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SYMBOLIC COMPUTATION TECHNIQUES

ABSTRACT

Symbolic Computation Techniques use computers to manipulate mathematical equations and
expressions in symbolic and numeric forms, and visualizations [1 ... 5].

The main idea of symbolic algebra computation is explained. Introduction of some symbolic
computation systems, MAPLE and MAXIMA has been given [6 ... 13 ] and some important
examples are given.

Symbolic Algebraic Computation (SAC)

1. What is symbolic computation?

Symbolic computation deals with mathematical computations on numbers, symbols.
expressions, and formulas, in an exact manner. as opposed 1o numeric computation that deals only
with floating-point numbers (and therefore approximations).

Typical operations include symbolic differentiation, integration, polynomial ete. .,

2. What languages are used?

Some of used computer languages are: MAPLE, MAXIMA (MACSYMA) , AXIOM,
REDUCE, MATHEMATICA and ....

The location of Tools for symbolic computation is illustrated in Figure 1.
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Figure 1. The location of Symbolic Computation Techniques

3. What machines do SAC systems run on?
UNIX Workstations, PC’s and MAC's
4. MAPLE

MAPLE is a computer algebra system (CAS). There is extensiy
computation, as well as numeric computations and visyg
properties of Maple.

€ support for symbolic
lization. Table 1 shows some
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Table 1. Some properties of Maple

Developer Waterloo Maple inc. (Maplesoft)
Release 14.01/0c¢t. 28, 2010

Written in C, Java, Maple language

Type Computer Algebra System (CAS)
License Proprietary

WEBsite www.maplesoft.com/products/maple/

Some examples for Maple :

1. Symbolic Integration

Afier starting maple the following input is typed:
o > int(cos(x/a),x);

The Maple system gives the following response:
] a sin(x/a)

2. Polynomial expressions:
> g = (a"x)"2 + exp(In(x)+2);
= (a"')- +e

(In(x)+2)

> simplify(s, power);

(2x) )
a +Xxe”
> simplify(s, exp);
2
(a*) +xe?
3. Plots
> restart:
> x"2-X;
X —x

> smartplot(x"2, 2¥x-1);
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5. MAXIMA

MAXIMA is a Computer Algebra System based on a 1982 version of MACSYMA. MAXIMA
is a full-featured CAS that specializes in symbolic operations but it also offers numerical
capabilities and visualization. Table 2 shows some properties of MAXIMA.
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Table 2. Some properties of Maxima

Developer Macsyma group

Release January 17, 2011

Written in Common Lisp

Type Computer Algebra System (CAS), Mathematical Software
License GPL

WEBsite Maxima.sourceforge.nct

Some examples for MAXIMA :

1. Symbolic Integration
Afler starting maple the following input is lyped:

m integrate(1/x, x);
The MAXIMA system gives the following response:
| =>log(x)

2. Given the following function:
h(x.y):=sin(sqri(x"2+x"2)):

To plot h(x.y) using plot3d:
plot3d(h(x,y)=sin(sqri(x"2+x"2)), [x.-5.5]. [%.-5,5])%
The result is:

3. Given the following differential equation. Solve this dif; is z .
( eq diffe2)  + ifferential equation using ode2().
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4. Contourplot
Given the function x2 + y"2, plot its contour between -10 and +10.

(%il) contour_plot (x"2 +y*2, [x, -10, 101, [y, -10, 10]);
The result is:
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-5.11138, 12.0447

6. CONCLUSION

This short paper gives important informations to symbolic computations and gives 2 examples
of such systems, i.e. MAPLE and MAXIMA. The results of symbolic computations are exact and
generic. But symbolic computation methods have several limitations. In some cases. symbolic
computation methods need very long time and resources to solve a problem. Some problems cannot
be solved symbolically, for example higher degree polynomial, some systems of differential
equations. For such cases, numerical computation methods could be used, which are approximate
solutions.
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Tyiiin
Maxkanaza CHMBOJJBIK ecenTeyiep Typanbl MajiMertep Oepinren. MAPLE n MAXIMA
CHAKTBI €CenTey Kypasjaapbl KapacThiphinrad. Keiidip Tuntik Mpicanmap kentipinred. CHMBONILIK
ecenTeyep 1271 kaHe aMGedan Gosca Na keiibip mekremenep Gap. Keiidip macenenepai memyze
CHMBOJIIBIK €CIIETEYIEP KONTEreH YaKbIT IEH pecypcTapisl KaeT ereli. Erep Kenmyuwenikrin
nepesxeci ere yiken Oonca iemece kelibip mudidepenunannbik Tenmeynep yiH CHMBOJIBIK
ecmeTeynep KaKeTTi HaTHsKeHI Gepmeiini. Mywunaii skarnafinap yimin skybikran Iieiny MakcaThIHIA

CaHIBIK 2JlicTep KOJAaHbLIAAbL.

Peziome
B crarse naHa BakHai HHQOPMALUA O  CHMBOJBHBIX BbIYMCIEHHSX. |IpHBesnelbl
CHMBOJIMYECKHE HUHCTPYMEHThL BblMucHenns MAPLE u MAXIMA. PaccMOTpeHbl HEKOTOpbIE
THMMYHBIC ~ MpPHUMEPhL.  Pe3yNeTaThl  CHMBOJBHBIX  BRIUMCNCHHIT  SBNSIOTCS  TOMHBIMH I
YHHBEPCANBHBIMU, HO TH METO/Ibl HMEIOT Psil OTpaHiyucHuil. JIist pelenus npoGneM, B HEKOTOPHIX
Ciyqasx, CHMBOJIMYECKME METOLBl BBIUMCIEHHS HYKHO OYeHb MHOIO BPEMEHH M PECypPCOB.
Hexoropbie npoGiieMbl He MOTYT OBITH pelleHbl CHMBOJIMYECKI, HarpuMep, Korma nMeercs Oosee

BBICOKas CTEMCHL MHOTOU/ICHA, HEKOTOPRIC CHCTeMbl AudiepeHmanbHbIX ypaRHeHnii. Jns Takux
c1yvaes, Kak MPHOTIKEHHbIC PEICHHUS HCTIONB3YIOTCS YHCACHHBIC METOIB! PCIICHIS.

Ozet
Bu makale sembolik hesaplamalar i¢in énemli bilgiler verir. Kullanilan sembolik hesaplama
araglart MAPLE ve MAXIMA vardr. Uygulamalar gibi bazi tipik o6rnekler verilmistir.
Sembolik hesaplamalarin sonuglart kesin ve genel. Ama sembolik hesaplama yontemleri ¢esitli
sinirlamalar1 vardir. Bazi durumlarda, sembolik hesaplama yontemleri, bir sorunu cézmek icin cok
uzun zaman ve kaynak gerekiyor. Bazi sorunlar &rnegin yiiksek dereceli polinom, diferansiyel

denklemlerin baz sistemler igin, sembolik olarak ¢oziilemez. Boyle durumlarda, sayisal hesaplama
yontemleri yaklagik ¢oziimler oldugu, kullanilabilir

K. I Mapmexnannes,

JOKTOP TEXHHYECKHX HayK,

npodeccop,

akagemMnk HAH Keipreisckoii Pecriydimiku.
Bumkex/Kbipreizcran

3.7K.Paes,

A ~ ~
HKanan-A6anckuit rocynapeTeHHEII YHUBEpCHTET.
Kanan-A6an/Keipreiscran

YTIIPABJIEHUE OFEPABOTKOI CUTHAJIOB
B TUCKPETHBIX CJIEJSINIIX CHCTEMAX

B cucTeMax aBTOMATHYECKOTO YIpaBleHWi Nepedaua, ofpaGotka npeoGpaszoBanue
HH(OPMAIMK OCYIECTBIAIOTCS TONBKO B ONPENENIeNHble MOMeriTsy BpeMeni. B 3TOM ciydae B

CHCTEMax Heif‘iCTBy}OT CHUTHaJIbl, SABJIAIOIIIHECS HGKOTOPOFI HOCHCHOBaTenLHocn}o UMITYJILCOB, U
TAKHE CHCTEMBI HA3BIBAOTCS IUCKPETHBIMH [1]. ’

Co3zpanne TMCKPETHBIX CHCTEM MOKET OBITh BHI3BAHO MHOTH My IPUYHHAMA
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