 00beKTa BbICTYyMaeT MOAENb MCCNEAYEMOI CUCTEMBl X, KOTO-
paf, Kak npaBUNO, COCTOMT M3 TPOAKM pa3fenos p, 0 W s , onpefens-
OWNX COOTBETCTBEHHO MapaMeTpbl, BbIBOJUMbIE MEPEMEHHbLIE W CTPYKTYypy
Mofenu:

x= (p, 0, s").

CTpykTypa MOAenn KOLWpPYeTcq C NOMOWbI (YHKLUMOHANbHBIX 6NOKOB.
NmeoTcs ®YHKUMOHANbHbIE OGNOKM Tpex PasHOBUAHOCTEeNM: MaTemaThyeckue
COOTHOWEHNA (auddepeHUunanbHble W anrebpanyeckne ypaBHeHUA, reHe-
patopbl MYHKUWA W 4p.), 3NeMEHTbl CUCTeM aBTOMAaTWKKM (TUNOBbIE AUHA-
MUYecKMe 3BEHbA, OAHO3HAYHbIE M HEOLHO3HAYHbIE HENUHEAHOCTM N 4p.)
M MOLENU TEXHONOTMYECKMX O0O0BLEKTOB (TakUX Kak TennoobMEeHHUK, Typ-
6buHa u gp.). Mporpamma NONb30BATENs COCTOMUT W3 OMUCAHWA OLHON
WAW HECKONbKMUX MOAJeneh 3ac, Xr,...,3C*, W QUPEKTUB Ha NpPOBefeHuUe
pacyetos no anroputmam h, f«,...» f* . Ha puc.2 nokasaH npumep
OpraHusaLmnm nporpammsel MONb30BATENSA.

Opranusanus
B3auUMoJzeiic TBIA
aJIOPHTMOB

=N

AJTOopuTMH pacueTa
2 N\

L Y4 % Y2 8 33 4 Yy
4 Y
Hcconenyemne momesm /////,
/ \
x| xz
\ o
j” Pasnmesm momeJsm
/\
P1 o1 S« Pz
Puc .2

B 3T0oil nporpamme MCCAepYyw TCA MOAeNn 3c, W 3CAC NOMOWbI an-
roputmos f,, fi, fv n fi,. Anroputmsel fa u fi ob6bpabaTbiBakw T MO-

Lens ac, El’ fo-l ,
f<> TzJ'0C, =<f,: Xf>
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a anroputmel TS u fy - mogens xr:
(fbefs):xz- m(iz ,/O

npuyem pacuyetsl ft u fz BLINONHAKWTCA HE3aBUCUMO, a pacueT J« Wnc-
nonb3yeT pe3ynbTaThl pacyeta fs . Mogenm x1 M XT UMEOT OAMHAKO-
By CTPYKTYypy W onepauui BbiBOAA, OTAMYAnCb TONbKO MapamMeTpamu:

*1 = (pi, O,, - Xt=(pz,0it Si).

3. OcobeHHOCTM peanmusawunu

PAOUYC-2 npepcTaBnser CO60MA CNOXHbIA NporpaMmMHbIA KOMNaeKcC,
HacyuTbiBal Wuil 6onee 100 nognporpamm obuium obvemom 6onee 10 ThicC.
onepaTtopos.

OCHOBHbIMM MOACUCTEMAMM KOMMNAEKCA ABNAK TCH:

- BXOLHOW A3bIK, K KOTOPOMY npuMblkaeT 6ubnmorteka QyHKUMO-
HanbHbIX GNOKOB ;

- Habop anropuTMoB pacyeTa ;

- NOACMCTEMA BbIBOZA WHHOPMALNMK

BXOLHOW A3blK nNpefHasHauyeH ANA 3apaHua 3BM wuccnegyemoit mo-
fenn W Lyenu UccnepoBaHuMd B BUAE NOCNELOBATENbHOCTU AUPEKTUB
onpefengWmUx TAN W napameTpbl NPOBOAMMbBIX pacyeToB. BXOAHOW A3blK
komnnekca PAOMYC-2 peanns3oBaH B CUMHTAKCMYECKUX pamkax dopTpa-
Ha-4 3a CYeT ero CemMaHTM4YeCKOro pacwupeHnqa. Habop anroputmos
peanu3yer MeTOAbl TeOpPWUM aBTOMATWUYECKOrO ynpaBneHWs W fpyrue
YNCNEHHbIE METOAbl, WCMONb3yeMble NpW UCCNELOBAHUM W MPOEKTMPOBA-
HAW cucTeMm ynpasneHud. MogcucTema BbIBOJA WHMOpPMauunm obecneyn-
BaeT Bblfayy pe3ynbTaToB pacyeTa Ha BHeWHMe ycTpoWcTBa B yLo6-
HOM 4N BOCMPUATWUA W NOCNEAyH L ero aHanusa BUAE, KakK LUQPOBOM,
TaK W rpapmyeckom.

Komnnekc LenmkoMm peanu3oBaH Ha YHWBEepPCanbHOM H3blKe Npo-
rpaMmmupoBaHus ®opTtpaH-4. K HacTodlL emMy BpeMeHW OH npowen anpo-
baunto Ha IBM 1CL 4-70 (c onepaunoHHoW cuctemon DOS-J),

a Takxe M-4030 u pasanyHbix mogenax BC 3BM (C pasauyHbiMu BepcH-
amu onepayuoHHblix cuctem OC BC n JOC BC)

4. 3aknwuyeHune

B foknage onucaHbl NPUHUMMBL NOCTPOEHMA M OCOOGEHHOCTM peanu-
3auumm komnnekca nporpamm PALWNYC-2, npegHasHayeHHOro ANns aBToMa-
TU3NPOBAHHOTO MNPOEKTUPOBAHUA CTPYKTYp CUCTEM YynpasneHuq
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bnarogaps 3aN0XeHHbIM B Hero NPUHULMNAM KOMMNEKC Ype3BblYalHO
yaobeH B akcnnyatauyuu. Tak, BCNejcTBMe NPobNeMHON HampaBNneHHOC-
TW BXOLHOTO A3blKa NONb30BAaTeENb BBOAMT B MallWHYy MOJenb uccnegye-
MOA cucTeMbl OYKBAanbHO C NMUCTa, HE NPOW3BOAA NpeABapuUTeNbHOA nepe-
KOAMPOBKK. HenpoueaypHoeTb H3blKa 0CBO6GOXJaeT nMonb3oBaTens 0T
HEOOX0AMMOCTM pacnuceiBaTe anroOpuTM pacyetra ¥ MNO3BONAAEGT €MY CKOH-
LeHTPUPOBATb BCE BHWMAaHWE Ha pelWeHWM OCHOBHOM 3ajauyn. bnarogaps
WHBAPMAHTHOCTIN (OPMbl MOZENuW oTnagaeT Heob6XOAMMOCTb KaXAblh pas
nepenucu BaTb MOLENb NpU NEPexXofe OT OAHOTO anropuTMma K Apyromy,
T.K. BCe npeobpasoBaHuq MOLenun U3 OAHOTO BMUAa B APYroi BbiNOA-
HAITCA aBTOMAaTU4YyeCKW. HakoHel, COBMECTUMOCTb anropuTMOB MO3BO-
NAeT OCYWEecTBAATL CNOXHbIE nNporpamMmbl UCCNefOBAaHUA MOAENU NYyTeM
NOCNeLOBAaTENbHOTO MPUMEHEHUS K HEeW PasNUYHbIX anropuTMOB, KaXpblil
M3 KOTOPbIX MOXET MCNONb30BaTb pe3ynbTaTbl paboThl NpeablAywnx.

C TO4YykN 3peHus peanmsauum komnnekca PALANYC-2 yucto dopTpaH-
HOe MCNnonNHeHue obecneymsaeT ero MOGUNLHOCTb, NETrKOCTb OCBOEHMS
W Hapalw nBaHMA, a TakXe BO3MOXHOCTb WCMNONb30BAHMA MHOTONETHETO
onblTa NPOrpamMMuUpoBaHUA, MAaTepUannm30BaHHOTO B MHOTOYUCAEHHBIX
nporpammax W nakerax nporpamm.
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AUTOMATED LINKING OF PROGRAMS IN THE SYSTEM OF BPS
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The paper discusses the problems concerned with the automated
linking of programs in the system with modular language. It
contains a brief description of the BPS system, of the BPS/L
language and the definition of the module as the fundamental
unit of the language. Further, the structure of the program is
defined and the requirements for the structure are given as

the result of the principles of modular and structural program-
ming. The subsystem Linker, which ensures the automated linking
of programs in BPS, is adduced as an example of the practical
implementation.

0. [INTRODUCTION

If we Ffollow the development of programming means we may state
that the centre of gravity of the development was shifted

from the field of programming languages to the integrated
programming environments - to the systems supporting the pro-
gram during its whole life cycle and making the programming
easier in several aspects. The means allowing an automated
linking of programs is an important part of such a system.

It is possible to say that the progressive programming
methodologies left the university campus and through pro-
gramming environments have been applied in practice.

The first part briefly characterizes the BPS system on SM4-20
computer which in many aspects is likely to become a program-
ming environment. The second part deals with the problems of
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linking the programs in BPS and with the possibility of
automating this activity. The third part describes the automa-
ted tool LINKER.

1. A BRIEF CHARACTERIZATION OF BPS

BPS - the Bratislava Programming System /1/ has been developed
in the Computing Research Centre in Bratislava and is imple-
mented on the IBM, CDC, HP, PDP computers and their equiva-
lents. In the following part of this paper we shall be
concerned with the version on SM4-20.

BPS is an interactive programming system supporting the program
during its whole life cycle /exclusive of semantic specifica-
tions/, i. e. the subsystems providing

- designing and debugging of the program structure,

- encoding, translating and debugging of source texts,

- linking of programs,

- debugging of programs,

- maintenance of programs and their modification,

- generating of output documentation,

are a component part of BPS.

BPS is aimed at more efficient, easier and more rapid building
of large programs, namely by means of

- automation or the automated performing of mechanical works,

- making the user to apply up-to-date programming methods and
techniques,

- integrated approach to the creation and maintenance of the
programs.
BPS makes it possible to program in two languages of different
levels:
BPS/L

macroassembler.
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A Short Characterization of the BPS/L Language

BPS/L /2/ is a modular language based on the principles of
structured programming. It ranks among the Pascal-like langua-
ges. Originally it was designed for the system programming.

In the beginning it followed the MODULA language. Successively,
according to the requirements of practice, it was extended in
several stages to further language tools so that it has become
a universal programming tool. It contains current control

and data structures. Besides, it provides rich means for text-
processing, pointers, all basic arithmetics, predefining of
operators in expressions, parallel constructions - monitors,
etc. BPS support a strong type check. The language compiler

is completed by the standard modules which the user can

change or create:

- 1/0 operations,

- communication with the operating system,
- interlink with the RMS system,

- other run-time supports

ensuring communication with the environment.

The module is a basic, separately compilable language unit
/and of the whole system, too/. It consists of two parts:

- procedure bodies.

The specifications contain the definitions and declarations
of the global and local module objects /all the objects used
in the module/, namely

- constants,
- data types,
- variables,
- procedures.

The global objects represent a single means of communication
with the environment and /with other modules/. The local ob-
jects cannot be seen outside the module. The state of the mo-
dule can be changed outside the module only by means of its
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global procedures. This principle allows to hide the imple-
mentation details from the public - the implementation changes
are present only in the given module. The concept of the
module is very close to the concept of the abstract data

type /3/.

2. LINKING OF THE MODULES IN BPS

The hierarchical program structure

The specifications of the module contain a USE clause, the
list of the module names, the global objects of which can

be used by the module - we say that the given module can see
these modules. The global objects of other modules are not
accessible for the given module.

The relation of visibility over the program modules is
antisymmetrical, i. e. 1If A can see B, then B cannot see A.
The visibility relation partially orders the program modules
so that the "higher" modules can see the "lower"™ ones and
the program contains a single highest module labelled as
MAIN. The program is started from this module. In this way
we have defined the hierarchical structure in the program.
If we assign nodes to the modules, oriented edges to the
visibility relations, the program structure can be represen-
ted by a root acyclically oriented labeled graph. This graph
is called the visibility graph of the program. The graph
evaluation /higher value is assigned to a "higher" module/
is dividing the graph into levels. The modules of one level
cannot see one other.

Important note

Practice has proved that visibility graph is an important
characteristics of the program. The quality of the program
is dependent on how well has the visibility graph been de-
signed. Designing of a suitable program structure is the
matter of considerable experience and sensibility. BPS
supports the program structure design by allowing to compile,



-225-

link and document the modules created only by the global

specifications. The possible errors can be easier removed
than iIn a completed program. It is more expensive in the

latter case.

Check of the hierarchical structure of the program

The acyclic character of the visibility graph and the unique
ness of the MAIN type module represent inevitable conditions
imposed on the visibility graph. To this the condition of
consistency can be added.

Every module contains internal information in the speci-
fications which help to characterize the module. We are in-
terested here in the referential number of the module which
should be there - how many times the global specifications
were changed /the number increases at every such change/.
Apart from it, there are the referential numbers of all

the modules which can be seen by the given module, more
preciselly referential numbers which are current in time

of creating the specifications. If so remembered referential
numbers are not consistent with the current ones in time

of linking - the global objects of the modules, which can

be seen by the modul, have changed since the former compila-
tion - the modul is inconsistent. In the opposite case

the module is consistent.

In order to provide a proper linking of the module with its
environment, it is necessary to recompile the iInconsistent
module.

The above said shows us the work of the automated tool for
linking of programs. It analyzes the USE lists successively
in all program modules - it starts with the MAIN type module
the program is linked and the given requirements are checked
at the same time. One has to do with searching through the
visibility graph in width /at simultaneous creating top-
down/.
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If we now assign a similar referential number to every USE
list, we can considerably simplify the check-up of the
already linked programs. If the library contains a stored
list of modules /with the referential numbers of the USE
clauses/ forming the program, it is sufficient then at the
repeated linking of the program to check only the subgraph
of the visibility graph "under'™ the module signalling the
change of the USE list. /1t is reflected mainly with the
large /segmented/ programs as considerable time-saving.

3. LINKER - THE AUTOMATED SUBSYSTEM

The above given principles apply also to all the systems
resembling BPS. In this part we shall illustrate the sub-
system of the BPS system - LINKER which was written by the
author of this article.

LINKER performs all the activities described above as well
as those that are given by the BPS system and by the DOS RV
environment on SM4-20. 1t supports the linking of simple
and segmented programs /composed of the segments which
overlap in memory/. Its work is automated in such respect
that the input represents only the name of the "main"™ module.
Other activities are performed with the user®"s absence. It
serves as a preprocessor for the system task builder TKB
/4/. 1t generates and compiles input information and the
control files for TKB. If necessary, BPS ensures a start

of TKB immediately after LINKER completes its work, 1i. e.
it provides the creation of task image of the program.

LINKER performs all checks either during compiling the visi-
bility graph or when crossing it. The graph is compiled in
such a way that the USE list of the main program module or
of its segment is analyzed and this analysis is repeated

on all modules which can be seen by the given module, ate.
/search through the visibility graph in width/, at the same
time LINKER records the analyzed modules. If they occur in
the visibility graph again, their USE list are no more
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analyzed. At the same time it should be checked if the main
module of the program is of the MAIN type, if all the modu-
les are present /the specifications of modules/. When the
visibility graph has been compiled, it iIs searched within
its depth /Zevery path is searched which leads from the main
module/ and the acyclic character and consistency are being
checked. In every path leading from the graph root every
module can occur no more than once, the opposite case
indicates that the graph contains a cycle. The referential
number of every module must be consistent with the referen-
tial number which is given at its occurence in a USE list.
IT this does not hold true, the program is inconsistent.

IT during search LINKER comes across the cycle, it stops
working.

The things are more complicated when the program is over-
lapped. Only the main module of the main segment must be

of the MAIN type /the main module of the segment is a module
which is at the highest level in segment/. Correctness is
ascertained separately for each segment. The whole activity
of the LINKER program is directed in two degrees. In the
first degree it is directed by the graph of segments of the
program, in the second degree by the visibility graph of
the just analyzed segment. The acyclic character is tested
only within the branch of the graph segments /paths from
root to leaves/ as iIn large programs LINKER would not be
able to keep information on all program modules. At the
same time the information on the already analyzed segments,
which are not a component of the just searched branch,

gets lost. The visibility graph of the whole program is not
immediately in memory.

Apart from it, LINKER provides

- a check of the occurence of the mutually excluding stan-
dard modules,

- linking of other implicit modules,

- linking of debugging means and the RMS system, etc.



-228-

The dokumentational tools of BPS are also based on LINKER.

4. CONCLUSION

The article contains a brief characterization of the BPS
system with the BPS/L programming language. The technique
of linking the programs in the systems resembling BPS is
analyzed here. For illustration the actually applied auto-
mated system LINKER implemented on SM4-20 is described.

/1/ BPS, Reference Manual, WS Bratislava, 1982
/2/ BPS/L, Reference Manual, WS Bratislava, 1980

/3/ GOGUEN, J. A.: An initial algebra approach to the
specification... In Current Trends in Programming
Methodology, Prentice Hall, 1978

/4/ RSX-1IM Task Builder, Reference Manual, Dec. 1978
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OLMH MOAXOA K MOCTPOEHWIO PACMPELENEHHON
CUCTEMbl  MOZENVMPOBAHMSA

Mogonutos B.H.
Wuctutyt npobnem ynpasneuns, Mocksa, CCCP

|. BBedeHune

MogenunpoBaHue Ha IBM sBnseTcq OAHMUM U3 Haumbonee YAOOHBIX K
TMOKUX METOJOB MCCNEAOBAHMA M MPOEKTUPOBAHUA CAOXHbIX AUHAMMUYEC-
Kux 00bekToB, B nocnegHue ropbl Bce 60nee akTyaNbHbIMWU CTAHOBATCH
3aja4yn MOLENUpPOBaHWA, pelWeHne KOTOPbIX 3PMEKTUBHO TONbKO npu uc-
NONb30BAHUM BO3MOXHOCTEA pacnpefeneHHbX (MHOTOMAWMUHHbLIX) BbIYUCAK-
TeNnbHblX KomnnekcoB (PBK). B yacTHoCTM, 0COOYK BaXHOCTb pa3Butue
pacnpefeneHHblx cuctem mogennposaHus (CM) npuobperaer B CBA3N C
HEOOXOAUMOCTbIO NMOCTPOEHUA CHAOXKHBIX MOLENUPYHWMUX KOMNAeKCcOoB ¢ 3BM
B KOHTYype ynpaBneHus.

HepoctatoyHoe pas3sutme CM BbiCOKOro ypoBHA And PBK 3HauyuTensb-
HO YCNOXHAET 3ajayy MCCNejoBaTened u OrpaHMymBaeT BO3IMOXHOCTN akK-
TUBHOTO MCNONb30BAHWA METOLOB UMMUTALMOHHOIO MOLENWpPOBAHNA, Tak
Kak nepej nporpammuctom (M Tem 60nee cneynanucrom, BbIMONHAKWMUM
NOCTAHOBKY I3KCMepuMeHTa) BO3HWKAeT pAjg cneunduyeckux npobnem,
Taknx Kak:

- ONMUCaHue AUHAMMYECKOW MOAENM 06bEKTa C Y4yeTOM TOrO0, 4YTO ee OT-
fleNbHble NOACUMCTEMbl MOTYT ObITb peann3oBaHbl Ha pasnu4yHbix 3BM (B

TOM YuCne pasHOPOLHBIX);

- pacnpefeneHne u nepepacnpefeneHne NOACUCTEM MOLENAU MEXAY OTAeNb-
HbiMM KOMMNOHeHTamiu PBK (3BM u peanbHoit annapatypoi)

- CHHXPOHM3ALMA pa3sBUTUA U OpraHusaumng WHOOPMALMOHHO-YNpPaBNAO W ETO
B3aMWMOJENCTBNA NOLCUCTEM AUHAMMUYECKOW MOJENN, pPeanu30BaHHbIX Ha
pasnnyHb X IBM.
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MoKka MHOTOMall MHHbLIE KOMNAEKCH WCMNONb30BanuchL pPeikKo W AnNA pe-
WeHNSA OTAENbHbIX YaCTHbIX 3ajay, CBA3AHHbIX C NOCTAHOBKOM W MCCNEAo-
BAHWMEM YHWKaNbHbIX AMHAMUYECKUX MOAeneit, a co3faBaemMble MOJEeNN uc-
NONb30BAaANChb MHOTOKPATHO NpakTUYeCKkn 6e3 CYWECTBEHHbIX W3MEHEHWI,
6bina onpasjaHa TeEXHONOrMas "aBTOKOLHOrO nporpammupoBaHua”: 6onblan
YacTb MHOTOMAlWHHbIX MOAeNnei HenoCPeACTBEHHO 6a3MpPyeTcs Ha MalWH-
HO-3aBUCUMBIX CUCTeMax aBTOKOAHOTO Tuma W CeTeBbl X Mmakertax, obecne-
YyuBalwWMX nepefavyy UHpopmauum Mexay Heckonbkumiu 3IBM. MMpn stom pas-
paboTynkn MOAfeneid JOMKHBI ObITb BeCbMa KBaAU(MULUWPOBAHHbLIMKU Nporpam-
MUCTaAMMK.

OTMeyeHHan TeHAEHUMA pacwupeHus o6nacTm akKTUBHOTO MPUMEHEHUS
MHOTOMaWWHHbIX CM TpebyeT npuBNEYEeHUA K CO34aHUI0 NpoOrpamm MOLenv-
poBaHMA 6ONbWMX KONNEKTUBOB nonb3oBaTeneil (60NbWMHCTBO pas3paborT-
YNKOB WUMMUTALMOHHBIX MOAfENEN ABNAKTCA CUCTEMHBIMM WUCCNELOBATENAMU U
MMWb N0 HEOB6XOAMMOCTH 3HAKOMATCA C NPOrpamMmMuUpoOBaHuUEM). A sTo,

B CBOW ouepefdb, Tpebyer paspaboTkun pacnpefeneHHblx CM BbiCOKOTO
YPOBHA.

B kayecTBe npumepa paccMoTpum pAL 3ajay, BO3HMKAKWUX NpwU
pas3paboTKe CUCTEM ynpaBiAeHWUS CNOXHbIM AUHAMUYyeCcKUM 06bekToB ¢ IBM
B KOHType. lpoekTupoBaHue u otpaboTka Takux CUCTEM 4acTo NpPOBO-
ANTCA HA MHOTOMAWMHHBIX MOLENUPYIWMUX CTEHax, MNO3BONAKWWMNX NOLKNI-
YyaTb K HUM peanbHyw annapatypy. [llpegnonoxum, 4Tto peanusoBaHa non-
Has nporpaMmmHas MOAeNb CUCTEeMbl, BKAlu4awwad MOAenu 00bekTa U NOA-
cuctembl ynpasneHuqa. Wcnonb3oBaHne TPAAMLUOHHLIX CUCTEM MOAeNnuposa-
Hua [1,3] no3sonaer B 3TOM CAy4ae BbINOAHATb B OCHOBHOM KaYeCTBEH-
HOe wccnepoBaHiue anropuTMoB ynpasneHuqa. lpu 3ITOM B CTOPOHE oOcCTa-
0TCA Takue BOMPOCH Kak MOAenupoBaHue COOGCTBEHHO ynpasafwowux 3IBM,
BPEMEHHbIE XapaKTepUCTUKW peanbHOW annapatypsl W Apyrue BaXHble dak-
TOpbl MCCNegoBaHMA MOAeNneid paccmaTpuBaemMoro knacca AUHAMUYECKHUX
00beKkTOB. Kpome TOro cCywecTBywl e MeTOAbl M CUCTEMbl MOZENUpPOBAHUA
He NO3BONAKT HENOCPEACTBEHHO MCNONb30BaTb ANA 60nee [EeTanbHOrO
mecnegoBaHna MCXOAHYW NporpaMMHylo mMofenb 6e3 3HauyuTeNbHOW nepecT-
poilku. Ytobbl ybepaumTbCcA B 3TOM, paccCMOTpMUM fABa BapuaHTa: annapart-
HYKW peann3auni KOMMNOHEHT 00beKTa M BKNYeHne OBM B cOCTaB CUCTEMbI
ynpasneHns. B nepsom cnydyae Heobxoauma MoaMdUMKaLWd OCTat Ll eiica
nporpaMmmMHOW yactu mogenn (no KpalHeil mepe Be3fe, rAe WUMEKHTCH CBA-
3N "nporpamma - peanbHaq annapatypa“). Bo BTopom cayuvae [AONXHA
fopabaTbiBaTbCA MOAenb 06beKkTa C LUenblo 06eCnevyeHUas NPaBUNbHOTO
B3aMuMOpjeidcTBUA C ynpasndwowerd 3BM (M COOTBETCTBEHHO NEPeKOANpPOBATH-
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C8 AONMXKHA nporpamma ynpasBneHuns).

Y KazaHHaq nepectpoiika BecbMa TpyfoemMka u TpebyeT BbICOKOW ¢
npoeccuoHanbHOM NOATOTOBKN paspaboTymka. [Ana ah(hekTUBHOro pewe-
HNA YKa3aHHbIX 3afjay HeoOXOAMMbl KakK NOBblWeHne ypoBHA CM, Tak u
obecneyeHne pacnpefeneHHOCTU Ha YPOBHE NOTUYECKOW CTPYKTYypbl MHO-
romawmnHHoit CM.

WcenepoBaHuiw OLHOTO MOAXOAa K nocTpoeHuto Takmx CM n nocsq-
lleHa gaHHaqa paboTa.

2. KoHuenTyanbHaq cxema CM

OCHOBY nocTpoeHna dGopmanbHoil mopenn CM, oTpaxatlehn 0CO6EH-
HOCTW peanusayumu Ha PBK,cocTaBnaw T cnegytlwmne npesnonoxenHns:

- MOJenb paccMmaTtpuBaeTcq Kak COBOKYMHOCTb pa3BUBAWWUXCA M B3au-
MOAEACTBYIOWNUX NPOLECCOB, KaXAbIA U3 KOTOPbIX NPeLCcTaBAfAeT aBTOHOM-
Hbli NPOrpamMMHbIA MOAYNb, peann3yemblid Ha 0fgHO n3 3BM PBK;

- AMHaAMWKa MOZENM NONHOCTbI KOHTPONUPYETCH MOACUCTEMOW ynpaBneHuq,
B KOTOPYK "MOTpyXeHbl" npouyecchb. Ynpasnawuwaa nogcucrema obecneyn-
BaeT MPOABMXEHUE CUCTEMHOTO BPEMEHW MOJLENUPOBAHMA M COrnacoBaHHOE
MHHOPMALMOHHO-YNpPaBNAlO L ee B3aMMOLeidcTBMe npoueccos B pamkax PBK.

CocTOfAHME AMHAMMUYECKOWN MOAENU B KaXAbll MOMEHT MOAHOCTbK ON-
pegenaercqa nogcucremoit ynpasnedus (AB .$vOb), cocTosHWem npouec-
COB, BXOAAWMX B cocCTaB Mogenn (P*°n) u MexaHU3MOM WHHOPMALMUOHHO-
ro ssaumopeictens mexay wumn  (Mh) .

OCHOBY OnpejensemMoil CXxembl COCTaBAAeT CTPYKTYPHbIA npouyecc,
onuceisaeMblii aByms komnoweHtamu: "sHewwed" (I =(X,Y,U)), 3agaio-
Werh MHOOPMALUOHHO-yNpaBndoLWme CBA3M npouecca ¢ OCTaNbHOW YacTbio
mogenu, u "sHyTtpenneir” (FUN =(V ,W)), NnonHOCTbI0 XapaKTepu3y:o ujeil
KOHKPETHYH (YHKLMOHANbHYK peanusauui npouecca, Npu 3Tom:

1) X mY - noptbl, 4yepe3 KOTOPble OCYLW eCTBAAKTCA BCE BO3MOX-
Hble WH(pOpPMaLWOHHbIEe CBA3WM nNpolyecca B BUAE COOOWEHNIA;

2) B obnacTtu ynpaBneHus U 3afalwTca napameTpbl, Onpegenawiiune
TeKkywee (B TOM YWCAe WCXOLHOE) COCTOAHME npoLecca M ero BAUAHME
Ha LWHAMWUKY MOLENu, NOTpeOHOCTM mpolecca B CUCTEMHbIX pecypcax W
CBA3b "BHEWHEN" W "BHYTPEHHEW" KOMMNOHEHT,

3) obnacTtb cBOMCTB V  COAEPXWUT MNONHYK chneuutpukayulo BCex arT-
pnéyTtos (COOCTBEHHbBIX MapamMeTpoB) npolecca;

4) obnactb CTPYKTYpbI"COCTOMT M3 KOHEYHOrO MHOXECTBa 3Tanos
aKTUBHOCTN. Kaxablil aTan peanusyercs Kak BblYucAuMas (QYHKUMA Ha
MHOXECTBe COOCTBEHHbIX MmapamMeTpoB npolecca.
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OTHOCUTENbHO CTPYKTYPHbIX NPOLECCOB Mpesnonaraercqa, 410 OHH
cornacoBaHbl N0 WH(MOPMALMOHHO-yNpaBAl W UM CBA3AM U MOryT 6biTb (B
32BUCMMOCTM OT CBOEr0 COCTOAHMA, AHANU3UPYEMOTr0 HAa YPOBHE ADS™)
aKTUBHbI WAW NACCUBHBbI.

B pesynbrate 3afavya 3(QMEKTMBHOTO MpejCTaBNeHWA pacnpefeneH-
Ho CM pewaeTcq B npepnaraeMomM MNOAXOAe HAa CUCTEMHOM ypoBHe [2 ]
nytem (a) ABHOTO0 pasfeneHusqs MHOXeEcCTBa NPOLECCOB Ha ynpasndwuwue,
coctagna e AbSMI> u QyHKUMOHANbHbIE;, (0) CTpykTypusaynein QyHk-
LMOHaNbHbIX NpolyeccoB; (B) BbIAeNeHWEM aBTOHOMHOMW MOACUCTEMBI, MOA-
flepXuBaK el B3aMMOAeACTBME NPOLECCOB, peann3oBaHHbX Ha 3BM FBK.

3. Nlormyeckaa mopens pacnpegeneHHon CM

Basosaa (dusuueckas) mMopgens, oTpaxawuas NpUHUMNUANbHYI pea-
NU3YEMOCTb pacnpefeneHHOl MOJENN HEKOTOPOW peanbHOM CUCTEMbl,Npej-
nonaraer:

- AEKOMMNO3NUMI0 MOJENUDYEMOWA CUCTEMbl HAa MHOXECTBO aBTOHOMHO pa3su-
BAKOWMXCA ¥ B3AMMOLEACTBYI W MX MOLCUCTEM-NPOLECCOB,;

- NOKanM3auio GYHKUMOHANLHOTO PasBuTUd U JeUueHTpanusayuio uHHopma-
UMOHHO-YNPaBNALO UEro B3aUMOAEACTBMA MO OTAENbHbIM NpOLECCaM MOLENN,
- BblfieNeHne MeXnpoLuecCHOro B3aMMOAEACTBUA KAk OCHOBHOrO cBOiCTBA,
XapakTepusyw uero pacnpefeneHHocTs 06paboTku nHpopmaumnu.

Takum obpasom pacnpepenedHHocts CM peanusyetcd Ha yposHe npo-
I[lecCoB u onpeaenaeTca CxemoW ux B3aumopencTsus. lpegnonaraercs,
UTO AMHaMuKa CBA3eidl MobbIX Npolyeccos [ # pj MOXeT 6biTb MONHOCTLIO
OXxapakTepus3oBaHa Habopom "moMeYeHHbIX" COOOWEHMA (T ), KOTOPbIW Ha-
30BeM "nmonHoii uctopued ssammopgeiicteus A wu PJ

roe (Vfaxim =te >tn) j

B< t*] - wHTepsan s3aumopeiicteua P- u P - .

"OuHamuyeckoit uctopueit B3aumogeicreung P u P. Ha30BeM
() , ecnmt < tt
<{(t, , ecnnm tidi<tiN
h4ttm* !
SL; , ecnm i > tK
NNornyeckas Modenb pacnpegeneHHoir CM cTpomuTCcA Kak COBOKYM-

HOCTb aCMHXPOHHO pa3BWBaK W NXCA BO BPEMEHM MOAENMPOBAHMA Nnoruyec-
KWX MPOLEecCoB, MMATUPYKLWNX (YHKUMM W B3aUMOJEeACTBUE NpPOLECCOB (u-
3NYeCKOn mopgennu.

Mpegnaraetcqd KOHCTPYKTUBHAA npouegypa, obecneymsarlas nocrTpo-
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eHMe ANna nw060iA hu3nyeckoir mMoaenn (YHKUMOHANbHO I3KBUBANEHTHOW el
noruyeckon mogenu. OCHOBY 3TOW npouepypbl COCTaBAAET anroputMm Gop-
MWPOBAHMA AUHAMMYECKNX WUCTOPWIA B3aMMOLENCTBUSA MO BbLIXOAHBIM KaHanam
(noptam) Kaxporo norumyeckoro npouecca. [JoKa3piBaeTcd KOPPEKTHOCTb
NPeANnoXEeHHOTO anroputma.

OCHOBHbIM pe3ynbTaToM MNpoOBeAeHHOW paboTel ABAAETCH
yTepxpaeHue. TI0oCTpOeHHas noruyeckas MOAenb NpPeACcTaBAAeT ynpaBna-
EMYI0 MOTOKOM [aHHbIX KOPPEKTHYK peanu3aunto KOPPeKTHOW (BM3NYeCKON
MOAenu.

4. OnbiT peanusayum CM

MpoBefeHHbIE MCCAEL0OBAHNA NO3BOAUNN NepelT K NPakTUYECKO
peannsaymu CM pacnpefeneHHOro tuna ANS NOKANbHOW BbIYUCNUTENbHON
CeTU MepapXmyeckom CTPYKTypbl. B yacTHOCTM,0bIAN peann3oBaHbl:

- CMCTeMa HEenpepbiBHOTO MOAENMPOBAHNA YHUBEPCANbHOTO TUNA,
- AAPO MOHMUTOPA PeanbHOro BPeMeHW ANA ynpasnswweid MUKpodIBM.

Peannszauua ofHoMawmuHHOW Bepcuu CM HenpepbiBHbIX cucteM(MOHEC)
no3BonMNa NPOBEPUTb BO3MOXHOCTW WCNONb3OBAHUA MPEANOXEHHOT0 MOA-
X0fa npu noctpoeHnn CM BbICOKOTO YypoBHA (opraHusauus noACUCTEMDbI
ynpasneHns, BbI6OP BXOLHOr0 A3blKa W CTPYKTYypbl CUCTEMbl TpaHCNAaUuMN)

Peann3oBaHHbIA AMCNETYEp pPeanbHOr0 BPEMEHW ABNAETCH LEHTpPansb-
HOW ®YHKUWOHANbHOW KOMMOHEHTOW NPOrpaMmMHOro o6ecneyeHus NOKaNnbHOW
BbIYMCANUTENbHON CeTW (DakKTMYecKM, 3TO OnepayuMoHHas cCucTemMa TepMu-
HanbHOW 9BM). B KauyecTBe MHCTPYMEHTANbHOM CUCTeMbl ObiN BblOpaH A3blK
PASCAL , a OCHOBHOW efuHuUeih paboTbl napannenbHoro pacwupeHuns
PASCAL - npoulecc. [lpouyecc paccmaTtpupaeTcs Kak nporpamMmmHas BeTBb,
BLIMONHAK W AACA NOTUYECKM napannenbHo ¢ Apyramu npoueccamu. Ans op-
raHusayun pabotel ¢ npoueccamu ObIN peanns3oBaH pPAj MeXaHW3MOB, COC-
TaBnAlWmMX 6a3oBoe ALPO W ALPO pPeanbHOro BPEMEHMU.

Kaxabld npouecc MMeeT NpUOpPUTET, OT KOTOPOro 3aBUCUT ero ne-
pexog W3 COCTOAHWUA "TOTOBHOCTM" B "akKTUBHOE" CcoOCTOAHME. AKTUBHBLIM
CymtaeTcq npouyecc, CTOAWMIA NepBbIM B CUCTEMHOW O4Yepean NpPOLEcCOB
FOTOBbLIX K BbIMONHEHWUK. [N CUHXPOHMW3AUMWU NPOLECCOB MCNONb3YK TCH
fBa MexaHu3ma: cemadopbl W cobbiTua. Cemaopbl ¥ CBA3AHHBLIE C HUMM
onepauun (WAIT u SIOA/AL ) nossonswT pab6oTaTb C pecypcamu B3auMm-
HOTO WMCKNWYeHMA, TOrfa Kak COObITMA M COOTBETCTBYO LW MWEe onepaunu
(avait u CAUSc ) obecnmeymBatT BO3IMOXHOCTb NMpoOLeccy pearumpoBaTth
Ha HEKOTOPYK ONUCbIBAEMYK MNPOrpaMMHbLIM COObITUEM CUTYALMK .

CneynanbHo BbljeneH MexaHU3Mm paboTbl C NpepbiBaHUAMM OT peanbHOI



234~

annapaTtypbl: NpPOLECC MOXET 3aKa3aTb OXMWAAHWE TaKoro mnpepbiBaHMA N
BO30OHOBMTbL CBOKW AKTUBHOCTb TONbKO nocne ero npuxopga. Wmeetcs
TaKXe BO3MOXHOCTb OTANOXMWTb MCMONHEHWE TEKYU ero npolecca Ha HeKoO-
TOpOe BPeMA, NO MCTEYEHWUM KOTOPOro COOTBETCTBYH W M Npolecc CHOBa
NepexoguT B COCTOAHME TFTOTOBHOCTH.
lByXypoBHeBas CTpPyKTypa SApa No3BONMNa CAenaTb CUCTEMY f[OC-

TaTOYHO NPOCTOA W MOOMNbHOA. V3MEHEHUA, BHECEHHbIE B MCMONHMTENb-
Hyto PASCAL -6u6nnoTeKY, CAenanun TeHepupyeMblii KO CUCTEMHO He3aBM-
CUMbIM W MO3BONWAM MpoOrpamMmam, HanmuCaHHbIM C MCMONb30BAaHWEM AfApa,
BHIMONHATLCA Ha nwbo mukpodLW ¢ cuctemon komaHg CM—4 6e3 onepa-
LMOHHO CUCTEMBI.

5. 3aKNWUeHue

BeegeHHan obwas cTpyktypHad cxema CM obobuaetr cBoiicTBa W3-
BECTHbIX CMCTeM 1 obecneynBaeT MOAENUpoOBaHMe LW MPOKOrO Knacca Au-
HaMUYeckuXx 06bEKTOB.

MpefgnoxeHHas GMU3nyeckas MOAeNb BblfeNseT KOHKPETHbIA Knacc
pacnpegeneHHblx CM, a nmocTpoeHHas (QYHKUMOHANbHO IKBUBANEHTHA# 3TO-
My Knaccy noru4yeckas MOenb COOTBETCTBYeT pacnpepeneHHonn CM, yn-
paBnaeMoi MOTOKOM COO06L eHNA.

B pamkax npoekTta MHOroMawwuHHoW CM peanu3oBaHbl Lu(pposas cuc-
TeMa HenpepbiBHOrO MOAENUpPOBaHMNA C BXOLHbIM H3bIKOM BbICOKOTO ypoOB-
HA W A4PO NapannenbHOro nporpamMMUpPOBAHNA, BbIMONHAKLEE DYHKLUN
ONepayuoHHOW CUCTEMbl TepMUHaNbHOW O3BM NOKanbHOW BLIYUCAUTENbHON
ceTu.

MonyyeHHble pe3ynbTaTbl MOTYT 6bITb MCNONb30BAHbLI NPU MOCTPOEHMUN
pacnpefeneHHblx CM gnHamuyecknx 06bEKTOB M MO3BONAKT MNepelT Ha
KayeCTBEHHO HOBbLIW YPOBEHb MOCTAHOBKW M MPOBEAEHUA MMUTALNOHHbIX
skcnepumeHntoB Ha PBK.
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The strategy of approach to design of a compilation system
for the Ada language was markedly influenced by the fact that
the first version of the compilation system is envisaged for mi-
nicomputers, a typical feature of which is a limited memory size
From this point of view the method of multi-task approach was
selected. That is from one Ada-program several task images
(i.e. .TSK files) are generated.

At first a compilation system methodology was worked out,
various degrees of dependences between the compilation units
were determined and the resultant rules for obtention of data
and instructional contributions to individual program sections
were stated. At this stage the questions of separate compilation
and the questions of sharing of variables were primarily con-
sidered

In view of multiple execution time iIncreasing for the iIn-
terpreted product and, apart from this, in view of a narrowing-
down of the utility space for data and programs by the interpret
own body, the originally selected method of interpretation
of the A-code was rejected and it was decided to generate the
target code for the SMEP computers.

For this solution procedure a BELA (Back-end Language for
Ada) was designed. That is intermediate code produced by the
front-end of a compiler and passed on to the TCG (Target Code
Generator). The front-end of a compiler contains the usual*

*Ada is a registered trademark of the U.S. Government, Ada Joint
Program Office
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components for lexical and syntactic analysis and checking of
the static semantics conditions. Static information is con-
centrated in compiling environment with the use of entity
descriptions. First approach to solution is described in [via84j
with the use of Ada. Aspecial form of the syntactic tree

(in the sense of the AS2 Danish method of solution [Rj”80])

is passed on to the BEGE (BELA Generator) which already pro-
cesses the complex of problems of dynamic semantics. In an
intermediate product of the BELA [Mul83a] problems of addre-
ssing are solved a BELA product, however, «till hae a tree-like
structure. The products of TCG are target modules (in .0OBJ or
-OLB form) that are processed by ADB (Ada-builder) into an arra-
ngement which enables a execution under the DOS-RV operating
system Based on structural information, ADB forms indirect co-
mmand Files for a TKB (Task Builder) program that is started

up iteratively.

One .TSK program is built up for each task type and for
the main program too. At the same time a tree of task inter-
dependences is worked out. That serves for appropriate task
activations and terminations. For each task-object an execution
of the corresponding .TSK program is initialized. Other ADB
functions are related to the selected approach to memory divi-
sion. This approach assumes that the logical memory of an
individual process does not exceed 32K words and that the avai-
lable physical memory has a larger size (128K words). The
approach outlined hereinafter utilizes the possibilities of
mapping for the SMEP computers.

For each process it is assumed that it has its code region,
a local data region (also comprising stacks) and, finally,
that each process is mapped to a common region that contains
two subregions.:

- SSD (Static Shared Data) iIn which are stored all common
visible objects
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- HEAP which serves as a olassicial heap for meeting the
demands for the dynamic store (including interprocess
communication).

The size of this whole common mapped region shall be
determined by ADB from the sizes of individual .TSK programs
as a supplement of the longest one among them up to 32K
(rounded to UK).

The above approach to solution makes it possible, as a
matter of fact, to substitute a segmentation of extensive
programs by division of partial problems among individual tasks.

In connection with the memory management a heap structure
was designed together with basic operations on the heap and
with an elementary procedure of heap compaction. Next to this
the contents of activating records, their chaining and static
and dynamic links for subroutine calls were specified. For add-
ressing in nested subroutines there was not selected a display
mechanism, but a mechanism of static and dynamic chaining that
enables effective addressing for depth of nesting up to two.
The time delay at greater depths of nesting is not regarded
as a limiting factor, as such greater nestings are not
recommended.

The addressing mechanism was designed so as to enable
straight-line addressability also for objeots of dynamically
variable size. These objects are described by their descriptors
and are situated outside the activating record. An arrangement
makes it possible to form addresses by means of offsets already
at the time of compilation.

Particular attention was paid to the problems of paralelism
for which a specification of variou forms of rendezvous, inclu-
ding general forms of select statement, with a regard to the
means of the DOS-RV operating system was worked out [Pla8i].
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From this point of view too,the multi-program conception
appears to be a very advantageous one, since the solution
of the problems of parallelism (with the questions of waiting,
suspendations etc.) is of a straight-line type, with utilization
of both AST concept and a mechanism of sending of messages
connected with local flags.

For the concept of exceptions a separately chained struc-
ture was designed that enables the required reactions for
the exceptions raised during the elaboration of declaration parts,
the exceptions raised during execution of the given unit, or
exceptions raised iIn the exception handler.

In the 1/0 sphere the required functions are provided for
both the text inputs and outputs (including the corresponding
conversions) and for general inputs and outputs specified as
sequential or direct ones.

Possibilities of a supporting FCS means of the DOS-RV
operating system were analyzed in order to ensure the required
Ada functions. In relation to FCS default parametr values
(variability of the record size etc.) and structures of FORM
parameter were specified.

The Ada project started in OSSR in 1982 on the base of
preliminary studies ([VIa8l]) and first version of Ada j9ubset
compiller will appear in 1985.

In conclusion of this much abridged informative description
it should be pointed out that the Ada project is in Czechoslovakia
oriented not only on the problems of compilation systems, but
that it considers an extension of the Ada concepts also to the
sphere of system projects. Along these lines the fTirst version
of the ADET (Ada based Designer Tool) has been designed and
is at present an object of experimental vericification [Pet82].
There is endeavoured the maximum possible approximation
between the means of expression used by the design and progra-
mming engineers.
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A global i1dea of division of the whole complex of problems
dealt with can be formed on hand of the enclosed diagrammatic
representation.



Design or!entation

General descriptive
design means

ADET (Ada-based
designer tool)

- Description of
functionality

- Description of
data

- Description of
operations

- Description of
communications

- Principles of
decomposition
from the point
of view of sepa-
rate compilation

Graphic Representation of Decomposition of Problems Considered

Ada Complex

Compiler
AC (Ada Compiler)

- Administrator
- Lexical analyzer
- Syntactic analyzer

- Context conditi-
ons checker

- BEGE (BELA-code
generator)

orientation
system)

Compilation

ACES (Ada Compiler
Environment Support)

- Separate compilation
- Librarian

- ADB (Ada-builder)

Execution

ARTES (Ada Run-Time
Environment Support)

- Memory manager (MEM)
- Task management

- 1/0 system
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LANANOTOBAA CUCTEMA
®OPMWPOBAHUA 1 BbLIBOPA
X w u B YCANOBUAX
OFOKPUTEPUMANBHOCTH

NWropb N.3pnnx
CCCP 103009 MOCKBA
Yn.HexpgaHoBoit, 2a

|. BBepeHune

OM(GeKTUBHOE pelWeHMe CNOXHBIX 3afay YynpaBneHWd pasHOro popa
onepaunaMmu, 3KOHOMMWYECKOTO NNAHWUPOBAHUA M NPOEKTUPOBAHUA HA COB-
PEMEHHOM 3Tane CTAHOBWUTCH HEBO3IMOXHbIM 6€3 MCNONb30BAHMA HOPMaNb-
HbIX MOJeneid u MeTOo40B, CPeAM KOTOPbLIX BCe 6OMbWYKW PONb HAaYMHAKT
Mrpatb mMatemarmyeckine mMogenn 3agay Bol6opa BapuMaHTOB PpeleHUA.

Mpupofa Takux 3ajay 3ayacTyt AONYyCKAaeT MOAeNbHOe NpeacTas-
NeHue uX (opmanu3yemol 4actu B BUAE 3afa4 MHOTOKpUTEpUanbHOW on-
TUMu3aunu. C GopmanbHON TOYKM 3PEHUA peleHue TakuX 3afay CBOAMT-
CA K NMOWCKY Nyywero Unu Haumbonee NpPejgnoyYTUTENbHOrO C TOYKW 3pe-
HWA nonb3oBaTens (cneuvanucta B NPUKNAJHOW 0b6nacTu, pewawllero
3a/ayy) PpeweHna U3 BCEro MHOXECTBA LOMYCTUMbIX pel eHu X . Mro-
XecTBO X  * a TOYHee, cucrtema QYHKLWOHANbHbIX COOTHOWEHUNW, 3aja-
OWNX 3T0 MHOXECTBO, NpefcTasnser co6o0W mMaTemaTuyecky MOAeNb Ba-
PUAHTOB MCXOAO0B NpPOBEAEHMA onepayun, nnaHa uam npoekta. C KaxAbM
ponyctumbim sapuavtom QCC X CBA3aH Habop kpurtepues (nokasa-
Teneit) V" (.oc)} , K» | KOTOpbIA NO3BONAET NONb30OBATENIO
OUeHWBATb Ka4yecTBO 3TOr0 BapuaHta peweHnqa. OueHKa NOb30BATENEM
BApUAaHTOB PEWEHWA W COOTBETCTBYK W MX UM 3HAYEHWH nokKasaTenen on-
pefenaeTcA HEKOTOPbIM OTHOWEHUEM NPEANOYTEHNS *Y*Y wa mwo-
XEeCTBe 3HAYEHUN KpuTepues YE£ EK- 06pase MHOXecTBa X

Nwbad npouefypa OTbickaHuA Hanbonee NPeAnoOYTUTENbHOTO pele-

HNA OCHOBbLIBAaeTCA Ha MCNONb30OBAHUN MH(*)OpMaLI'I/II/I, KOTOpad MOXeET OblTh
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nonyyema 0T nNoNb3oBatTens B npoLecce pelWweHna 3apayn. TpPpaguLuOHHO
fenalnTcA Takue AONONHUTENbHbLIE NPEANONOXEHWA O CBOWCTBAX Camoro
OTHOWEHNA NpPEeANoOYTEHNS.

Mpoyegypa Bbi6GOpa BapMaHTOB, NMPUMEeHAemMas B paccmaTpuBaemoil
[UanoroBoW CUCTEMEe, UCNONb3YeT WHPOpPMALUK O NONapHbIX CPaBHEHMUAX
BAPWAHTOB MO 3HAYEHWAM WX OLEHOYHbIX MOKasaTeneh, a ANA AONYCTUMO-
ro BapmaHTa, BO3MOXHO, MU 0 HanpaBNeHWUM E€ro XenaTtenbHOro yayuyuwe-
Hua. Camo OTHOWEHME NPeAnoyYTeHUs R> CUMTAETCA HENPEepbiBHLIM ¢
CTPOro BbiMyKNbIM. [Mpepnonaraercs, Kpome TOro, 4T0 MHOXECTBO
BLIMYKNO ¥ paccmaTpuBaetca BaxHolil gna npunoxennit C1,3] cnyuyait
NNHEWHbIX OLEHOYHbLIX nokasateneid ~Coc.)= <CLjX>>1- A.,.,., K.

MWcnonb3yemas npoueaypa Bbibopa BapuMaHTOB L5J1 ocHOBaHa Ha MOAUMU-

Kaynn Metoga SANMUNCONAOB ANA MHOTOKPUTEPUANbHbLIX 3af4ay, KOTOPbIIA,
kak nssectHo C2], o6nagaer Xxopowwumu OUEHKAMU CXOAUMOCTH.

2. Cxema (OpMMpPOBAHMA N BbLIGOPA BAPUAHTOB peELEHUS

Bo MHOTMX NpuKNafHbIX 3ajavyax napameTpbl MOLenu, BXOAALWMUe B
DYHKLWM-OTPAHMYEHUSA, 3ajaloline MHOXECTBO X , MO CyUWwecTBY, Mone-
HO pasfennTb Ha fAse rpynnel LI,

MepBas rpynna - 3T0 HeynpaBnsemble napameTrpbl. Yucnosble 3Ha-
YEHUA HeynpaBndeMblX napameTpoB MOLENM 3aBUCAT TONbKO OT KOHKpeT-
HOW peanusaynm MOLenupyemoil 3agaym u 06ycnoBnAuBaw 7cA TONbKO (op-
Manu3yembliMu (aktopamu. M3MeHeHWe 3HAYEHWUIH HeynpaBnseMblX naparnet-
POB MO XEeNnaHww nonNb30BaTenNd, UCNONb3YWLWEro MOAeNb ANA pelWeHus
KOHKPETHOW 3afayl, He AONycKawTCA, Tak Kak 3T0 MOXET NMPUBECTU K
CYWeCTBEHHOMY HApYWeEHN afeKBATHOCTW MOLENU U 3afayul

Bropad rpynna - ynpaBnfemble napamerpbl. YuCAO0BbIE 3HAYEHMA
3TUX napaMmeTpoB MOAENU He ONpefendloTcAs OAHO3HAYHO KOHKPETHON pe-
anusaumueir mogennpyemon 3apauyu. Monb3oBaTenb, MCNONb3YHWWUIA MOJEND
[NA peWweHNs KOHKPETHOM 3ajayu, MOXET B HEeKOTOpbIX npegenax, o6y-
CNOBNEHHBIX KaK (opManu3yeMmbiMu, TakK U Hepopmanu3yembiMu (akropamu,
BblOMpPATh HA CBOE YCMOTPEHWE 3HAYEHMA YyNpaBNdeMblX nNapameTpos.
OYyeBUAHO, 4TO B O0OWEM CAy4yae pasHbIM 3HAYEHUAM ynpaBnAeMblXx napa-
METPOB COOTBETCTBYK T pa3Hble BapuaHTbl pelweHUs 3ajayu BbbOpa.

Takum 06pa3oM, MHOXECTBO BapMaHTOB X ANs KaX[oh KOH-
KpeTHOW 3afgaynm Boibopa onpejensercsds C TOYHOCTbI A0 YWUCNOBBLIX 3Ha-
YeHWW ynpaBnsemMblX napameTpoB MOAENM 3TOW 3ajauyu, T.e. X=Xu.
a, cnegoBaTtenbHo, U "Y “ "Yu e+ 3pech vyepes U, 0603HaUYeH BeK-
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TOp ynpaBnfembiXx napameTpoB MOAeNu, NpUHagnexawuin HeKOTOPOMY MHO-
xectsy U , ONpefensemMomMy Kak hopManbHbiMM, TakK M HeDOPManbHbIMMK
hakTopamMiu, U NOTOMY ABHO He 3afaHHOMY.

MpucyTcTBMe B MOAENN ynpaBNAeMblX NapaMeTpoB CuU«- U no cy-
WecTBY 0O3HayaeT, 4TO 3Ta MOAeNb npejcTaBnser cob0d He OfHY 3afpa-
Yy, a COBOKYMHOCTb 3ajay4y MHOTOKpPUTEPUanbHOW onTumusaymu. Kaxgomy
DUKCUPOBAHHOMY Habopy AOMYCTUMbIX 3HAYEHWIA ynpaBnAeMblX nmapameTpos
B 00WEM Cnyvyae COOTBETCTBYeT CBOA 3afava.

Takoil NOAX0L K peweHWto 3apayn Bbib6opa onpefenser HeobXopu-
MOCTb AMANOroBOro (4YenoBeKkO-mMallMHHOTMO) B3aMMOAEHCTBUA NONb30BA-
Tens ¢ MOAENbK pewaemon um 3apayu. L eWCTBUTENbHO, NONb30BATENb
OCylW ecTBAAET BbIGOP, aHANM3NPYA MPOMEXYTOUYHbIE BapUaHThl pPewWeHuA,

a nonck Hambonee NpeanoYTMTENbHOTO BapuaHTa BeAeT, MyTeM BO3-
feACTBMA Ha ynpaBnsemble napameTpbl 3ajay W YTOYHEHWA CBEJEHWUNA O
CBOEM OTHOWEHWM NPeANnOYTEHMNS.

Mpouecc popmupoBaHus W Bbl6Opa BapumaHTa peleHnA,0CylWecTBNA-
EMblii C MCNONb30BaHMEM paccMaTpuBaeMon B paboTe AMAnoroBOW CuUCTe-
Mbl MpeAcTaBnfeT C060A NOCNef0OBAaTENbHOCTb OAHOTUMHLIX WAr0B CAEAY-
OWero cogepxaHus.

Mony4yuns O4YepefHON BapuaHT PeWEHMA, COOTBETCTBYH W MiA 3agaHHbIM
3HAYEHMAM napamMeTpoB MOAENM W UMEWLWeEACT B CUCTeME TeKywel MHAOP-
Mayun 06 OTHOWEHMM NPEANOYTEHMSH, - MNONb30BATENb, OCYWECTBASK L WA
BbIOOP, MPOBOAMWT aHaNnu3 3Toro BapuaHTa. Llenblo aHanusa aBnfaetvcA,
BO-NMEpPBbIX, ONpejeneHne COOTBETCTBUA paccCmMaTpuBaeMOoro BaphaHTa
He(opmanu3yemblM (akTopam pewaemon 3ajaym W, BO-BTOPbIX, BbIGOP HO-
BbIX 3HAYEHWIA mapamMeTpoB MOAENMU, KOTOPbIA, BO3MOXHO, AOMONAHAETCS
YTOYHEHNEM BeAyl edcs CACTEMOA MOAENN €ro OTHOWEHMS NMPEANOYTEHUS,
HeOOXOAMMOM ANA AaNbHellW ero CYXeHUA MHOXecTBa AONYCTUMbIX pewWeHnit.
Menn B pe3ynbTaTte MNPOBEAEHHOr0 aHanM3a BbIACHAEGTCA, 4TO paccmoT-
PEHHbIA BApMaHT pelWeHNs B JOCTAaTOYHOM CTeneHW yAOBNETBOPSAET
Cy6beKTMBHBIM TpeboBaHMAM, NPeAbABASEMbIM K PEWEHM NONb30BaTeNeM,
TO AManoroBblii nmpouecc Bbi6Opa 3akaHYMBAETCA, W AaHHbI BapuaHT npu-
HAMAaeTCcq B KayecTBe pelWeHuA. b NpoOTMBHOM Cnyyae CuUCTeMa n0O3BONA-
€T NONb30BATEN0 NPOM3BOAMTL Cnepywumne JEeRcTBMA:

- LaBaTb YKa3aHWA 0 CBOEM OTHOWEHMN NPEANOYTEHMS HA OCHOBE
NOMAapHOr0 CPaBHEHWS BApMaHTOB MO MX OLEHOYHbLIM moKasaTensm wu (unn)
B BMAE HampaBNeHWA XeNnaTenbHOr0 YNy4lWeHWAs BekTOpa-nokaszaTens AO-
NycTMMOro BapuaHTa pelWweHns, u (uAn) B BUAE NPUEMAEMbIX 3HAYEHMWI
OTAENbHbIX XapaKTepuUCTUK BapuaHTOB;
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- U3MEHATb MAM YTOYHATb XapaKTEpPUCTUKN BapMaHTOB, 3HAUYEHMS
napameTpoB (YHKUWA-OTpaHMYeHWA, 3afal0lWMX MHOXECTBO BapuaHTOB pe-
WeHUA, T.e. OCYWECTBAATb KOPPEKTUPOBKY KOMMOHEHT MOAENU;

- npocmatpuBaTb NOCNEAOBATENbHOCTb YXe MONYYEHHbIX BapMaHTOB
MW CBOMX AEACTBMIA C LENb0 KOPPEKTUPOBKM CBOMX YKazaHWIA.

CnefyeT OTMEeTMUTb, 4YTO aHaNM3 BapWaHTOB PEWEHUA U KOPPEKTH-
POBKAa KOMMOHEHT MOAeNM B AWanoroBom npouyecce GOpMUPOBAHUA U Bbl-
6opa BapMaHTOB PpeWEHNA B KOHEYHOM MTOTe NPegCcTaBAAeT COOOW 4uCTO
TBOPYECKMA Npoyecc, OCHOBbLIBAWWMACA, rnaBHbIM 06pa3soM Ha 3HAHUAX,
ONbITe W WHTYWUMKM nonb3oBatenqd. Mpu 3TOM, KOHEYHO, npegnonaraercs
BO3MOXHOCTb MCNONb30BAHWA BCMNOMOTaTENbHbIX (OPMaNnbHbLIX METOA0B aHa-
nu3a B Tex CAy4aax, KOrga nNonb30BaTeNb MOXET Bblpa3uTb CBOE OTHO-
WeHUe K paccmMaTpuBaeMoMy BapuMaHTy pelWeHus B Kakux-nubo dopmanu-
3yeMblX MOHATHAX.

BO3MOXHOCTM MPUMEHEHWS BCNOMOTaTeNbHbIX OPManbHbIX METOL0B
aHanmsa AN cnyvad, KOrga B KayecTBe ynpaBnfeMblX NapaMmeTrpoB Bbl-
CTYnawT WUMeKWnecs B PacnopiXeHUn NOoNb30BaTeNq pecypcbl - Npasble
4acTu (QYHKYUMA-OTPaHMYEHUR, 3afaOWMUX MHOXECTBO X N , paccmatpnu-
Banaco B C4D. B 3toii paboTe onucaH anroputm (OPMUPOBAHUA OLEHKH
NepBoOro NOpAfKa M3MEHEHUA ynpaBNseMblX napameTrpoB ANf Knacca Nnu-
HeliHbIX 3afay, KOTOPbIA BKNOYEH Kak BCMNOMOTaTefNbHbld B AWAN0TOBYH
CUCTEMY (OpMMPOBAHUA M BbIOOpA BAapMaHTOB.

3. OCHOBHble KOMMOHEHTbl CUCTEMbI

B cocTaB AuanoroBoil CUCTeMbl BXOLAT Cnejytoline 6noku

- 6N0K 0TceBa BapuMaHTOB, B KOTOPOM MNPOM3BOAMTCH CYXEeHue Te-
KylWwero MHOXecTBa AONYCTUMbIX PEWEHWA Ha OCHOBE NOKAaNbHOW WMH(pOpMa-
Uun 06 OTHOWEHUM NpPefnoOYTEHMUS, NONYYEHHOM B pe3ynbTaTe aHanusa
NONb30BAaTENEM OYEpPeAHOro CHOPMMPOBAHHOIO BapuaHTa pPeleHns;

- 610K reHepauun BapMaHTOB, B KOTOPOM OCylu ecTBnAeTCcA (opmu-
poBaHue AN4 aHanus3a nonb3oBaTenem AONYCTUMOr0o BapuaHTa peweHuq
TaKOro, 4TOo BO3MOXHOE CYXEHWe MHOXecTBa 3HAaYeHWW KPUTEpUEB Ha
Chefyllwem ware guanora 6670 0bl MAaKCUManbHbIM;

- 6N0K peweHua 3ajay BbLINYKNOTO (NWHEAHOro) nporpamMupoBaHing
npefHasHaYeHHbIW ANA NOCTPOEHMA annmpOKCUMALMN MHOXECTBA 3HAYEHMNI
KpUTEpMEB Ha OCHOBE WH(MOpPMAauMM O MOAENM W XapaKTepucTuKax BapuaH-
TOB, a TakXe AN NpoBepkM CHOPMMPOBAHHOIO BapuaHTa Ha AONycCTu-
MOCTb ;

- 6GNOK ynpaBneHUs reHepauued M OTCEBOM BapuMaHTOB, 006ecneyn-
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BalOWMiA cornacoBaHHOe (YHKUMOHMpPOBaHME 6GNOKOB 0TCEBA, reHepauum
W peweHNd 3afay BbLINYKNOrO NpoOrpamMmmupoBaHng ;

- 6NOK KOPPeKTUPOBKM KOMMOHEHT 3afayvyu, KOTOPbIA no3BondeT
YTOYHATb MCXOAHY MHMOPMALMK O mapameTpax (YHKWWA-OTpaHUUYeHU,
3afal0 W NX MHOXECTBO AONYCTUMbIX pelWeHUid u xapakTepucTuk 3Tux Ba-
PMAaHTOB, a Takxe faeT BO3MOXHOCTb MONb30BATENl (OPMUPOBATH pas-
NNYyHble Habopbl nokasaTenen W3 MUMEWWUXCH;

- 6N0OK 4enoBeKO-MalW MHHOTO B3aMMOLeACTBMA, KOTOPbLIA npeacTas-
nsaetT co60W AMANOroBbIA MOHMTOP, NO3BONAKWWMA Ha NPOONEMHO-OPUEHTH-
POBAHHOM S3blKe, MOHATHOM NONbL30BAaTENt0, MPOU3BOAUTL EMY CReayw-
Wue peidctBmMg: a) faBaTb CUCTEMEe YKa3aHMA O CBOUX MPEeANOYTEHUAX;
6) oCcywecTBNfATb MaHUNYAALMM CO 3HAYEHUAMMU NapameTpoB QYHKUMIi-
OTpaHMYeHMnit, ¢ HaboOpOM M 3HAYEHMAMM XapaKTEpPUCTUK BapuMaHTOB, CO
ChopMMpOBAHHBIMW BapuaHTaMu peleHnit;

- 6NnoK npoToKonMpoBaHMA, obecneuynBalWMiAn 3annucb LeNCTBMIA
nonb30BaTens u peakuui cucTembl U NpefHa3HAYeHHbI ANA aHann3a Bbl-
PaboTKM peWweHUs W KOHTPONA npolyecca CO CTOPOHb NONb30BAaTENA.

B cocTaB cuctembl BXOAAT, KpoMe TOro, 610KM MHMOPMALUOHHOTO
obecnevyeHuns:

- nokanbHas 6asa JaHHbIX MOZENN MHOXecTBa AONYCTUMBIX Bapu-
aHTOB peWeHnid, cofepxawas MHGoOpMaynt 0 (YHKUMAX-OTPaHUYEHUNAX
33afa0 W NX 3TO MHOXECTBO, napameTrpax 3TUX (QYHKYMA, 0 AuanasoHax
M3MEHEHWA MEPEMEHHbIX, WX KONWYeCTBe M T.0M.

- NoKanbHaf 6a3a [aHHbIX XapaKTepuUCTUK BapuaHTOB, COfepxa-
Waa uHGopmaynto 06 MMEKWUXCA B pacnopAXeHMU NONb30BaTeNq Kpute-
PUAX, UX PasMepPHOCTAX, O BYHKUMOHANbHbIX WAN anropuUTMUYECKUX 3a-
BUCUMOCTAX OT MEPEMEHHBIX;

- nokanbHaa 6asa fJaHHbIX (opmatoB oToGpaxeHwit, cogepxatan
CBEJEHNA 0 BO3MOXHbLIX JopmaTax NpeacTaBNeHNA WHHOpPMaLUM NONb3O-
BaTeNnl MNpu pasnMyHbIX pexumax paboTbl CUCTEMbI;

- NOoKanbHaq 6a3a JaHHbIX CreHepupOBaHHbLI X BapUMaHTOB peWeHus,

NpefHa3sHa4YeHHan ANA HaKONNeHWs MHGOpMaLuUM O CHOPMUPOBAHHBLIX Bapu-
AaHTaxX peweHns.

OCOGEHHOCTbIO CUCTEMbl ABNAETCA rMGKOE, MOAYNbHOE €€ MOCTPO-
EHUE, YTO faeT BO3MOXHOCTb BapbUpPOBAHMA KAaK MOCTAHOBOK PEL AEMblX
e ee MOMOUbI 3afay, Tak W PexXuUma AManoroBoro B3aMMOJeACTBUSA
dopw NOATOTOBKM MCXOAHOW MHGOPMAUMM M OTOOPaXEHUS Pe3ynbTaToB
TaKue MOTYT M3MEHATHLCA B 3aBUCUMOCTM OT PEXUMOB PaboOThl CUCTEMBbI.
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K.M.F'OJTMKOB
BboluncnutensHolt LueHtp AH CCCP, MockBa

Nlnanorosas cuctema Pearpad (pepakTop rpauuyeckunin) - 3to
aBTOHOMHBIA KOMNNEKC NpPOrpaMMHbIX CPefCTB, MpefHa3sHAYeHHbIN ANn4
aBTOMAaTMU3aLMM BbiNnycka YEePTEXHO-KOHCTPYKTOPCKOW AOKYMEHTaUWK.
Cuctema IKOHOMMT BpeMSA W MNOBbIWAET KayecTBO rpapuyeckux pabor,
n36aBnas KOHCTPYKTOpPa OT OONbWMWHCTBA PYTUHHbBIX MOBTOPAK L UXCA
onepaunm.

|. Nlornyeckunit 6asuc.

Ownanorosblit pegaktop paboTaeT Ha OCHOBE annapaTHO-HE3aBUCUMOTO
MO6UNbHOTO nmaketa nporpaMmm Ha ®oprtpaHe. Maker Peprpad cos3fgaer
MepapXuyeckyl CTPYKTYpYy [LaHHbIX AN NPeAcTaBfAeHUd yepTexa B dopme
CErMEHTUPOBAHHOTO (ailna rpauyeckux INEMEHTOB.

®arin cocTtoMT M3 6 TUNOB rpaUyeckux NPUMUTUBOB: OTPe30K,
OKPYXHOCTb, Ayra, Kpusaa, TeKCT W mapkep. Kaxpgblii npumutus
CHabXeH napoil cTaTMyeckux atpubyToB: LBETOM U BUAOM NUHUMK.

LigeT MOXeT npuHumatp 31 3HayeHwue, BUA NUHUW 7 (TOHKas, WTPUXO-
Baf, WTPUXNYHKTUPHAA, OCHOBHAd M T.4.). KpomMe MPUMUTUBOB uepTex
BKNIOYaeT (parMeHTbl - CUMBONBI XpaHUMbIX (Hailnos rpauuyeckoin 6asbl
faHHbIX. /1060 4YepTex, CO3J4aHHbIi nonb3oBaTenem B (Gopme paboyero
dhaina, MOXeT ObITb Npeo6pa3oBaH B 60Nee KOMMNAKTHYK XpaHUMYH
hopMy 1M 3anucaH B 6a3y [JaHHbBIX.

@ parmMeHT - 370 CCbINKA Ha XPaHWUMBbIA dain u COBOKYMHOCTH
napameTrpoB nNpuBA3KW. [ PUBA3IKA BKIKYAET MPOU3BONLHYID KOMMO3MLNIO
apGuHHbBIX npeobpas3oBaHnit (MacwTabupoBaHue, NOBOPOT, NMEPEHOC W
CUMMETPUA), @ Takxe AONONHUTEeNbHOEe npeobpasoBaHue - QUAbLTPALNI
N0 3HAYEHUAM CTaTW4yeCcKux atpubyTos. ®unpTp onpepender MNOAMHOXECT-
BO 3HAYeHMN aTpubYyTOB M MOXeT ObITb "mMpo3pauvyeH” AN9 KakKoro-to W3
HUX unu "Henpo3payeH". Cumrtaetcqd, 4TO0 parMeHT COCTOUT TONbKO
M3 Tex 00pa3oB NMPUMMTUBOB XpaHUMoro Gaina, AN KOTOPbIX (UNLTP
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MpVBASKM "npo3payeH”. ®duabTpalus no3BONAET paccnaumBatb YepTex
Ha He3aBUCUMble MOAMHOXECTBA MPUMWUTUBOB W BbLIOUPATD TONbKO HYXHbINA
cnoi. Hanpumep, M3 (GparmMeHTa MOXHO WCKNKOYUTb BCE pPasMEpHbie NUHUN
W TEKCT, WNW BCEe NUHWN WTPUXOBKU U T.f4.

Fpamyeckue NPUMUTUBBLL U PArMeHTbl MOXHO 00begWHATH B
rpynnel, KOTOpble B nocnejywuux npeobpasoBaHusx OyAyT BbICTynaThb
Kak eguHoe uenoe. Jonyckaetrcad A0 15 ypOBHE BNOXEHHOCTM Tpynn
W hparMeHToB ApPYr B Apyra. Pearpa® no3BondeT WAGHTU(QUMUMPOBATH
No60A NPUMUTUB,KAK HE3aBUCUMBIA, Tak W COpepxawuiica B rpynne
WA GparmeHTe, W 3aTeM W3BNeYb €ro napameTpbl A8 TEOMETPUYECKUX
BbIYMCNEHWUIA NPW NOCTPOEHWM HOBbIX NMPUMUTUBOB.

Ha ocHOBe npuBeAeHHOW WH(HOPMAaLMOHHOW MOAENWM B nakeTe
Peagrpad onpefeneH WWPOKUA Habop npoyesyp KOOPAWHATHOTO pacyeTa
W npeobpasoBaHus vepTtexa. lMpeobpa3oBaHnd BKNOYAT yLaneHue u
KonupoBaHMe OTAENbHbIX rpauyecknx 3NeMeHTOB W rpynn, B TOM
yucne yfaneHuwe v KONMPOBAHWUE Y4YaCTKOB NUHUI MeXAY ABYMA Touyka-
MW, BbITATMBAHWE NUHWIA, M3IMEHEHWe LBeTa UAU BUAA NUHUN, aphUHHbIE
npeobpa3oBaHUA BblfeNEeHHbIX COBOKYMNHOCTEN 37eMEHTOB, 3KpaHupoBaHue
NPON3BONbHOW MHOTOCBA3HOK 06nacTbio. Mmeercqa Habop npoueayp
NO3BONAKWMX aBTOMAaTM3MpOBAaTL PAS Haumbonee TPYLOEMKMUX 3Tanos
co3faHnd yeprtaxa. K HUM OTHOCATCA: BbIYMCNEHUE TOYEK Nepeceve-
HUA NUHWIA, NOCTPOEHWE KAacaTeNnbHbIX W COMPAXEHWA, NOCTpOeHMUe
rNagkux KOHTYpPOB, B TOM YWUCNE NeKanbHblX KPUBBIX, 3KBUAUCTAHT
WTpUxoBka obnacted. OTHeNbHYW Trpynny COCTaBNANT ONepatopsl
ANA NOCTPOEHMA pasMepHbiX NUHUA W HAHECEHWUA PasMEPHbIX YUCEN W
Hagnucei.

B yncno OCHOBHbIX (YHKUWIA nakeTa Pefrpap BXO0AWT ynpasne-
HWe apXWMBOM uepTexel - rpaumuyeckoidl 6a30il gaHHbIX. YepTex nome-
waercs B 6asy B (opMe KOMNAKTHOTO XPaHMMOro (awina, Has3blBaemo-
ro Kagpom.

Normyeckan cxema 06as3bl AaHHbIX NMpejCcTaBNeHa OLHOPOAHON
MepapxmMyeckol CeTbi, OTpaxawled fBa TUNa OTHOWEHMIA MeXAY Kajppa-

MiU. OTHOWEHWe "copfepXMWT" CBA3bLIBAET Kafp CO BCEMM, KOTOphLIE
Bbi3BAHbl Ha HEro B KayecTBe (GparmeHToB. OTHOWeHME "copepxmurtca"”
CBA3bLIBAET KaAgp CO BCeMMW, Ha KOTOpPble OH BbI3BAH B KauyecCTBe
hparmenTa.

Annapat npuBA30K (parMeHTOB (CMMBONOB) CYLWECTBEHHO CcOKpa-
Waetr o6WNA 0ObEM XpPaHMUMOK MHOOPMALMM U YMEHbL aeT €€ U3BbITOYHOCTb.
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Mognpukauma kKagpa Bbl3blBAaeT COrnacoBaHHbIE W3MEHEHWHA BO BCEX
yepTexax, Ha KOTOPble OH Bbl3BaH.

Hannume nepekpecTHbIX CCbiNOK MO3BONAEGT MOBLICUTH COXPaH-
HOCTb M LOCTOBEPHOCTb [AaHHbIX. Ecnu Kagp COLEPXMUTCH B ApPYrux
Kagpax, TO onepauus yAaneHus He BbINONHAETCA, a UpPM MoanduKauuu
3anpelaeTcs yBenuMuymBaTb €ro pa3Mmepbl. B cuny nocnegHero orpaHu-
YyeHmns hparmeHT BCerga 0CTaeTCA B rpaHuuax TOro 4YepTexa,

Ha KOTOPbIW OH Bbi3BaH. ApXWBHafg CUCTeMa MNO3BONAET BbITPY3nTh
YyepTeX BMECTE C E€ro TPAH3UTUBHLIM 3aMblKaHMEM MO CCbiAKaM B
APYTYK NOKanbHyt 6a3y WNW Ha MarHUTHYKW NeHTY. Takum o06paszom
Npou3BOANTCHA OO6MEH TpaduUUYeCKMMU LaHHBIMU MEXAY PasHbIMU TPy -
namu pa3paboTYMKOB.

Hanuyue apXxMBHOW CUCTEMbl MO3BONAET CBA3aTb ANanoroBblit
pefjakTop C APYrMMU KOMMNOHEHTAMW CUCTEMbl aBTOMATU3UPOBAHHOTO
NPOEKTUPOBAHMA W KOHCTpYyMpoBaHUA. Hanpumep, cuCTemMa reoMeTpu-
YECKOr0 MOAEGNMPOBAHMA B TPEXMEPHOM MPOCTPAHCTBE MOXET CUHTE3U-
poBaTb rpaduyeckuim Gann, cofepxaliuii COBOKYNHOCTb MNOCKUX NpPOEKUM,
CeYyeHMin u paspes3oB 06bekTa, W NOMECTUTb 3TOT (ain B 6a3y [aHHbIX.
3aTem, B npolecce AMAanoroBoro pefakTMPOBAaHUA MOXHO CKOMMOHOBATH
NONYy4YeHHble Nony(habpukaTbl Ha MONe 4YepTexXa, HAHECTU TEXHONOTMYEC-
Kyto MHOOPMALWKO W BLIMONHWTbL LENbIA PAL APYTUX MHTENNEKTYyaNnbHblX
onepaumnit, HeobXo4uMbIX ANA npeobpaszoBaHus TeOMETPUYECKNX
NPOeKLUWA B YCNOBHbIA A3bIK KOHCTPYKTOPCKOTO AOKYMEHTa.

2. [Qnanorosblit mHTEpdeENC.

B3aumopjeidcTBue C OnepatopomM NPOUCXOANT NOL YynpaBneHuem
AManoroBoro MoHWTOpa. B ero (yHKUMM BXOAWT. BBOA YNpaBAfw L uNX
QUPEKTUB W NapamMeTpoB, BbI30B WCMNONHAWMX MOAyned nakeTta Peprpad,
0TOOpaXeHWe yepTexa M BCEX Er0 WM3MEHEHWW Ha 3KpaHe rpamyeckoro
aucnnes, KOHTPONb U Bbigaya coobueHnit 06 owmnbkax

MOHUTOP NOCTPOEH NO MOAYNbHOMY NPUHLMNY, NpUYEeM BCe
MOAYNM HanucaHbl Ha ®opTpaHe.

Onepayun BBOJa/BbiBOAA ONpedeNneHbl B TEPMUHAX NOTUYECKUX
YCTPOMCTB, KOTOPbIe MOTYT 0TOOpPaxaTbCA Ha pasnMyHble HU3NYECKME
yctpoidcTtea. O6opygosaHue, HeobXxoaumoe ANs opranusayum pabo-
yero mecta Pegrpacda, BKNOYaeT cnegyouue ycrtpoicrea:

- an(aBUTHO-UN(POBOMA 3KpaH C KNaBuaTypoil ANA BbIBOAA

COOOWEeHNA cucTeMbl M BBOJA YNCEN M TEKCTOB
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- rpa@uMyeckuil akpaH C BbICOKOW "3pewarweid cnocobHOCTLIO,
XenatenbHo He MmeHee 1024 x 1024 Toyek ; BCE CNOXHble
3NeMEeHTH M306paxeHnq reHepupyw 1Cqd NPOrpamMMHO, MO3ITOMY
0T gucnned TpebyeTcas TONbKO BO3MOXHOCTb MOCTPOEHMS
BEKTOPOB ;

- NOrNYyeckoe yCTpoiMCTBO BBOAA KOOpPAWHAT (nokatop) ANA
yKaszaHua TOYeK Ha rpauyeckom akpaHe

- NOTMYeCcKOe YCTPOWCTBO BBOJA TMUMA MEHI ; SAPO AMANOr0oBOTO
MOHMTOpPa TpebyeT He meHee 300 QYHKLMOHANbHBIX "KHOMOK"

- rpadonocTponTens ANA NONYYEHWH 4epTexa Ha bymare.

BO3MOXHO NOAKNKOYEHWE LOMONHMUTENbHOTO nNoKatopa, Hampumep
LMDPOBOro nnaHWeTa AN CKONKN YXe UMEILWMUXCH YepTexeil.

Bce ynpaBnstolWme AUPEKTMBbLI BBOAATCA NpKW nomowu MeHw. [apa-
MeTpbl BBOAATCA NM60 B YMCNOBOM BWUAE C Knasuatypbl, nu60 npu
nomown nokatopa. Ha 6ase nokatopa nNpPorpaMMHO peanu3oBaHbl MNpo-
Legypbl  ykKasaHuf, No3BONAOUME MAGHTU(ULNPOBATL paHee MNOCTPOEHHbIE

TOYKW W 3NEeMEHTH YepTexa. 30Ha 3axBaTa YyKa3kM aBTOMaTUYECKMU
M3MEHAETCH B 3aBUCMMOCTM OT MacwTaba 0TOOpPaxeHMs yepTexa
Ha rpauyecknii akpaH.

B npoyecce paboTel yepTex pas3fenfsercd Ha 4Ba NnaHa -
nepefgHuin W 3agHWIA, KaXAbIA W3 HUX NpejcTaBNeH OTAENbHbIM rpagu-
yeckum (ainom. Ha 3agHemM nNnaHe HakannWMBaK TCA YXe FOTOBble 3M1eMEH-
Tbl yepTexa. Ha nepegHeM nnaHe BbIMONHAWTCA BCNOMOTaTenbHble
NOCTPOEGHWA, HAKanNUBaKw TCA 3NeMEeHTHl ANA O06bEAUHEHUA B rpynny
nanm Ans ah@UHHbLIX npeobpa3oBaHMil. B Nwwb6OW MOMEHT BPEMEHW BCeE
COLEPXUMOe nepefHEro nnaHa MOXHO NMPUCOEAUHUTL K 3afHEMY, WK
HaobopoT, N60ON 3nemMeHT 3ajHEro nnaHa M3BNEeYb HAa NepefHuUIl.
N3BnekaTb 3N1eMEHTHl MOXHO NO OTAEAbHOCTU, MPOCTHIM YKa3aHWEM Ha
HUX, WAN NpWU NOMOWM NPAMOYrONbHOW pamMku. B nocnegHem cnyvae
Ha NepefHeM nnaHe NOABAAETCH NNOO BCE MHOXECTBO 3NEMEHTOB, MNON-
HOCTbK NexalWmux BHYTPU pamKku, nNnbo AONONHEHME K 3TOMY MHOXECTBY.

B npouecce paboTbl yepTex MOXHO HabnwpgaTb LEAWKOM, HO B
TOM MacwTabe, KOTOPbIA AONYCKAKWT pasmepbl rpathuyeckoro akpaHa
nnéo BblGpaTh NPAMOYrONbHOE OKHO W Pas3rnAfbiBaTb y4yacTok
yepTexa B nwb6om macwTtabe. OKHO ycTaHaBNMBAeTCH B MPOMU3BONLHOM
MecTe 4YepTexa yKasaHuem ABYX TOYeK WAW LeHTpa. B nocnegHem
Cnyyae pasmepbl OKHa aBTOMAaTM4YeCKu BbIOMpPaTCA Tak, 4Tobbl €ro
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cofepxumoe oTobpaxanoch Ha Becb 3KpaH B 3aaHHOM MacwTabe.
KpoMe NepeyncneHHb X, MOHUTOP UCNONbL3YeT U Apyrue Tpa-
AUUVOHHbIE METOAbl WHTEPAKTUBHOW MAaWWHHOW rpaduKknW: YyCTaHOBKaA
AUCKPETHbIX CETOK, "pPEe3NHOBbLIE HUTU" N T.04.

3. Peanunsaumns.

Llnanorosas cucrtema Peprpad peanusosaHa Ha IBM "3dnekTpoHuka
100-25" (64K onepaTMBHOW namATW) B CUCTeMe NpPOrpaMmupoBaHng
®optpaH OC Patoc. Mcnonb3yercqd rpapuyeckoe paboyee MecTo,
BKNWYaKulee an(aBuTHO-ULUGPOBOM Aucnneil, rpa@Muecknini gucnneir Ha
3anoMuHaowen tTpyobke (1024 x 1024), fBa LMDPOBLIX NNaHWeTa U
rpagonocTponTens.

NNutepatypa.

I. Tonukos K.M., MepgaHos W.E. Peprpad- cucrema pepaktupo-
BaHMA YepTaXHOW gokymeHTauun, M. BL AH CCCP, 1981.
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0. Introduction
The user’s view of a dialogue system is strongly influenced by
its user-interface. Wether the user accepts the system or not
depends on the quality of this part of the system. Instead of
menus command languages are more and more used for the man-
machine-communication .
Translator construction techniques can be used for describing
and realizing command languages, even for graphical dialogues,
because such languages are a kind of programming languages at
all. Grammars of Syntactical Functions(GSF), a type of attri-
buted grammar, define the language’s syntax and semantics and
a translator writing system based on these grammars supports
the implementation.
Working out a standard form of a command language will be
discussed within this paper.
Looking at the software-development-process characterized for
instance by Green /GREEN82/ ¥ we can say our method gives some
directions and aids for the specification and implementation
phases. This will be explained by an example:
A user wants to design plans for parks. The plans are two-
dimensional drawings with circles and rectangles denoting trees
V 1) requirements 4 implementation

2) specification 5) testing

3) design 6) maintenance
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and houses respectively. It should be possible to place such
objects into a plan or to delete them. Otherwise plans can be
combined together.

Now vie develop a command language for the problem solving
process.

1. The command language development process

"1.1 Requirements

In the first phase the problem will be analysed in order to find
out what kinds of objects the user wants to manipulate. We call
those object-types because real objects in this phase don’t
still exist.

According to data types iIn programming languages like PASCAL we
define each objekt-type by ordered sets of object-types and use
the standards: integer, real, text, point, name.

Here is the set of objekt-types for the example without men-
tioning the standards:

T = {PLAN,TREE,HOUSE,PATH,PLACE,BROAD, TOP,GROUND, POINTSEQUENCE,

UPPERPOINT,POWERPOINT } ,

PLAN : NAME * UPPERPOINT * POWERPOINT ;

TREE : NAME * PLACE * TOP ;

PATH : NAME * POINTSEQUENCE * BROAD * GROUND ;

POINTSEQUENCE : NAME * POINT , POINTSEQUENCE * POINT ;

BROAD : REAL ;
The notation means that for instance a triple of a name, a
place, and a top define a tree.

In a second step the operations the user wants to perform on the
Objekts must be identified. They are written down in a similar
way :

Q = {PUT,DELETE,PLUS } ,

PUT : PLAN s (TREE,PATH,HOUSE) - ? PLAN ;

DELETE : PLAN * (TREE,PATH,HOUSE) -> PLAN ;

PLUS : PLAN * PLAN -> PLAN ;
The left hand side of "-> " describes the domain and the right
hand side the range of an operation. (A,B) is the union set of
A and B.
The PUT operation sets a tree-, path-, or house-object into a
given plan. The result is a new plan. DELETE works in the re-
versed way. With PLUS plans can be put together.
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Elements of a third set are relations existing between different
objects. In our example we define one relation: SAME-PLACE.
Two objects of type house, path, or tree are iIn relation if
there aren’t any points belonging to both objects.

SAME-PLACE : (TREE,PATH,HOUSE) s (TREE,PATH,HOUSE) ;

1.2 Specification

During the specification phase a ” formal description of the
external behavior of the program is produced.” /GREEN82/

In this sense the language description by a GSF can be the re-
sult of the specification. Some parts of the command-language-
GSP are produced automatically using results of the require-
ments-phase. These parts contain GSP-rules describing commands
for each operation and for declaring objects of some types.
Por an object-type T

T 711 % T12 * * Tin, o
*

T21 * T22 * Ton,

Tmf * TmZ o T Tamm ’

the following rules were produced:
OBJECT-DEFINITION(RES,"T") : °T*, T-PARM(ADR,KIND)

& T(RES,ADR,KIND).
T-PARMCADR,§) : TjiCibl), Tj2(1D2), ... , Tjnj(iDnj)

& TPARMj (ADR,ID1,1D2,... 1IDnj).

, J=1..m
OBJECT-DEFINITION, T-PARM, Tji, j=1..m, i=1..nj are nonterminals.
Terminals are included In quotation marks. Semicolon separates
left from right hand side of a rule. The attributes of nonter-
minals and may be terminals are set in parantheses. After
the semantic functions belonging to a rule can be found. The
names of attributes are only of local interest within a rule.
It is a union of types then a new nonterminal TPARMji(IDi,
TYPE1) is built and then stands for Tji(IDi) in the rule
T-PARMj (ADR, J). TYPEiI became another input parameter of the
semantic function TPARMjJ . Rules like
TPARMJ1(ID,"K'™) : K(ID) . where K is a union element will be
added. Now the rules for the object-type TREE from the example:
OBJECT-DEFINITION(RES, ”TREE"™) : “TREE", TREE-PARM(CADR, KIND)
& TREE(RES,ADR,KIND).
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TREE-PARM( ADRI) : PLACE(ID1),TOP(ID2) & TREEPARML1(ADR.ID1,1D2).

In a similar way rules describing the operations are built:
PUT-COMMAND(RES) : NAME(ID), »PUT», PUT-PARM(ADR,KIND)
& PUT(RES, ID,ADR,KIND).
PUT-PARM(ADR,1) : PUTPARM1 i (1D1,TYPE1), PLAN(ID2)
& PUTPARM1(ADR, I1D1.1D2,TYPE1).
The first part of the specification phase 13 the construction of
these rules done automatically by a special program.
In a second step the author could do some changes in the rules
to reach some more effectivity or transparency of the language.
The PUT-command could have the following definition afterwards:
PUT-COMMAND (RES) : NAME(ID), »PUT», PUTPARM(ID1,TYPE), »INTO»,
PLAN(ID2) & PUT(RES,ID,ID1,ID2,TYPE).

The last part contains a lot to do for the author. He has to
give a description of the global structure of a dialogue session.
The given grammar-root USER-SYSTEM(RC) must be divided in a
hierarchy of nonterminals using GSP-rules until OBJECT-
DECLARATION and name-COMMAND are on the left hand side of some
rules. This leads to the definition of a control-structure of the
system.
Unfortunately a small example like ours can"t illustrate this
possibility in a sufficient way: any sequence of previously spe-
cified commands builds our problem-oriented command-language.
USER-SYTEM(RC) : COMMANDSEQUENCE(RC).

COMMANDSEQUENCE(RC) : COMMAND(RC) .

COMMANDSEQUENCE(RC) : COMMANDSEQUENCE(RC1),COMMAND(RC2)

& CONNECT(RC,RC1,RC2).
COMMAND(RC) : OBJECT-DECLARATION(RC).
OBJECT-DECLARATION(RC) : NAME(ID),"=»,0BJECT-DEFINITION(DEF,T)
& OBJECT(RC,ID,DEF,T).

COMMAND(RC) : PUT-COMMAND(RC) .
Por large systems this could be a powerfull mechanism for
defining system structur.

1.3 Design
This step lies a bit outside of the scope of this paper. Within
the design phase the algorithms and data structures realizing
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tize semantic functions of the rules were developed.

1.4 Implementation

At first we look at some problem-dependent properties of the
system. Every user can work with a standard set of system-
commands available at any moment during the dialogue. These are
commands for opening and closing a session, for simple input
and output, and of course a HELP-command. Moreover a mechanism
for defining new commands during the dialogue can be used.

The problem-dependent language will then be added to the kernel
The command-language-description, the GSP, will be transformed
by a translator writing system, called RUGEN (Rostocker Uber-
setzer GENerator). The internal description of the language
syntax and semantics will be produced. The interpreter needs
the information to be able to process the problem-oriented lan-
guage commands. Unfortunately not all the implementations can
be done automatically. ThatTe why the author has to implement
procedures realizing the semantic functions. The procedures
must be build in the standard form the system can handle.

2. Conclusion

We described a way to define problem-oriented command-languages
- even for graphical dialogue- by using a special kind of attri
buted grammars (GSP). In our case we presented a method sup-
porting the languege-development-process by the computer itself
The implementation of the command-language-interpreter is done
by a translator writing system based on GSP.

3. Literature

/GREEN82/ Green,M.: A specification language and design
notation for graphical user iInterfaces.
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Formale Beschreibung von Programmiersprachen.
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JIMAJIOrOBAH CMCTEMA FIOCTPOEHMfl M KOPPEKUMM
HHHAMMUECKMX  MOJIEJIER

e iM.nEB K.T.
COOP, MockBa, BHMM CHCTeMHbix MCClieqoBaHMM

Cokojiob A.B.
COOP, MOCKB3, BHMM OMCTAVHWIX HOCreflCBaHVM

1. BRegeHMe

HaKonJieHHbiM k HacTOflineMy BpeMeHM onbiT nocTpoeHMH m aHalJiM3a wa-
TewaTMMecKMX  MOflejiefi  cjiouchmx cucTeM no3BOJifleT BbigelJiMTh cjieqyropMe
3Tanbi padéOThbi: KOHuenTvajibHoe onncaHMe cucTeMbi, pa.3pa6oTKa m aH3JiM3
jiorMMecKOM c¢TpyKTypw Moge.JiM, paspaBoTKa m aHajiH3 ftopMajibHoro ormca-
HMB, ajiropMTMM3aunfl m pa3paBOTKa nporpaMMbi gjia 3BM, nojiyMeHMe pe-
3yjIBTaTOE H MK aH8.JIM3.

B HacTOflieM pabdore npegjiaraeTca onncaHne gMajioroBoi* cucTeMbi aB-
TOMVETMBaUMM npogecca nocTpoemiH m KoppeKUVM MoggjieM GIN,  oTpakaropew
B TOM MM MHM Mepe KaSfibiM MB WKa3aHHIX  3TanOB  MOCliegOBaHVH oVl
3tom npeqnojiaraeTc.a, mto OMCIGVA GIN qojiiHa ollecnemiBaTb paloTy o
e TepMIVHVoBaHHIVM MoogjiHVIME - onnchiBaelVhiMME diKHCBHHIIVME gwiMieoeHgIM-
gibHiMM ypaBHEHVHVM nepRoro nopagKa, pa3cenieHHIMM  othocmitojibho  npo-
MB330fIHOH. qjifl TaKoro Kliacca Mogejieli cvnecTByioT olRgenpMHimie noHSTIVH
ypoBHH, TeMna, BcnoMoraTejibHoti nepeVRHHOM BoeMeHHoro oaga, nocTo-
BHHoro KO3i'$MgMeHTa, KOTopbie 6vnyT gajiee bktmbho Mcnojib30BaThca.

2. RDiaa xapaKTepMCTMKa OMCTeMbl GIN

CTpyKTypHaa cxomb (najioroBOM cmctgmh nocTpoeHna m KopoeKgiiM gn-
HaMMMGCKHx Moge.neM GIN npeqcTaBlieHa Ha puc. 1. 3gecb b arpernpoBaH-
hom BMge OTpajtceHa Kan cToyKTvoa B3anMogeMCTBMA OTogjibHbix cocTaBJiaio-
ONK OMCTeMd GIN , TaKk MCTDVKTypa MX B3aMMVOGetiCTBVH ¢ OnepagVOHHOM
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cuctemoid 3BM. B COOTBETCTBMM CO CXEMOWM CUCTEMa COCTOWUT W3 ynpa.nsi-
wero mogyns (MOHMTOpA), COBOKYMHOCTW He3aBuUCAWWX Apyr OT Apyra cuc-
Tem mogenupoaHua (CM) u 6MbIMOTEKM CheunasbHOro nporpamMHoro obec-
neyeHus.

MoHuTOp cucTemsl. OCHOBHAA (YHKUMA MOHMTOpPA COCTOWUT B AMAIOrOBOM
no3TanHoOM ynpasfieHUK MpPOLEeCcCcoM MOCTPOEHUA unu Koppekuun (Moamgpuka-
UAv) AWHaMUYECKOW MoAenn KOHKPETHOro obvekTta. Kpome TOro,  MOHMUTOP
npefoCTaBnsAeT [AOMNOMHUTENIbHBIE  BO3MOXHOCTW  MOJlyYeHUs MH(popmauum 06
06UWeM COCTOSHMM CUCTEMbl M Mpouecca MNOCTPOeHus, a Takke WHpopmauuu o
JONYCTUMBIX HA [AaHHOM 3Tane KomaHiax. B3aumopeicTBME CUCTEMbI Cc
onepauuoHHoi cuctemoir 3BM ocywecTBnseTcs, KakK npasBwio, TONbKO 4epe3
MOHUTOP .

Cuctema mofenupoBaHusa. EAMHCTBEHHOe Ha3HayeHwe CM  cocTtouT B
XpaHeHun uHpopmauum 06 06bEKTe MOAENMPOBaHWS, KaK B CTPYKTYpWU30BaH-
HOM, TakK W B HECTPYKTypu3oBaHHOM Buge. CTpykTypHas cxema CM npuBo-
QUTCA Ha puc. 2.

BubnuoTteka cneyuanbHOro nNporpaMmHOro obecnevyeHusi. 3ta COCTaBNA-
was CUCTEMb NCnonb3yeTcA Ha atane GOpMMPOBaHWUA MNPOrPaMMHbLIX MO-
[ynein mofeneid M BKMWYaeT CTaHAapTHbe CEpPBUCHbe MOANPOrpaMMbl  UHTEr -
PUPOBaHUA  CUCTEMbl OObIKHOBEHHbIX Av(depeHunanbHbIX YpaBHEHWA, annpok-
cUMaLMM CGYHKLWA OfHOW WAM  HECKONbKWUX MNEPEMEHHbIX,  Pa3nnyHbiX  deypwm
BBOZAa-BblBO4A WH(poOpMaLMU U T.4.

3. TIpUHUMMbI XpaHEHUs WH(hopMaLMM B CUCTEMe MOAENMPOBaHNS

Kak yxe oTmeuanocb, CM siBnsieTCcs CpPeACTBOM XpaHEHWst WHOooMaumu o
mogenupyemom o6bekTe (MM 06bEKTax), BBOAMMOW MOMb30BATENEM B MPO-
lecce Auvanora C MOHUTOPOM. [l03TOMY, C TOYKM 3peHUss OYHKLMOHMPOBAHMS
Bceid cuctemsl Cll, CM ABnseTca eAMHCTBEHHOW 3aBuCAlWlel OT Nonb3oBaTe-
NS 4acTbl. 3aBUCUMOCTb 3Ta ONpeaensieTcsa B MNEPBYN o4vepefb CheLnduKoi
MOAeNnupyemMoro ob6bekTa W MHTepnpeTauyueir WHHopmauum O HeM MccnefoBa-
Tenew.

BmMecTe C Tem 3TO He WUCK/MW4YaeT BO3MOXHOCTb peanu3auun  efuHoro
ans Bcex CM noaxoda K opraHu3auuy XpaHeHus Heob6XOAMMOW WHGOopMALIMK.

Kaxgass cuctema MOZeNMpPOBaHWA COCTOUT U3

- cnoBapHon nogcucTemsl (XpaHeHMe HeCTPYKTYPU30BaHHOW MH{opma-
uun), BKAYawwein cnosapb M umeH 6M10KOB, MOAENeld W NPOrpammHbiX MOAY-
neit (katanor CM), cnoBapb V HauMeHOBAHM MEPEMEHHLIX COCTOSIHUS W
NpoLEeccoB MoAenMpyemMoro o6bekTa, cnoBapb P auddepeHumanbHbiX CBA3EN,
.cnoapb Y OYHKLUMOHANbHLIX 3aBUCUMOCTENA;
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- bGaHka 6/10KOB Mofenei;

- baHKa mopaenen;

- 6aHKa nporpammHbIX MoAy/neil Mofeneil.

PaccmoTpum nofpobHee Kaxayw n3 coctaBnswoumx CM.

M-cnoBaob cnosapHoi nofgcucTemsl CM ABnsieTCA KaTtanorom CTPYKTyp-
HbIX €AWHWUL, CUCTEMbl MOAENMPOBAHUA U COAEPXMT MHpopMaumi 06 WX WUMEHM,
faTe W BPEMEHW CO3faHnsi, WMeHW pasfena B COOTBETCTBYWIEM GaHKe.

V -cnosapb SABNSAETCSA KaTanorom TEPMUHOB, WCMOMIb3YEMbIX B  CUCTEME
MOAENMpPOBaHuA,  BK/KYas MMeHa NpPOLEecCcOB W MapameTpoB MoAenei, u co-
[EPKMT MHPOpMaLM 06 MX CMbIC/IOBOM 3HA4YeHMM B TEKCTOBOM Buige. Beefge-
HMe 3TOro cnoeaps ob6/eryaeT opraHu3auuo AWanoroBoro pexmma nocTooe-
HUS W MOAMDMKAUMM MoLeneid M NO3BONSET MOb30BATEN MOCTOSHHO  'MOM-
HATL" O CMbIC/IOBO WHTepnpeTaunun BBEAEHHbIX MOHATWNA.

TpeTbsi COCTABNANWAA CNOBAPHON noacucTeMs, “/-cnoBaob,  CoAepxUT
NHQOpMaUMio 0 CTPYKType npaBbiX 4yacTeil AndhepeHumasnbHbX YpaBHEHUN,
onpefensiuumMx AuHamuKy Moaenupyemoro obwvekta. [on 3TOM npegnonaraeT-
€A, 4TO NOMb30BaTeNlb MOXET yKa3aTb COBOKYMHOCTb MPOLECCOB, XapaKTe-
PU3YHWNX COCTOAAHME AMHaMMyeckon mogenn. Takum obpa3om, Kaxgas 3a-
nucb B. -crnoBapsi COAEPXMT HOMEpP HEKOTOPOi NepemMeHHOW, KOTOPOMY COOT-
BETCTBYeT oOnpefesnieHHas 3anucb BV -cnoBape, W HOMeoa MpoLEccoB,  On-
pejensnumx W3MeHeHue [aHHOW NEepemMeHHoW, KOTOPbIM Takxe COOTBETCTBYWHT"
HEKoToOoble 3anucy V -cnosaps.

HakoHey,l -cnoBapb COAEPXUT WHOPMALMK O OYHKLMOHANMbHbLIX 3aBUCU-
MOCTSIX. Kaxgas 3anucb ero COCTOMT M3 Homepa OnpefenvMoin NepemMeHHoMm,
CnMcka HOMEPOB MepeMeHHbIX-aprymeHToB (M3V -cnoBapsl) W KOHKPETHOro
Buga Oopmy/ibl, B KOTOPOM MOryT ObiTb MCMO/Ib30BaHbl 3HAKM 3/1IEMEHTAPHbIX
apupMeTUYECKNX Onepauuin, YMCNOBbIE KOHCTaHTh M yKa3aTenu 3nemMeHTap-
HbX OYHKUMA, a Takke ykKasaTenn (yHKUMA, 3afaBaeMbiX TabanyHo.

Kpome Toro, ana ypo6ctea peann3auyum CM n paboTbl C Heil Kaxmbid 13
yKa3aHHbIX, CNoBapen COLEPXUT BCrOMOraTenbHyln WHPOpMaumi O HEKOTOPbIX
XapakTepucTukax cnoBapHoii nogcuctemsl (B 4aCTHOCTU, WX OObEM).

BeigeneHne 6aHKoB 6/10KOB U Mofeneid B pamkax CM cBsi3aHO C Tpagu-
UMOHHbIM  MOAXOAOM K MOAENIMPOBAHM CNOXHLIX CUCTEM, 3ak/ivanlemcs B
pas3bueHun MoAenmpyemMoro o6bekTa Ha B3auMMOCBSA3aHHble nogcuctems (6s10-
Kn). C 3TOi TOYKM 30eHMA Kaxgas Mofdenb npefctaBnsieT coboi obbvefuHe-
HE HEKOTOPOi COBOKYMHOCTU G/10KOB.

B oTnnume oT cnoBapHoit noacucTemsl CM Kaxawid pa3fgen 6aHka 610KOB
COAEPXUT CTPYKTYOU30BAHHYKH MHHOPMALUMI0 O HEKOTOPOi noacucteme 06bEK-
Ta mogenvpoBaHus. C uenbl n3bexanus [Ly6nMpoBaHuA MHpoOpMauuMnM  pasgen
6/10Ka BK/IYAeT B OCHOBHOM /MWb HOMeoa 3anuceld COOTBETCTBYWWMX €no-
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Bapeil. CTpykTypa WHQopmauuu B pasfene baHka OnpkoB 6a3upyeTcsi Ha
pa3bueHn BCel  COBOKYMHOCTW MNapamMeTpoB, XapaKTepusywunx COCTOSHME
ONMUCHIBAEMON MOACUCTEMb HA MHOXECTBA YOOBHEBbIX, TEMMOBbLIX W BCMOMOra-
TE/bHLIX MEPEMEHHbIX, @ TaKKe BPEMEHHbIX PSAOB M KO3DOUUMEHTOB. Bbige-
NEHHble MHOXecTBa 06pa3ywT B pa3fene COOTBETCTBYWWWE MACCMBbl, Kaxapblii
3MEMEHT koTopbix MNPeAcTaBnseT Co60M CCLIIKW Ha 3anucy cnosapei V, R
nnn F. MaccuB TemnoBbIX NepemeHHbX GopMMpyeTCsi Ha OCHOBE  MH(opmauum
06 YpOBHEBbLIX MEPEMEHHbIX ¥ ONPEAEeNnsuWMX MX AWHaMMKY npoueccax aBTo-
MaTUYECKN .

baHk mogeneii CM no npuHUMnam CBOei OpraHu3auuMm aHanormyeH 6GaHky
6nokoB. Kaxgpl pasgen 6aHka Mogeneil BKAWYaeT TPWU MHPOPMaLMOHHbLIX
MaccmBa, CoOfepxauux umeHa 6/0KOB MOAENW, MOCTOSHHLIX — KO3(OUUMEHTOB,
N BOEMEHHbIX PSAOB.

HakoHel,, 6aHK MporpamMMmHbIX MOAYNen npefAcTaBnsieT Co60M  CPeAcTBO
XpaHEHMs1  KOHEYHbIX pe3ynbTaToB paboThl cucTembl GIN no co3gaHuo anro-
PUTMW3MPOBAHHLIX MOAENel uccnepyembix OObEKTOB B BuAe MNporpamMm  Ha
A3blKE BbLICOKOIO YPOBHSA, a TaKke MH(popmauuio 06 MCMOMb3yeMbX YUCIEHHbIX
anropuTMax B BuAe obpaweHuii K nognporpammam 6Gu6AMOTEKM CheumanbHOro
nporpaMMHOro obecneyeHus.

4. TpUHUMMbI (YHKLMOHNPOBAHUS CUCTEMbI

B COOTBETCTBMM C OTMEYEHHbIMM paHee aTanamm MOCTPOEHWUS W aHann3a
MOAENel CNOXHbIX OOGBLEKTOB NpeAcTaBMseTCA  LenecoobpasHbiM Bbiae/mTh
cneaywuye pexuMsl paGoTsl C CUCTeMOi: co3aaHue HoBoii CM, HacTpoiika Ha
cyuecTsywouylo CM, co3faHuMe WM KOPPEKLMUsS Kakoro-nmbo 6710Kka Mogenu,
CO3[aHie WM KOPPeKuus COO6CTBEHHO MOAenu o6beKkTa, CO3f4aHue npor-
PaMMHOFO MOAYNSt MOJENM.

MepBblii U3 MEPEUNCNIEHHBIX PEXMMOB 3aK/4aeTcsl B CO3faHuM Hosoil CM
[N KOHKPETHOro Mo/fb30BaTens WM rpynnsl nonb3oBaTeneidl U ceoauTcs,
no cytu gena, K OOpMUPOBaHW0 COOTBETCTBYWIWEN CNOBApPHOW  MOACUCTEMbI
N3 YeTbpeX MYCThIX CI0BAPEi.

BTOpOii pexum npefHa3HayeH [ OpraHM3auuum B3auMOCBS3W  MOHWTOpA
C KOHKpeTHol yge cyuecTBywueid CM 1 sBnseTcs 0683aTeNbHLM B KaxaoM
ceaHce paboThl. 3[ECb Xe NPefoCTaBNseTCs BO3MOXHOCTb /IMKBUAALMM BCEil
CM MM HEKOTOPO YacTu copepxalleiics B Heill MHAOpMaLMM, HEeo6X0oaUMOCTb
COXPaHeHUs KOTOpOi B fAa/bHellllem OTnasa.

Ha3HaueHue TPETLEro pexuma COCTOMT B OpraHu3auun  ynpasfieHus
NPOLECCOM MOCTPOEHUS U MOAMDMKALMM Kaxgoro 6roka Mogenu. B nmpouecce
NOCTPOEHNSI MEPBOHAYa/IbHO ONPeeNsieTCss CUMBONNYECKOE WMSi CO3[aBaeMo-
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ro 670ka W dopMmpyeTcs COOTBETCTBYWWAsA WAEHTUGULMPYKWAS 3anucb
M-cnoBapsi. Mocne aToro MOHMTOP cucCTembl obecneuuBaeT NOCNefoBaTe/b-
HOe 3anosiHeHWe MH(OPMALMOHHLIX MaccuBOB pa3fena 6aHka 610KOB, Mnpe-
[OCTaBNAsi OHOBPEMEHHO BO3MOXHOCTb npocMmoTpa M (Npu  HEobXOAUMOCTH)
MOMNONIHEHNS CnoBapei cnoBapHoi noacucTems CM.

Lna ynobcTBa KOHTPOAS W NpeAoCTaB/eHWs MCCnefoBaTesniy BO3MOXHOC-
T  OCYWECTBNEHNS NpoLeAypbl MOCTPOEHWS Ha NPOTSXKEHUM HECKOMbKWX Ce-
aHcoB pab6boTsl ¢ cuctemoir GIN B pa3gene 6GaHka 6/10KOB MpefyCMOTOEHS
creynanbHble  CpeAcTBa XpaHEHWs CBEAEHWIA O CTENeHW 3aBEPWEHHOCTW 3a-
NO/IHEHNS UH(POPMALMOHHLIX MACCUBOB.

Mpouecc KOppeKuuy 3aknio4aeTcs BO BHECEHWM W3MEHEHUI B KaKue-nun-
60 M3 MHOOPMALMOHHLIX MaccuBOB. B CBOW ouepefb 3TW WU3MEHEHWUS MOryT
notpeboBaTb AanbHenwen MoaupuKaumum 6Gnoka i obecrneyvyeHuss 3amKHYTOC-
T ONUCaHWsi, 4YTO W OCYWECTBNSETCA MOHWTOPOM B [4a/fOrOBOM pexuMe
NPUHYANTENBHO -

Mpoueaypbl MOCTPOEHNUA W KOppeKkuun mopenei B pamkax cuctemsl GIN B
LesIOM aHanornyHsl COOTBETCTBYWWMM npoueaypam paboTel C 610kamu U CBO-
AATCA K nocnefoBaTefibHOMY OOpMUPOBaHWMK  HEOOXOAMMbIX — MHHOPMALMOHHBIX
MaccuBoB. T[locne 3aBeplieHuss ux dopmmpoBaHust (Mam MoauduKaumn) cucTe-
Ma aBTOMaTWYECKM MPOBOAWT aHa/M3 KOPPEKTHOCTM W 3aMKHYTOCTW onuca-
HAS  BCEiA MogenM. B yacTHOCTW, OCYWECTBASETCA NPOBEpPKa BO3MOXHOCTY
nocneaoBaTeslbHOr0 BbLIYMC/IEHWS BCEX BCMOMOraTe/lbHbIX M TEMMOBLIX nNepe-
MEHHbIX W YCTaHaBNMBaeTCA MOPALOK 3TUX BbYUCNEHUIA.

HakoHel, nocnegHuin pexum paboTsl cuctembl GIN, ocywecTBasembini B
OCHOBHOM aBTOMAaTMYeCKM, CAYXUT ANA NOCTPOEHWUS NPOrpamMmHOro Moayns
MOAENW, KOTOpblii B fa/ibHENWEM COBMECTHO C OMOIMOTEKOW  cneunanbHOro
NporpamMmMHOro obecneyeHnss UCNONb3yeTcs A1 (hOPMUPOBAHKUA 3arpy304HOro
MOAYNnA nporpammbl mogenu BHe cuctembl GIN  cpegcTBamu  onepaumoHHON
cucTemsl IBM.

nTepaTtypa
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PEANM3ALNA VHOOPMALIMOHHON CUCTEMbI HA
MEPCOHAIbHOM KOMMBIOTEPE

T.B.YckoBa

BL, AH CCCP
yn.BaBunosa 40
MockBa, CCCP

1. PaccmatpuBaeTca MeTOA peanmnsaymum AuManoroBoi MHGOpPMaLWUOH-
HoW cuctembl (ALC) Ha nepcoOHanbHOM KOMMNbHTEpPe, COEAUHEHHOM NUHUEN
cBA3N ¢ 6onbwoil IBM. OnucbiBaeMblil MOAXOA XapaKTepusyercsa Cnegyto -
Wum:

a) Hanuuyuem cneymanbHblX CPefCcTB, [AaOWWUX BO3IMOXHOCTb CO3/aTeNnam
MHOOPMALMOHHOA CUCTEMbl KOHCTPYWpPOBAaTb CXEMY Auanora B COOTBETCT-
BUM C TpebOBaHMAMMW NONb30BATENENl.

6) MonHbiM oTaeneHueMm npouecca cos3paHus ANC oT eé mMcnonb30BaHMUA.
Monb30BaTenb NpW 3TOM NONHOCTb M36aBNeH OT NporpamMMupoBaHWA B
00bIYHOM CMbICNE, MCNONb3YA NPOCTbHIE ynpaBnawlWne cpeacrTsa AN8 NoNy-
YeHUS HYXHOW MHpopmauum n3 6as3bl LaHHBIX.

2. B3aumogeiicTBue yenoseka W MHHOPMALMOHHOK CUCTEMbI OMpepe-
NAeTcs CXemoil Aguanora, OnUCbLIBaeMOW (opManbHO Kak OPUEHTUPOBAHHBIN
rpad I = (S ,T), rae s - MHOXECTBO COCTOSHWMA AManora, a T - MHO-
XECTBO NEpex0f0B MeXUy cocToAHMAMMU. COCTOAHMA MOTYT ObiTb HECKONb-
KuX TWnos: MeH /J1/, 3ampoc 3HavyeHuqa /A, npomexyTo4yHoe. B onnu-
CbIBAEMOW CUCTEME WCNONb3YKTCA ABA TUNA MEHK:

- MO3NLWOHHOE C 3anMpocoM 3HauyeHuq /Mg/.
B oboux cnyyasax Ha 3KpaH BbIBOAUTCH BUAE006BLEKT, COCTOAW MU

1) rpa@uyecknx 3NeMeHTOB

2) TekcTa, HaknajblBaeMoro Ha rpauuyeckoe wu3obpaxeHne

3) Kypcopa, nepemewu aemoro noj BO3AEACTBMEM YNpaBAABWMX Kna-
BUW NO (UKCUPOBAHHOW TpaeKTOpuUM.
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B coctoAaHuMM Mp BbI6GOp NMYHKTAa MEHK MPOM3BOLMTCA C MOMOLbI
CneyuanbHblX KnasulW, NOABEAEHMEM Kypcopa B COOTBETCTBYWLWY NO3K-
LU0 Ha 3KpaHe, nocne 4yero Haxumaercad knasuwa "WcnonHeHme™ u cuc-
TeMa OCYW ecTBAAET 3apaHee 3anporpamMMupOBaHHble AeACTBUA.

B coctoaHum Mg Kypcop noaBoauTcs K HYXHOMY NYHKTY MEHIO ¢
BBOAMTCS 3aNnpallMBaemoe TEKCTOBOE MM YWUCA0BOE 3HAYEHWUE, KOTOpOe
3aTeM o6pabaTbiBaeTCs COOTBETCTBYWUWEN NpUKNafHOW nporpammoin. Tak,
Hanpumep, OWC, npefHasHauyeHHad AN NOLLEPXKN HAYYHO-OpraHmsawuu-
OHHOl PaboTbl COAEPXMT WHPOpPMALU O

1) Komuccuax

2) MCCNnejoBaHmMax

3) YyupexpgeHunax

4) BepoMCTBaX

5) obopyaoBaHuK

Anq nonyyeHus Heob6X04MMON WHDOpMaLUW mcnonv3ywTcs oba Buja
MEH!O : w¢, MW.B YaCTHOCTM, ANA NONYYEHUA CNUCKA YUYPEXLEHUA MCNONb-
3yeTcd MeH Tuna Mp. Mocne Bbl6Opa B rNAaBHOM MeHI MO3MLUN "Yupex-
feHNA" Ha 3KpaHe BO3HWKAET CMNUCOK YYPeXZeHWA, KOTOPbIA MOXEeT nmpoc-
TO W3yyaTbCA NONb30BATENeM WAW CAYXMT OCHOBOW ANA AanbHeWW WX one-
paunm. Yrtobbl NOAYYUTb CNUCOK YNEHOB KaKOW-NMbBO KOMMUCCUW, UCNONb-
3yetcq MeHto tmuna M . Cuctema npu 3TOM 3anpalimMBaeT HOMEpP KOoMuccuu,
KOTOpbliA 4ONXeH 6biTb BBEAEH MONb30BAaTeNeM B COOTBETCTBYH W EA NO3M-
LMW Ha 3KpaHe, MOCAE Yero npuknagHas nporpamma us3snevyetr u3 6asbl
[aHHbIX CMUCOK BCEX YNEHOB, YKAa3aHHOW KOMMUCCMUWM W BbIBEAET €ro Ha
3KpaH.

3. Mpun Cco34aHMN BbIWEONUCAHHOW CUCTEMbl OTAENbHO BbLIMONHAK TCH
cnefytolue atansl:

a) Ghopmupyetca 6asza [QaHHbIX

6) co3gaetcqd cxema fguanora

B) COCTaBNATCA NPUKNALHbIE NpoOrpamMmsbl,accounmpy-
eMble CO CXeMOil Auanora W cnyxauwue Ans u3Bne-
YeHMS WHDOpMaUuum n3 6asbl JaHHbIX.

basa faHHbIX npepcTaBnser CO60W COBOKYNMHOCTb (arnoB, KaxpAblil
N3 KOTOPbLIX COAEpXMT WHpopmauuo 06 ob6bekTax OAHOrO TuUMa, Hampumep
YUPEX AEHUAX, UCCNefoBaHuMAX, 000pyAoOBaHUN W T.4. BBOL faHHbIX OCY-
W ecTBNAETCA MPOCTHIMWU CpPeAcTBAMWU TEKCTOBOTrO0 pPefaKkTMpPOBAHMA.

Lpyroit atan co3gaHus AWC, dopmupoBaHue CXembl AauManora, ocy-
Wwecrenderca ¢ nomowbi "KOHCTpykTOpa AMAanoroselx cucrtem” . 3714
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nporpamma nos3gonser pa3bupatb 3KpaHHble u3obpaxeHus rpapa I Ha
dparmeHtel - ¢ [, B KOTOPbIX (UKCUPYHTCA OTAENbHbIE CBA3AHHDIE,
rpynnbl COCTOAHMIA, MX aTpuOyThl, NEPexofbl MeXAy COCTOAHMAMU. ATpu-
6yTel 3apawT LeACTBMA, BbINONHAEMbIe B KaXAOM COCTOAHMMW, Takue, Kak
BbIBOA BMAEO006bEKTA, 3anyCcK NPUKNAJHOW nporpammbl u T.4.

BuaeoobbekThl CTPOATCA CNeunanbHoit nporpammoil "BupgeopesakTop".
dTa nporpamma no3BONAeT c03f4aBaTb W306paxeHns, cocToawmne us3
MPOU3BONbHBIX NUHWA, 3NEMEHTapHbIX FeoOMeTpuyYeckux QGuryp, userta, Tek-
cTa. OTW CpepcTBa MOCTPOEHMA CXEM .LManora MO3BOAAKT OCYLWECTBUTh
WX MOAMGUMKALUK W paclwupeHue, npucnocabnnBas K KOHKPETHbIM noTpeo-
HOCTAM nonb3oBaTeneil.

4. Cnefgyetr OTMEeTUTb, 4T0 6a3a fAaHHbIX ANC MoxeT 6bITb Kak
YrO4HO 60NbW O, NOCKONbKY 4YacTb MHHOPMALUWM MOXET HaXxO0AMTbCH B
6onbwoil 3BM. C nomowbio CcneunanbHoih nporpamMmsl, CBA3bLIBAWOWER Nepco-
HanbHbIA KOMNbloTep ¢ 6onbwoit 3BM, ocywecTBnsetrcs pgoctyn K 6ase
[aHHbIX B COOTBETCTBYKWMNX COCTOAHUAX fuanora.

B onucbiBaemoil cucteme B 60nbWoOA IBM XpaHATCHA AaHHbIe 0 4ne-
Hax Komuccuil (agpeca, Tene@OoHbl, AONXKHOCTMU), y4ypexheHusx (agpeca,
Tenekcol, (Gamunum pykKoBoAUTenein) u 4p.

5. OTpeneHne 3tana KOHCTPYMpPOBaHWA Auanora 0T (YHKUMOHANbHON
nW ocopepxatenbHoil vactu AWC obecneymBaeT 3IPGeKTUBHY HACTPOMKY Ha
Tpe6oBaHng nonb3oBatenei, 0CBOGOXAAET NMpUKNagHble Mporpammbl 0T
DYHKUMM ynpaBneHna rpa@uKon, TeKCTOBOrO pejakTMPOBAHUA U .APYTUX
yHUBepcanbHelx onepauuid. LWC, peannsoBaHHad Ha NepPCOHANbHOM KOM-
noloTepe, ABAAETCA HOBbIM 3PMEKTUBHLIM CPEACTBOM WUHHOPMALUOHHOTO 06-
CNYXWUBAHUA.
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1. B.M.bpabpuH, "AQanTuBHbIA AMANOr - OCHOBA MEPCOHANbHOW BbIYUCAK-
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AVANIOrOBOE MATEMATWUYECKOE OBECMEYEHUE
VMATALMOHHOI O MOJENPOBAHIA

BukTopos /.11.
CCCP, MockBa, BHWM cucTemHbiX uccnefoBaHui

OAHO M3 COBPEMEHHbLIX HampaBneHwii ,B  MaTemaTU4eCcKoM obecneyeHuu
UMATALMOHHOTO  MOAENUPOBAHUSA - CO3[aHWe CUCTEM YynpasieHUa MOAESbI0.
MMTaUMOHHbIE KCCefoBaHus TPeOylT MHOFOKPATHOrMO MMoroHa Mogenm C
Pa3/IMYHLIMA  3HAYEHUAMU HAYaNbHLIX JaHHbIX W CLEHApHbLIX MepemMeHHbIX, Oon-
pejensuuux TOT WAM MHOW paccMmaTpuBaemblii  BapuaHT, HeobXxofgumble — A/ist
3TOr0 CpeAcTBa YNpaB/ieHUs MOAENb /1 U3MEHEHUS 3HAYEHWd YNpaBASOWUMX
MepeMeHHbIX Ha paHHMX 3Tanax pasBUTUA UMWUTALMOHOrO MOAENMpoBaHuA
BCTpanBa/IMCb B HA3blK MOAENMpPOBaHuUA. Takum 006pa3oMm, MOMUMO COOCTBEHHO
nporpaMmsl MOAENN 3apaHee OMUCHLIBANINCL TaK Xe W BapuaHTel  MoAenupoBa-
Hus. C nosiBfieHMeM ¥ BCe 6O0/IbWMM pacnpoCTpaHeHWeM WHTEPaKTUBHOIO pe-
XMMa ucnonb3osaHns 3BM cTano ACHO, 4TO (YHKUMM 3afjaHWd BaoWaHTOB
cnefyeT OTAeNUTb OT ONWCAHUSA MOLENU W BLIHECTU B OTAE/IbHYKW 4acTb -
ANanoroBbii MOHMTOP. B 3TOM cnydvae nofb3oBaTeflb NPOCUMTHIBAET pas/ny-
Hble BapuaHTbl B WHTEPAKTUBHOM pexume, HernocpeACTBEHHO BUAUT WX pe-
3ynbTaThl, MOXeT /IerK0 OWEHUTb pas3nnyHbie cTpaTerun. OCHOBHbIE WYHTWWK
ANanoroBoro  MOHMTOpA BK/KYAWT YynpaB/fieHue MOAeNbl, B3auMOAENCTBUE C
TepMUHa/IoM, 3afaHue YnpasiawwMxX BO3AEeNCTBUA, CO0pP U BbIBOL pe3y/bTa-
TOB.

B poknage paccMmaTpuBanTCA OCHOBHblEe KOHLUEnuun n BO3MOXHOCTU  MO-
HUTOpa [ANA  WHTepakTuBHOro mogenuposanus (MAM) [I1], pa3paboTaHHOro
AN NOCTPOEHUS U UCCNEeAOBaHUA MMUTALUMOHHLIX Mogeneid Ha 3BM. OcobeHHo
3(P(eKTUBHO WCMOMb30BaHWE MOHWTOPA B 3ajayax MOAENMPOBAHUA ClIOXHbIX
CUCTEM, TaKuX KakK COUMaNbHO-3KOHOMUYECKNEe CUCTEMbl. MoHUTOP AaeT
BO3MOXHOCTb NPOBOAUTL PaboThl C MOLENb0 B AUaNOr0OBOM pexuMe Kak CO03-
jartenaMm mogenu, TakK W cneuuanuctam, He MMEWWUM onbita  KUCMNosb30BaHUS
9BM.  [manorosbiid MOHMTOO MM MOXeT MCNoNb30BaTbCH Kak CaMOCTOATE/lb-
Has cucTemMa, a TakK Xe C/yXWTb OCHOBOW ANA MOCTPOeHUss npo6/emMHO-00u-
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E€HTUPOBAHHLIX CUCTEM MOAENNPOBaHUSA .
[nanorosbliii MOHMTOP MM NpUMEHWM K WMPOKOMY KNaccy MMMTALMOHHbIX
Mogeneil, HanmucaHHbX Ha OopTpaHe. Mogenb paccmaTpuBaeTCA B OOraem
BUE, KaK onepaTtop nepexofa OT COCTOSHWA  MOAenuMpyemMoro obbekta B
MOMEHT Tl K COCTOSIHUI B MOMEHT T2, T.e.
Y(T2) = MY (TI).
roe y () - BEKTOp MepeMeHHbIX Mofenu B MOMeHT T.

Mpy Takom noAxofe AONYCTMMO WCMNONb30BaHWE MOHUTOpA AnA  pasnuy-
HbX  MOfenei, B TOM 4WUC/ME OMUCHIBAEMbIX CUCTeMamn OYHKLWOHaNIbHbIX, KO-
HEYHO-PA3HOCTHbLIX K AndepeHUnanbHbX YpaBHeHU. B MOHMTOpe He Hakna-
[blBAETCA  OrpaHuyeHnin Ha maTemaTuyeckue METOAbl, MPUMEHSEMble B MOge-
/M, HanpuMmep Ha Crnocobbl WHTErpupoBaHWs. [uanorosblili MOHMTOP obecne-
ynBaeT paboTy KakK CO BCell MOAe/bl, TaK WU C pas/iMyHbMK KOMOMHALMSMM
noamomenen.

B mpouecce pa3paboTkn MoAenu WccnefoBaTeflb  MOXET  OT/axuBaTb
nporpammy MOAENU C MOMOWbK pa3paboTaHHOro aBTOPOM U BK/IWYEHHOrO B
coctaB M/Ma CHMBONBHOrO WHTEPaKTWBHOrO oTnaguuka [2], KOTopbii Mo3-
BONAIET B [AManNOroBOM pexuMe YyCTaHaBAMBaTb TOYKW MpepbiBaHWA, pacneva-
ThiBaTb W W3MEHATb 3HAYeHWs1 NepemeHHbiXx. BcA paboTa C OTnagyuMkom Be-
JeTca B TepMmuHax ®opTpaHa, T.€. YKasbiBalTCA MMEHa noAnporpamm, Ho-
Mepa onepaTopoB, WMEHa MNepeMeHHbIX, a He WX ajpeca.

Bo Bpems paboTbl MOXHO BBOAWTL [AOMONHUTENbHLIE MEpPEMEHHble, 3Haue-
HUA KOTOPLIX BbIYMCNANTCA E NpoLecce MOAeNMpoBaHMA NO onpefensuuum ux
apupMETMYECKUM BbipaXeHUAM. 3Ty BO3MOXHOCTb YAOOHO MCMOMb30BaTb  [A/1S
WHTEO0AKTUBHOIO BHECEHUS W3MEHEHWA B MOfenb, fobasneHus dopmyn, no-
NYYEHWs1 [AONONHUTENbHBIX Pe3ynbTaTtoB (HanpuMmep, BLIYMCNEHUA CYMMapHOro
3Ha4YeHNss KaKoi-nmbo BENUYMHbl HA BCEM BPEMEHHOM WHTepBase MOAe/Mpo-
BaHUA).

MHOro BHUMaHWA yAeneHo nNpeACTaB/IEHUI Pe3yNbTaToB MOAENMPOBaHMA,
peanin3oBaHbl  aifOPUTMbl  HAKOM/IEHUA, COXPaHEHWA W NOAYYeHWUs WMHPopma-
um. MoHuTOop obecneumBaeT BbiBOA Kak B TabnuyHoM, Tak M B rpaguyec-
KOM BuUfe Ha aucnneid, rpagponoctpoutens u AUMY. [AnA cpaBHeHWs anbTep-
HaTMBHLIX BapuaHTOB MNPefyCMOTPEH OAHOBPEMEHHLI BbIBOL Pe3yNnbTaToB
3TMX BapuaHTOB Ha OfHOM rpajuke wm Tabnuue. Ana rpapuyeckoro BbiBO-
[a MOXHO 3a4aTb pPas3/MYHble PEeXUM WHTEpPnonsauun v macwTabupoBaHus.

Peasm3oBaH [ABYXYPOBHEBbLIA Ananor : AN CNeuuMasMcToB,  UMenwnx
onbiT  paboTel € MUMom ¥ HauMHawwux nonb3osaTtesien. Bo BTOpPOM cryyae
aKTUBHasA pPo/nb MPUHALIEXUT MOHWUTOPY, WCCnefoBaTeNb BhibMpaeT BUL pa-
00Tbl M3 npefnaraemoro MeHo WM BBOAMT CrpawvBaemblii napameTp. B3au-
MOAENCTBME C HauMHaWWMMW MNONb30BaTeNIAMM peasn30BaHO Ha  cneumasnbHO
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pa3paboTaHHOM A3blKe YNpaB/ieHUss AMaoroM; OMbiITHble MOSb30BaTeNM MO-
ryT, WUCNonb3ya 3TOT A3blK, W3MEHATb CTPYKTYpy Auanora.

OnbIT paboTbl C MOAENAMWA CNOXHLIX CUCTEM, TaKMX KaK CouuanbHO-3KO-
HOMWYECKMe nokasas HeobXOAMMOCTb crneuuasbHOro annapaTta HopmupoBaHus
cleHapueB. Llenecoobpa3HbiM SIBNAETCHA NpefBapuTeNibHOe co3AaHue  ''3aro-
TOBOK" ClLEeHapueB, OMUCLIBAWWMX B 06WMX YepTax Kakoin-nmbo BapuaHT. Bo
Bpemsi paboTbl C MOAE/bio, B AUasioroBOM pexume, uUccnegoBaTesb BbloMpaeT
VWHTEepecywllyl ero 3aroToBKy CUEHapua, BO3MOXHO MNepeonpefenseT psg
napameTpoB, He W3MEHANWWX CYTb CLUEHapusi, M MpOoCYMThHBAET  CHOPMUPO-
BaHHbIN BapuaHT. bnok ®opmmpoBaHua cueHapueB B MUMe ponyckaeT CTpyK-
Typusauuw cueHapueB U NpefocTaBfseT pas/inyHble Crnocobbl 3afjaHus  yn-
paBneHun, B TOM u4ucne rpapuueckuin n B Buge OYHKUMA OT BPEMEHM U ne-
PEMEHHBIX MOJENN.

OcTaHOBMMCA Tenepb Ha OCHOBHbLIX MpUHLMNAX peannsauuy AManorosoro
MOHMTOpa Ha 3BM. C camoro Hayana pa3paboTKu Obin0 peweHo caenatb MAM
Kak MOXHO 60/1ee MawWHHOHe3aBWCUMbIM. [103TOMY, OCHOBHbIM A3bIKOM NpOr-
pammmpoBaHust  Obil BbibpaH ®opTpaH, TPaHCAATOPb C KOTOPOro CyuwecTByWT
Ha BCeX COBpeMeHHbIX 3BM.

bazoBasa 9BM, ansa koTopol paspabaTbiBanca MM - 3TO  MMHKU-3BM
PDP-11/70. CaMbiM CYWECTBEHHbIM OrpaHuWYyeHWem [NA CIOXHbIX CUCTEM Ha
nobon MUHM-3BM ABNseTCA orpaHuyeHuwe Ha namaTb 3agaun (gna 9BM  pdap-
11/70 - 64 K6.) YTobb 060MTM 3TO OrpaHuyeHue, cucTema Obina peannso-
BaHa E Buge Komnnekca 3agavy. OcHoBHasi 3ajaya - cobCcTBeHHO MAM  yn-
paBnseT paboToi nog3agadvy. B uucno noasagad BXoAWT 3afjaya-mogenb, a
TaKk xe Onokn MAMa, Tpebywwne ANA MCMONHEHWA MHOrO namAaTk U cnabo
CBA3aHHbie M0 MapameTpam C OCTa/lbHbMW 6Gf0Kamu - nog3afavn dopmuposa-
HUA CLeHapueB ¥ rpaduyeckoro BbiBoja. Pa3paboTaHa cTaHgapTHas npoue-
aypa  Aana nofkodeHus nogsagad, CnefoBaTefibHO, TakKWM CrnocoboM MOXHO
Ha ocHoBe MWMa Kak LeHTpasbHOro ynpasfsiowero 610ka CTPoUTb Npobrem-
HO-OPUEHTUPOBAHHLIE CUCTEMb  MOZLeNMpoBaHMA.  3aMeTum, YTO NoA3ajauu
MOFYyT ObiTb HanucaHsl Ha /0O6OM A3blKe, MOAAEPXKMBAEMOM  OrnepaLlnOHHO
CUCTEMOMN .

BaxHbIM MPUHUMNOM peanu3auun ABNSETCA BKveHue B cocTas MiMa
OTNafouYHbIX CpeAcTB. Bo-nepBbiX,  CUMBOJSIbHBIA MHTEPAKTUBHLIA OTNALYMK
MOXET WCMNOMb30BaTbCA He TONLKO [ANA OTNaAKM MOLENU, HO W AN OTNa4KW
camoro AuanoroBoro MoHuTopa. Bo-BTOpbiX, B MM BCTpoeHb cpefcTBa and
cbopa BHYTpeHHENW WHQopmauum o paboTe MoHMTOpa. B npouecce ceaHca
paboTbl C MOHMTOPOM MOXHO BK/KWYaTb W OTKIWYaTb CO00 WMHpopmauum O pa-
60Te O/I0KOB CWMHTAKCUYECKOro aHa/m3a, 3anoMMHaHuWs pes3ybTaToB, WHTe-
pnpetatopa apudMETUYECKMX BblpaXeHWid W Nporpamm Mex3ajayHonm CBA3M.
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BeBefeHne OTNafouyHbiX CPeACTB 3HAYMTENbHO YnpowaeT BaxXHyw W TPYAHYK
3aady NoAAEpPXKM MpOrpaMMHbIX CUCTEM B Npouecce 3Kcnayatauuu.

3n0XeHHble MpPUHUMNL 0becneymBawT B  6OOMbWOA CTENEHUM MNEPEeHOCU-
MOCTb [AMANoroBoro MoHuTopa. [pu nepeHoce Ha 3IBM 6e3 CYlEeCTBEHHbIX
OrpaHNYeHUn Ha namsaTb 3afayn BCA CUCTEMA MOMENMPOBaHUS  MOXET ObTb
peanmM3oBaHa B BMAe OAHOW 3agayn. Takas BO3MOXHOCTb Y4uUTbiBanaCb Npu
pa3paboTke MAMa; wmogynm, obecneumBanume Mex3afadHyw CBS3b, JIErKO
MOTFYT ObiTb WCK/IYEHbl. BCTPOEHHbe OTNaflovHble CpefcTBa TaK Xe OKa3bl-
BalT HEOLEHMMYK MOMOLb NpPX MepeHoce CUCTeMbl Ha apyrue 3BM.

bonee uem NATUNETHMA ONLIT 3KcnayaTauun MAMa nokasan, 4To €ro
NCNONb30BaHMe 3HaunTeNbHO 06/ervyaeT npouecc WccnefoBaHust MoAenen;
0COOEHHO 3MPEKTWBHO €ro MNPUMEHEHME NpPU WCCNEeAO0BaHUN ClIOKHbIX CUCTEM.
YnobHele ana  aHanu3a  ®opmbl NpefcTaBfeHMs pe3ynbTaTOB U OpUEHTaLms
avanora Ha pasHblii YpOBeHb MONb30BaTeNeld Aan BO3MOXHOCTb  MPUMEHATH
MAM  ans 3agay  0byyeHuss M OeMOHCTpauuu Mofeneil pasfiMyHbiX couuanb-
HO-3KOHOMWYECKUX CUCTEM.

NATEPATYPA
1. BuktopoB /.M. MAM - Mohhtod mna WHTepakTuBHOro MopgenupoBa-
Hus.  [penpuHT. M., BHUWCK, 1980
2. Buktopos /.M. Cuctema otnagku (GopTpaHOBCKMX nporpamm Ans
PDP-11/70. MpenpuHT. M., BHWACK, 1960
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MOCTPOEHNE HEKOTOPbIX WHBAPWAHTHbBIX
KNACCOB W NX CNOXHOCTb
N.T. AcatpdH
CCCP r.EpesaH-44, yn.MM.CeBaka |
BL, AH Apm.CCP

|. BsepeHue

Jajaya CUHTe3a ynpaBndwumux cucrem [2]aBnaeTcqd OQHOA U3 OCHOB-
HblX 3afay KubepHeTuku. Lna MHOrMXx 3ajay B 3TOW 06NacTm BaXHO He
TONbKO NOCTPOMTL YCTPOWCTBO, HamucaTb NporpamMmmy u T.4 ., HO ele U
[O6GUTHCA IKOHOMWUYHOCTM 3TUX 06beKTOB. B YyaCTHOCTM WMPOKO M3BECTHA
3afavya NOCTPOEHUA MUHMUMANbHBIX CXeM (B KNacce KOHTAKTHBIX CXEM WAau
6ynesblx Gopmyn, MAN CXeM M3 (QYHKLUOHANbHbIX 3NEMEHTOB) peannu3yr Wmux
bynesbl QyHKuun. O.B.JlynaHoBbiM [I] ObINO AOKa3aHO, 4TO UMEET MECTO
spdekt LW eHHOHA: nmoyTm BCe (QYHKUuum n3 P"  (6ynesbl GYHKUMM 3aBUCH-
e OT N MNEPEMEHHBIX) WMEKT acUMNTOTUYECKN OLWHAKOBYH CAOXHOCTb.
dTa CNOXHOCTb aCMMMNTOTUYECKM Hauxypgwaa. Mo3aToMy, W NOTOMY, 4YTO Ha
NpakTWKe BO3HWKAWT He BCe OYyNeBbl (YHKUWUM, OCTPOA OTKPLITOW npobne-
MOA ABNAETCA BbIAENEHNEe MOAKNACCOB Knacca OyneBblX QYHKUWA W nccne-
fOBaHMe MX cnoxHocTteid . LIupoKuil Knacc TakUX (QYHKUMIA (MHBApUAHTHbIE
Knacchl) B napameTpus3oBaHHoM Bufge onucan C.B.A6nNOHCKUEA [3] ¥ Hawen
ACMMNTOTUYECKYI CNOXHOCTb HEHYNEBbIX MHBAPMAHTHBIX KNaccoB (MHBa-
pUaHTHBIA Knacc Q¢ HasbiBaetrcs HeHynesbiM, ecnn (MF*o , Tae na-
pametrp < ONpefendercs M3 COOTHOWEHMUA Pabni Al —* , 0sCil,
a EMN(rM - uucno GyHkumid n3  Qg. , 3aBUCAWMX OT N MNEPEMEHHbIX) B
Knacce KOHTAaKHbIX cxem. HO fns BCex NPakTUYeCKU MHTEPECHBIX WHBA-
puaHTHeix knaccos Ug. - £=0 . [Mo3TomMy ocCTaeTcd OTKPbITHIM BOMpPOC 0
TOM, Kak BoO3pacTtaeTr ®QyHKuma JM(n> B cayuvae 6“=0 W, B 3aBUCHK-
MOCTU OT 3TO0r0, KakoBa CNOXHOCTb LAHHOT0 WHBAPWAHTHOIO Knacca Ha-
npuUMep B Knacce CXeM M3 (YHKWUMOHANbHbIX 3nemMeHTOB. B aToit paboTe
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MAUCHIBAETCA CNOCO6, C NOMOWbIO KOTOPOTO CTPOATCA HYNEBble MHBApUaHT-
Hble KNnacCbl M HaxOAWTCH UX CNOXHOCTb B Knacce CXeM M3 (QYHKLWOHANb-
HbIX 3NEMEHTOB.
2. ®opmMynupoBKa OCHOBHbIX Pe3yNbTaToB.

O6o3Hauum uvepes R MHOXECTBO BCEX OYneBbIX DYHKLUWNA.

OnpegeneHne. MHOXecTBO (yHkuun d £ Ha3blBAETCA MHBA-
PUAHTHBIM KNaccoM, eCNu,Hapafy C KaxAod ®yHKuueir |e d , OHO CO-
[EPXWUT BCe (MYHKUWM, nonyvawwmecs u3s | MNpPUMEHEHUEM CRefywlWnx Tpex
onepayum:

1) gobaBneHune v M3bATUE (UKTUBHLIX MEPEMEHHBIX,

2) NepeuMeHOBaHWe MNepeMeHHbIX (6e3 OTOXZAECTBNEHUA),

3) NOACTAHOBKA KOHCTAHT Ha MECTa HEKOTOPbIX MEpPeMEHHbIX.

OCHOBHbIMWU pe3ynbTaTaMi JaHHOW paboTbl ABNAK TCH

Teopema |. [Ana nwb60iA MOHOTOHHO HeyObiBatOWed LENOYNCNEHHOMN
OyHKyun TCrl , YAOBNETBOPAK W EN CNEAYIOWMUM TPEM COOTHOWEHUAM

1) cywectByeT HaTypanbHoe yucno n' Takoe, 4yto Y (n) <n' :

nunY~4k) v nunY 4ki)

2) K ' K-1
3) ,

MOXHO NOCTPOUTL WHBApWMaHTHbLIA knacc d Tako#h, 4to {opgP~Cn)A,
NWHBapuaHTHble Kknaccel d ¢ iog  (r/1-x- 0 KOTOPbIX TOBO-

putca B Teopeme | Ha30BeM WHBAapMaHTHbLIMU Kknaccamu Tuna <Y (rrt?
B teopeme | yvepe3d Y~1(k> o603HavyaeTcq chnejywlee MHOXECTBO

Y'(K>= (n/YCnVKA

Teopema 2. CNOXHOCTL WHBapuaHTHoro knacca U Tuna <Y(r1> B
Knacce CXeM W3 (MYHKUWOHANbHbIX 3NEMEHTOB aCUMNTOTUYECKM paBHa

N wrtepartypa

1 knaHos O.b., 0 cMHTE3e HEKOTOPLIX KNAaCCOB YynpaBadwlWmUx cuctem,
C6. "Mpobnembl knbepHetukwn", Boin. 10, M., 1963, 63 - 97.

2 A6noHckuit C.B., OCHOBHble NOHATUA KubepHeTukn, C6. "Mpobnembl
KnbepHetukn", Boin. 2, M., 1959, 7-38

3 A6noHckuin C.B., 06 anropuTMUYECKUX TPYAHOCTAX CUHTE3a MUHUMaNb-
HbiIX KOHTaKTHbIX cxem, CO6."Mpobnembl kKnbepHetukn", Bbin.2, M.,
1959, 73 - 121.
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WCCNELOBAHVE BO3MOXHOCTEN TNOBANBHON ONTUMU3ALIMA MPOTPAMM
HA YPOBHE BXO[HOI0 f3bIKA

Xopynés A.b. WM um. M .B.Kengbiwa AH CCCP,
Mocksa, A-47, Mwuycckas nn., 4

|. BBefeHue

B HacTOAwWweM AOKnaje u3narawTcd pesynbTathl paboTbl N0 CO3ZaHUI
MW MCCNefoBaHN0 rnob6anbHOro ontummu3atopa ®oprpaH-nporpamMm Ha
YPOBHE BXOAHOT0 A3blka. MpegbicTopud 3TOW paboTel TakoBa.

B WNM AH CCCP 6bin pa3paboTaH W peanns3oBaH ONTUMUIUPYIO LKA
TpaHcnaTop ®opekc ¢ A3blka ®opTpaH-77. TpaHcndatop ®opekc BbIMOAHAET
KBa3WNOKANbHY ONTUMW3ALMIO TPAHCNUPYEMOA nporpammbl. Y 4acTKOM
onTUMu3aunm B TpaHcnaTope ®opekc ABNAETCA (GpParmMeHT NPOrpaMMHOINM
KOMNOHEHTHl, He cofepxawuin BHYTpW cebs MeTOK M LWKNOB. B yacTHoCTH,
y4acTKOM ONTUMM3ALMN MOXET ObITb LENNKOM BHYTPEHHUWA LWKN, eCnu ero
TeN0 He COAEPXMWUT METOK; YyyacTOK ONTUMMWU3ALMKM MOXET BKAYaTbL pas-
BETBNEHMUA, 3afaBaeMble YCNOBHLIMM MHCTPYKUMAMU. CnewLnanbHo npoBe-
[leHHble nccnepgosaHua /1 / w onbiT 3kcnayatauum TpaHcnatopa ®opekc
nokasanum BbICOKOE Ka4yecTBO MOPOXJAeMblX UM Mporpamm.

[lanbHedlwee NOBbIWEHNE KayecTBa NpPoOrpamMMmbl BO3IMOXHO Npu rno-
6anbHOW ONTMUMM3ALMM, KOTAA Y4aCTKOM ONTUMMU3ALNKM ABNAETCA BCH
nporpamma. [Nns BbIACHEHUA BENUYUHBI LONONHUTENbHOTO 3IPdekTa
KOTOPbIA MOXeT AOCTUraTtbCA CBEPX TOr0, 4YT0 o0b6ecneynBaeT TPAHCAATOP
dopekc, 6bina npegnpuHATa peanu3auns 3KCNepUMEHTaNbHOTo rnob6anbHo-
ro ontumusatopa Fnon. OH BbIMONHAEGT ONTUMU3ALMI NPOTrpamMMmbl Ha
YpOBHE BXOLHOrO A3blka, T.e. BblIfaeT ONTUMMWU3MPOBAHHYI nporpammy
Ha TOM e A3blKe, 4T0 U BXOLHaq nporpamma - Ha ®opTpaHe. Takoe
peweHue, obecneynsaq pasfeneHue a3 ONTUMMU3ALUN U TpaHCAALMN,
ynpou,aet peanusauui OnNTUMM3AaTOpa U TPaHCNATOpPA B CPaBHEHUW CO
Cnyyaem ONTUMWUIMpYHOWEA TpaHcnsuun. Kpome TOoro, OnNTUMM3ATOpP Ha
YPOBHE BXOAHOTO fA3blKA MOXET MCNONb30BATLCA COBMECTHO C /H06bIM
TPAHCNATOPOM, BOCNPUHMUMAKWMM CTAaHZApPTHbIA P opTpaH, XO0TA Npu pas-
paboTke ontumusatopa Fnon BbI6GOP ONTUMU3MPYKLWMX NpeobpasoBaHuit
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fenancs B pacuyeTe Ha WCNONb30BaHWe TpaHcndatopa ®opekc.

Ontumusatop FNON BbHIMONHAET TONbKO aBTOMATUYECKY OMNTUMU3ALMIO
nporpaMmmbl, T.e. OH He BOCMPUHMUMAET OT MONb30OBATENd KaKyl-11u60
NONONHUTENbHYI WHHOPMALMIO O CBOWCTBAX MPOrpaMMbl. YYaCTKOM ONTUMMU-
3alMM B onTuMmu3aTope Fnon ABNAETCH LENUKOM OAHA MPOrpaMMHas
KOMMOHEHTA.

2. BbinonHsemble npeo6pa3oBaHMA M CTPyKTypa ONTMMMU3aTopa

Mepeyncnum ONTUMU3MPYHO LW ME Npeobpa3oBaHnd, BbIMONHAEMbIE
ontumusatopom [non.

1. JeicTBus ¢ KOHCTAHTamMu. 3710 npeobpa3oBaHue COCTOMT B 3aMeHe
BHIPAXEHNA C KOHCTAHTHbHIMM OMepaHAaMu Ha €ro 3Ha4YeHWue, BbIYUCNA-
emoe ontumu3aropom. OnTumu3atop Fnon BbLINONHAGT LeWCTBUA C
KOHCTAaHTaMu B apu@METUYECKMX W NOTMYECKUX BbIPAXKEHNAX, @ Takxe
B YCNOBHbIX MHCTPYKLMAX, WOCNejHee 03HA4yaeT YAaneHWe Heucnon-
HAEMbIX BETBEW YCNOBHbIX MHCTPYKUWUA C KOHCTAHTHBIM (TOXAECTBEHHO
MCTUHHLIM MW TOXAECTBEHHO NOXHLIM) ycnoBuem. B kKauecTBe KOHC-
TAHTHBIX ONepaHAOB paccMaTpuBalo TCA He TONbKO ABHO 3ajaHHble B
nporpamme KOHCTaHTHl, HO W MepeMeHHble, 3HaYeHMe KOTOPbIX MOXET
ObITb BbLIYUCNEHO ONTUMMU3ATOPOM.

2. BblHECeHMe W3 LUWKNAa MHBAPWAHTHBIX BbIYUCNEHWI. BbipaxeHune, onepaH-

faMyu KOTOPOT0 ABAAKTCA KOHCTAHTbl WAW NepeMeHHble, He WU3MEHHAEMble
B UMKNe, Ha3blBaeTCA WHBApMAHTHbLIM B JaHHOM UWKAe. Bblyucnenue
TaKMX BbIPAXEHWIA MepeHOCUTCA ONTMMM3ATOPOM W3 Tena B nponor
Unkna (OTAENbHbIA NWUHEAHBIA y4yacTOK, BCTaBNAEMblid NMepes BXOAOM

B UWKN). B nmponor uuMKkna NOMEWAKTCH WHCTPYKLMW NPUCBAMBAHMSA
3HQYEHUN 3TUX BbIPAXEHWA BCNOMOraTeNbHbLIM MEpPEMEHHbIM, CO03jaBae-
MbIM ONTUMMWU3ATOPOM, @ B TeNe LWKNA UCNONb30BAHUE BbLIHECEHHOTO
BbIPAXEHNS 3aMEHAETCH HAa WUCNONb30BaHME 3TOW BPEMEHHON MepemMeH-
HOW. JaHHOMY npeo6pa3oBaHWl0 NOABEPrawTCAs BCe LUMKAbI C O4HUM
BXOAOM, KaK 3afaHHble C MNOMOWbIO MHCTPYKUMN LMKNA, Tak M 3ajaH-
Hble HEABHO, C MOMOWbLI YCNOBHBIX MEPEXOAOB.

3. OKOHOMWUA 0OWMUX NOABBLIPAXEHUA. [Ba BXOXAEHMA HEKOTOPOro Bbipaxe-
HUS CYWTal TCA OOWMUMMU, €CNM OHW MpUHAgNexaT OAHOMY NUHEAHOMY
YY4aCTKy U MEXAY HAMW HEeT WMHCTPYKLWA, WU3MEHSKWNX ONepaHpabl
BbIPAXEHUA, WUAM ECAM OHW NpUHAZNEXaT LBYM NUHEAHBIM yyacTkaMm,
OAMH W3 KOTOPbBIX LOMWUHWPYET Haj APYrum B ynpasnawlwem rpade
nporpaMMmbl 1 Ha BCEX NYTAX, CBA3bLIBAKWMX 3TW 4BA BXOXAEHUA, HET



-281-

VHCTpYKLIMA, namensouux Onepanab BbipaxeHnus. Mpeobpasosanue
COCTOMT B TOM, YTO Nepef MNepBbiM BXOXAEHMEM O0OLWEro BbipaxeHns
NOMEeLW aeTcA MHCTPYKLWA NpucBamBaHuMd €ro 3HaYyeHWs HEKOTOPOW
BCNOMOraTeNbHOW NepemMeHHON, a BXOXAEHUA BbIPAXEHUA 3aMEHA TCA
Ha 3Ty MEepeMEeHHYyH.

4. Y[paneHue HeakTUBHbIX npucBaumBaHuit. MpuceansBaHne HeKOTOPOl
NepeMeHHOM Ha3blBAeTCA HEAKTUBHbLIM, €CAW HA BCeX MYyTAX OT 3TOr0
npucBanBaHus A0 BbIX04a M3 NPOrpamMMHOM KOMMOHEHTb 3HauyeHUe
MepeMeHHOW He Mcnonb3yetTcd A0 ee MnepeonpefgeneHus (npum 3Tom
CYMTARTCA, YTO 3HAYEHUA INEMEHTOB 00WMX ONOKOB M (OPManbHbIX
napameTpoB MUCNONb3YTCA B BbIXOAHBIX TOYKAX NPOrpaMMHOA KOMMNO-
HeHTbl ). HeakTWBHble NpUCBAMBAHNA YAANAK TCA.

5. YpaneHue HeJOCTMXMUMbIX 4acTeid nNporpammbl.

6. YpganeHue Hemcnonb3yemblX MeToK. IT0 npeobpazoBaHMe NPUBOAUT
K YNYYWEHWO NporpaMmmbl 3a CYET YKPYMNHEHUA Y4yaCTKOB ONTUMM3ALUM
TpaHcnatopa ®opekc, 4TO NO3BONAAET TPAHCNATOPY BLINOAHATL b60/ee
MOMHYK ONTUMU3ALMIO.

7. MepeynopAgoyeHune nporpammbl C LENb0 YMeHbWeHUS ynucna 6e3ycnos-
HbIX MepexofgoB.

8. YjaneHune HeCcyWeCTBEHHbIX pPa3BeTBAEHWMN, T.e. TakKuX YCNOBHbIX
WHCTPYKUWA, BCE BETBM KOTOPbIX NepejarwT ynpaBneHue B OLHY
TOYKY nNporpamMmel.

9. 3ameHa (ecnm 3T0 BO3MOXHO) apUOMETUYECKUX YCNOBHBIX WHCTPYKLMIA
Ha normyeckume. 370 npeobpasoBaHue NPUBOAUT K MOABAEHUI HEUC-
NONb3yeMbIX METOK W yBeNMYMBAEeT TakuM 006pa3oM BO3MOXHOCTb
BbIMONHEHNS npeobpa3oBaHus 6.

Pabota ontumusatopa Fnon COCTOMT M3 Tpex MNOCNELOBATENbHO

BbIMOHAGMbBIX (as3:

1. CMHTaKCUYeCKNiA aHanm3 nporpamMmbl ¥ MepeBOj ee BO BHYTpPeHHee
npegcTaBneHune

2. OnTumusnpyrowme npeobpasoBaHmd BHYTPEHHEro NpefCcTaBNeHUA

3. leHepauna BLIXOLHOTO TeKCTa

®asa onTumMu3aumMm, B CBOK OYepeLb, BKNWYAET BLIMONHEHUE YeTblpex

He3aBUCUMBIX Mporpamm, peanusywwux npeobpasosanus 1-4.

dKCNepuMeHTanbHbIA XapakTep onucbiBaemoit pa3paboTkuw npepnona-

raeT BO3MOXHOCTb ynpaBneHWs onTumusayuei. Ans mccnefoBaHns 3o-

heKTa OTAENbHbIX Npeobpa3oBaHMil MMEeTCA BO3MOXHOCTb OTKNKOYaTh

nobbie U3 3ITUX NporpaMm MAW MEHATb NOPAJOK WUX BLIMONHEHWA, B TOM
yucne BbLINONHATL Kakue-nub6o npeobpa3oBaHusd MHOTOKPATHO. Y Ka3aHus
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NO ynpaBAneHWK ONTUMUIMPYH LW UMM NPeOOpPasoBaHMAMMN 3aNUCbIBAOTCA B
BUAE KOMMEHTapues CnewunanbHoro BUAa B TEKCTE MCXOAHOW nporpammbl.
MpeobpaszoBaHua 5-9 BLIMONHAKTCA Ha (hazax CMHTAKCMYECKOTO
aHanmsa W reHepayun, a Takxe napannensHo ¢ npeobpasoBaHuamMu 1-4.

Monb3oBatenb MMEeT BO3IMOXHOCTb TONbKO OTKNOYaTb BbIMONHEHNE
npeo6pasosaHui 8,9; BbIMONHEeHMe Npeobpas3oBaHuMil 5-7 He KOHTPOIM-
pyeTcq NONb30BaTENEM.

B HEKOTOpPBIX CAy4yasx MMeeTcs BO3IMOXHOCTb 60Nnee TOHKOTO
ynpaBneHnsd. B yacTHOCTW, ANA npeobpa3oBaHMA 3KOHOMMUM 06WMX NOA-
BbIPAXEHUA MOXHO OTAENbHO OTKNKWYNTb NOKANbHYK I3KOHOMUK (T.e.
3KOHOMWID B npefenax OAHOTO NUHEAHOro yyacTka).

Peanusaumns ontumusatopa Fnon nogpobHo onucaHa B /2 /.

Kputepnem kayecTBa nporpamMmbl Npu ONTUMMU3ALUN B [aHHOI
paboTe NPUHATO, Kak 06bIYHO, BpemMA ee paboThl. OHO, KOHEYHO,
3aBUCUT OT NPUMEHAEMIO NocCne ONTMUMMU3auMu TpaHcndtopa W OBM, Ha
KoTopoh 6ypAeT BbIMONHATHLCA nporpamma. Mpu paszpaboTke onTuMmM3aTopa
Fnon BbI6Op npeobpa3oBaHW’W OCHOBbLIBANCA Ha MNPeAnoONOXEHUN 06 uc-
nonb3oBaHUWM TpaHcnatopa ®opekc gns BACM-6. OpHako, nuwb fABa
npeobpaszosaHua (6 W 9) CywecTBEHHO ONMUPaKTCA Ha CNEUUDUKY TpaH-
cnatopa ®opekc. OctanbHble npeobpasoBaHuUd, Kak MOXHO nmpejgnonarathb,
6YAYT ONTUMUBMPYKOWMUMKU W ANA APYTruX TpaHcnatTopos. B nwbom cnyuvae
MOXHO OTKMKYMTb Te npeobpa3oBaHMA, KOTOpble He OYAYT yAyuywaTts
nporpammy.

3. OueHKa 3 (HEKTUBHOCTM ONTUMUSUPYIOUMX NPeo6pPasoBaHuil

Ana m3mepeHuns 3P (PEKTUBHOCTU KAKOro-n1nbo ONTUMUINPYIHOLWErO
npeob6pas3oBaHua (i ) uam Ux rpynnbl CNefyeT OTTPAHCAMPOBATb HEKO-
TOpyw nporpammy (p ) B ABYX BapuaHrtax - WCXOAHOM U ONTUMMWU3NDPOBAH-
HOM, MpWYemM npu ONTUMU3ALUM CNefYyeT BKAWYUTbL TOAbKO WUCCNEjYyeMble
npeobpasoBaHud. BBesa 0603Ha4YeHUH (p) w £0n(p) pns BpemeH
paboTbl, COOTBETCTBEHHO, MCXOLHOW W ONTUMWU3UPOBAHHOM NpOrpammbl,
menonb3yem ANs OLEeHKN 3D (eKTUBHOCTM Npeobpa3oBaHMA OTHOCUTENbHOE
M3MEeHeHne BpPEMEHN CYeTa

B. (p) - (-P) ~—~
*C (p)
BennunHa e;(p) MOXET CUNbHO MEHSTbCS B 3aBUCUMOCTM OT MpPOTpaMMbl

p. ECTeCTBEHHO NO3ITOMY YCpPeAHWUTb €-(p) NO NporpaMmmam p HekKo-
TOpPOro Knacca, MCNoOnNb30BaB B KayecTBe OLEHKM CpefHee 3HayeHue e*
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CnefyloWuin BaXHbIW BOMPOC - BbIGOP nmporpamMm ANs UCCNefOBaHMA,
npu OLUeHKe Npou3BOAMTENbHOCTM 3BM W KayecTtBa TPaHCAATOPOB 4acTo
MCNONbL3YIT CUHTETUYECKME TECTHl - CNEUManbHO COCTABNEHHbIE MNpor-
paMmMmbl, BKAKOYAKLWMUe B HYXHOA NMPONOPUUN KOHCTPYKLWM, MCNONb3YEMbIE
B peaNbHblX nporpammax. [pu oueHKe rnob6anbHOro ONTUMMWU3ATOpa TaKOW
NOAXOA HENMPUMEHWM, MOCKONbKY TNOMMbHBIA ONTUMWU3ATOP YYMTbiBAET
fanekume CBA3M B Nporpamme W, CNepfoBaTenbHO, pasmep KOHCTPYKUMIA,
N3 KOTOPbIX AANXKEH ObiA Obl COCTOATL CUHTETUYECKWA TeCT, OKa3blBaeTcCH
BecbMa Oonbwum. OO6Wee YUCNO TakKUX KOHCTPYKUWA OYReT 4Ype3MepHOo
BENUKO, 4YTO He NO3BONMT 0Oecne4yumTb NPefcTaBUTENbHOCTb TecTa.
ELWHCTBEHHAA pasyMHas BO3MOXHOCTb- MCCNefOBaHUE 3Q(MEKTUBHOCTH
ONTUMU3NPYHWNX npeobpa3oBaHUi HENOCPEACTBEHHO HAa peanbHbIX
nporpammax.

Lng npoBejeHnqa TAakOro MCcCNnefoBaHUA HECKONbKO peanbHblX
nporpamm 6bian 06paboTaHbl onTUMMU3ATOpOM [NON C BKNKOYEHUEM pa3-
NUYHBIX ONTUMU3MPYOWMX NpeobpasoBaHuit. MoNyyeHHble nporpammbl 6Obiu
OTTpPAaHCAUPOBAHbL TpaHcnaTopom ®opekc. CpaBHeHWe BPEMEH BbIMONHEHMSA
MCXOQHOW M ONTUMMU3UPOBAHHBIX MPOrpaMm NOKas3ano HU3KYK 3Q®DEKTUB-
HOCTb BbIMOAHAEMbBIX ONTUMU3NPYHWMUX npeobpasoBaHuit, BennynHa e:Cp)
He npesbiwana 10%. bonee TOUHbLIE OLEHKM He yhanocb NOAYy4YUTb K3-3a
HEeBbICOKOM TOYHOCTU MU3MepeHus BpemeHu LM Ha BICM-6.

Ans cpaBHeHMS 3PHEKTUBHOCTM ONTUMUINPYHLWMX NpeobpasoBaHmil
6bina mcnonb3oBaHa OLeHKa WX 3 (EKTMBHOCTM, OCHOBAHHAA Ha CTaTu-
YECKMX XapakKTepucTtukax OTTPAHCAMPOBAHHbLIX nporpamm. [lTpegnonoxum,
410
1) Bpems BbIMONHEHUA NUHEWHOrO yyacTka NPOrpamMmbl MPONOPLMOHANLHO
ero ANWHE B OTTPAHCNMPOBAHHOW nporpamme (Yncny KOMaHp)

2) BO3MOXHOCTb BbIMONHEHWUA Kakoro-nnb6o npeobpasoBaHMa B KakoM-
NN6o MecTe nporpamMMbl He 3aBUCUT OT 4YacTOThl BbIMONHEHWUA 3TOTO
MecTa.

QTN NpPesnonoXeHus, BEPOATHO, NPUONUXKEHHO BbLIMONHAWTCA ANA OONbLW NH-
CTBa NpOrpamMm M BCeX MNEPeYMCNeHHbI X Bblle ONTUMU3MPYKOLWMUX npeobpa-
30BaHWM, 332 WCKNKYeHWEM npeobpa3oBaHUidl 2 (BbIHECEHWE N3 LuKNa)

m 5 (yganeHume HEROCTMXUMbIX 4yacTei). W3 3TUX NpeanonoXeHnint nerko
BbIBOAWTCA, 4YTO CpefHee no nporpaMmam 3HauyeHWe IM(PEKTUBHOCTM e;

CoBMajaeT CO CPEeAHUM OTHOCUTENbHbIM YMEHbLWEHNEM [ANUHbI
KOMaHAHOM YacTW nporpamMmbl B pe3ynbTaTe C'-T0 Npeo6pa3oBaHuA,
KOTOPOE Mbl 0003HAYMM . MpeobpazoBaHue 5 He BNUAET Ha BPEMSA

BHIMONHEHMS MporpamMmbl, a ANS npeo6pa3oBaHWA BbIHECEHMA W3 LMKNa

B kKauecTBe BENMYMHb £ , npubnuxawued e- , MCNONb30BAN0Ch CpPefHee
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OTHOCUTENbHOE YMEHbLWEHNE LNAWHbI BHYTPEHHUX LWUKAOB NPOrpamMmbl.
Mony4yeHHble Takum 06pasoM OLEHKN 3MMEKTUBHOCTM ONTUMUINPYIO L KX
npeobpasoBaHnit npusegeHbl B Tabnuye. B nepsom cTonbue ykasaHbl
HOMepa BbIMONHAEMbIX nMpeobpa3oBaHWil, BO BTOPOM - BenuyuHa %
aong 3tux (""o6pa3oBaHWW B NpPOLEHTax, B TPeTbeM - MakchuManbHas
no nporpaMmmam BenWyuHa  B;1lp) .

Tabnuuya. SPQeKTUBHOCTL ONTUMUINPYHOLUX NpeobpasoBaHmil
é{(p)} npoLeHTHI

Mpeobp. Cpel. Makc.
6,7 0.5 2.5
8,9 2 8

I 3 8

2 0.5 I

3 0 0

4 0.2 0.6
8§,9,1,4 6 18

MonyyeHHble Pe3ynbTaThl NO3BONSWT CAENaTb BbIBOA O TOM, 4TO B
HacToAU ee BpeMs rnoGanbHyl ONTUMM3ALUK NPOrpamMm Ha YpPOBHE BXOA-
HOTO A3biKa HELEenecoo6pasHo NPUMEHATb K peanbHbIM MPOM3BOACTBEHHbIM
nporpaMmmam, COCTABNEHHbIM BPYYHYH.

intepatypa

1. Buk.C. Wl tapkmaH. CpaBHUTENbHbIW aHann3 TpaHcnatopa FOREX.
Mpenp. WNM AH CCCP, 1978r., JiI29.

2. Ab. Xopgynes. Peannsauyuq rnob6anbHoro ontumusaropa ®oprpaH-
nporpamm. Mpenp. UMM AH CCCP, 1982 r., N 92.
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1. ABoolean function f: En — E (where E denotes a set
[U,H) is symmetric if for all Cc£En, ¢ » (¢c”, c2* e*» on) and
for all permutations 3! of (1,2, ...» nj
f(cl* c2* eeon cn™ “ fACIC()» clt(2) * c3T(n) ~

A Boolean function is symmetric if and only if there exist
W0* wl* eee» wnE and for all c£En
f(C1# C2.ne, Ca) a W 121

where j »#{i j m |} and #S denotes the cardinality of set
S. The symmetric function can be expanded as follows

TU-1» N2» eee* * wO ) (*i. ee=» e G (X1, e==jX")

where ¢ and + denotes AND and OR and (i En—>E is an
elementary symmetric function

Ot(x1l, ..., xn) t /3

otherwise

where zL denotes integer addition.

So symmetric function has the same value on all binary n-tu-
pies containing the same number of 1's, that is, which have the
same weight. The weights of those n-tuples on which the function
has value 1 are called work numbers. They fully determine the
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symmetrio function. S«l,a2»a3 will denote the symmetric function
f: EN—*B with Workina* numbers al» a2, a™ i.e. the function for
whioh only coordinates wfli , wa”™ , wfi® have the value 1 .

The combinational complexity of symmetric functions was ana-
lysed several times* In paper [2] it has been shown, that in base
ilg * {all Boolean functions of two arguments} is the upper bound
of complexity (the asterisk denotes the evaluation without NOT-
-e lements)

ct2 (Sfl) 0 .5 n , 141
It oan be shown [I] that in base O qg m {AND, OR, NOT} holds
A0 "n5 < 1260 = V74

2* The aim of this paper is to present a method the use of
which brings better upper bounds in base ILQ than /5/ for the
symmetric functions with small or great work numbers* The defini-
tions related to combinational complexity may be found e.g* in
[2) < In all statements we omit the sign of the base that is il0*

The method will be illustrated at first on the example of
the symmetric function S® , i*e. elementary symmetric function
50(x1t ..., xn). The task of the recognition of zero-tuple among
entry tuples is realised by the local encoding: two coordinates
of n-tuple are oomposed in that way that the result of the compo-
sition is 0 if both were zero coordinates and 1 otherwise*
The n/2-tuple of the results is obtained* By repeating this pro-
cess, one-tuple is obtained which equals 0 if and only if all
the coordinates of the entry n-tuple were zero. The requirements
on the composition function are fulfilled by the logical sum*

Theorem 1* n- 1 ~ C (S® <2 n . 161/

Proof: Let n>2 (A« 1, 2, see)e The scheme for Sa
in this case is constructed in accordance with the idea presen-
ted above (Pig. 1.). The NOT-element secures the right value of
the function with respect to the result of recognition.

The scheme contains n - 1 OR-elements and one NOT-element.
The complexity of the scheme is then equal to n *

In case 2* <n < 2*+1 (ft- 1, 2, *** ), the entry tuple is
completed on the length 2 by constant zeros (this can be done
with a complexity not greater than 2). Then the scheme is construe-
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ted in accordance with Pig. 1* Por itecomplexity there holds
C(S°) < 2*+1( 1- 1/2*) + 2 + 1 =2X+1 + 1< 2 n .

Because S® essentially depends on all its variables, the
natural lower bound holds for it.

Note 1; In the case 2 < n<?2 another construction is
also possible. If n is even, the construction from Theorem 1
can be used in the first level. If n is odd, the entry n-tuple
is completed on n+1-tuple by one constant zero and an "even"
construction is used. In other levels if the tuple obtained is
of even length, the construction is also "even'™, in case of the
odd length there are two possibilities: a/ a single coordinate
remains which cannot be composed with no other b/ a coordinate
remains which can be composed with theanalogy from the upper le-
vels. The complexity of the scheme does not exceed n +log n,
but on the other hand the scheme depends on the concrete n and
IS not regular.

The scheme for a which is in some sense dual to S;’] is
constructed analogically. Each OR in it is replaced by AND
and each constant 0 by 1 . It holds

C(S[J<2n m
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Let us now take the function , Which is the elementary symme-
tric function 5]i(x|, xn). The scheme for its realisation
is based on the generalised principle of the scheme for * The

number of unit coordinates of the entry tuple is also locally con-
trolled. For encoding two bits are needed: 00 - denotes the absen-
ce of the unit coordinate, 10 or 01 - the presence of one such
coordinate and 11 all other cases. It follows that the composi-
tion function cannot be a logical sum (defined coordinate by coor-
dinate) because e.g. 01 OR 01 would be again 01, which contra-
dicts the encoding. The composition function can be defined e.g.
in this way

S1* AVyiVtXjAyg) /a/

z2 “ x2vy2v U 1Ay 1)

where ®Jz2 is re8u3-t and x-jXg and yly2 are 2“tuPle8
composed.
Theorem 2. 2ne 3(C (S*) <6 n- 6, 191

Proof: Let us assume n * 2~ (A* 2, 3, eee )e |f the fun-
ction defined by equations /8/ is denoted by O , then the scheme
for is in Fig. 2. The last block of the scheme decodes the
result of recognition to secure the correct value of the function.

X4 X; X3 x"
O

o o [o) X\\—; X-\—z X$-4 Xn

0

o ;- N O

Fig. 2.
The number of blocks O in the scheme is

n/4 + n/8 + ... + n/2™ » n/2 - 1.
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According to /8/ every block O can be expressed by a sub-
scheme containing 6 elements of the base. The complexity of the
last block of the scheme is 4» so it holds

C(S™) -6 (n/2 -1) +4 «3 ne 2«

I f 2I 1< n< 2 t the entry tuple is again completed on the
length 2° °7 and the scheme is constructed in accordance with Fig.
2. In this case

C (sa) < 6 @+1(1/2 - /2*) + 2+ 4*6 (20 - 2) + 6 <

<6 n —6

The lower bound is the consequence of the following theorem

which was proved by Stockmeyer [3]

Theorem 3. Let n and k be nonnegative integers and let
us assume that the word *ow{ee*wa defining the symmetric fun-
ction f has a form

E~k . W. E~k
where <« denotes the concatenation of the words, E~"k m {wfeJ
the length of w greater than or equal to ks} and W is a
subset of E™ containing three different subwords of length 2,

that is W» (0100, 0010, 0110, 0011, 1101, 1001, 1011, 1100} .
Then

c2 (f) >2n+k- 3. / 10/

Corollary 1. For i - 1,2,..., n-1 and j » min {i—,
n-i-1} it holds
% (SI> > 2n+j - 3. /11/
Proof: Every function S* may be defined by the word W\.#.
**wa which has the form
{o}~ . (0100, 0010} . {0}

and obviously

Analogical evaluations hold for s? L. The lower bound
follows from corollary 1 and the upper bound from the scheme dual
to that for siﬂ :
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Theorem 4. 2n- 2 < C(S") < 10 n . 112/

Proof: Prom the generalisation of the proofs of the theorems
1 and 2 it follows that in this case three coordinates are com-
posed, The encoding is again natural: 000 denotes the absence of
1, 001, 010, 100 - the presence of one 1, 011, 101, 110 - the pre-
sence of two 1 and 111 denotes all other cases. The composition
function over 3-tuples may be defined by following equations

Z1 - xjW. ,VIXgAYQ) V((X3AYy )A(X2vy2))

22 a 22VY2N/(BAYMHV(XIAY DA C—IWY) /13/
Z3 « X3vys V(XIAy DV((X2Ay2)A (dAvy™)

This function may then he expressed by a subscheme contai-

ning 15 elements of the base.
Again two cases are distinguished. The first for n m 3.2

(A-1, 2, ... ), the second for 3.2* < n <3.2*+1. The scheme
in the first case is constructed in accordance with the method
described - its complexity is less than 5 n . In the second case

the entry tuple is completed by zeros on the length 3.2’6‘+ . The
last block - the decoder is a little more complicated (it may be
constructed with the complexity less than 9).

Note 2: In the proofs of the theorems 1,2 and 4 there was
proved, besides the affirmations, that if for the symmetric fun-
ctions S* (i * 1,2,3) the condition n a (i+l).2* (A=1, 2, ..)
is fulfilled then the combinational complexity is approximately
half of the case when it is not. It can be seen from the Note 1.
that this “half" complexity can be reached asymptotically. An
analogical note holds for S* (i m n,n-1,n-2) and the condition
na(n-itl).2* .

3. The method for obtaining the upper bounds for the sym-
metric functions with small/great work numbers was presented. The
substance of the method is following: for |1 the greatest (the
smallest in dual case) work number of the symmetric function is
chosen and the condition n » (i+1).2* (n » (n-i+1).2* ) is con-
trolled. The construction of the appertaining i+l (n-i+1) equa-
tions is determined by the composition considered i.g. by remem-
bering the unit coordinates - actually the shift of "double”
unit to the left. Prom this follows the cyclic character of the
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containing all easier cases for smaller (greater) i plus the
specific term while the complexity is fast increasing with regard
to the number of combinations at longer shift. It can be seen
that the way of encoding enables to construct also the schemes
for the symmetric functions with the combinations of work numbers
e.g. Sn’ , Sft* , Sn » sn eto*

I want to thank Doc. RNDr. I« Haverlik, CSc. for useful re-
marks to this work.
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ANFOPUTMWYECKUA METO[ WAEHTUGUKALIAN
O®AKTOPHO-HECTALVOHAPHbIX OBBEKTOB

Kapumos LW .T.

CCCP, r.TawkeHT, Y3HMNO "KunbepHetnka"
Canumos H.P.

CCCP, r.TawkeHT, TawCXW

CywecTtByeT knacc 06beKTOB, B KOTOPbIX BCEBO3MOXHble (akTOpbl
Qr={Q Ti, £?2T/N w anpuopHble MHMoOpmauunm <T~{K T,

ET, Mr,LT,-} (Hanpumep: MT={M T{ MIT, e } - CcnekTpoB CTPYKTY-
pol mopeneir Lr ={NTy, LT,...J - anropuTMbl afgantayum napaMeTpoB
MOZeNnn ANS COOTBETCTBYKW W MX MOAeNneh) HecTayumoHapHole. Heobxogumo
MPONU3BECTU LeNeHANpaBNeHHY TpynnupoBky (akrtopos Q =
MW TeM CaMblM YynpoCTUTb 3afauu 7(0.,

QTJdr), , M. CTPYKTYpPHOW W napameTpuyeckoil
MWOEHTU(GUKALMK, ajanTaluu napameTpoB MOLENeid M pelweHue BONPOCOB
onTummusaumnm 6e3 yuwepba TOYHOCTM ONTUMANbLHOrO yNpaBneHus.

Mpu nccnefoBaHUum (akTOPHO-HECTALUMOHAPHBIX 00BEKTOB CUCTEMHBIM
aHanU3oM MNOAYYWNM Tpu Tuna KBA3NCTALMOHApPHOW o0bnacTy:

Q, JT=2onst>4 M 4 + 4 | J*<£j=const,

A+ const, M '*m, M*=M(A),

rge: é - Bpemq, i Q- HayanbHbIl MOMEHT BpeMeHu, ta,
WHTEpBaNn BPEMEHW KBa3MCTaLMOHapHbX obnacteih, [A"4 -4 | A
napameTpel MOjenei, * - NnoKa3aHbl Bbl6paHHbIE M3 MHOXeaTB Xa-

PAKTEPUCTUK, NO ONpPefeNneHHbIM KPUTepUsM onNTUManbHocT C *m(Ci?Q3..J
EAVMHCTBEHHAd Hanbonee nNOAXOAAL as.
Lna peweHnsa 3Toil npobnembl ObINO pa3paboTaHo Ccnepytwee:

CO3aHNe aBTOMATM3NPOBAHHbBIX MHOOPMALUOHHBIX cucTem (AUNC)
CYylWecTBeHHO o6nerynt dopmanusaunio 3Tod 3agauyu. MHbopmauum 3T,
S?T |, Hakannusaembie B WH(QOPMAUWOHHOW CUCTeMe, NPEACTaBAAT
coboi mogenp o06beKTa HeEKOTOPOA 061aCTU BPeEMEHN;

anropuTM rpynnuposku aktopos (Ar®) C2=C (C?r,Jr)
paspaboTaH Ha OCHOBe HOpPManbHOro anroputma MapkoBa;
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- Ha OCHoBe Jr, C2r, Q 1 ucnonb3ys pa3paboTaHHBLIA MaTpuy-
Hblii NOAX0A4 CTPYKTYypHOW unaeHTudukauum (MMNCK) nonyyaem cnekTp Mo-
peneit M-G J*

- Ha OCHOBe Teopuu Bbi6Opa M NMPUHATUA PEWEHUS NO MHOXECTBY
kputepues ontumansHoctu C , ocyuwectsndem noabop MG M
Hambonee NOAXOAAWYH CTPYyKTypy Mmopenu (BL) gnd paHHoW ob6nactu
BPEMEHN ;

- ANs noucka napameTrpos mogenei (MNM) (peweHue 06paTHOW 3a-
fa4N) C YYeTOM HeCcTaUuMOHApPHOCTM 0ObeKTa ynpaBneHWs, WUCMNONb3yeM
METOLbl pelWeHUs 3KCTPeMaNnbHblX 3afay U MeTO[ perynapusayumum TUXOHO-
Ba, rAe: (QYHKUWA perynspusaynu UOJ\, A={C1l) ; npoBepKy MOZenu

Ha afleKBATHOCTb MPOM3BOAUNM NO KPUTEPUW 6GNU30CTH gy ay
yp> £ rge: - 9KCMEPUMEHTANbHbIE M PACYETHbLIE BbI-
XOAHbIE MepeMeHHble, J - Manoe 4Yucno.

bnok-cxema npuHuMna QYHKLMOHUPOBAHMA anrOPUTMUYECKOTO CNO-
coba NOCTPOEHMA MaTeMaTUYeCKUX MOAeneld (aKkTOPHO-HECTALUOHAPHbIX
00beKTOB NpuBejeHa Ha puc.l.

oy

== MmCH |—{BIM Je=== M4 |-

........... 3anpoc

Puc.l

B ANC noctynatoT uHpopmauuum ¢ obbekTa ynpasneHua (OY) u us
baHka anpuopHoid uHpopmauun (BAW) no 3anpocy, (opMmupoBaHud 3anpo-
COB 3aBUCUT OT KOHKPETHOW cuTyauuwm u TpebosaHuqa mopgenein. bAN 06-
HOBNAGTCH B TEYEHUM BPEMEHW, MOITOMY ABNAETCHA AUHAMUYHBIM. ITO
AUKTYyeT 06HOBNeHMI B cBOW oyepepb AWC.

B nccnegyemom Knacce XMMUYECKUX HECTALMOHAPHBIX 00bLEKTOSB,
F4e y4acTBYKT CNOXHble peakUWOHHbIe CMEecu, OT MONHOTHl aHanusa an-
PUOPHON WHDOPMALWN 3aBUCUT peweHne o6WKMX NpobnemM MAEHTUDUKALUK
W onTUMU3ALNK,

Tak Kak COCTaB Cbipbd CNOXEH, CYWECTBYET OrPOMHbLIA 00bEM WH-
hopmayun, noatomy ee cbop M XpaHeHWe - BaXHbIA W TPyLOEMKWUW 3Tan
B noucke CTpykTypbl Mopjeneidl. OT yLaYyHOCTU HArnAfHOCTU, MNONHOTHI
cobopa W XpaHeHus WHGOpMaLUW 3aBUCAT JanbHeidlWwue 3Tanbl peweHus 3a-
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fayun WAeHTUOUKALUK

npu 3T0M COBOKYMHOCTb [aHHbIX OMUCbLIBAEGTCA Kak (Mepapxumyeckue
dhainbl, Habopbl, APeBOBUAHBIE) WAM KaK ABYMEPHbIA (mnockui) dain,
Kaxpgas 3anucb KOTOPOro MMeeT OAWHAKOBbLIW Habop noned u no3aToMmy
hain MOXeT ObiTb MpeacTaBNeH B BUAE ABYMEPHOW MaTpuLbl.

Ecnu nOpOXAEHHbIA 3neMeHT umeeT 6onee OLHOTO WCXOAHOro 3ne-
MEHTa, TO 3TO0 OTHOWEHWE YXEe HEeNb3A onucatb KakK APEBOBULHYI WU
mepapxmyeckyw cTpykTypy. OHO onucbiBaeTcd B BUAE CETEBOM CTPYKTY-
pol, rge n06oii 3nNeMeHT MOXeT OblTb CBA3aH C MOLIM APYTUM.

Heobxogumbie faHHbie nocTtynawoT u3 ANC B Ard. Ard ssndertcs pe-
3yNbTaTOM OrpaHMYeHUd CBA3N MHOXECTBA aNrOPUTMOB N0 ONPEAENeHHbIM
xapaktepuctukam obbekTa upaeHTUduKayum /1 /. ANTOPUTMbl UMEKOT OLUH
BXOA W YeTbipe BbIXOAA. Bboixopbl: pesynbrart, 3anpoc, peakyus, npogon-
XeHus. bnok-cxema AP® npuBejeHa Ha puc.2.

[ I .
~ AT A2 AN
j 34
e s i B sl e
Al+ K2 ... kH - anropuTMBbl

Puc.2.

Ar® nns wmccnefyemoro knacca 06beKTOB COCTOMT M3 YeTblpex an-
TOPUTMOB, CBA3AHHBIX CO CAEAYHLWNMYU XapaKTepucTukKkamu npoLEeccoB:
XUMUYECKMM CBOWCTBAM, TPYLOEMKOCTbK aHanu3a, rpynn BeWecTB,TOY-
HOCTW OMMCAHWA npolLecca, KMHETUYECKUM [aHHBIM.

PaccMOTpUM OLWH W3 anropuTMOB TPYNNUPOBKNW BELWECTB NO XMMMUYEC-
Knm cBoicTBam. MpoBepuM BCe Trpynnbl BeWECTB N0 HEPABEHCTBY
Q(x L8) > Qsod, 18- TI/i8 s rpe Q3ob - 3afaHHbIl MUHUMAN-
Hblil BEC; - MaTpuua XMUMUYECKUX CBOWCTB rpynn Bel ecTs.

CBepxy BHM3 npuBesem cemaHTuyeckuit pasbop pepesa ( Q ) And
MWCKNKOYEHUS NUCTbeB M BeTBEW, He WCNONb3YEMbIX B MAaTeMaTU4YECKMUX
MOAEeNnsXx, NOMECTUM HOMEpP NUCTbeB KaXAoil Ho - rpynnbl BewecTs
B MHOXECTBa (LiO)}

MIMCA cocTOUT K3 CEMWU aNnropuTMOB:

B cywecTBytlWeid anpuopHoi mHGoOpMaLUm 0 NpPOTeKaHUN peakunu
BbILENAOTCA OCHOBHbIe ycnosusa npouecca ((paktopel)

®akTopel B 3aBUCUMOCTM OT MUCCNEAyeMOro 0ObekTa MOryT BAWUATH

no pasHomy. [103TOMY NpUHMMAEM 3KCNEPTHYK NPOUEAYPY ANA NPUHATHSA
PeL eHnit.
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lna ee peweHns ncnonb3yercqa akcneptusa 3 , roe akcnep-

Tbl M30NMPOBaHbI; 0b6paTHaa CBA3b OTCYTCTBYET: Y(L3) =

1y3
=y . S(l2,L$)Ifa r[le V(L2) - BeCOBOA KOID(UUMEHT -To (ak-
Topa; S(JT2?AP) - 3KCNEPTHOW OLEHKMU Z3 -r0 3KcnepTa
Ha L2 -Mmy (akTy; n3= non3 ; = ;

N2 - BCEBO3MOXHble (akTopbhl, A 3- akcnepTol, > - OCHOBHblE
hakTopbl.

Anroputm fjaeT BO3MOXHOCTb BbIAENUTb OCHOBHbIE (AaKTOPbl U MX
BECOBbIE KOIM(MULUMEHTHI.

Anroputm 2.
Bbigensem u ynopsgoynBaeMm N0 YMEHbWEHWK Beca BECOBBIX KOI(p(u-
LMEHTOB (PAKTOPOB N0 HepaBeHCTBY: Xwi*V(12) > /12=Y?No . Bbige-

mm o M- (hakTopoB u o6pasyem BekTop UV (Af) Ha OCHOBE TEXHO-
NOTUYECKOTO 3KCMEpPUMEHTA.

N3 anpuopHoid WHpopmauun obpasyem O MaTpuLuy [LaHHbLIX, The
no ctonbuam - MakTopbl, CTPOKAM - 3NeMeHTapHble peakuuu. MonyyeH-
Haq MmaTpuuya uUMeeT pasmep KX, M . Ecnan anpuopHas uHpopmaynd He
CyWwecTBYeT, TOrAa 3E€MEHT MaTpulbl OCTAeTCA OTKPbLITHIM.

Ha ocHoBe 3Ttux (O, OV) matpuy obpasyem marpuyy J1(X¥, M)
cnegylowum 06pasomM: 3NeMEHTb KaXZOW CTPOKM MaTpuubl OV  cpaBHUBa-
EM C COOTBETCTBYH W UMM 3N1eMeHTaMu matpuubl OV . EcCAM OHWU paBHbl
B COOTBETCTBYH W EN mMaTpuyb A sanucoigaercqa 0, ecnu Het, 10 I.

Anroputm 3.

Ai - BekTOp-cTOon6el, NOKasbiBalOWMWA NpoTekaHue WUNM He npo-
TekaHWe peakuuu. Ecnm peakyus npoTekaeT, COOTBETCTBYKW L MA €ro HO-
Mepy 3N1eMeHT Ai = l,ecnun Het, 10 0.

MpoBesemM NOMAKTOPHbBIA aHanu3 NpoTeKaHWA peakyun no dopmyne

T AN kW )Yw A)-A T\, we L5 - HOMEp 3NeMeHTapHOI
peakunm JN5=TX>x ?

Ha ocHOBe NONYYEHHbIX PEe3yNbTaTOB MPOBEAEM aHanM3 MPOTEKAHUSA
peakuuit nmo 3NeMeHTapHbIM peakuusM Ha OCHOBE (Gopmyn:

"MIN. \iP(iS,L4) -0,5 0,5 , ecnu N
PA(iy-
min \iP (15,14) - 0,5\-0,5 ? ecnu Ai =0
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Lns ygo6cTsa ucnonb3oBaHus sektop-cton6ey  PA  npusegewm
K BUAY MaTpuubl ¢ pasmepamun N W MOMEcCTUM B Matpuyy HP.

Anroputm 4, rpge LL(OK)~ BEKTOP BECOBbIX XapaKTEPUCTUK BCEX
rpynn Bel ecTs, MOABEPral L MXCA BECOBOMY aHanu3sy.

O6pasyem matpudy M (Y'M) no dhopmyne:

ecnm HP(/6,/7) = O,

M(£6,m)~ QUO ecnm HP(/.6,17) ¢ 0? /67/T7,
QU?) ecnu HP (/61 7)* o, /6 >17.

Anroputm 5, rge Q (£yM) 3HauyeHMq KONWYeCTBA PacxogyemblX
W o6pa3yemblX BEWECTB, MONYYEHHbIe Ha OCHOBE MaTepuanbHOro 6anaHca
C percTByr W ero o6bvekTa.

MposepuM Cco6NKOfeHWe MaTepuanbHoro 6anawca B marpuye M

ANA 3TOT0 [OMKHbI BbLIMOAHATHCA YCNOBMA

/0

AON(/6,77) A Q2(i.L6) , a)
1.7=1

Al

1GZ:1 M(N6,17)> P)

Ecam 4na Kakoro-To <2 nnu 5 YCNOBWUA HEe BLIMONHAKTCH,
TOrga HeoOX0AWMO NPOBEPUTL anpPUOPHYK MHGMOPMaLWUI, COOTBETCTBYH -
Liyy'to L6 - cTtpoke unu L7 -my cTonbuy.

Anroputm 6, rpe PH - BepofATHOCTb MPOTEKAHWUA peakuuin gng
TPynnupoBaHMd BeWECTB ONPeAEeNeHHON no Gopmyne :

N n
JL zZM(/6,/77) HP(L67Y7)

PM (LU 4>~ }

Fo, X M(#6,2)

16 €{2(//(?D} ,17€ (y (//0)} , 1ii0O, Ui = (Vr.

Anroputm 7. BXOAAT MaTpuusl PH. OK/yM ) . Ha ocHoBe Be-
POATHOCTHOM MmaTtpuubl PH obpasyem pag (cnekTpoB) mMogenei. Ana faH-
HOTO Yyucna TPynnupoBaHHbIX BewecTB. [lepBas MOAens ABNAEGTCA ynpo-
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U eHAOW ¥ no BO3pacCTaHWI0 HOMepa MOCTEMEHHO YCNOXHAeTcs. Onpegenum
MaKCUManbHbli 3neMeHT M3 MaTpuubl PH n nomeuaem HOMep 3neMeHTa B

MHOXECTBO Z i , T.e. onpegengem max{RRB (1/0,/4)] NONyYeH-
Hblil 3N1EeMEHT MNpOBeEpsAeM, eCcnu PA(1/O,Ui)* (P U ,Uo0 =iJfi\
1/0,//l ®Zi UZ , NOUCK MexaHW3ma peakLuuin 3aKaH4YMBAETCH
eCAW HeT NPOBOAMUM NPOBEPKY MaTepuanbHoro 6anauca:
1 -
Z M(LW Ui)>Q2(i,Ui), W uiGczval , ri/,
Lff=l
N1
X MO0, W)701(1 1/0), 1/0 1/{€.ZU Zi [U =i /ln,
uo=l ' y
ecnun ycnosua (10) He BbimonHAw TCA, Torga ( U O>LiL ) 3aHOCHT-
Cq B MHOXeECTBO Z / W npouegypa npogonxaetrca, ecnum oba ycno-
BUa BbinonHATcs (1/O, H i) 3aHOCWTCA B MHOXecTBo Z W npo-

Lecc npogonxaercs.

[lanee nonyyeHHble CNekTpbl Mogenei Ha ocHose BMM obpabaTbiBa-
eTCA C Uenbl BbIfeneHna Hanbonee BepOATHOW MOAENN ANA JAHHOTO MO-
MeHTa BPEMEHU.

YCnoxHeHne mofenu npouecca npuBejetr K 60nee TOYHOMY onuca-
HAW MCcCnejyemMoro ob6bekTa, HO NPU 3TOM BO3HWKAWT CAeAywWwue Tpya-
HOCTHN:

- YBENMYMBAGTCA rpynna BewecTs, NOABEpPrawlynx BECOBOMY aHa-

nnsy;
- YCNOXHAEGTCA anroputMm agantauuu napameTrpoB MOAJeNu;
- NOBbIWAETCA YyacToTa CbemMa [aHHbIX W3 06bekTa ynpaBneHus;
- YCNOXHAGTCA anropuTmM OnTUMMU3aLUmM npouecca.
Takum o06pa3om BO3HMKAET 3afavya. 3ajavya NPUHATUA pelleHus
<VM yony ., rge: YM - MHOXECTBO BapWaHTOB CTPYKTYyp MOfJe-
nem; 017 - npuUHLKAN ONTUMANbHOCTH.
PelweHnem 3agayu <(VM T [17> ABNAEGTCA MHOXeCTB0o VM W

NONYYeHHOE C MOMOWbI NMpUHLUMNA onTumanbHocTu 0.

OnNTUManbHbIM BapuaHT CTPYKTYpbl MOAeNnu onpegenfsetrcs no gopmy-
ne  VWorEmascVM(V), 1/=4yi12.

BboibpaHHaq Haubonee nogxopdwas MOfenb LNA LAHHOTO MOMEHTa
BPEMEHW NOABEPraeTcs MepapXM4yecKol WAEHTU(GUKALMM HA OCHOBE 3KC-
MEPUMEHTANbHbIX [AHHBIX.

MapameTpuyeckas UAGHTUOUKALNA NPON3BOSUTCA B KBa3ucTaumoHap-
HO o6nacTu ( tQn + £li ) MPW ycTaHOBMBLW EMCH pexume
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( ) C Mcnonb3oBaHWeM METOLOB perynapusaynm.

Takum 06pa30oM BblilWEPacCCMOTPEHHbIE TEOPETUYECKME acmeKTel npeg-
naraemon pa6botbel 66N MCNONb30BAHB NPU NOCTPOEHUU KOHKPETHOW Ma-
TEMAaTUYeCKOW MOLENM TeTepPOreHHO-KaTaNUTUYeCKOro npoyecca rugpu-
POBAHMWA KCUNO3bl, KOTOpas NpejCcTaBNeHa B CAeAyllUem Bupje:

d X

dr9 KC*-M-? Ya?,

bw A [ -yl >
rae 0O0O3HAHEHDI MaTpuLbi: Y - KOHUEHTpayuit rpynnupoBaHHbIX Be-
WecTB;, X ,M - BXOAHbLIX U YNpaBAAWLWUX NEPEMEHHbIX; JCC - KOH-
CTAHT CKOPOCTEW peakuui; £ - NPef3KCNOHEHUMANbHBIX MHOXMUTE-
new; T - Temnepartyp; £ - 3Heprum axkTuBauuM; £ - nepe-
XOOHbIX (YHKUMA, a TaKkxe: [™- BEeKTOpP BpEMEHM KOHTAKTOB
C ~fy/?) € - NUWHeilHaf KoopAWHATa peakTopa

) N - obwaqa gNuHa peakTopa; TT - BEKTOp JNUHEW-

HbIX CKOPOCTEM peakUWOHHbIX CMeced B peakTope, J1 - rasoBaf noc-
TOAHHAA; M- - YWUCNO CrpynnUPOBAHHBIX BEL ECTB; ?2n-- Yucno
CeKLMOHHbIX 060rpeBaTenei; HOMEep onbiTa; - NoKasbl-
BalOT, YTO  j -il rpynnbl BeWeCTB nmonyyaercs ['-9q.

MpuMeHeHUs pa3pabOTAaHHOTO aNnrOPUTMUYECKOTO MeTOoda MAEHTU(N-
Kauuu haKTOPHO-HeCTaUMOHApHbIX 00beKTOB COKpallaeT BPeMs WUCCNEAO0-

BaHWA npumepHo Ha 18-208, uyTo JaeT COOTBETCTBYHW W MA IKOHOMMUYEC-
Knil 3 ekT.

NNWTEPATYPA

1. B.K.Kabynos. AnroputMmusaynsd B MeXaHWKe CNNOWHLIX Cpef.
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2. B.K.Kabynos. ANroputMuuyeckoe HanpaBneHue B KMbGepHeTuKe

MW naketol npuknagHelx nporpamm. "“W3s.AH Y3CCP, cepus TexH.Hayk",
1976, & 6, ¢.3-10.

3. K.ALAxmetos. [lokTopckasa guccepraymna. Tawkent,1982,c.303.
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MNAHUPOBAHNSA BLIYNC/IEHWA B PACYETHO-/TIOMMYECKNX CUCTEMAX

C. P. PoguH

BL, AH CCCP
yn.Basunosa 40
MockBa ,CCCP

B HacTOoAlWee BpemMs pasHOOOpas3Hble NPUKNaZHble CUCTEMbl, NpefHa-
3HQYEHHbIE ANA PEWEHNA PasNUUYHbLIX MHXEHEPHO-KOHCTPYKTOPCKUX 3ajav,
paspabaTeiBatw Tca B BuAe naketos nporpamm (MM), KoTOpbie, no-cyl ecT-
BY, CTAHOBATCA COBPEMEHHbIM CMOCO6OM OpraHu3aymu nNpo6AeMHO-OPUEHTH-
POBAHHOrO MaTematuyeckoro obecneyeHunqa 3IBM.

bnarogaps cBOeW CNOXHOW BHYTpeHHed cTpykType, MM no3BonqwT
pewatb 3ajayn, CHOPMYNUpPOBAHHbBIE MONb30BATENeM B CBOWX COJepxarte-
NbHbIX TepMMHax. Takafa BO3MOXHOCTb, nMpegoctasnsemas nakeram, no-
3B0N1AET CYWECTBEHHO CHM3UTb MPOLEAYPHYI HATPYy3Ky W, TeM CambiM,
CYWeCTBEHHO pacWuWpuTb KPYr NOTEeHUMAaNbHbIX NONb30BAaTEeNeh,N03BONASA
UM NpW pelweHUn CBOMX 3afay HEABHO WUCNONb30BaThb 3HAaHWA M3 06nacTu
NPUKNAJHOW MaTeMaTUKKM W NporpaMmmupoBaHnd, 3anoxeHHoie B MM npu
ero co3faHun.

PaboTa nonb30BaTenq C NaketomM NpoOTeKaeT chnegylowum ob6pasom.
Monb3oBaTenb Ha CBOEM NPOHECCUMOHANbHO-OTPAHMYEHHOM H3bIKE ONUCHI-
BAeT MHTEpPecylowWwyo ero npobnemMHyw cutyauuw (Mogens), a 3aTem MucC-
cnefgyer eé, onpefenss 3HauyeHWa OfHUX aTpubyTOB MOJENU W MHTepe-
Cysacb 3HayeHuaMu Apyrux eé atpubytoB (CTaBMT 3afaynm Ha MOJenn)
ANropuTtm peweHus 3agaym cuHTesupyetcqd MNaHMpPOBLLMKOM NnakeTa, KO-
TOPbIA CBOAMT MNOCTABNEHHYI NONb30BAaTENeM 3ajavy K peWweHut paga
B3aMMOCBA3AHHbIX TUNOBbLIX A8 MM 3afay, pewaemblx MOAYNAMU (QYHKLMO-
HaNbHOTO U METOLHO-OPMEHTUPOBAWHOTO HAMONHEHWA nakeTa, a 3aTeM
CTPOMT MmporpamMmy, peanusywllyw 3T0T anroputm. fonyyeHHas nporpam-
Ma BblnonHAeTcs MCNONHMTENbHOW NOACMCTEMOW nakeTa, kKoTopas opra-
HU3YeT BbIYUCAUTENbHbBIA NPOLECC PeWeHns 3agaun.

BaXHOW xapakTepUCTUKOW nakeTa ABNAETCA MOWHOCTL Knacca pewa-
EMbIX MM 3afay, KOTOpas B 3HAYMTENbHOW CTEeNeHW 3aBUCUT OT MOLHO-
CTM METOAOB CMHTE3a anroOpUTMOB peLWEeHUR.

PaccMoTpum npobnemMbl, BO3HMKAKOL ME MpU CUHTEe3e anropuima pe-
WeHna 3apay pacyéra u onTUMMU3AUMN CTAHLZAPTHbLIX PEXUMOB (MYHKLWUOHM-

poBaHUA TEXHUYECKUX CUCTEM.
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B KkayecTBe MOAENN TEXHMYECKOW cucTembl OGypem paccmatpuBaTthb
BLIYUCNUTENbHYK MOAENb TUL-(O,A) , KoTopas npegctasnqaer coboil
CUCTEMY OTHOL EHWIA 0=(01)..., 0-*) » CBA3aHHbLIX 00OWMMN aTpubyTa-
MU A= (a i A « 3Ta MOfJenp Gopmupyercs naketom no
faHHOMY NONb30BAaTENeM ONUCAHUI MOP(GONOTUN U DYHKLMOHANLHOTO Has3-
HayeHWsd CUCTEeMbl HAa OCHOBE METOAOB NepeopMynupoBaHusA, 3aN0XEHHbX
B W .

Mpu peweHnn 3apay pacyéra CTALMOHAPHBIX PEXUMOB YACTO MOXHO
CYNTATb, YTO OTHOWEHMUS »i- 1,7 ABNAKTCA OAHOW ,MHBIMU,
T.e. 4yucno atpubyToB, 3HAYEHME KOTOPbIX MOXET ObiTb BbIYNCNEHO U3
TaKOro OTHOWEHMA, He 3aBUCUT OT pa3bueHns MHOXecTBa ero arpubyTtos
a> Ha BXOAHbIEe W BbIXOAHbIe. MMpu 3TOM 4YUCNO BbLIXOAHbIX aTpubyTOB
Ha3blBaeTcd paHrom ‘Il OLHOPOAHOTO OTHOWEHNS

Ecnu cyntaTtb, YTO BCE OTHOWEHWUA MOLENU (YHKLUOHANLHO HE3aBW-
CAMBI, TO €CTECTBEHHO noTpe6oBaTh, 4To6Gb Ntob6as nogcucremMa OTHOLW e-
HWiA Bbina CTPYKTYPHO-HENPOTUBOPEYNBOWN, T.e. 4To6b AN NWOOro nog-
MHOXECTBA OTHOL EH WA 0 40 BHIMONHANOCL HEPABEHCTBO

S ti 41U | crae 10 60'}. 310 ye-
noBMWe rapaHTUpPyeT, 4TO paHTr NwbOA nopcuctembl OoTHoweHud 0 ¢ O
pPaBeH CYMMapHOMY paHry OTHOWEHWA 3TOW NOACACTEMbl, T.e. Nwbasg nopg-
CNCTEMA OTHOWEHWIA MOAeNnn onpefenseT HeKOTOPOe HOBOE OJHOPOAHOE
OTHOW eHNeE.

bygem npegnonaratb, 4TO KaXAomy oTHoweHuw O4 mopenu TQit,
COOTBETCTBYET Habop ABHBIX (YHKLMIA paspelWweHna 3Toro ort-
HOWeHUA, npuyém kaxpgas dyHkuus (Ee MMeeT paHr ti u peanu-
3yeTCA HEKOTOPbLIM MPOrpaMMHbLIM MOAYNEM (OYHKLUMOHANbHOTO HamoONHEHNS
nmn.

BoluucnutensHyto mogens WC , Habop OYHKUWA paspeweHus OTHO-
WeHWA MOLenn, a Takxe COOTBETCTBUE MeXAY (QYHKLUMAMW M MaTemaTuyec-
KUMKW 3agayaMi C OLHOM CTOPOHbI M NMPOrpaMMHO-peanu3ylWumMm nx Mogy-
nAMKW ¢ Apyrow, 6ygem ucnonb3oBaThb Kak MaTemMaTU4yecKue U nporpam-
MHble 3HAQHWA, MCNONb3YeMble NMPU CUHTE3e anropuTMa W NPU peweHUn 3a-
fla4 Ha MOfenu,

OrpaHumymumca paccmoTpeHuem npobnem cuHTe3a anroputma pacuér-
HO 3agaynm 3 (A %x,A "' Ha BbIYNCNUTENbHOW Mofgenn 1YC . 3Ta
3aflaya 3aKnK4yaercd B TOM, 4TO CpeAn MHOXecTBa aTtpubyTos MOAenu
BblJeNAeTCA ABA HeMmepecekaw W uxca mogMHOXecTBa: MHoXecTso AMNX
MCXOAHbIX AaHHbIX (BXOAHbIE aTpubyTh 3ajauym) M MHoxectso ABbIX pe-
3yNbTaToB (BbIXOAHbIe aTtpubyTthl 3agauyn). Pewntb pacyéTHyw 3apavy -
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9TO 3HAYMT NpU 3afaHHbIX 3HAYEHMAX BXOLHbIX aTpubyTOB HaWTW 3Haue-

HUS BbIXOZHbIX aTpubyTOB, YLOBNETBOPAK LW ME OTHOWEHUAM Mmogenn TOT.

BaXHoCTb pacyéTHbIX 3ajay 3aknloyaetrcqa B TOM, 4YTO OHW ABAAKT-
cA nopgsafayamu nwb6od 3agaynm pacyéta (ONTUMMU3ALMK) CTALMOHAPHbIX
PEXUMOB (QYHKLWOHWPOBAHUA TEXHWYECKOW CMCTEMbI, ONUCbLIBAEMON MOJe-
nelo W ..

B npouecce cUHTE3a anroputma peweHuq pacyéTHoil 3ajauym ecTe-
CTBEHHO BbIJENATCA CNejylolymne yeTbipe artana:

1. Onpegenuth, paspewuma nu 3ajgaya, W eciu paspewuma, T0 Haitu
MUHUMANbHYK paspelanlyyiw NOACUCTEMY OTHOWEHWA MOJenU.

2. Qng Kaxpgoro OTHOWEHWUA M3 HaWZeHHOW NOACUCTEMbl Bbl6paTh (QYHKLUK
M3 Habopa (YHKUMIA paspeweHns 3Toro OTHOWEHWUA Tak, 4T06bl "CHOX-
HOCTbL" anroputma Obina MUHMMANbHA.

3. Bbifennte BcnomoratenbHble NoA3ajayun M NOCTPOUTL anropuTm pee-
HIA.

4. Chopmuposatb nporpammy peweHus pacyéTHol 3agauu.

Ocobblil npakTUyecKWih WHTepec NPeACTABNAKT NepBble 4Ba 3Tana,
NO3TOMY paccmMoTpum npobnembl, BO3HMKawWue npu ux peanusayuun. Or-
paHW4YeHHbIW 06bEM CTaTbW He NO3BONAET MPUBECTU NOLPOOHBIA aHanmus
W onucaHue anropuTMOB pelWweHns 3TUX 3ajay nnaHuposaHua. lepeyunc-
UM NAWbL OCHOBHbLIE pe3ynbTaThl.

|. PelWweHue 3ajayM NNaHUpoBaHWUA nepBoro atana. C pacyéTHOW 3ajga-

yei S (Asx, A Ha M°[eam W t=(0 tA") CBAXEM OpPUEHTN-
POBAHHbIA B3BEWEHHbIA rpad

(S) =(OU(A'AiIx)UiIULt .CV'-VwIUVIUVL.W"),

rge - BEpWMHB 3TOro0 rpada, a ero Ayram

VnVi*= {(*1,aploi«0,a;eal}N{Corar™]eii 0, a; «Ab4]
M={(1»H»<0} , M =tW U i AA,}

npunucaHbl MakKCUManbHbIE MPOMYCKHbIE CNocoOHOCTH
" - 1, ecrm tr6 (V\Vbx) UVt

W o) = ( )
TecjnA v- - (o\aJl, g.4

MakcumanbHbli  4-t nNOTOK B rpagde Kw (3) Ha30BEM MONHbLIM,
eCNM OH paBeH CYMMe paHroB OTHOWeHWA mopgenn Vfl

YTtBepxpaeHue |.
Ecnm npou3BONbHbBIA MAaKCUMaNnbHbli NOTOK B rpage (S') He
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4BNAEGTCA MONHbLIM, TO 3ajavya 3  Hepaspewunma.
Mycts U. - MNpou3BONbHBIA NOAHLIA S -t nNoTOoK B rpagde
Kw (3) . OH NOpoXpAaeT OPUEHTUPOBAHHLIA ABYAONbHbLIA rpap
C MHOXECTBOM AYr b , Noay4yaemblX
s V'Vax cnepywuied opumeHtauneil pébep: pebpo v-= (0D & VW bx

nepexognt 8 Ayry fa,o) , ecnm mo )=1 , nan6éo B Ayry (& a),
ecnm nnCard=0 . MNyctb AucA Y[ BX-MHOXECTBO BepWMUH, ANA KO-
TOpbIX B rpagde (5') cywectyer gyra (a,©0 e £«

YT1BepXeHue 2.

Ecom  AGbIX &b A, To sagava 3  Hepaspewuma.

Yepes CCAbLDIO 0003HAYMM MHOXECTBO BEPWWUH rpatha (3),
NPeAWwecTBY W MX MHOXECTBY BbIXOAHbIX aTpuOYyTOB 3ajaun.

YTBepxaeHue 3.

Ecnn C(As* N 0 Q Am , To MHoxecTBo CTAMfIFANADDIVAY)
ABNAETCA MUHUMANbHOW paspewarolweid cuctemon Ana 3agaym 3 « B npo-
TUBHOM Cnyyvae 3ajaya 3  Hepaspewuma.

Takum 06pa3oMm, pelweHue 3ajayu NNaHUpOBAHWA NepBOro 3rana
CBOAMTCA K 3afjaye HaX0XAeHWd MONHOrO NoTOKa B rpafe C LENOYNUCTIEH-
HoIMM MaKCUManbHbIMW MPONYCKHbIMU CNOCOOHOCTAMMW W K 3ajaye nocTpoe-
HNA MHOXECTBAa LOCTUXMUMOCTW. Kak M3BECTHO, ANA pelWeHus 3TUX 3apau
CYWeCTBYIOT 3((MEKTUBHbIE anropuTmbl. MHaye 00CTOMT feN0 NpU peweHuu
3a/ay NNaHMpOBaHWA BTOPOro 3rtana.

M. PeweHne 3afayn nnaHWpoBaHua BTOPOro 3tana. PacyéTHyl 3agaudy,
LNA KOTOPOA CylWeCcTBYeT paspewarwliaqd cuctema, Ha3oBEM paspewnmoil.

YT1BepxpaeHune 4.

Ang peweHUs NpoM3BONbHOW paspelWMmMon 3apayl ANA KaXAOro 0T-
HOWEHUA W3 MWUHMUMANbHOM paspewanled cucTembl LOCTATOYHO MCNONbL3O-
BaTb POBHO OAHY (QYHKUMIO.

Bbi6op AONYCTUMBIX DYHKUWIA paspews eHus n onpege-
NAeT OPUEHTUPOBAHHbLIA ABYLONbHbIA rpag

C B = ((C0G™)uobi)U(cAanx YU ), 6\
roe CO (ABbix® — C(ABbix') M (A4Aabix), CACABbIX) — C CAseiX* 1 0,

OBX - OTHOWEHWE, 3HayeHne aTpubyToB KOTOPOTO PaBHbl MCXOAHbLIM
faHHbIM 3afgavyn, a )m=.{dl d -(o,ol) , ecnu (. BbIXOAHOW aTpubyT
AN QyHKUMW, paspewatoued oTHoweHne Oe CO(ABd)UOBX u d=(a,0)i
ecnu a - BbIXOAHOW aTpubyTt } - .pyru rpaga.

YTBepXAeHne 5.

PeweHne pacyéTHOW 3agaym 3 CBOAMTCA K pPeWeHUto cnegywoweir cin-
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CTenbl YpaBHeHA MopAaKa

)
roe - e ampoytos a 6CAABr) U AB* |, fgda KO-
TguX B rpae 1M3) noycrernetb 3axaia 50 58

e eyHAL,
y=(XIN._ X 3reverve arpvoytoB X € CA(AbbIXMABX * KOTObX
B rpaﬁep MNE C3) moyCreneb 3aXqma paeHa Hyro,

Yii—Z!<;, a pyHym F - BMMCs0Tca B aaly OTHOUE-
HAM WHAVEVBHOA paspelladle! Q/ACTEWLI.
Mycb = meec ,a b =Taac”"

YTeepoeHe 6.

3gmpa BOopa AoMyCTVOIO Hebopa. paspealleHa OTHOLEHAA, MHA-
M/B/OVALEIO  NMOPAaoK actemsl () seetca NP — noHo v
f~ 2nmr> 2

Takm 0qoesov, O/ peleHsst 3304 iBH/poBaHst BTOPOIO JTaa
HEOOXQIMVO UONONB30BATL MVGIMNEHHE SBVICTVHMECKVE VETQbl. I
METQA MOKHO OCHOBLBATHL HAL CNEOyHLEV CNELYAKE 390pHA.
_ Iycb vecs gyrkapi g 0 CCoCABbIX' ™) BoOpaHa. Yepes

gf (BW  (Co(A,H,0")UAUITULVSUVEUV , w\
rie A= U At - MHOXeCTBO BbIXOAHbLIX aTpubyTOB (YHKUMA pa3-

Co (A6bl? ( A
PELLEH/A OTHOLEHM Co(ABbx™M”™ . mymm V -\  &)\a€
agmm V, VA uneaW opeiesrca Take, KK 1 oA rpa|
Kw 3)-

YBepoeHve 7.

Mo quKCPoBaHHOM [OMYCTVMOM HEoOpe (WHKLIVIA paspellieHsst Ao Ya-
cm otHoleHw  OF £ CoesbiX) HakHa aueHka nopgka aactevsl (1)
[PETCA 3Hader/eM vakonversHoo 4°b notoka B rpae Cr*C3Y

310 YTBEPKIEH/E MOSBOFET CTPOATL OLEHKN BETBEY [epeBsa Nepe-

ﬁrmwawaau&mwavpmwwmmamm"wmﬁmrpa—
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PacCMOTpPEHHbLIE MPUHLWUNBL CUHTE3a anNropUTMOB PELEHUA PACUYBTHBLIX
3aay Nnexar B OCHOBe [MNaHWPOBLLMKA MHCTPYMeHTanbHOW cuctemsl MABP,
paspabatoiBaemMoid B BblumcnutenbHom Lientpe AH CCCP CIl - 2]

intepatypa

1. Pogun C.P., Jpnux A.W., VIHTepakTuBHaa cucrema 6NOYHOrO MOLenu-
POBAHMA TEXHUYECKUX CUCTeM. - Bonpocol MHOOPMALWOHHOW Teopuu W
npaktuku, Ne 46, M., BUHWUTK, 1981.

2. Poguuw C.P., WsBanés A.M., 3pnux A.N., [NABP - puanorosad cucrte-
Ma MOJENUpPOBAHMWA anbTepHaTuMB ¥ BblOOpa peweHnid, Preprint, 2nd In-
ternational Conference "Artificial Intelligence and infomational
control systems of robots', Smolenice, 1982.
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NCTMONb3OBAHWNE OKPECTHOCTW | MOPALKA B JIOKANbHbIX
ANTOPUTMAX MUHUMU3ALUMW O . H.® .

W ecteposa H.A.
CCCP, r.TawkeHT, HMNO "KnbepHetuka” AH Y3CCP

Cpean MHOXeCTBa PasNMYHbIX anroOpuTMOB NOCTPOEHMA ONTUMANbHbIX
CXEM MOXHO BbI4eNUTb KNacc NOKaNbHbIX anropuTMoB, [ANA KaAXAOro 3ne-
MeHTa CXeMbl MPOBOAAWMX aHanus no "JOCTAaTOYHO O6AM3KUM" K uccnegy-
EMOMY 31eMeHTamM. BO3MOXHOCTb peWeHWds B 3TOM Knacce anropuTmMoB Le-
noro pAja I9KCTpemManbHbIX 3ajay W, B YaCTHOCTHW, 3ajay, CBA3AHHbIX C
npo6nemMoil MUHUMMU3ALAN LWU3BIOHKTUBHBIX HOPManbHblX (Gopm (A.H.¢.) 6bina
nokaszaHa tO.M.)KypaBnesbim / 2 /. B aToit xe paboTe BnepBbie 6b10 BBE-
[lEHO NOHATUE OKPECTHOCTM KOHBIOHKUMM W LOKa3aHO, YTO peWeHne npo-
6nembl MUHUMW3ALMM J.H.O. B KNacce NOKaNbHbIX anroOpUTMOB HEBO3MOX-
HO, €CAM MCNONb30BaTb TONbKO MHMOPMALMID 06 OKPECTHOCTAX KOHEYHOTO
nopsgka. TeM He MEHee,MOXHO WCKaTb He 0083aTeNbHO MUHUMaNbHYw (No
KONMYECTBY KOHBIOHKUMIA) A.H.B., @ ZOCTAaTOYHO O6ANU3KYW K Helt, W npo-
BOAMTbL NOKaNbHbIA aHanu3, Hanpumep, N0 OKPECTHOCTM NepBOro nopajgka,
YAanaa WAM 3aKpennds KOHBLWHKUMM B A.H.®. TakK,uTO ANAMHA NONYYEHHOW
A.H.G. 6yser gocTatoyHo 6nmM3ka K MUHUManbHOW. [n9 OLEHKM TOYHOCTH
MONYYEHHbIX Pe3ynbTaToB W TPYAOEMKOCTW WUCNONb3YEMbIX NOKaNbHbIX Mpo-
Legyp Heobxo4uMmMOo wuccnepoBaTb MeTpuyeckue (KONWYECTBEHHbIE) CBOWCT-
Ba OKPECTHOCTW NepBOro nopajKa KOHBIOHKYWA ANnA 60NbWMHCTBA A.H.(.,
peanusyr wmux 6ynesbl GYHKLML,

O .H.0p." npegctasnser coboil 3anucb OynesBoid dyHkuum | B
BUAE AM3LIOHKUMAM (MHOTOMECTHOM dyHKuUM "wnn") J(i VIBLV ... V¥ ~ |
r4e Kaxpgblih yneH - 3NeMeHTapHad KOHBIOHKUMA (3.K.) - eCTb Noru-
YecKoe npous3seseHue (MHOrOMecTHads MYHKUMA "W") TeX WAW WHbIX nepe-
MEHHbIX W3 COBOKYMHOCTN {#1,+2 , ,Xn} , B3ATHIX C OTpUUAHUEM W
6es Hero. Kaxpgaa 6ynesa ®yHKUMA S wuMeeT 6ONbWOE KONMYECTBO Cylle-
CTBEHHO Ppas3NMYHbIX A.H.(., CPeAn KOTOpPbIX TpebyeTcd HaWTm MUHUMANb-
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Hyl0 no AnuHe. OYeBMAHO, YTO MUHWManbHaA A.H.(Q. ABNAETCA Heynpouwa-
eMoit, T.e. nepecTaeT peanu3oBbiBaTb OGyneBy dyHKYWw Y npun ygane-
HUM M3 Hee nw60A A.K.

Mpu M3yyeHun A.H.@. yvacTo npuberawwT K reoMeTpUyYeckoit WHTep-
nperayumn, Korga Kaxpoh 6yneBoW (YHKUWM CONOCTABNAETCHA MHOXECTBO

A TOYek Oi EeAWHMYHOrO /b-MepHOro kKyba fé™ Takmx, uTO :
ecnu Je<z) - I, a KaxXpoh 3.K. YC - HeKkoTOopblM nofaky6 (mHTepsan)
Jfjc kyba B atom cnyvae 3afgayy MuHuUMM3auMM GynesBblX DYHKUMN

B Knacce A.H.(. MOXHO 3aMeHWTb Ha 3KBUBANEHTHYK eil 3agayy NOKpbl-
TMS nogmHoOXecTBa /'t Ky6a g m MakCUManbHbIMU (He NOKPbIBAEMbIMU HUKaA-
KAM Apyrum WHTepBanoMm W3 <Ny ) uHTepBanamu. HeobXoauMbiM W joCTa-
TOYHBIM YCNOBUEM HEynpowaemMocT NOKPbLITUA OGyAeT Cylu ecTBOBaHME B Ka-

XAOM MHTepBane 3TOT0 MNOKPLITMA XOTA Obl OLHOW ALpoBOM (He npu-
Hagnexaw el HUWKaKOMY APYrOMY WMHTepBany [JAaHHOTO MNOKPbITUA) TOuKu.Be-
nMyunHa d-h-7. |, rge r - KONMYECTBO BXOAAWMWX B 3.K. » TMEpPEMEHHbIX,
Ha3blBAaeTCA Pa3MEPHOCTbIO WHTepBana . OyeBugHo, NY #/

Ana kaxpgoih 3.k. CK OKPEeCTHOCTbK MNepBOro NOpALKa OTHOCUTENb-
HO f4.H.0. byper MHoxecTBO 3.K. C/tj uz * Takux, 4To
CK /JCj1 O (unu 0"~ - @0 ).

byjgem roBopuTbh,4TO NO4YTU BCe Oynesbl (QyHKYMM obnagatwT onpepe-
NeHHbIM CBOWCTBOM,eCNu AONA (YHKUWA, He o6najawlwmx 3TUM CBOMCTBOM,
N0 OTHOWEHWK K 00WEMY KONWYECTBY (QYHKUMIA CTPEMUTCA K HYJHK.

O603HaYMmM yepes XK= (J) - YUCNO -MEPHbLIX MAKCUManbHbIX WHTEp-
Ban0B (QYHKUMW [ , MUMELWMNUX B NEpPeCceyeHUNW C HEKOTOPbLIM MaKCUMaNnbHbIM
P -MEPHbIM WHTepBanoOM W3 WHTEpBan pasmepHocTM i 3I(t(n) -
- CpefHee 3HAaYeHWe 3TOW BENUYMHBI NO BCeM OYyNeBbIM (YHKLUAM, COAEp-
XalluM JaHHbIA p -MepHbI MHTEepBan (KONMYECTBO TakuX (YHKUWUA paBHO

(E*p ~ ap(n-p 10 ). Torpa CpefiHl BeNUYUHY OKpec-
THOCTW NepBOro NOpAAgKa No BCeM ®YHKUMAM [ ,  COAepXalWuMm AaHHbI
P -MepHbIA MHTEpPBAaN, MOXHO NMpocyuTaTb N0 Gopmyne
. P-1 mpH ---
ZW * I'* U
NIEMMA. =~ n* tr.2P(p) rrLE
— _Z»-P
(p2p~07pr? -*
P
y

«0 - p2e-Ge " P8 -7 S

B cBA3N ¢ 6ONbWUM 06beMOM BbIKNAAOK, AOKA3aTeNbCTBO HE MPUBO-
anTCS.
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TEOPEMA. [nq noutu BCceX OyneBbiX MYHKUMA /0 T TL NEPEMEHHbIX
yucno 3.K. B OKPECTHOCTM NepBOro nopafka NPOU3BONbHOM KOHBIO-
HKUWW, BXOAAWeER B N/ , YAROBNETBOPAET HEpPaBeHCTBY

OQ@ AU +Rkogtejii

llokazaTenbCcTBO. [AN9 NONYYEHUA OLUEHKW WCNONb3YETCHA M3BECTHbIIA
[ I/ pesynbTat: AONA OYHKUWUA, Ana KoTopblx P(£) >/ p'*) (P(£) -
- 3HAYEHME HEeKOTOPOro mapameTtpa), He npeBocxoaut £ { £>0 ).

Zim Sn=o0

T°Tla X (J)i£zZ(it) = m.

Monaras £ =/ , nonyyaem yTBEpPXAeHUE.

Mony4yeHHas OLEHKA 03HA4YaeT,4yTO MPUMEHEHUE NOKaNbHOTO0 aHanusa
OKPECTHOCTW MepBOro nopagka B anropuTmMax MUHUMMU3ALAWM J.H.§. yBeE-
NUYNBaeT WX CNOXHOCTbL He 6onee, 4Yem B pa3 (&Kkn<g,-
- 0).0pHaKo, Takoil aHanu3 B NPUONMXEHHBIX anropuTmMax MO3BONAET NO-
nyyats 6onee onTUManbHoe peweHue.Tak, B LWMUPOKO W3BECTHOM TrpajueH-
THOM aNnropuTMme, KOTOPbIA 3aKnt4yaeTcs B NOWAaroBom oTbope B MOKpbITUE
jv I/ wHTepBanos HaumbonbWweild pasMepHOCTM, KOHEYHbIM Pe3ynbTaToOM AN
noytn Bcex 6ynesolXx (QYHKUMA 9BNATCA A.H.G., O0TAMYAOWAACA NO ANUHE
0T MWUHMUManbHO# He 6onee, yem B C,mogZog™ pa3 ( <Y - KOHCTaHTa)
I 3/, Ho, Boobwe roBopd, AaHHaa A.H.G. He OyaeT Heynpowaemoir.Ec-
MM M3 OKPECTHOCTW OYEpefHOro paccmarpuBaemMoro wHTepsana nl/c ypa-
NATbL NOCNefoOBaTeNbHO WHTEpBanbl B NOPALKE BO3PACTAHWA WX pasMeEpHO-
CTeil [0 Tex nop, noka B umHTepsane W// He nodsutcas X0TA Obl OfHa
A4poBaf TOYKA, W TONbKO MNOCAe 3TOr0 BHOCUTbL WHTepBan n/# B MNOKPbI-
TWe, a yLaneHHble WHTEpBanNbl CYNTATb He BXOAAWMUMWU B MUHUMANLHYIO
fL.H.Q., TO pesynbTatom 6yfer Heynpouwaemas A.H.®., ANUHA KOTOPOW
He 6onee, yem B c Eoqglogn. pa3 ( C - KOHcTaHTa) 6onbWwe ANWUHB MU-
HAManbHOW ANA NOYTM BCeX OYNneBblX (QYHKLUWUIA.
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0. Introduction

Karel the Robot as an introductory programming course
has been introduced by R. Pattis in his famous book c1]
A slightly modified version of the language has been imple-
mented at the Komensky University in Bratislava. The main
distinction between the original and our version consists
in different kinds of program processing. While Pattis
have used a classical way, based on compiling of program
followed by its execution, we have preferred a direct inter
pretation of each completed and syntactically correct sta-
tement. Since the text of program and Karel”s reactions can
be observed on a screen simultaneously, the period between
the writing of a statement and the observation of its execu
tion #s shortened as much as possible. Students are offered
an ideal opportunity of discovering of errors, debugging
and improving their programs.
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The course based on our approach is assumed to be done
jJust right at the terminals. To have the possibility of the
parallel writing of Droprram and of the presentation of its
execution the screen of display is divided into three parts:
two windows and a communication line.

The left window is used for writing of program, the
right one shows Karel’s town and his moving there. A student
write his program through keyboard, the system presents him
the text of program and Karel’s reactions on the screen. The
system also communicates with user through the communication
line /detects the errors, asks for his agreement with Karel’s
actions and so on/. In the case of any error, the text can be
edited and it is executed once more /automatically/.

Because the problems solved are non-numerical and pro-
gramming resembles a play, students formulate their own problems
very easily and solve them as well. That way their activity is
highly self-controlled and uses the comparison between the
actions Dlanned and provided for the self-education.

1. Building Karel’s town

"The play" with Karel consists of two parts: of building
Karel’s town and of the programming Karel’s behaviour in the
streets. In this section we describe how to build "the play-
ground” - the world Karel will work in.

At the beginning the right window contains the rectangu-
lar net of points representing crossings of /horizontal/ streets
and /vertical/ avenues. The user can put walls and beepers
into the net. The walls are barriers on the route between two
crossings, beepers are used as markers or counters. On each
crossing from O to S beepers can be put and a wall can be laid
between any two neighbour crossings.

Inserting of walls and beepers is interactive, too. The
programmer leads a pointer on the desired point in the window
and then places the object there /pressing a fixed key/. The
instruction how to put and delete walls and beepers are written
in the left window.
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At the end of this Dart of play Karel the Robot is loca-
ted at a particular crossing facing one of four cardinal points.
The upper boundary of screen means the north and other cardinal
points are oriented like on a map, too. Pressing a fixed key
this part of "play" ends. The left window is cleaned / to be
ready for writing nrogram/, the right one remains unchanged.

2. Programming Karel’s behaviour

2. 1. Primitive instructions

In accordance with instructions Karel is able to move
within his town and manipulate with beepers. He is not able
go through walls, he must go round, Karel understands two pri-
mitive instructions that change his position. The Ffirst is
MOVE
which orders Karel to move forward to the next crossing. To
avoid damaging himself, Karel will not move if he sees a wall
or a boundary of window just before him. In that case he answers
I can’t go forward
in the communication line /CL/.
Note: If there are some beepers on the crossing Karel is stan-
ding on, there is no way to present Karel and beepers
at the same point of screen simultaneously. Thus, while
Karel stands on the crossing, the CL shows the number of
beepers there.
The second primitive instruction is
TURNLEFT
This iInstruction changes the direction that Karel is facing,
but does not alter his location.
The following iInstructions permit him to handle beepers.
After
PICKBEEPER
he picks up a beeper from the crossing he is standing on.
When there is none, Karel announces it in the CL.
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Reversely, after the instruction
PUTBSEPER
he places a beeper on his current crossing. When there is nine
beepers before the instruction, he reject the action with the
announcement
There is no place for the next beeper.

Every instruction wnich can not be realized is assumed to be
equal to the dummy one, i. e., the programmer can continue in
writing program without any change iIn his program.

As you can see the reserved words are relatively long.
That may cause problems to novice programmers who are not
acquinted with the keyboard. For that reason, after pressing
first three characters the system looks for an appropriate
word in an inner table. When the word is found, the text on the
screen is completed and the system asks for user”s agreement
with the choice in the CL.

"Wien it is accepted the corresponding action is executed.
In the opposite case system looks for another word. If there
is no word beginning with those three letters in the table,
the user is asked for a correction.

2. 2. Structured instruction

Since Karel is mentioned as an introduction to Pascal,
algol-like structured statements are used.

Block structuring is accomplished by placing a sequence
of instructions between the brackets BEGIN and END. Semicolons
or other delimiters amoung instructions are not necessary,
because words are completed by system and, consequently, the
end of every syntactical unit is exactly known.

There are two kinds of loops Karel 1is able to do

ITERATE (positive number> TIMES (instruction)»
WHILE <condition> DO <instruction>
and two conditional statements
IF (condition)» THEN (instruction-~ ELSE (instuction-2>
IF (condition)» THEN (instruction)»
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in their usual meanings. In the conditions we can test:

a/ Karel"s orientation: facing-north, not-facing-east etc.,

b/ Karel®s enviroment: front-is-blocked, left-is-clear,
next-to-a-beeper etc.

Again, as a help to the programmer, it is necessary to write
only first three letters. Moreover, some words are Ffilled up
automatically - those ones which occurance is unaviodable
in the given context. Pay, TIMES after ITERATE and a positive
number .

2. 3. Completion of program

The second part of "play" consists of the definition
of a new instruction. The user writes his program into left
window and can observe Karel reactions on the screen immedia-
tely. Every program has the form

DEFINE-NEW-INSTRUCTION <new-name> AS
BEGIN <(sequence-of-instructions> END
The length of program can not exceed the size of window /16 li-
nes per 38 characters/.

DEFINE-NEW-INSTRUCTION is written automatically directly
as this part of play starts. The user has to write the whole
name of instruction. The name is checked whether it is unique.
IT yes, the name is inserted into the table of reserved words
and subroutine names /and later can be announced by its first
three letters/. In the opposite case the user is asked for
another name. The words AS BEGIN are filled up automatically
after the soecification of the new name. Then, the user programs
a sequence of instructions and controls its correctness on the
screen comparing the real activity of Karel with his planned
one.

The user can use in his program any instruction defined
before as a subroutine. Every user has his own library of
programs, 1i. e., everybody "educates his own'" Karel separately.
The possibility of using subroutines allows to program very
sophisticated programs. The recursion is not allowed.
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In the case of any error the user can change his program
using a build-in editor. If the error occurs in just written
instruction /which has not been executed yet/, there are no
problems. But, if the faulty instruction has been executed,
after the correction the complete sequence of instructions
is executed once more from the initial position. /0F course,
the "complete sequence" means the part of program written
till now./

After writting END the new defined instruction is inserted
into user’s library and the user is asked to repeat the play.
IT he agrees, the process is repeated, otherwise the play ends.

3. Closing remarks

The implementation of Karel is based on a set of proce-
dures which internret the text of program/s/. The procedures
that interpret structured statements and subroutine names are
recursive and can call each other. The ones that internret
primitive instructions and communicate with user are non-re-
cursive. The speed of execution is set up that way that Karel
does not work lazy, but he is not very fast /to be observable’/.

We have made experiments with a group of children ten
years old who did not work with a computer before. Naturally,
the dial6gé was done in their native language, i. e., in the
Slovak. They became fonds of Karel very quickly and even pre-
fer him to other computer games. Nevertheless, the experiment
has shown an interesting fact. Children have expected a major
freedom in the language. They assumed Karel’s understanding
of natural language constuctions like

MOVE AND TURNLEFT
or ITERATE WHILE ... and so on.

It seems to be resonable to allow them such combinations,
so we *ant to build them in a future version. The goal should
be to create a dialogue as natural as possible.

Reference:
[T] r. Pattis: Karel the Robot, John Wiley, New York, 1981
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Abstract. We give a sinple, finite generating system for the class of
N~ ~N* type partial recursive functions, by adding a new operator

called "iteration to zero'”, to the generating system of the class of

N(’;; ~N* type primitive recursive functions given by Mentrasti and Protasi

We denote by N* the set of finite sequences over N * N0, 1, 2 o=} |
including the erpty sequence A' too.  Further, by PR* and P* we denote the
classes of N*——"\* type primitive recursive and partial recursive functions,
respectively (See (8) too). Mentrasti and Protasi (7) write SPR for PR
because they call the elements of PR™ sequence jjrimitive Recursive
fuctions.) PRMand P" (m, n 1D will be the classes of (ordinary) prim-
itive recursive and recursive functions, respectively.

We can define the class P* In two plausible, equivalent ways. In
the first way (follonved e.g. In B, 6) for some special subclasses of PY)
we identify P;Gwim the class of N*—-7?N* type partial functions computable
by sare abstract computer (e.g- Turing machine, RASP or RAM machine etc.)
or Markov algorittm. In the second way (followed by Mentrasti and Protasi



-315-
(7) for PR*) we define to be £q P~ ~Q~ where Q: N - ~N is the

bijective 'sequence encoding"

010 010 01,0 . Q1o ..
Q: Xk 1o Ly 3 3

oA +*o

(the upper bar denotes the usual binary value). This sequence encoding Q
was introduced independently in (3) and (4), and according to (6, 6) it
is the simplest possible sequence encoding.

In general, if ™, f2, ... are "base functions™ and 0, 0, ... are
“operators'” then by F(f*, 2, ... » 0®, 0®, ... ) we shall denote the class

of functions "finitely generated"” by the '‘genarating system"™ (f~, f2* __.

on, 02, ... ) (i.e. the smallest class of functions containing ¥, 12,
and closed under 0, 02, ... ). Mentrasti and Protasi (7) proves that,
defining the class PR" as N PRN ,

PR\’;: [ F(Or’ Sr’ E™\ , K; composition, repetition) where

Or: (XX, *kk 7 Xk,\l "i* (XL, e , Xj/\” O)
g g SXi» **r * Xk’ YOI ) (XL* ..., xk*y + D
r.

G- A

1<y *== *xk,y)= > (- x, ., xk)

\P: [A>_ >A

K : (Xj1 o0 QXXTA y(xj/\’ --- 5 Xk, k)
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&, ¥, ... ,xk yE N); the meaning of the operator '‘composition’” is
T

clear, and the operator "‘repetition” is defined for any N F Hre
partial function T as followns:

ition () G. xif . xR E>TY) (4, )
repetition A 1>

(f" stands for f. fe ... of where the nurber of f's iIsy, and T/ IS
the identity function).

Now we define the operatorsig , the operator "iteration to zero” on
N — " ° type partial functions fas

& .
oo - )V T wn
where v, w, xL, ... ,xy, Yyl ___ ,W”"N,

k * min™k£E£ N/t~ ~Nis of the form O, 28, ... , zZ™M)N
and

0 ode L) - O W e )
(in case k is undefined, fW/ o, .. , XxXy) is undefined 1t00).

We introduce another operator, the operator A , the operator
“iteration until odd® on N ——-~N type partial functions g as

g/\ * X I_ ))y
where x, y £ N,

J =min™jJ"EN/g™ N is odd™

g™M\x) =y
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Theorem 1. pJ = FEPR™ 5A* composition).

Proof sketch. It is knomn fran (1) that Pt - PRE (FPR2 ;~ ) PR
(here, obviously, we restric{’z to N2 - 2 type partial functions).
Actually, in (D) not exactly this restricted operator is used, but the
modification is clear.) Now, defining the function TI'CPR’Z\ as

O, yr—22y + 1

y: & yeN
- X+ 1L, ¥v) —>20@2* 2y + 1D - D

clearly 2T 1€ PR2 and has the property that (X, y) isodd if x - O.
So, it can ke seen easily that for any f£PR%, YIS oA S 1thI'H)a
(where U% @, 22) = z2), franwhich the theorem already follons. Q. e. d.

Definition. Let P+ » P

Theorem 2. - FPR™ ;™ , composition).

Proof sketch. Observe that by the definition of Q, for any X £, N
Q X is o #Fx is of the form x - &Y, ... , XY (k™) where
XN * 0. Now Theorem 2 fairly easily folloxs from the definition of the

operator™and Theorem 1. Q. e. d.
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