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SOFTWARE ENVIRONMENT FOR DISCRETE MATHEMATICAL RESEARCH
IN UNIX-LIKE SYSTEMS

K.N. MANEV

Institute of Mathematics, Bulgarian Academy of Sciences

1 INTRODUETIGN

The necessiiy  oFf computers  in 2 T e = (R L
researches is obviouese nowadavs. & lot o+ problems of the
discrete mathematics, for examole, nead a Computer
treatment. The computer euperiments became rnatural,
preliminary or final, step of the investigatien of sone

discrete conftiguraticns anc thus, a part of the rzason:inoc

i+ New  rasulits. That 15 why the requirsmenrnt fcwards

software for mathematical researches are very sirong.
In this paper a general aproach to soriware
environment for discrete mathematical researces in  UNIX

X
like svstems 1is described. I+t sumarized, also, the
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autor ‘s exuperience in implementation of some component
syus-h an environment in UNIX System Y and the obtained

resuits.

2. HUNIX=1L_ TIE SYSrEMS

The choice of the opperating system 1s not
accidental. The UNIX-:ike systems possess s 1ot of
usefull features, some of them listed below:

= the UNIX-1like systems are, practicallv.
standartized nowadays and are installed in all wide-spread
computer ‘s architectures. This allows the xchange of

software between researchers and minimizes the ef+orts +for
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- the MIiX—iike systems have clear multyievel
structurs (see Fig with appropriate 1nterfaces 1in the
ci<+arnt lavals, so that anvy user {system analyst,
reszarcher which now few programming ar such that never
Wi il nNava  oeen acguaintad encugh with the compurer) can
ooperate inside the environment on the corresponcing

UNIX-1ike

- tha
practicaily standartized,

language O,

systems support compilers,

from the high-level programming

which allows effective usage of the computer’'s
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nossibilities — pointers, bit and shift operat:ions and =0
on. All dependences +rom the computer 's architecture (tne
size of the computer’'s word, Ffor exampl=a) can be derined

as parametrs for the preproceszor of the lar
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— the UMIX -like systems communicate with users
throw the command :1nterpreter, which contrecl running of
the erecutadle modules (commandsl. Ary progeam, written
from the, user becomes command. Moreover, the i1rterareter,
itseif, iz alsc a command, and 1n Aa such a way 1s noct
obligatory. The user car provide an own lnteroretar,
standar? command interpreter - shell, combines command
with operators like this in T language: for, while, case
and 1+, Whit *the stancard commands 2cho tprints 1=
arguments), read (reads values In ite argumenis), exor
(evaluates an expression, Formed by n
test izvaluates various oredicates) shell becomes a
ogramming language. Each
lanquage is considered as a command. 1.2. car be included

in new procedures and so oOn.

Z. SOFTWARE ENVIRONMENT

Our general idea 1is the next: *to +follow the
multvlevel structure of the operating svstem and to append
on every level the corresponding tools +for d
mathematical researches {(see Fig.)

The kernel of the UNIX-like systems 1s good
enough for our purposes. It provides the supervisor calls
(5VC), necessery Ffor construction of an environment,
dedicated to scientific researches ot discrete
mathematical objects. Moreover, appending of new SVC will
decrease portability of the environment and the

possibilities +for exchanging of programs and results.



~at iz why owe Will not touch the kernel of the operating

The variaty of architectures, operating systems
and various  versions, even for well standartized

arogrammning  lancuages, cid not permit wide-spread use of

sazvacs shtanfarc programs  f(FSF). The UNIX-like systems

GLinm (s ke maossthil iRy o Eor s creating . pertablia  BSE.
Moraowvar the gortability can be reached foliowing a few
simple suies:

- yse only standard features of the C 1anguageg

- de+ine ary machine dependent constant on the

= T4 0w
- uso 3s subroutines only standard 390, starndard
snction. Fogm thEatevetean’ s ldbraries o0 programs Yeohn the
pRchage  which foclow tThis rulesy of coussel.
It 15 verv helipfull to corstruct the pankage by

the acproach pordabstract data *ype (ADT? i1.2. to choose
an ADT, appropriate for the gonals of the package and to
Biugy he orograms 1ilke gperations with this ADT, In such

(8]

an easy apopend new operations tﬁragrams) and
existing procgrams by ones, which implement better

zlgorithms {(anc no needs to change the software which uses

The FSF have to be cresated +from verv experienced
system crogramers., which know very well the features of

the oosrating svstem, T language and the object of the

On the next leavel there are two possibilities.
The first: any researcher, which knows the C language and

muiate a problem 1n the terms of the operations

r ¢
with the ADT, zan write easy a program for resolving the
oroblem, which wse the FS5F and with the help of a more
experienced prooramer to create even complex systems, with
aprozriates langquages., for resolving a class of problems.

The second possibility is: some standard programs

to be transformed into commands of the operating system.
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lthough the user 's systems and the commands 1ie in the
same level of the structure of the operating syvstem we
will Zistinguish them. The comrancds are more =imzle and,
as a rule, they have not a proper 1anguage. They perform
usually one step of the vesoiving of the p

using ot commands will be discussed bellow. The
transformation of the standard programs into conmands 1=
more then trivial by the provided scheme for processing

the arguments.

2n the next level we propzosas the comstruction of
new command intercreters, The standard Command
interpreter of the UNIX=:ike systams  — . .=hells, combnes

commands with the contrai ceonstructions ef the T Ianguage

— +for, while;” case and i+.  Faor rasearchers, which dont

know the C languace there is only one possibility to word
on their orobiems — seacusnitial auscuting aof commands. St

these users know better others ways of composition of

+

primitives — superaositicn of formulas, logical i1nterence
and so on.

That is why we orooose on this level construction
o+ new comnand interpreters, mr e appropr: ate for
mathematicians. The UNIX-like systems encoiirage csuch
activities, providing tools for automatically generating
lexical analizers and SArSers, starfing. +
correspending formal aramars. Having such  interpreters
and enough commands f{(created on the previous leovel! “‘or
the special subject, even not experienced in programming
user can formulate preblems for resoiving by computer.

What's about the mathematicians. which have not

xperience to work with computers at all. For thase users
we will create procedures in the languages of the command
interpreters and the users could resolve their problems
executing this procedures (giving appropriate values to
the parameters).

Thus, we obtain an environment corresponding to

the structure of the opperating system, which give to any



= 116 =

ueer  the gossibility to determine the proper level of
eperience and to work on bhis problems with the
aonropriate tools. This environment is very flexible. It

zan he essy modified and developped, without chanoing the
‘i

A S S IRERINERS
Soms oFf our ideas were impiamented in UNIX System

V. ponsthe 32=-bit (M&EO1%Y) computer, with 2. Mb - opperating

CL TLAN. Here we briefly discuss the obtained

The portabie package standard prog-ames COMPACK

a ec was created ar-ocund the

ed binary matrix (GBM). This ADT is

representing a very large set of

cmbinatorial obliects — graphs, matroids, block-designs,
t odes, 2etc. The packtage contains

nrograms, whizZh operate wiith 8EY, dosen’t mattesr which
oblect thev represent, and an  amount < of programs
appropriata for combinatorial researches. Many oprograms
+rom TOMFATE  were transformed irto ccocmmands of the

opperxting syztem.

The package GFFACH for 6pérations with elements
ields, polynomials and matrices over Galois
gds is now under devels=sopment.

lising COMFACE, a special system - LINCOR, was
constructed  for computer researches of error—correcting
—aodes [21. For this purpose the package was extended with
arograms, aspraopriate for the special subject and we have

perience to extend the package 1in other

m
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disections, tooD.

The system LINCOR was designed to escape the
everyday, routine work. Nevertheless, serious problems
were resolved with it, connected with the covering radius

of error correcting codes. It was refuted the conjecture
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that all binary linear codes, containing all-ones vector
meet the lower bound +or the covering radius [3Z]1 and the
covering radius of 73 from 76 cyclic bynari cocdes with
length 335, 35 and 39 were +found [413.

Three 1anguages for new command interpreters was
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proposed [5]. The first of them 1
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FrRr—-systems and combine comands in
second is extensicon of the language Frol

both, commands and files, like predicates. The thiregé is
an original language, which combines co n

scheme "backtrack" and it is oriented toward the sea-ching
of combinatorial configurations. All these I anguages are

under experimental implementation in UNIX System V.
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SOFTWARE ENVIRONMENT FOR DISCRETE MATHEMATICAL RESEARCH
IN UNIX-LIKE SYSTEMS

K.N. Manev

Summarz

In the paper a general approach to software environment

for research in discrete mathematics in UNIX-like systems

is described.

The paper summarizes the author's experience in implementa-
tion of some components of such an environment in UNIX

System V and a review of results is presented. The programs
written are in a great extent indermendent of the combinatorial
structure of the problems. However better results can be
achieved using some additional sub-bases for particular

problems (say coding theory).
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DISZKRET MATEMATIKAI KUTATASOK SZOFTVER KORNYEZETE
UNIX TIPUSU RENDSZEREK HASZNALATAVAL

K.N. Manev

Osszefoglald

A cikkben a szerzd egy altalanos mdédszertant.mutat be,
amely diszkrét matematikai kutatasok szoftver kdrnyeze-
tének megteremtésére vonatkozik UNIX-tipusu rendszereket
felhasznalva. A szerzOnek gazdag tapasztalata van az
UNIX System V rendszerek esetében.

A cikkben bizonyos eredmények attekintése is megtalal-
hatd. A megirt programok nagymértékben fliggetlenek a
konkrét kombinatorikai strukturatdél, de jobb szoftver
kdrnyezet is kialakithatd konkrét esetekben /pl. a kéd-

elméletben/.
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