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I. Originally computers were designed for numeric computation,
Computer structure &nd instruction system were directed just at this
application figld, though instructions from the very beginning include
ones for logical operations, that allowedone to exceed the bounds of
numaric information proceesing.

Against a breakdown of predominant numeric methods the separate
papera/l—s/ on computer application to algebraic formula manipuls-
tionas begen to appear about 30 years ago.However,the two regeone delay-
ed the development of computer algebra programs. Firatly, unsufficient
training of experts and unpreparedness of their scientific qﬁelds for
computer algebra usage. Secondly, difficulties of computer adaptatior
to formula manipulations,since @ user was obliged by himself to train
a computer to perform (i,e. to design & compiler, or an interpreter)
algebraic tranaformations and only after that to use it for solving
his problem. Therefore it was necessary to combine in one person two
different professions system and applied programmer.

It is also necessary to note one more not the least of the factors
connected with unsufficient core memory and slow performance of the
first generation computers for algebraic manipulations.

Years went by, computer possibilities are rapidly extended from
generation to generation, with increasing the efficiency of its usage
in different applied fields,

All that furthers the appearance of needs in algebraic manipulations
by computer which could already be effectively enough implemented in
serial computers. It was getting more and more Soviet and foreign
/4=11y, Algorith
mic end program methods were developed . Languages and compilers for

papers on computer algebra (see, for example, reviews

symbolic information processing were created. Among them LISP was
the moet widely spresded.

Many early and some present-day CAS had been written in a code
or assembler language, sometimes including elements of such numeric-
al languages as FORTRAN, ALGOL, PL/1 and others. It raised an immo-
bility of such a system. An availability of high~level symbolic
lenguages .like LISP allowed one create mobile systems.

Just LISP underlies of the most developed end universal' CAS,
for exeample, widely-distributed systeme REDUCE and MACSYMA. Such a
eystem requires large computer resourses itself, i.e. typically 1
megabyte computer memory to say nothing of a'problem to be solved,
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However the big universal systems could relatively easy be adopted

at another computer. Moreover those CAS permit an extension by the use
of-addition to a program written in LISP or in "source" lenguage

for a given system.

Inspite of the appearance of those and other powerful universal
CAS/7/ (SMP, SCRATCHPAD-II, MuMATH-85, etc.) the process of creation,
development and usage of special purpose: CAS is in progress. In its
own field such & system could in @ sufficiently full measure satis-
fy the user's requirements. At the same time the special purpose
systems gave, as & rule, the most effective algcrithms and optimum
internal representation for data, corresponding to the mathematical
expressions and operations from the field of specialization for & gi-
ven CAS. Therefore the specialized systems are usually much more ef-
fective in computer resourses then the powerful universal CAS.

As the stricking example of the specialized CAS it should be no-
ted the system SCHOONSCHIP/8 which was developed more than 20 years
ago (the first SCHOONSCHIP version has been created by Dutch physicist
M.Veltmanin 1965) and intended for computations in quantum field the-
ory. Inspite of its "middle-aged" SCHOONSCHIP is till now beyond com-
parison in high energy physics. Just by means of its usage the record
(with respect to amount of computation) results in quantum field the-
ory were obtained. Below some of such computation will be briefly de-
scribed.

In JINR up to now the most part of the problems connected with
computer algebra application is solved with the help of SCHOONSCHIP.
Among others such generel purpose CAS as REDUCE and FORMAC are more
widely used.

II. Comparing computer algebra development in the USSR and
abroad one can note the same nature of its basic stages:

1. Appeerence of separate papers which were pioneers in the
field.

2,0reation of tens of apecialized and general purpose CAS written

in assembler languages or algorithmic languages FORTRAN, ALGOL,

PL/1, LISP and others.
3. Intensive development of the algorithmlioc base of the present-

day CAS and in first place of the general purpose systems. Appearan-

ce of new, considerably improved versions of such systems (REDUCE,
ANALITIK, SCRATCHPAD). Creation of developed computer algebra soft-
ware for mini- and microcomputers.

A shift sehould be mnoted in +time of ocoming either
stage in the USSR and ebroad. If the first paper on computer algebra

appeared in our country and abroad approximately at the same time
(first stage), then mass creation of CAS in the USSR (secend stage)has
begun in fect more later. It became possible only with appearance of
the BESM-6 and then-serial ES computers. Now, several tens of CAS
were created in the USSR (see review/a/ and also proceedings of the
conferences on computer algebra held in the Soviet Union/g-ls/).

Among the Soviet speclal purpose CAS,ones intended to mechanical
problems, are predominated 6 . While from general purpose systems:
AVTO-ANALITIK 18/ s1r1uS-sPurnIk’1?/, aum/1®/, anaLiTIK/1Y (see o1-
so/s/) the later is most widely used. In contrast to other Soviet CAS
the language ANALITIK has been implemented by hardware, initially for
MIR computers, then for the apecial processor Sii-2410, which is &
part of the two-processors complex SM-1410, and for the apecial pro-
cessors E5-2680 destined for ES computers. Those special processors
interprete by hardware the languages ANALITIK-79 (SM-2410) and
ANALITIK-82 (ES-2680).

It is remacable that such an approach to support by hardware of
a high-level language started to be developed in the Institute of Cy-
bernetics of theUkrainian Academy of Sciences as early as the sixties.
For some time past one canaee asharp rise of interest to the symbolic
processors as abroad where the greatest attention was paid to thediffe-
rent LISP and PROLOG dialects, as also in the Soviet Union. Among
home works it should be noted the investigations on creation of the
symbolic processor which are carried on at the Institute of Applied
Mathematics of the USSR Academy of Sciences/ZO/.

REDUCE is the most widely-distributed foreign CAS in the USSR.
It is used in different institutions for solving the scientific and
applied problems. ¥ith the help of JINR REDUCE was adapted to ES
computers in more than 50 Soviet institutions. Soviet papers besed on
REDUCE usage are sufficiently enough represented in references/lo'lal

III.Let us o on to&8brief description of basic works on computer
algebra carried out at the Joint Institute for Nuclear Research,
The first investigations on computer realizations of symbolic
mathematical operations were carried out at JINR as long ago as ear-

ly 19608, )
Kim Ze Phen in.1963 has created the program for definite inte-
gration of some class of rational functions.
At the same time H.Kalzer has developed computer elgorithms and pro-
gram 1/ gor the algebra of Dirac ¥ - matrices.
In 1964 V.I.Sharonov has done  extention of ALGOL-60 to make




some formula manipulations and, in particular, to calculate the
trace of the ¥ -matrices product{zz/

The next step in computer algebra investigations at JINR began in
the middle of 1970s after the first CAS SCHOONSCHIP had been obtain-
ed, It was in 1975 and created the favourable conditions for making
investigations in computer algebra more active. In 1976 there were
the first successful attempta/23'24/ to use SCHOONSCHIP in guantum
field theory. )

Now JINR has 12 different CAS’%Y for the ES-1060, ES-1061,

CDC~6500 and BESk~6 computers (see the table):

ES-1060, ES-1061 CDC-6500 BESM-6

REDUCE 2, 3.2 REDUCE 2 AVTO-ANALITIK
SCHOONSCHIP SCHOONSCHIP uUPP

FORMAC 73 CLAM SAVAG

CAMAL SYMBAL GRATOS
ASHMEDAT

AMP

All systersfor the BESM-6 computer are Soviet ones and are described
in refe./6+110-16/ .

An implementation of CAS has encountered.great-difficulties becau-
se 6f unsufficient computer memory, differences between operating
systems, adaptation of computer dependent parts of CAS and so on.

IV. Another group of works is connected with the development of
CAS to extend the field of its application in JINR. Some of such
works are following:

1) Improvement for interface between SCHOONSCHIP and FORTRAN for
symbolic-numeric computations/zﬁ/,

2) Development of the algorithm for virtual memory control in
cese of compiled LISP functiona in order to improve usage of REDUCE
for the CDC-6500 computer’>’/

3) Creation of general mathematical packages to extend possibi-
lities of CAS for the following probilems:

@ golving by power series method of an ordinary differential
equation of the form (REDUCE)’ 28/

L]
J +pony v guoy=0,
where f¢x) and q¢x) are rational function in X ,

~- construction of thedetermining equations for finding Lie-
BAcklund symmetriss of differential equations (FORWAC, REDUCE)/zg’BCK

- determination: of the Lie algebra of point and contact symmetries
of differential eguations (REDUCE)/Sl/,
- clagsification of integrable scalsr nonlinear evolution equa~
tions (FORMAC)/32/

uk=F(Uﬁquu0) Wz U (x4, “;Eduydﬁ

- inveatigati?§ the integrebility of nonlinear evolution system of
the form (FORMAC) 33/
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- computation of symbolic determinants (SCHOONSCHIP)/ 3%/,

4) Creation of special packages for high energy physics

~ calculation of the one- and two-loop Feynman integrals by the
method of dimensional regularization (SCHOONSC!-IIP)/34 ’

~ construction of renormalized coefficient functions of Feynman
diagrams in scalar theories (SCHOONSCHIP)/SS/,

-~ realization of Feynman diagram technique for virton-gquark model
(Stendara LISP)/ 36/,

- simplification of polynomials in Pauli @ -matrices
(SCHOONSCHIP) 24/,
All the packages listed above form a core of general and special
users libraries for REDUCE and SCHOONSCHIP/34/ and also faor FORMAC.

V. All the works on development of computer algebra systems and
methods are closely connected with the scientific program of JINR.
CAS are used in such fields of physics gnd mathematics as

- theoreticel high energy physics,

~ physics of atomic nucleus,

~-gtatistical mechanics,

- quantum mechanics,

- electrodynamics of charges particles in accelerators,

- nonlinear problems of theoretical and mathematical physics,

- experimental high energy physics,
and others. Let us consider very briefly some of computer algebra
applications in JINR.

The most traditional field of computer algebra application at
the JINR is multiloop computation in quentum field theory bas-
ed on CAS SCHOONSCHIP. As was shown by home and foreign prac-—
tice it is the most suitable for sugh probleme. Multiloop calcule-

/23,37,38/

tions in gauge and supersyrmetric theories were of great




importance in anslysis of their renormalization properties. As to
computation of -three-loop divergences in quantum chromodynamics/37éar—
ried out in 1980 till now it is record, As a result of these comput-
ations,a number of universal program8/35’39’40/ have been developed
giving & possibility to automatize cumbersome algebraic manipulation
at separate steps of Feynman diagram technique,

In other group of works (see ref./4l/ and its bibliography) in
the process of ten year usage of SCHOONSCHIP an effective method
for solving & number of problems in theoretical high energy physics
was developed. In these works a line hsa been successively realized;
directed to the total algorithmization by means of SCﬁOONSCHIP of a
computational procedure for elementary particles cross-sections, tak-
ing into consideration a contribution ofsa.big number of high-order
diagrams. By corresponding euthors’efforts the general algorithm had
been created for all computation of the chain "matrix-element" =3
"total cross-section" that is trace calculations, removal of ultra-
violet and infra-red diverg®nces, multiple integrations and orther
complicated transformations. The algorithm was used for solving the
physical problems, connected with an analysis of experimental data
from the combined lerge-scale experiments of JINR and CERN (European
Organization for Nuclear Research).

Development of applied software for CAS and in the first place
for general-purpdse systems REDUCE and FORMAC was greatly stimulated
by its applications to nonlinear problems of theoretical and mathe-
maticel physics intensively studied at the Joint Institute.Among them
are:-investigation of the nonlinear resonanses influence on charged
particle: motion in cyclic accelerators, using the asymptotic me-
thod by Krylov and Bogoliubov/42’43/;

- construction of the general solution of the Chew-Low nonlinear
dispersion equations for low-energy ﬂﬂv’-acattering/44/;

- investigation of nonlinear evolution equations,which at present give
rise to a great interest owing to their soliton solutions/32’33’45{

- group analysis of differential equations; finding the system of
determining equations for the Lie algebra of point and contact symme -
tries 31 and Lie-B&clund symmetries/zg’ao/.

To solve these problems a number of effective algorithms and uni-

versal programhave been developed/28_34/ /29,31,32/ were

. The programs
included in a widely-spreaded CPC program library.
Computer algebra is used in the JINR not only for theoretical and
maethematical problems but also in actual experimental investigations
/46/ on the base of the

new method of information registration from multiwire proportional

in high energy physics. For example, in papers

. institutions

_chambers’47/ a number SCHOONSCHIP and REDUCE programs are created.

These programs are used for the development of the principal schemes
of dats compression devices, majority coincidence schemes and for de-
vices realized the switch function. The letteris represented by the
special polynomial, which is the element of Galua GF(2®) field. Using
the methods of algebraic coding theory a number of symbolic algorithm
for coding and decoding of Compressed experimental data are developed.
These algorithms and programs were used for designing special proces-
sors to registrate nuclear interactions,

VI. To conclude we note a close collaboration of JINR with many
scientific and educational institutions in the USSR and socialist
countries in the field of computer algebra. JINR passed a number of
CAS and packages developed at the Joint Institute to scientific
of the Soviet Union, Bulgaria, Hungary, Czechoslova-
kia, the German Democratic Republic and Viet-Nam. Among the Soviet
receivers are such large-scale centres as Moscow and Leningrad
State Universities, Institute of Nuclear Physics (Novosibirsk), In-
stitute of High Energy Physics (Moscow) Institute for Nuclear Re-
search (Moacow), Steklov Institute of Mathematics (Leningrad Branch).
Inatitute of Geophysics-:(Kiev), Institute of Physica (Minsk) and
many Others. Numerous common inwvestigations in the field of compu-
ter algebra are well enough presented in Proceedings of International
Conferences held =t Dubna in 197919/, 1082712/ gng 1985725/,
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depgopoBa P.H. u pp. E11-87-110
KommnbloTepHasa anrebpa B dHM3HUECKHX HCCIIeJOBAaHHAX
OWsIH

IlaH 0630p OCHOBHHIX 3TAalOB HCTOPHYECKOI'O Pas3BHTHA H COB-—
peMeHHOro cocToaHus B OUSIM aHanmuTHueCKuX BbIUHCIIEeHHH Ha 3BML
OTMeueH pAA CXOOHBIX UepPT M CYmMEeCTBeHHHX PasjiIHuHH NpoueccoB
CTAHOBJIEHHA 3Toro HamnpaeneHua B CCCP u 3a pyGexoMm. Paccmort
peHsl uMewmHecsi B OUAH nporpamMHele cpeficTBa A aHalIMTHUEC—
KHX BHIYHCIIEHH#. Omucansl paboThl MO PA3BUTHW CHCTEM H MeTOo—
OOB aHalMUTHUYeCKHX BbUHCJIeHHH, TeCHO CBA3aHHble C HAYUHbIMH
HCCclleJOoBaHusgMH, npoBoamumeiMu B OUAU. IlpuBepeHnl NpuMepsl ak-
TyanbHEIX (H3HUECKHX H MaTeMaTHUYeCKHX HCClleqOoBaHHit, cymecT-—
BeHHO OIHPAIHXCA Ha HCIOJIb30BAHHE CHCTEM AaHAJIMTHYECKHX
BHIYHCJIEHNH .

Pa6ora BoironHeHa B JlaGopaTOpHH BHEMHCIJIMTENBHOH TeXHHKH

H aBToMaTtusanmuu OUAU. .
IIpenpunt O6BeIHHEHHOI'O HHCTHTYTa ANEPHEIX HecnenoBaHui. JyOxa 1987

Fedorova R.N. et al. El11-87-110
Computer Algebra in Physical Research of JINR

A review is given of basic stages of computer algebra
development and its present situation in the JINR. A num~
ber of similar and distinguishing features in the making
this field in the USSR and abroad are noted. Computer al-
gebra systems (CAS) which are available in the Joint Instit
tute are listed. The investigations are described on deve-
lopment of CAS and creation of application packages for
the scientific research of JINR. Examples of the actual
physical and mathematical problems essentially based on
usage of CAS are considered.

The investigation has been performed at the Laboratory
of Computing Techniques and Automation, JINR.
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