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8~§!BBG! 

In this report application of Prolog in SyMbolic 

Calculus is discussed with special to 

i t1t eg 1•at ion and differentiation. Pro log has been 

rYro re popular as Artificial I t1t e 11 i gence 

applicatiot1S SUC~1 

coMputation, natural 

as 

language 

systems, 

pl'ocessi t1g, 

syrYrbo 1 ic 

t1at u l'a 1 

language inte1·faces to databases,' deductive databases 

and automatic programming. 

SyrYibo 1 i c Calculus p rag rarYr so 1 ves 

syMbolic problems, that is, it1defit1ite integPals atld 

di ffe1'et1t iat i ot1 The do lYra i t1 of 

i tlt eg 1·at i otl is l'est l'icted to few types of problerYJS 

like standard integrals, constant and a functio~, SUIYI 

and difference of integrals, integ1·ation by pal'ts atld 

soMe other integrals. Most of the design effort has been 

spetlt ot1 integl'a-t ion by pa1·ts. P1·og1'arYr can be subdivided 

into two rYrod u 1 es, one is the i tlt eg r-at i on & 

diffe1'et1tiation, which deterrYrines the int-e:g-al/der-ivative 

of a given exp1•ession and otflel' is the sirrrplificatiorl 

rYrodule, which simplifies the integarated/differentiated 

expression. Symbolic Calculus program was written in 

Prolog and runs interpretively on the SUNRAY System at R 

& D Centre, CMC Ltd., Secunderabad. 
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!!... !~I.BQQ!l~I!Ql':!! 

foP solving SYIYibO 1 i c 

integPation were wPitten in 1960s as AI appl i cat i or1s. 

The . first maJor program was James Slagle's SAINT 

<Symb6lic Automatic wJ~itten as a 1'361 

docto 1~a1 dissertation at MIT. The pl~og 1~.:\IY1 solves 

sy.r,bo 1 ic integration problems ,y,ai 1·1ly e 1 eiY1er1t a 1~y 

indefinite integrals at about the level of a good 

college freshman. SAINT was written in LISP and 1~ ur1 

inter'pl~et ively on t ~1e IBM 7090 computer. A second 

( Sy,y,bo 1 i c important _symbolic integrator program, SIN 

INtegrator) was written by Joel Moses in 1967, also as a 

doctoral dissertation at MIT. WheJ~eas Slagle had 

the behavior of SAINT to that of fresh1Y1an 

calculus students, Moses aimed at behaviour comparable 

t_o e-xpe-rt pel~foJ'•Y•ance. It ,y,ay be noted here that both o-f 

the above programs were coded in LISP. 

1 .• 1 A I LANGUAGES 

AI programming languages have had a central l'O l e 

in the histol'Y of Al'tificial Intelligence, 

fuctions. Fil'St, they allow 

serv i r1g h·N 

conveniE.c~nt 

i rYrp 1 erYrent at ion and 1Y10d if i cat i Ot1 0 f p \' 0 g l' a !YI S that 

demonstrate and test AI ideas. Sec or1d, they pl'OVide 

vehicles of thought: As with other highlevel languages, 
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they allow the user to concentrate on higher level 

concepts. Frequently, new ideas in AI are accompanied by 

a new language in which it is natural to apply these 

ideas. programming languages are IPL, LISP, 

PLANNER, CONNIVER, QL I SP, POP-2, SAIL, FUZZY, PROLOG, 

etc. 

1.1.1 LISP & PROLOG 

The IYIOSt established AI 1 at1guage is LISP, 

invented at MIT by John McCarthy in the 1950s. LISP is 

more convenient for AI work than conventional data-

o l'i ented 1 ang uages. One reason is that it allows the 

di 1·ect representation of symbolic concepts and the 1 

l'elat iot1ships bet weetl t he,y, in the fo I'IYI of da.t a 

structures called lists - infact lists are the only data 

structures in LISP. Another convenience of LISP is that 

it does not require the data types of each variable and 

the allocation of memory to each type to be specified 

at the beginning of the program; instead data types are 

dete·,·mined at and is allocatee: 

flexibly according to requirements. 

Besides its use of 1 ist st l'uct •-t l'es its 

p l' i mit i ve (and only> data types, LISP probably differs 

fi'OIYI ot he I' p 1'09 l'a1Y11Y1 i ng languages i tl its style of 

describing computations. Instead of fuctions defined in 

a rather mathematical format. Each function call is 
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represented as a list, the value of whose first element 

is the name of the function and the values of whose 

other elements are the arguments. Even though LISP is 

more suitable for AI work than conventional data-

oriented languages, it has some drawbacks. They are 

Ugly syntax: A common complaint about the 1 ist-

structure format of LISP programs is that it makes them 

difficult to The only syntactic 

separators, such as spaces and pa l'ent heses, which 

provide most of the structure. This way of representing 

structures is convenient for machine to read, but 

inconvenient for humans. 

Lack of language standard: Unl iJ..ce FORTRAN and at he l' 

well Known programming languages, there has never been 

an attempt to agree on a standardized LISP. The absence 

of a language standard and the p l' o l i f e l' at i on 

it1COiYJpatible ve1'siot1s 1Y1ake LISP ba-dly suited to 

production language, 

seven'e difficulties 

machines ~unning a different LISP. 

The othet' altet'native to LISP suited to AI 

of 

be a 

and 

symbolic computing developed by Alan Colmeraur in Europe 

in the 1970s is PROLOG. Prolog originated as an attem0t 

to design a language which would allow the programmer to 

specify the obJectives of a task interms of symbolic 
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logic. A maJor advantage of Prolog is that the expert 

systems concept of an inference engine working.against a 

knowledge base, and seeking to satisfy assigned goals by 

fixing rules, maps very directly onto the language; in a 

sense any Prolog program can be s~en as a sort of expert 

system. 

A LISP program of a series of commands that 

manipulate symbols while a PROLOG program consists of 

statements of facts and rules. The power·ful pattern 

1YJatchit1g capability and an automatic backt l~ack i t1g 

facility in PROLOG are an added advantage over LISP. 

PROLOG proqedures are also flexible in the sense that 

the input and output parameters are not 

but may vary from call to call. 

1.1.2 PROLOG Vs CONVENTIONAL LANGUAGES 

p 1~ed et e ~~,y, i t1ed 

PR-OLOG diffel~s fro1Y1 the cor1vet1tional languages itl 

many a.s,pects. A PROLOG program is 

"DECLARATIVE" h1 that. it is concen1ed with stating WHAT 

in the form of rules<logic) and facts. 

while a cor1ventional p1~ogra1Y1 is 1Y10l'e "PROCEDURAL" and 

concerned with HOW the task should be done. The 

co t1vent i o na 1 languages have similar data and program 

structures such as arrays, if then_else and loops. There 

are no such constructs in Prolog. h1 convent i anal 

languages the programmer must specify step by·step how a 



5 

result is to be computed. In constrast, in Prolog we 

describe what the relationships are among the entities. 

Prolog extensively uses recursion and a unique 

backtracking mechanism. Pro log variables do not 

represent storage locations. This means that all values 

assigned to variables are temporary for instantiation 

purposes and kept only for the duration of a specific 

execution of the clause. The programmer cannot increment 

a variable value as for example, N = N+l is done in 

conventional languages. A Prolog procedure is a 

collection of rules rather than a single closed module 

of a subroutine. 
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Symbolic CAlculus Prograffi (in subsequent sections, 

it is referred as SCAP, it1 brief) is a rule based 

program which identifies the i t1put ex p ~~ess i Otl and 

evaluates the integral/derivative of the gi vetl 

ex p l~ess i Otl. SCAP can be subdivided into two •Ylodules, 

integratiotl & differentiation ffiodule and siffiplifiction 

1Y10d U 1 e. 

For a given input expression SCAP responds to it 

by performing following functions: 

1. It i r1vo kes the integration/differentiation 

1Y10d U 1 e. 

2. It classifies the giver! input exp1~essior1 to one 

of the types and evaluates the integral/ 

differential of the input expression. 

3. The integrated/differentia±ed expression is 

si•Y•plified, if r1eccessa1~y. 

Integl~ation 8.- diffe1~er1tiatior1 1Yrodule consis-ts of 

two subtasf\s, namely integration and d i ffe ~~entiat ion. 

The integration problems that SCAP could hatld le ha.ve 

only elementary fuctions as integrals. The cl 01YrC.i in of 

symbolic integration consists of following four types of 

pl~a bl ems: 

1. Standard i nt eg I~ a 1 s 

standard integl'als. 

there are about .-·, c:~ 
..::. .... J 

A typcial one indicatf~d 
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that if the integl~and has the fol~•Y• a-···x dx, the 

forM of the solution is ln(a)A(-1)*aAx. 

and a fu1·1ct ion of a 2. Constant 

cot1st ant 

it1teg l~al 

and a fuction is constant and an 

of a funct i or1. This function car1 

recursively be of any of the four types again. 

Typically, i t1teg l'a 1 of (a*cos (x) )dx is 

a*s in ( x > , 

t 0 x. 

where 'a' is a constant with respect 

3. Integ 1~a1 of SUIY• o ~~ d i ffel~ence of funct i ens -

that is, decomposing integral of sum/difference 

of functions into sum/difference of ir1tegrals. 

Here again each function can recursively be of 

any of the four types. Typically, i tlt ega 1 of 

(x+eAx)dx is 2A(-1>*xA2+eAx. 

4. Product of integl'als Ol' integ1·ation by pa1·ts -

that is, given product of fuctions Cot he l' t har1 

'2' > which can be integrable, its solution is 

evaluated by i nteg l'at i ot1 by par·ts, i. e. , 

d i f f e I' en t i a l ( U ) * i n t e g I' a l ( V d x ) d x ) . It IYictY be 

noted he1·e that d i f f e I' en t i a 1 of the first 

function has to be evaluated for integration by 

This 1Y1eans to say that wheneve l' the 

problem of integration by parts is encountered, 

di ffe1•ent ial l'O uti r1e is :invoked and the 

respective function is differentiated. Typical 
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example is ititeg ral of <x*cos<x>>dx is 

x*sin(x)+cos<x>. 

It may be noted here that most of the design effort has 

been spent on integration by parts and the description 

of the program is in next chapter. The whole 

i nt eg rat ion p l'Ob 1 eiYI i. e. , above foul' types can be 

visualized as a tree shown in fig 2. 1. 

The program starts with the original pr6blem as a 

goa 1, specified as at1 i nt eg l'and atld of 

integration. For any particula~ ~oal, the strategy is to 

classify it as any one of the f~kr types of integration, 

if it is in stand a l'd fo l'IYI then the so 1 uti on is 

i 1Y11Y1ed i ate, if it is not, it can be constant and 

fur1ction, whel'e f•~lnction is a new goal to which the sa1Y1e 

st l'ategy is applied, if it is not canst ant and a 

function, thetl 

as two 

it ca:r1 l:;re s.u,vdd i ffe l'ence of 

new 

of opel'ato!'s 

goals and the 

'+'!'-' 

integl'als, 

again 

st ,~at egy is t ~~eat ed 

ap-plied, if it is not sum/difference of i nt e g ~~a 1 s, it 

can be product of integrals and solution obtained and if 

it is neither of the above four types the program simply 

cannot integrate. 

The di ffe1'et1t iat ion ,~outine of SCAP gives the 

del~ivative of' the given expl~ession. The p l'O b 1 e1Y1 of 

di ffel~ent iat ion is 1Y1UCh s i ,y,p 1 e ,~ whet1 to 
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integration as differentiation is much more systematic 

in nature than integration. Due to the systematic nature 

of the 

differentiation namely, 

d(Exp,X,Result) 

is only one type of 1~u1e 

d gives the derivative of expression 

<Exp) with respect to X as Result. 

i t1 

Exp expression whose derivative is to 

be evaluated. 

X- v.ariable of diffeJ~entiatiot1. 

Result - derivative of the given expn. 

List i r1g of the above type of. rule can be found in page 

p. 17-. Here ur1like integl'atiot1 the contl~ol fo l' the 

selection of the type of differentiation is included in 

the differentiation routine itself, meaning to say that 

is no se"pa r~.a.t e se_al'ch st l'at egy to c 1 ass i fy to 

particular type of differentiation. 

SirYrpl ificatiot"'l rY:odule in SCAP consists of 

diffel'ent each applicable for a p a l' t i c u l a ~~ 

type of simplification, 

i nt eg ~~at i on/d i ffel~ent i at ion. 

d i ffe l'ent 

d i ffe1'er1t 

s i rYr p 1 if i cat i o r1 

levels of 

which is er1counter·ed in 

While running the SCAP 

~~out i nes a 1~e invokt:Jd at 

integration/differentiation 

according to their need in the execution. 

Two IYraJ 0 l' rule types used in simplification are as 

follows: 
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RULE I 

symtyl<Expn,Sexpn): 

symty1 this is a predicate name fo~ 

different types of 

simplifications having two 

arguments Expn & Sexpn. 

Simplification routines of this 

type are simp ssimp & sp. 

Expn - expression to be simplified. 

Sexpn simplified expression. 

Listing of these rules are given in pages p. 1-2,p.6-8. 

RULE II 

symty2<Expn,Var,Sexpn) 

~ymty2 - this is a predicate name for 

different 

simplifications 

types 

having 

arguments, namely Expn, 

of 

three 

Var & 

Sexpn. 

of 

Si~plification routines 

this type are 

simpl,trig_simp. 

Expn- expression to be simplified. 



Var - variable of 

differentiation 

simplification 

integration/ 

used 

routines 

1 1 

in 

to 

determine constants in the given 

expression. 

Sexpn - simplified expr~ssion. 

Listing of these rules are given in pages p.3-6, a tid 

explanation is in next chapter. 



Standard integrals- c1 

Constant and a funcfton_ c2 : ax f(x) 

sum/difference of integrals-c3: -f(x):t.g(x) 

product of integrals_ c
4

: u x v 

Expn. 

' c, c2: axf(x) 

I 
fig 2.1 

i2 
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3.1 INTEGRATION & DIFFERENTIATION 

As explained in the previous chapter, given 

an expression how the integration module will classify 

it into one of the four types of integration. This 

classification to particular type of integration is done 

by check_intCExpn,X,Result) routine: This routine checks 

the expression<Expn) for the type of integration and 

the given expression with variable of 

integration as X to give integral as Result. Refel~ to 

page p.9 for listing of this routine. 

Rules for the four types of integration are represented 

as showt1 below: 

typ_intCExpn,Var, Result): 

typ_ir1t - denotes predicate t1ame fol' 

type of integration, namely, 

stand int - standard integral 

canst and i nt 

S U1Y1 0 f i nt S 

diff_of_ints 

CG'r!St ant and 

integr'al 

-·· su•Y•I d if fe l'ence 
integl'als 

an 

int_by_parts - integration by parts 

Expn - given integrand 

Var - variable of integration 

Result - integral of Expn 

o-F 
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The above four types of integration rules are explained 

in detail below, each separately. 

Standard integrals: 

are about 25 stat1dal'd i t1t eg ra 1 s each 

represented as follows 

int <Stdit1gd, Val~, It1t): 

it1t - p ,~ed i cat e to i t1d i cat e 

integl~al of 

Stdingd - standard integrand whose 

integral is immediately known 

Var variable of integration 

Int integral of standard integrand 

Fo ,~ exc:Htaple 

int(xA3,x,4A(-1>*xA4). 

Listing of this type of rules are given in pages p.3-10. 

Constant and an integral: 

In this routine i.e. c!:n1st _and_ i nt, integ,~al of 

the given expression is determined only if the given 

expression is product of two terms and the left handside 

(or the first term) is a constant with Pespect to 

va,~iable of integration and right hand t e ,~,y, (a~~ the 

t e l~IYI) is again matched to either one o 'f the 

types, namely, st and_i nt, const_and_int, 

suaYa of ints 01~ diff of ints. The boundary condition for 
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this routine to succeed is that the second term is a 

ste:mdal~d i'r1tegra"r1d. It is to be t1oted here that user ic 

always l~eq ues ted to give the input expression in the 

cannonical fol~,YI 

i.e. [nuiY,bel~sJ ope ~~at o ~~[canst ant sJ ope ~~at or [ f < x) J 

so that the order of the terms in the expression is 

maintained throughout integration/differentiation. Refer 

to page p.11 fol~ listing of this 1~outir1e. 

Typ ica 1 exa•Y•P 1 e, 

canst and int <2*xA(-1),x,2*ln(x)) 

Sum/difference of integrals: 

In this ~~out i ne i. e. sum_of_ints/diff_of_ints, 

giver1 expl~ession is examined if it is sum/diffel~ence of 

two t e I~IYIS. These two terms are treated as two subgoals 

which can again recursively be of any one of the 

types of integration. 

F-- o l' ex a1Y1 p l e, 

d i f f _ 0 f _ i t·, t S ( C 0 S ( 2 * X ) -e----. X , X , 2 ··- ( - 1 ) * ~:; i n ( 2 ·!!- X ) ·•· e .. X ) • 

Refel' to pc:1ge p.ll fo1~ listir1g of this r'outine. 

Integration by parts: 

f () u ~~ 

In tf1is l'outine i.e. i nt _by _pa ~~t s, if the given 

expression is product of two terms, i. e. other' t hc<.n a 

constant and a function, then it is treated as a problem 
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of integration by parts and accordingly its integral is 

evaluated. 

For an expression U*V to be i t1t eg l'at ed by the 

,y,et hod of integration by parts, f i l'St and fo l'eiYIOSt 

criteria is to select the order UV, such that 

< i ) i t1t eg 1'a 1 of V be s i ,y, p 1 e 

Cii) integl'al of du/dx be si•Y•ple 

The routine, select_the_order<U*V,X,R) selects the 

order of the expression U*V and instantiates the ordered 

expression to variable R~ 

expression is as follows 

The method for ordering the 

If { U = sin(Y) or cos(Yl or tan(Y) o l' cot ( Y) 0 ·,-. 

sec(Y) or cosecCY) } OR 

{ w. l'. t 0 

x) and V = XAZ } OR 

{ U = sec(YlA2 or cosec(Y)A2 } OR 

{ \)- ln<Yl } OR 

{ V ln(Y)AN } OR 

{ V - eAY and U \= XAZ } 

then 

select_the_order<U*V, X,V*Ul 

else 

select_the_order<U*V,X,U*Vl. 

L i s t i n g o f t h i s \' o u t i n e c c.-u-1 be f o u ·n d i n p a g e p. 1 2. 
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this 

Now the ordered expr~ssion is to be integrated and 

is done by eval_int<Expn,X,Result) routine and the 

value of the Result is passed on to simplification 

1'0 uti t1e SSiiYip<E, R> <this 1'0 uti t1e is explained in 

simplification module in next section) and the 1'esu 1 t 

'R' is the integra.! of the given exp1·ession. 

The eval_int <U*V,X,Result) procedure approach the 

problem of integration in two different ways depending 

upon two conditions, they are 

(i) V is a st~ndard integrand 

(ii) V is not a standard integrand 

i.e. he1·e we cot1side1· ce1·tain p1·oble1Y1S like 

eAx*(tan(x)-ln(cos(xl), 

e·····x*< (l+sin(x) )/ <l+cos(x) ), 

e··'·x*( <x-ll / <x+1) ·····3), 

etc., 

Fi ,-.·st consi.de1' the ~=>ecund ca<.:;e, 

of the type 

i n t e g I' a 1 ( e ···. x * ( f ( x ) + f ' ( x ) ) 

here Qrohlems are 

The method for this type of problems is. follows 

e·····x 

< i i ) if yes, check i.f the SE?cond tel'oYdV) is cli.l'E·?ctly of 

the f 0 l'IYI "f (X) + f 1 (X) "
1 .i. F YE~S, f(x) i~; passf.?rl 
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and the integral of the given expression is 

The routine test_arg1_arg2CV,X,R> will test if the 

secot1d al~gu1Y1et1t (f' (x)) of V is the del~ivative of 

the fil~st argl.l1Y1ent •(f(x)) 01~ vice vel~sa and if it 

succeeds then R is instantiated to f(x). 

Typically 

test_arg1_arg2Csin(x)+cos<x>, x,sin(x)). 

Refer to page p. 16 for listing o~ this routine. 

(iii) if V is not directly of the fo1~1Y1 "f(x)+f' (x) ", 

then if possible, it is transformed to this 

particular form a~d its integral is evaluated. 

Typically, 

( 1 +s i t1 < x ) ) I < 1 +cos ( x ) ) 

--) <1+2*sin<xl2>.cos<xl2>>12.cos(xi2)A2 

--> 1/2.sec(x/2)A2+tan(xl2) 

<x-1) I <x+n·····3 -.-> (x+l-2) I Cx+!-J ·····3 

--> (x+l)·····-2- 2. <x+l)·····-3 

Fo ~~ ·exaf!'•ple 

eva 1 i n t < e ····. x * ( ( 1 + s i tl ( x ) ) I ( 1 +cos ( x ) ) x e ··'· x * t an ( 2 ····. ( -1 ) * x ) ) - ' , 

The above procedure is coded in the last three clauses 

of the eval int routine and listed in pages p. 13-14. In 

this routine trig_simp<Expn,X,Sexpn) procedure ii used 

to simplify the trignometric functions Expn <encountered 
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in the above type of problems) to Sexpn <This procedure 

is explained in detail in simplification module in next 

section>. 

Now consider the first case where in 'V' is a 

standard integrand. 

We know that 

Int<U*V>dx = U*Int<Vdx)- Int(U'*Int<Vdx)dx) 
I I I I 

---------~------.. -.. .h • ' 

El E2 

= U*Vl It1t (Ul*Vldx) 
I I I I ----------
''· ..... 

Rl w=-..:.. 

In this case El is easily evaluated to Rl, Rl is sto1~ed 

in a list, say Oldlist and E2 is evaluated to R2. As one 

car1 t1ot ice, R2 is again a problem of integration by 

parts, which is recursive, so a new routine test2 int is 

used which will append all Rl's of R2 with Oldlist to 

form Newlist. 

The format of the rule is as follows 

test2_int<NE,X,OE,OL,NL>: 

NE - new expression which is to be 

it1teg1~ated i.e. R2 

X - variable of integration 

OE original expression i.e. U*V 

OL - o 1 d 1 is t i. e. [ R 1 J he l~e 

NL -new list f o l'rYred by appending 
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oldlist with Rl's obtained from NE 

The boundary conditions for this recursive routine are 

1. NE is either a constant and a function or a ~tandard 

integrand 

2. NE is equivalent to DE or 

if NE = Constant * NEl then NEl is equivalent to DE 

here [Constant] is ~ppended with,Rl's to form Newlist 

This is particularly useful for integrands like, 

e·····x*cos(x), a''·x*sin(x), etc. 

then [-J is appended with Oldlist to If NE = -NEl, 

form Newlist. 

!~out i ne. 

Refer to page p. 14 for listing of this 

Fo ~~ exa•Y•ple 

test2_int<3*xA2*sin(x),x,xA3*cos<x>, [xA3*sin(x)J, 

[xA3*sin(x),-3*xA2*cos<x>,-,6*x*sin(x), 

-6*cos(x)J) 

test2_int (e·····x*si n ( x), x, e···'x*cos ( x), [e·····x*sit1 ( x) J, 

[e·····x*sit1 (x), -e,····x*cos (x), -, 1J) 

Considet~ 

Int(U*Vdx) = U*Int(Vdx)- Int(U'*Int<Vdx)d-xl 

It is to be noted here that the negative operator ' is 

t10t an element in the Newlist, so when evaluating the 

list this negation must be considered. The order of the 

elements in the above list is reversed for evaluating 

the list. The eval_list<List, X,R) evaluates the reversed 
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list(List) to give the result as R. The head and tail 

list of the list(List) is obtained at1d the tail list is 

checked fo l' four conditions given below by 

check_tail_eval routine and depending on the conditions 

satisfied integral is evaluated which is passed onto 

eval_list 1·out i ne. 

Rule type 

check_tai l_eval <T., X_,H, R>: 

check tail eval checks t he t a i 1 1 is t 

and accordingly 

evaluates the list to 

give l"esul t as R 

T tail list of the o1·igit1al list 

X - variable of integratio~ used here to 

determine constants 

H old result of the list 

R final result of the original list 

Refer to pages p. 15-16 for listing of this routine. 

Let T be the tail list a-t'ld H be the head of" the 

original 1 ist agait1 Tl and Hl be the tai 1 and the head 

of the list T. 

(i) if H is not a cot1stat1t, Hl \== '--' , T 1 is an e1Y1pt y 
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(a) if Tl is an empty list 7 then R = H1 7 OR 

(b) if Hl is equivalent to ' _, then 

eva.l_l ist (Tl 7 X, R> 7 OR 

(c) if Hl is not eq u iva. 1 et1t to '-' thet1 

eva.l_list(T,X 7 Rl at1d Si1Y1pl i fy < 1+Hl -~- <-1) and 

instantiate it to a. va.ria.ble<Constl 7 then final 

l~esult of list is Cot1st*R. 

(iii) if Hl is t1ot equ'iva.let1t to '-'•, Tl is not at1 empty 

( i v) 

1 ist, then R = simplified Hl H and aga i t1 

evaluate t~1e l~ema.init1g tail list Tl until it is 

empty by check_tail_eval(Tl,X,R,Result> routine to 

give final result as Result. 

if Hl is equivalent to , _, thet1 R is equal to - (f-1) 

at1d again evaluate the l~a•Y•ait1it1g t-ail list Tl until 

it is e1Y1pty by check_t-ai l_eva.l.(TL, X, R, Result) to 

give final ~~esult .as R-e-s-ult. 

Fo1~ example 

eval_list([-6*cos(xl,6*x*sin(xl,-,-3*xA2*c~s~xl, 

x"3*sin(x) J, x, x-····3*sit1(x)-(·-3*x-···c2*cos(x}-

The result obtained above is simplified by ssimp routine 

and gives the integral of the given expression, 

i.e. 
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-6*x*sin<x>-6*cos(x)·). 

int_by_parts(eAx*cos<x>,x,2A(-l)*(eAx*sin(x)+eAx*cos(x)) 

Di ffel~et1t iat ion of SCAP gives the 

derivative of the given expression and the type of the 

rule for this is already explained in the 

previous chapter. 

Typically 

d(ln<x>,x,x ... ·(-1))- derivative of 1t1<x> is x'.'(-1) 

l~espect to x. 

with 

3.2 SIMPLIFICATION 

It1 SCAP, simplification module contains different 

routines each applicable for a pa ,~at i cul aJ~ type of 

s i 1'1'1 p 1 i f i ct i o t1. Before proceeding to describe these 

let us consider a procedure const1Y,X> which 

dete1~1Yrines if 'Y' is a constat1t with ,~espect to 'X'. 'Y' 

is a cot1st ant with l'espect t"o 'X' if 'Y' does not 

c:cn·1ta in 'x·. Refer to page p. 1 for listing cf this 

p l~oceo 1.1 r-e. 

The simp<Expn,Sexpn) S i tYI p 1 i f i e S the 

expression Expn to si1Y1plified fOl'1Yr Sexpn. In this 

l'OUtit1e, l'Ul es <& facts> a l'e w l' i t t eti fo 1' 

elerYrental'Y si1YiplificatiotiS
7 

like 
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(ii) X*1 = X, X*l = X, X*X = x"'·-:> ..,_, etc. 

(iii) X+O = X, X+X = 2*X, etc. 

< i v> X-0 = X, o-x = -X, X-X = 0, etc. 

<v> <X"'M)"·N = X"'<M*N> 

at1d so on. 

In this given expression is examined if it 

one of the 

si~plifications(like those listed above) and if it does, 

then the expression is immediately simplified. Otherwise 

given expression is split into main operator(according 

to & .:n1d 

recursively for each argument the sitYtp is 

applied and the si1Y1plified expl~essiot1 of the ol~iginal 

expression is obtained~ 

Fo1~ example 

Listing of this type of routine is found in pages p. 1-2-

The routine, t l' i g _s i IYtp t ,~ansfo l"'l'I'IS t l' i gt101Y1et -ric 

functions such as sin<Y>A<-N>. cos <Y> .-··. <-N>, to 

cosec <Y > "·N, secCY)AN, etc. and vice versa. This type of 

trignometric transformations are used in some problems 

involving integration by parts in SCAP. 

Fo ,~ exatYtp 1 e 

t rig_ S i IYI p ( S i t1 (X) .~. ( -1 ) 
1 

X, C 0 SeC (X) ) • 
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Refer to page p.3 for listing of this routine. 

The routine, simpl(E,X,SimpE) simplifies pl'Oduct 

of expressions E to SimpE, which is in the cannonical 

fo l'IYI, 

i.e. [numbers]*[constants]*(f(x)J 

In this routine given expression is split into 

lists, tH.liYI be \' l i S t , c~nstantlist(excluding 

t1UIYI bel'S) and non constantlist. 

lists is again a list consisting of two elements, 

is the base and the second is 

these 

first 

the 

exponent. 

evaluated 

Once the three lists are formed, each list is 

individually and the final simplified form of 

the given expression will be 

value of t1 U IYI be l' l i S t * evaluated constant list * 

evaluate~J non col+s-tantli'=>t 

To evaluate the number list, each element's<i.e. 

Pl'Oduct o f a l 1 +; he £-:~ l e ,y, e n t s v c:~ l u e s 1 n 

t~:;t w1ll be thf-~ val•J(:;: of tr1e nuiYobeJ' ]Jst. 

F o l' ex aoY; p l e 

consider a number list be of the form 

[[2, lJ, [3, 2J, ['3, 1JJ 

value of each element is ~ 1 = ~ 
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and the value of the number list is 

2*'3*'3 = 162 

Procedure to evaluate constantlist and non constantlist: 

element of the list is taken. This e 1 emet1t 

is a list consisting of two elements bl-base and el-

expor1er1t i.e. [bl,elJ. Now all the elemer1ts having bl as 

the base are taken and simplified• to bl····. (el+e2+e3+ ..• ) 

and the remaining elements are stored in a newlist. Same 

pl~ocedure is applied for newlist and it wi 11 cont i r1ue 

until the newlist is empty. 

Fo ,~ exa.Yiple 

consider constant list consisting of following elements 

[ [3, aJ, [a, 2J, [3, bJ, [a, 4J J 

First consider the first element of the list i.e. 

take all elements having base as '3' they are 

C3,aJ and [3,bJ 

and its value is 3A(a+b) 

Now the newlist is '[[a, 2J. [a, 4] J 

base of the firtst element is 'a'. 

consider all elements having base as 'a', they are 

[a, 2] and [a, t-~.J 

now the newlist is empty 

' -:r' ._j 

so the simplified form of the evaluated constant list is 

3A(a+b)*aA6. Rules corresponding to the above method for 
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simpl routine are listed in pages p.3-6. 

Exa•Y•ple, 

Let the given expression be 

three lists formed are as follows 

[ [2, 1 J' [4, 2] J 

Cor1st ant 1 i st [[a,2J, [ln(a), 1}J 

Non constant list [[x,2J, [sit1(x),1J, [x,-1JJ 

Nu•Y•be r 1 i st: 

value of each ele•Y•et1t is 2''1 = ·-:· ..:... 

4•"'·2 = 16 

value of t1U1Y1be l~ list is 2*16 = 32 

Canst ar1t list: 

all elements having base as 'a' = [a,2J 

i t s value i s a ·····2 

r1ew 1 i st is [ [ l n (a) , 1J J 

all elements having base as ln(a) = [ln(a), 1J 

its value is ln(a)Al = ln<a> 

new list is empty 

Simplified fo~m of the constant list is aA2*ln(a) 

Non constant list: 

all ele1Y1ents having base as ;x' ar'e [x,2J <':\Tld [><,-1] 

its value is xA(2+(-1)) x·····1 == x 

r1ew list is [[sit1(x), 1JJ 

all elements having base as 'sin(x)' - [sin<x>,lJ 

its value is sin(x)~l = sin(x) 
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newlist is eMpty 

Simplified forM of the Nonconstant list is x*sin<x> 

SiMplified forM of the given expression is 

The routine ssimp<Expn,Sexpn) si1Y1pl i fies the 

signed expression Expn to Sexpn, with special reference 

to sign simplification encountered in 
' 

Fi I'St the given expression is simplified fo I' 

una I'Y neg~ti on and f o t• the p l' inc i pa 1 negative ope Pat o I'. 

This negative sign simpl i ficat im'l is dot1e by nss i1Y1p 

POut i tie. Out plit of this is an expPession 

consisting of pPincipal operatoP as plus. Now the pssimp 

is itiVO ked which simplifies the outputed 

expression routine to give the final 

simplified expression. 

Fot· example 

+5*cos(x)). 
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SCAP has the flexibility to incorporate other 

.v.ethods of i r1t eg ~~at i Ot1 t1ot COt1S ide l~ed 1 ike, 

integration by substitution, integration by partial 

fl~act i ens, etc. For this, SCAP has to be enhanced with 

following routines. They are 

(i) New simplification routines: 

New simplification routines are to be i t1co l~po ~~at ed 

in the simplification module which will simplify & 

t l~ans f o r•Y• ·t-he given ex p l~ess ion acco 1~d i t1g to the type 

of integration to which it has been classified by, 

c 1 ass if i cat i or1 ~~out i ne. Typically, if the given 

expression has been classified as a problem of 

integration by partial fl~act ions. si1Y1pl i ficat ion 

routines are to be invoked which will transform the 

to pad ial f l'act ions fo ~~ d i l'ect 

i nteg ~~at ion. 

(ii> Classificatio-n l~outine: 

This l'OUt i l"\E ' , ' -Wl .L .L ide~tify and classify the tJ i ven 

expression to one of the methods of integration. 

Consider cos(x)A2 

integral of cos(x)A2 cannot be evaluated directly,so 

the new simplification routine should ·transform 0 l' 

substitute cos(x)A2 to 

cos<2*x)/2+1/2 
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now ~his transformed expression can directly be 

integrated to give the integral of cos<x>A2. 
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p·i 

/*---------------------------------------------------------*/ 

c:onst (\' ,)<):- atomi c:(X), atomic:('"(), O<',,==Y,! ; ! , f ai 1). 
c:on·:.t(><,>O :-!,fail. . 
e:on·:.t(E,X) :- E= .. [_,Z],! ,e:on·:.t(Z,X). 
e:c•n-::.t(E,><) :- .3rg('l ,E,Left),! ,c:on-::.t(Left ,:=o ,ar·3(2,E,Ri·3ht),!, 

c:on-::.t (Right ,>0. 
e:on:.t(_,_). 

/*---------------------------------------------------------*/ 

/*** simp(E,SimpE): simplifies expression(E) to SimpE ***/ 

simp ( E, E) :- .3 tom i c (E) , ! . 
·:.imp(E,SimpE) :- E= .. [O,Z] ,simp(Z,Zl) ,SimpE= •. [O,Zl],!. 
simp(E,SimpE):- E= .. [O,L,R] ,number(L),number(R), 

( 
(0=='A',name(R,[451Tl]),Tl,==[],L'==l,L'==O, 

( 
( 

name(L,[451T2]),name(P,Tl),name(Q,T2), 
Z i :. P .. /2, 

(integer(Z),SimpE = QAR;SimpE = -QAR) 
) ; 
SimpE = E 

) 

) ; 
SimpE is E 

' I 
) ' . . 

simp(M*><+N*X,R):­
( 

simp(M*X-N*X,R):-

(number(M),number(N), K is M+N); 
(number(M),simp(M+N,K)); 
(number(N),simp(N+M,K)); 
·:.imp (tv1+N, K) 

) ' 
simp ( !<.*X, R) , ! • 

( 

(number(M),number(N),K is M-N); 
(number(M),simp(M-N,K)); 
(number(N),simp(N-M,K)); 
simp (t·.-1-N, 1<.) 

) ' 
:. imp ( K:J.:X, R) , ! • 



simp(X+Y,SR):- (Y=O,R=X;X=O,R=Y;X=Y,R=2*X),simp(R~SR),!. 
simp(X-Y,SR):- (((Y=O,R=X;X=O,R= -Y),simp(R,SR));X=Y,SR=O) ,! . 
simp(X*Y,O):- (X=O;Y=O),!. 
simp O<*Y, SR):- 0'=1, R=X ;:x:=1, R=Y ;X='{, R.=)<··'·2), s:.imp ( R., SR.),! . 
s.imp (X./X, 1). 
·:.imp ( ( -){):J.:( -Y) , R):- s.imp O<*Y, R),! . 
s i rnp ( ( ->() :A:Y, R.) :- s i rnp ( X:k: ... (, Rl) , R. = -R.l , ! .. 
s.imp (X:J.:( ...;.y), R):- simp ()(·k'{, R1), R = -R1,! . 
simp(>(·''O ,1) :-!. 
-:.irnp ()(.A·1 ,J<):- ~ • 
simp C-<'.'N*X, R):-

( 

(number(N),K is N+1); 
s.imp ( 1+N, K) 

) ' 
simp ()('''K, R.), ! . 

simp(X*XAN,R):- simp(XAN*X,R),!. 
simp(XAM*XAN,R):-

( 

(number(M),number(N),K is N+M); 
(number(M),simp(M+N,K)); 
(number(N),simp(N+M,K)); 
simp (t·-1+N, 10::.) 

) ' 
s.imp (K .... IO::., R.), ! . 

simp((XAM)AN,R):­
( 

(number(M),number(N),K is M*N); 
(number(M),simp(M*N,K)); 
(number(N),simp(N*M,K)); 

simp_(t•1*N, K) 

) ' 
·:.imp(K.''K,R),!. 

simp((X*Y)AN,R.):­
( 

(X==Y,simp((2*X)AN,R.)); 
(simp(X*Y,X*Y),R = XAN*YAN); 
(simp(X*Y,P),simp(PAN,R.)) 

) ' ! • 
simp(E,SimpE):- E= .. [O,L,R], atomi~(L),atomic(R),SimpE=E,!. 
simp(E,SimpE):- E= .. [O,L,R],simp(L,SL),simp(R,SR), 

·:.imp ( E, E). 

TimpE= .. [ 0, SL, SFU , 
( 

( L'',.==SL; R'-,==SR) , 
simp(TimpE,SimpE);SimpE=TimpE 

) ' ! • 



/*----------------------------------------------------------*/ 

/*** trig_simp(E,X~SimpE): simplifies trignometric expression 
(E) to SimpE ***/ 

trig_simp(E~X,SimpE):-

E= .. [*,L,R],const(L,X), 
trig_simp(R,X,SimpRl), 
SimpE= .. [*~L,SimpRl]. 

trig_simp(E,X,SimpE):-

E= .. [ ·'·· ~ L, R.l] , number ( Rl) , 
L= .. [F,A], 
( 

(F==sin,R2= .. [cosec,AJ); 
(F==cos,R2= .. [sec,AJ); 
( F== tan, R2= .. [cot, A)) ; 
( F==co t , R.2= •. [ tan , A] ) ; 
(F==sec,R.2= •• [cos,AJ); 
(F==cosec,R2= .. [sin,A]) 

) ' 
t··.J i~. -(R.l)' 
SimpE= .. [ ·'··, R.2 ,t··.J]. 

/*--------------------------------------------~------------*/ 

/*** simpl(E~X,SimpE): simplifies product of expressions(E) 
to SimpE which is in the cannonical form 
i.e., [numbers]*(constants]*[f(x)] ***/ 

simpl(E,X,R):- simp(E,SimpE) ,simpll(SimpE,X,R.). 

simpll(-E,X,-R.) :- ~.impll(E,X,R.),!. 

~.impll ( E ,X, R.):-

E = .. [*,El,E2], 
f o rml is t s ( El , :x:, [ ] , Nl is t 1 , [ ] , Cl is t 1 , [] , 

NCli~.tl), 

fonnli~.ts(E2,><, [] ,Nlist2, [] ,Clist2, [], 
NClist2), 

append(Nlistl,Nlist2,Nlist), 
append(Clistl,Clist2,Clist), 
append(NClistl,NClist2,NClist), 
ev.:.:i!l_Nl i st (I'H i ~.t ,N), 
eval_Olist(Clist,C), 
eval_Olist(NClist,NC), 
Y = N*C,simp(Y,SimpY), 
Z = SimpY*NC, 



-:.imp (Z, R.). 

s. imp 11 ( E, ><,E) :- ! • 

/·k:k:-k f eo nnl is t s ( E, X, O_NL, N_NL, O_CL, N_CL, O_NCL, t ... J_NCL) : 
splits the expression E into three lists: 
Numberlist(NL),Ceonstant1ist(CL), Nonceonstantlist(NCL). 
0 & N represents Old & New lists ***/ 

f orml i -:. t s ( P-J.:Q ,X, 01 d_Nl is. t ,Net .... •.JU i -:. t, 01 d_Cl i -:. t ,NeJ. ... .J_Cl i -:. t, 
01 d_NCl is t , Net..,•_t··.JCl i -:. t) :-

fonnl i s.ts( P ,><, Old_Nl i :.t ,Net..,•_Nl i stP, 
Old_Clis.t ,Net .... •_ClistP,Old_NClist, 

Net..,•_t-...!Cl i s t P) , 
f o nnl is. t s ( Q, >:::, [ ] , Net..,•_Nl is t Q, [ ] , Net-. .J_Cl i -:. t Q, 

[ ] , Net-.J_NCl i s t Q) , 
append ( t·,le• ... J_t··.Jl is t P, NeJ. .. ,._r ... ll is t Q, hlew_Nl is t) , 
append O'-·let,.J_C1 is. t P, New_Cl is t Q, Ne• ... ,•_Cl is t) , 
append ( Net.·,•_t'-.JCl is t P, t·..Jet-.J_t·,JCl is t Q, Ne• ... J_NCl is t) , 
! • 

fc•rml i ·:.t:.( E ,><, Old_Nl i st ,Net-,•_Nl i st, Old_Cl i s.t ,Net ... J_Cl i st, 
01 d_NCl i s t , Net.·.J_NCl i s t) :-

( 

(number(E), 
.append( Old_Nl i s.t, [ E] ,Net,,•_N1 i s.t)); 

(E = •• ["·,P,QJ, 
number(P),number(Q), 
(P==1;P==O;name(Q,[_IT]),T==[]),R is E, 
append( OldJU i st, [ RJ ,Ne•..-J_Nl i :.t)) 

) ' 
append(Old_Clist,[(1,1J],New_Clist), 
append( Old_NCl i st, [ [ 1,1] J ,Ne~,.~_t-.JCl i st),! • 

forml i s.t-:.( E ,X, 01 d_N1 i st ,Net-J_Nl i st, Old_Cl i st ,Net-.J_Cl i st, 
01 d_NCl is t , Net-.J_NCl is. t) :-

( 

(E = .. (''·,P,CD, 
const(P,X) ,c:onst(Q,)<), 
append(Old_Clist,[[P,QJJ,New_Clist)); 

(cons t ( E, >O , append ( 01 d_Cl is. t, [ [ E, 1]] , 
Net-.. •_Cl is t) ) 

) ' 
append(Old_t·..Jli·:.t, [1] ,Ne•,·J_Nli·:.t), 
append( Old_NCl i st, [ [ 1,1]] ,Net.·J_NCl i st),! • 

fonnl i :.t·:.( E ,X, Old_Nl i st ,t··.Je•..-.J_Nl i :.t, Old_Cl i s.t ,Ne•.-,•_Cl i st, 
Old_NCl i st ,Net.·J_NCl i st):-



not c:onst ( E ,>0, 
( 

(E = .. ['···,P,Q], 
append( Old_NCl i s.t, [ [ P, Q]] ;Ne~·,•_NCl is. t)); 

append( Old_NCl i st, [ [ E, 1 J] ,t·-..le•.,.J_NCl i st) 

) ' 
append( Olr:l_Nl i s.t, [ 1] ,Nel~.I_Nl is t) , 
append( Old_Cl i st, [ [ 1,1 J] ,Nel"'•-Cl i st),! • 

. /:J.:*:k e• ... • al_t·..Jl is t ( L, fO : evaluates. the n umbel· 1 is t L to 
give result as R ***/ 

ev al_t·..U is t ( [ ] , 1) :- ! • 
eval_Nl i st ( [HIT), Res.ul t):- tes.t tai l_evalNl i st (T, H, Res.ul t). 

/*** testtail_evalNlist(L,IR,FR): tests the tail of the 
list(L) and evaluates to give final result FR from 
the initial result IR ***/ 

testtail_evaH.Jli-:.t([],H,H):-!. 

testtail~eva1Nlist([H11T1J,H,Result):-

Nel.-.JH i :. H-:A:H1 , 
testtail_evalNlist(T1,NewH,Result). 

/*** eval_Olist(L,R): evaluates the other lists 
i .e.,Constant & Nonc:onst lists to give result as. R ***/ 

e•,1 al_Ol is t ( [ J , 1) :- ! • 
e• . .Jal_Ol i :.t (List, Result) :- evaleac:hE_•..-Ji thnextE( List, 1, R.e:.ul t). 

ev al eac:hE_l,J i t hn e::< t E ( [ J , R, R.) :- ! . 

e• . .J al eac:hE_1/.Ji t hn ext E (Lis. t , I Result , FR.e-:.u 1 t) :-

first_two_Es_of(List,Rlist,E1,E2), 
equal_base_test(E1,E2,Rlist,[],Newlist, 

Result), 
s.imp(IResult*Result,Result1), 
e• . .J al eac:hE_l,,l i t hn e::< t E ( Net.·JL i ·:. t , R.esu l t 1 , 

FR.esult). 

first_two_Es_of(List,Nlist,P,Q):-

first_E_of(List,Nlistl,P), 
first_E_of(Nlist1,Nlist,Q). 

first_E_of([],[],[]):- ! . 
fil·st_E_of([HITJ,T,H):-!. 

equal_base_test([Bsl,Expl],[],[],Oldlist,Oldlist,R):-



equal_base_test([Bsl,Exp1],[8s2,Exp2],Rlist,Oldlist, 
Newlist,Result):-

atomic(Expl),atomic(Exp2), 
name(Exp1,(451Tl)),Tl'==[J, 
name(Exp2,[451T2]),T2'==[], 
( 

(number(Expl) ,number(Exp2), 
Exp is Expl+Exp2); 

simp(Expl+Exp2,Exp) 

) ' 
number(Bsl),number(Bs2),8s is Bsl*Bs2. 
first_E_of(Rlist,NewRList,E3), 
equal_base_teit([Bs,Exp],E3,NewRList, 

Oldlist,Newlist,Result). 

equal_base_test([8sl,Expl],[Bsl,Exp2],RList,Oldlist, 
Newlist,Result):-

simp(Expl+Exp2,Exp), 
first_E_of(Rlist,NewRList,E3), 
equal_base_test((8sl,Exp],E3,NewRList, 

Oldlist,Newlist,Result) .. 

equal_base_test(El,E2,Rlist,Oldlist,Newlist,Result):-

append(Oldlist,[E2],0ldlistl), 
first_E_of(Rlist,NewRList,E3), 
equal_base_test(El,E3,NewRList,Oldlistl, 

Newlist,Result). 

append([J,L,L). 
append([XIll],L2,[XIL3]):- append(Ll,L2,L3). 

/*---------------------------------------------------------*/ 

·:.p ( E, R) :-

functot·(E,-,_), 
arg(l ,E,El) ,ar•3(2,E,E2), 
check_num(El,Numberl,Atoml), 
check_num(E2,Number2,Atom2), 
Number is Numberl-Number2, 
Atom= Atoml-Atom2,simp(Atom,SAtom), 
SimpE = Number+SAtom,simp(SimpE,R). 

sp ( E, E) : - ! • 



check_num(E,E,O):- number(E),~. 

check_num(E,O ,E):- atc•mic(E),!. 

check_num(E,Number,SAtom):-

functor· ( E ,+ ,_), 
arg(l,E,P),arg(2,E,Q), 
check_num(P,NumberP,AtomP), 
check_num(Q,NumberQ,AtomQ), 
Number is NumberP+NumberQ, 
Atom= AtomP+AtomQ,simp(Atom,SAtom). 

check_num(E,Number,SAtom):-

functor(E,-,_), 
arg(l,E,P),arg(2,E,Q), 
check_num(P,NumberP,AtomP), 
check_num(Q,NumberQ,AtomQ), 
Number is NumberP-NumberQ, 
Atom = AtomP-AtomQ,simp(Atom,SAtom). 

/*---------------------------------------------------------*/ 

/*** ssimp(E,SE): simplifies the signed expression 
E to SE ·k**/ 

ssimp(P*O,SP*SQ):- ssimp(P,SP) ,ssimp(Q,SQ). 
ssimp(Exp,SExp) :- nssimp(Exp,X) ,pssimp(X,SExp). 

nssimp(-(-U+V),Ul+R):- nssimpl(U,Ul),nssimpl(-V,Vl), 
ns.simp(l)l ,R). 

nssimp(-(U+V),Ul+R):- nssimpl(-U,Ul),nssimpl(-V,Vl), 
nssimp(l.)l ,R). 

nssimp(-(-U-V),Ul+R):- nssimpl(U,Ul),nssimpl(V,Vl), · 
ns.s.imp (l.)l, R). 

nssimp(-(U-V),Ul+R)i- nssimpl(-U,Ul),nssimpl(V,Vl), 
ns.simp(', . .Jl ,R). 

nssimp(U-V,Ul+R):- nssimpl(U,Ul),nssimpl(-V,Vl),nssimp(Vl,R). 
nssimp(U,U) :- ! . 

n-;.s.impl(-(-U) ,R) :- n·:;simpl(U,R),!. 
ns.simpl(-(U) ,-U) :- ! . 
nss.impl(U,U) :- ! . 

pssimp(U+(-V+W),R):- pssimp(U-V+W,R). 
pssimp(U+(V+W),R) :- pssimp(U+V+W,R). 
pssimp ( U+( -1..)), U-'.)):- ! . 
ps-;;imp(+(+U),U):- !. 
pssimp(+(-U) ,-U) :- ! . 



p·:.-:.imp(+(U) ~U) :- ! • 
p-:.simp(U~U) :- ! • 



/*----------------------------------------------------------*/ 

integrate :- tell( t:3) ,readfile(file), 
t·epeat, 
integ,nl,nl, 

print('Do you want to integrate another expression? 
read(Ans), 
nl, 
((Ans,==yes,true);fail). 

integ :- nl, 
print('Give the expression to be integrated : '), 

read(E),Y = .. [check_int,E,x,Result], 
C-311 (Y), nl, nl, 
print ( ··· Integral of" ) , tab ( :3) , 
print(""'),print(E),print('""), 
tab ( 2) , p r i n t ( ·' i -;:. = ·' ) , tab ( 2) , 
p ,.-in t ( R.esu 1 t) , ! • 

.~ ..• 
,• ' 

/*---------------------------------------~------------------*/ 

/*** check_int(Exp,X,R): checks the expression(Exp) and 
integrate Exp w.r.to X to give R ***/ 

check_int(-E,X,R):- check_int(E,X,Rl),R = -Rl. 

check_int(U/V,X,R):- simp(U*VA(-1) ,E) ,check_int(E,X,R). 

check_int(E,X,R):-
stand_int(E,X,R); 
const_and_int(E,X,R); 
sum_of_ints(E,X,R); 
diff_of_ints(E,X,R); 
int_by_parts(E,X,R). 

/*-------------~--------------------------------------------*/ 

/*** stand_int(Exp,X,R): expression(Exp) is a standard 
integrand integral of Exp w.r.to X is R ***/ 

stand_int(E,X,R):- int(E,X,R1),simpl(Rl,X,R). 

/*** int(Exp,X,R): gives integral of expression(Exp) 
w.r.to X as R ***/ 

int(A,X,A*>O :- con:.t(A,X),!. 
int(Kh·(-1) ,X,ln(>O) :- ! . 
int()<,X,P) :- int(X"'l ,X,P),!. 
int(eAX,X,eAX):- ! . 
in t ( e'' U, X, P) :- in t ( e· .... U, U, R.) , d iff ( U, X, U1) , cc• n ·:. t ( U1 , >:::) , ! , 



P = Ul·h· ( -1 ):.I:R.. 
int(XAN,X,MA(-1)*XAM):- const(N,X), 

(number(N) ,M is Nt1,! ;M = N+1). 
int(A·'··x,X,ln(A)·h·(-1):.\:A''X) :- con·:.t(A,>O,!. 
int(AA(U),X,P):- const(A,X),int(AAU,U,R.),diff(U,X,U1), 

const(U1,X),! ,P = U1A(-1)*R. 
in t (-T, ><, -P) :- in t ( T, ><, P) . 
int(sin(X) ,X,-cosOO) :- ! • 
int(cos.(X) ,X,s-in(X)) :- ! . 
int(sec(X)A2,X,tan(X)):- ! . 
int(sec(U)A2,X,R):- int(sec(U)A2,U,R1),diff(U,X,U1), 

cons t ( U1 , >~) , R = U1 A ( -1) *R1 , ! . 
int(cosec(X)A2,X,-cot(X)):- ! • 
int(cosec(U)A2,X,R):- int(cosec(U)A2,U,R1),diff(U,X,U1), 

cc•nst(U1 ,>0 ,R = Ut·"(-1)*R1,!. 
in t ( :.ec(>O*t-:m C>O ,X, -s.ec(>O):- ! • 
int(co-:.ec(X):.I:cot(>O ,>=~,-cos.ec(X)) :- ! . 
int( tan(}() ,X,ln(sec(>())). 
i n t ( tan (X) , ><, -1 n (cos (X) ) ) :-! . 
int(cot(X),X,ln(sin(X))). 
int(cotOO ,><,-ln(cosee:(X))) :-!. 
int(sec(X),X,ln(sec(X)+tan(X))):-!. 
int(cosec(X),X,ln(cosec(X)-cot(X))):-!. 

~ -10 

in t ( E, ><, R.) :- E = •• [ 0, U] , 0\== ·'- ,. , U'-·-.. ==>~, ! , in t ( E, U, Rl) , 
diff(U,X,Ul) ,cons.t(Ul ,>0,! ,R = U1·"(-1):.1:R.1. 

int(IY·(-1) ,X,P) :- int(UA(-1) ,U,R) ,diff(U,><,U1) ,const(U1 ,>0,!, 
P = U1''-(-l)*R,!. 

int(U''N,X,P) :- number(N),! ,int(U·h·N,U,R) ,diff(U,X,Ul), 
con·:. t ( U1 , >O , ! , P = Ul·h· ( -1) :A:R., ! . 

int((1-XA2)A(-(2A(-l))),X,arcsin(X)):- ! . 
int((AA2-><-h·2)·"(-(2'-·(-1))) ,>=~,P) :- integer·(A), 

P = arcsin(X*(A)A(-1)). 
in t ( ( 1+:::<:-'··2) ··'- ( -1) ,><, ar·ct-3n (X)):- ! . 
i n t ( (X''· 2+1) ''· ( -1) , ><,arctan CO ) :- ! . 
int( (X·h·2+A'···2)''-(-1) ,)<,P) :- integer(A), 

int((AA2+XA2)A(-l),X,P):- int((XA2+AA2)A(-1),X,P). 
int((XA2+A)A(-(2A(-l))),X,ln(Xt(XA2tA)A(2A(-1)))):­

integer(A). 
int((A+XA2)A(-(2A(-1))),X,P):- int((XA2+A)A(-(2A(-1))),X,P). 
int(()(A2-A)A(-(2A(-1))),X,ln(Xt(XA2-A)A(2A(-1)))):­

integer(A). 
int((XA2-AA2)A(-1),X,P):- integer(A),S is 2*A, 

P = SA(-1)*ln((X-A)*C><+A)A(-1)). 
int((AA2-XA2)A(-1),X,P) :- integer(A),S is 2*A, 

P = SA(-1)*ln((A+X)*(A-X)A(-1)). 

/*----------------------------------------------------------*/ 

/*** e:onst_and_int(Exp,X,R): expression(Exp) is of the form 
(e:onstant)*(expression) ***/ 



const_and_int(E,X,Result):-

E = •• [ * , P , El ] , 
const(P,X),!, 
test_int(El,X,Rl), 
R. = P:A:R.l ' 
simpl(R,X~R.esult). 

test_int(E,X,R.):-

stand~int(E,X,R.); 
const_and_int(E,X,R.); 
-:.um_of _ints(E,X,R.); 
diff_of_ints(E,X,R.). 

J> ·II 

/*----------------------------------------------------------*/ 

/*** sum_of_ints(Exp,X,R): expression(Exp) is of the form 
(e>::pl+exp2) i.e. ,·:.urn of ·integt·al-:. 1-::A::A:,/ 

sum_of_ints(U+V,X,Ul+Vl):-

testl_int(V,X,Vl), 
testl_int(U,X,Ul). 

/*** diff_of_ints(Exp,X,R): expression(Exp) is of the form 
(exp1-exp2) i.e.,difference of integrals***/ 

diff_of_ints(U-V,X,Ul-Vl):-

testl_int(V,X,Vl), 
testl_int(U,X,Ul). 

testl_int(U,X,Ul):-

U = •• [/,P,QJ, 
simpl(QA(-l)*P,X,SimpU), 
test1_int(SimpU,X,U1),!. 

testl_int(U,X,Ul):-

stand_int(U,X,Ul); 
const_and_int(U,X,Ul); 
sum_of_ints(U,X,Ul); 
diff_of_ints(U,X,U1); 
i n·t_bv_par ts( U ,><, Ul). 

/*---------------------------------------------------------*/ 

/*** int_bv_parts(Exp,X,R.): expression(E>::p) is of the form 
p(x)*q(x) i.e.,integration bv parts***/ 



int_by_parts(U*V,X,Result):-

select_the_order(U*V,X,R), 
eval_int(R,X,Rl),ssimp(Rl,Result). 

int_by_parts(Expr,X~Result) :-

Expr = .. [ln,X],Exprl = Expr*l, 
eval_i n t ( Expl-1 ,X, R.), ssimp ( R, Re-:.ul t),! . 

int_by_parts(Expr,X,R):- R. ='"Sorry,! cannot integrate"',!. 

/*----------------------------------------------------------*/ 

/*** select_the_order(Exp,x,R): orders the expression(Exp) 
to R **"k/ 

select_the_order(U*V,X,R):-

( 
( 

U= .. [Op ,_], 
(Op==sin;Op==cos;Op==tan;Op==cot;Op==sec; 

Op==cc•sec) 
) ; 
( 

( 

al- 9 (1 , U, Ul) , 
(Ul==e;const(Ul,X)), 
l.) = •• [A,)(,_] 

al- 9 ( 2, U, U2) , 
U2==2,Ul= .. [Opl,_], 
(Opl==sec;Opl==cosec) 

) ; 
( 

'·.)= •• [ ln ,_]); ( arg( 1 ,'..) ,~)1), 
( 

Vl= .. [ln,_];(Vl==e,U = .. [A,L,_],L,==X) 
) 

) 

) ' 
F:. = I..):Jd_l , ! • 

select_the_order(U*V,X,U*V):- ! • 

/*-~--------------------------------------------------------*/ 

/*** eval_int(Exp,X,R): evaluates the integral of ordered 
Ex p to R. :J.::Jo:-k/. 

eval_int(U*V,X,Result):-



-;:.tand_i n t (I..) ,X ,'v'l),! , simpl ( U·ft:' . .)l ,><, R.), 
Ll = [ RJ , 
diff(U,X,Ul),simpl(Ul*Vl,X,Exprl), 
test2_int(Exprl ,><,U*'·),L1 ,t·..Jet ... .fli-::.t), 
rev(Newlist,List), 
eval_list(List,X,Result). 

eval_int(U*V,X,Result):-

Ll = .. [_,._,e~><J, 
test_arg1_arg2(V,X,R),!, 
Result = U*R. 

eval_int(U*V,X,Result):-

Lt = .. [ .... ·,e,><J, 
I.) = .. [./,',)1,1..)2], 
compare(<,V1,V2), 
1·)2 = .. (''·,P,Q], 
numbet· ( Q), 
P = .. [_,Pl,P2], 
atomic(P1),atomic(P2), 
D = V1-P,sp(D,SimpD), 
number(SimpD), 
N is 1-Q, 
01 i =· -Q' 
Net.·.A} = •• [+, P·'' (N), SimpD:Io:P"· ( Ql)], 
test_argl_arg2(NewV,X,R),!, 
R.e-:=.tJ 1 t = U:A:R.. 

eval_int(U*V,X,R.esult):-

U = .. [",e,>(], 
1..) = •• [/,N,D], 
( 

D = .• [Opl,l,cos(ArgD)J; 
D = .. [Op1,cos(ArgD),1) 

) ' 
NewArgD = 2"(-l)*ArgD, 
simpl(NewArgD,X,SArgD), 
( 

(Opl=='+',NewD = 2*cos(SArgD)"2); 
(Opl=='-',NewD = 2*sin(SAr~D)A2) 

) ' 
( N = .. [ Op 2; Ln , sin ( Ar gD)] , 
ntJmber ( Ln), 
P = Ln*NewD"(-1)); 

( N = .. [ Op 2, sin ( Al· gD) , R.n] , 
n 'Jmber ( R.n) , 
P = R.n*NewD"(-1)) 



) ' 
simpl(P,X,SimpP), 
trig_simp(SimpP,X,SP), 
( 

(Opl=='+' ,Q = tan(SArgD)); 
(Opl=='-',Q = cot(SArgD)) 

) ' ' 
NewV = .. [Op2,SP,Q], 
t es t_.3l" gl_ar g2 ( Ne1.,A}, )(, R.) , ! , 
R.esul t = u-;.:R. 

p ·ilf 

/*----------------------------------------------------------*/ 

test2_int(-Expr,X,U*V,Oldlist,Newlist):-

append(Oldlist,[-],Oldlistl), 
test2_int(Expr,X,U*V,Oldlistl,Newlist). 

test2_int(Expr,X,U*V,Oldlist,Newlist):-

( 

const_and_int(Expr,X,R.l); 
stand_int(Expr,X,R.l) 

) ' 
simpl(Rl ,X,R.), 
L = [ RJ, 
append(Oldlist,L,Newlist). 

test2_int(Expr,X,U*V,Oldlist,Newlist):-

( 

((Expr==U*V;Expr==V*U),! ,Const = 
(Expr = .. [*,Exprl,Expr2], 
const(Exprl ,)<), 

1) • 
' ' 

( E>~ pr 2==U*'·.); E::< p r2==1..)·kU) , ! , Cons. t = Exprl) 

) ' 
L=[Const], 
append(Oldlist,L,Newlist). 

test2_int(Expl· ,;<,U·.A:t.),OlcHis.t ,Nei....Jli-:.t) :-

Expr = .. [*,C,NewExpr], 
( (not cons t ( C, )<) , ! , El =C, E2=Ne'h'E::·:: p l" , Cl =1) ; 
NewExpr= .. [*,El,E2],Cl=C),!, 
select_the_order(El*E2,X,NewEl*NewE2), 
stand_int(NewE2,X,R),simpl(Cl*NewE1*R,X,Rl), 
L = [ Rl] , 
append(Oldlist,L,Ll), 
diff(NewEl,X,D),simpl(Cl*D*R,X,Expr2), 
test2_int(Expr2,X,U*V,Ll,Newlist). 

/*-------------------------------------------------~--------*/ 



/*** rev(L,M): reverses the order of elements in list L 
into list M ***/ 

·rev([),[]), 
l"e\..' ( [HIT], L):- l"e\..' (T ,Z), append(Z, [ H], L). 

/*** append(X,Y,L): aapends the list X with list Y to 
n et.·J 1 i ·:. t L *-leA:./ 

·3P pend ( [ ] , L, L) . 
append([XIL1],L2,[XIL3]):- append(Ll,L2,L3). 

/*----------------------------------------~-----------------*/ 

/*** eval_list(L,X,R): evaluates the list L to give 
result as R ***/ 

eval_list(List,X,Result):-

hat(List,Hl,Tl), 
check_tail_eval(Tl,X,Hl,Result). 

I*** hat(L,H,T): gives the head of list L as H and 
tai 1 as T :JcJ.~*/ 

hat ( [ H] , H, [ ] ) :- ! • 
hat([HITJ,H,T). 

I*** check_tail_eval(List,X,H,R): checks the. tail list (List) 
whose head value is H and evaluates the list to 
give final result as R ***/ 

check_tail_e0al(T,X,H,Result):-

hat(T,Hl,Tl), 
not const(H,X), 
Hl,==~-~,Tl==[J,Result = .. [-,Hl,H]. 

check_tail_eval(T,X,H,Result):-

const(H,X),hat(T,Hl,Tl), 
( 

(Tl==[],R. = Hl); 
(Hl==~-~,eval_list(Tl,X,R)); 

(Hl,==~-~,eval_list(T,X,R)) 

) ' 
simp((l+H)A(-l),Const), 
Result = Const*R. 

check_tail_eval(T,X,H,Result):-



hat ( T, Hl , Tl) , 
Hl,== '-',Tl,==[),simp(Hl,SimpHl), 
R = .. [-,SimpHl,H], 
check_tail_eval(Tl,X,R,Result). 

check_tail_eval(T,X,H,Result):-

hat(T,Hl,Tl), 
Hl == ···-' , R = .. [-, H] , 
check_tai l_e•.)al (Tl ,X, R, Result). 

/*----------------------------------------------------------*/ 
/*** test_argl_arg2(Exp,X,R): tests 1st argument with the 

2nd argument of Exp to give result as R ***/ 
test_argl_arg2(V,X,Result):-

1..) = •. [Op,\.)1,!..)2], 
( 

(Op== ... +'' 
( 

) 

) ; 

(diff(Vl,X,Rl),compare(=,Rl,V2), 
Result = \)1); 

(diff(V2,X,R2) ,compare(=,R2,V1), 
Result = V2); 

(testl_int(Vl,X,R3),compare(=,R3,V2), 
Res.I.J 1 t = 1·)2) ; 

(testl_int(V2,X,R4),compare(=,R4,V1), 
F!.esu 1 t = 1·)1) 

( Op==·' _,.' 
( 

) 
) 
) . 

(diff(Vl,X,Rl) ,compare(=,R1,-V2), 
Resu 1 t = l)l) ; 

(diff(-V2,X,R2),compare(=,R2,Vl), 
Result= -V2); 

(testl_int(Vl,X,R3),compare(=,R3,-V2), 
Result = -'· . ...'2); 

(testl_int(-V2,X,R4),compare(=,-R4,Vl), 
Result = 1..)1) 

test_argl_arg2(V,X,R):- ! ,fail. 

,/*-----------------------------------------:---.;..--,------------*/ 
differentiate :-readfile(file), 

t-epeat, 



di ffel· ~nl ,nl, 
print(~Do you want to differentiate another expression? ~), 

,.·ead(Ans), 
nl, 
((Ans,==yes,true);fail). 

differ :- nl, 
print(~Give the expression to be differentiated :~), 

l·ead( E), 
R. = .. [ d iff , E, ::< , R.e-:.u 1 t] ~ c::all ( R.) , n 1 , n 1 , 
print(~The differential of~),tab(3), 
print(~"~),print(E),print('"'), 

t.:.b(2),pl"int(''is = '),tab(2), 
pl·int(R.e·:.ult) ~!. 

/*----------------------------------------------------------*/ 

diff(E,X,R.esult) :- simp(E,SimpE),d(SimpE,X,R.),simp(R.,R.esult). 

/*** d(Exp,x,R): gives differential of expression(E::<p) 
w.r.to X as R ***/ 

d(><,><,1). 
d(e··'·X,X,e .... ·>o :-!. 
d(e,h,U,><,R) :- d(e·"U,U,R.1) ,d(U,X,U1) ,R = U1:kfU,!. 
d(sin()O ,X,c::os(X)) :-!. 
d(c::o-:.(X) ,><,--:.in(X)) :-!. 
d( tan()<) ,X,sec::()<) .... ·2) :- ! • 
d( c::o t (){),X, -c::osec::CO ''·2):- ! . 
d(c:o-:.ec()() ,><,-c:c,sec()()*cot()()) :- ! . 
d(sec::(X),X,sec::(X)*tan(X)):- ! • 
d(ln(X) ,x,:::<·'··(-1)) :-!. 
d(ln(U) ,X,R.):- d(ln(U),U,R.l),d(U,X,U1),R. = U1*Rl. 
d(K,X,O):- c::onst(K,X). 
d(-T,><,-R):- d(T,X,R),!. 
d(T,X,Ul*R.1):- T= .. [F,U],U,==X,d(U,X,Ul),d(T,U,R.l),!. 
d(U+V,X,U1+V1):- d(U,X,Ul),d(V,X,V1),!. 
d ( u -t.) ' >< ' u 1 -I..) 1 ) : - d ( u ' X ' u 1 ) ' d ( I • .) ' ){ ' 

1
) 1 ) , ! . 

d(K*U,X,K*Ul):- c::onst(K,X),d(U,X,U1),!. 
d(U*V,X,Ul*V+V1*U):- d(U,X,U1),d(V,X,Vl),!. 
d(XAN,X,N*XAM):- c::onst(N,X), 

(number(N),N,==O,M is N-1,!; M=N-1). 
d(U,h,N,X,DU*R) :- number(N) ,d(UAN,U,R) ,d(U,X,DU). 
d(UAV,X,U1*VAUA(V-1)+ln(U)*U,h,V*V1):- not (c::onst(V,X)), 

d(U,X,U1),d(V,X,V1),!. 
d c u ....... t) , :< , R. ) : - d c U*'· .. r·· ( -1 ) , x , R. ) , ! . 

/*----------------------------------------------------------*/ 

/*** c::onst(Exp,X): determines if expression(E::<p) is a 
constant w.r.to X or not */ 



cons.t (Y ,><):- atomi cOO, atomi c(Y), O<"'·· .. ==Y,!;! , f ai 1). 
con:.tO<,><) :-!,fail. 
con:.t(E,>O :- E= .. [_,Z],! ,con:.t(Z,>:). 
cons t ( E, >O :- ar 9 ( 1 , E, Left) , ! , cons t (Left , X) , ar 9 ( 2, E, fU ·3h t) , ! , 

con-:.t(R.i9ht ,X). 
o::onst(_,_). 

/*----------------------------------------------------------*/ 

/*** readfile(X): reads the file X***/ 

t-eadfileOO :-seein9(0ld) ,:.eeOO ,t-eadline(O) ,see(Old),!. 

readline(Cr):-read_in(S,C),Cl is Cr+l, 
(((C==26;C==4),seen,!); 
(C1==23,nl,write('You want more?'),tab(2), 

seein9(0ld) ,see(user) ,read(Ans),s.ee(Old), 
( (An:.==~,Jes, (.( nonvar ( S) ,r .. -.. rr i te( !:::) ) ; true), 

t-e.3dline(O)); 

) ; 

(seen, ! ) 
) 

( • . .J ar ( !:::) , n 1 , l- eadl in e ( Cl) ) ; 
(r,,rri te(S) ,nl ,readline(Cl)) 

) . 
read_in(W,C2):- 9et0(C),readword(C,W,C2). 

l-eac:h..-.Jc•rd(C,l·'i,C2) :- im.-.Jord(C,Ner ... ,l[:),! ,·3etO(Cl), 
restword(Cl,Cs,C2) ,name(W,[NewCICs]). 

readv.JQrd( C ,l·-i, C). 

1"-e·:.tt.-,rcq-d( C, [t"-..lei .... JC I Cs], C2):- i m.-.Jot-d( C ,Net.-.JC),! , 9etO ( Cl), 
restword(Cl,Cs,C2). 

restword(C,[],C). 

inword(C,C):- C>3l,C<127. 
inword(C,C):-C==9. 
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:A::I.:·k:A::A::J.r.:J.r.:A::A::A::A:**:A:·Jd:·k:A::J.::J.::A::J.::A::k:A::A::J.:*:A::J.:*:J.::k:A::A::J.::A::A::J.:*:k:A::A:·k**:A::k::A:*:A::A::J.::k:A::A:*:A:*:k::A::I.:·k:k***:J.::A::A: 

:A: * 
// ADVICE TO THE USER // 

Always give the input expression in the cannonical form, 

that is, 

[number]operator(constant]operator[f(x)]. 

examples: 3*a*sin(x), 
4+ln(3)tcos(x). 

Any input must be terminated by a '.'(dot). 

Exponential operator is •• ·.h."'' 

Give the expression to be integrated : xA5. 

In tegl·.:al of ux..-..5 .. is = 6"-l*x·''6 

Do you want to integrate another expression? yes. 

Give the expression to be integrated: sin(x)+cos(4*xt3). 

"sin(x)+cos(4*x+3)" i =· = 

Do you want to integrate another expression? yes. 

Give the expression to be integrated : a"x*cos(3*x+4). 

:J.: 
:k; 

:A: 
:k 

:J.: 

* :A: 

* 
* 
* 
* ·k 

* :k 
:A: 

Integral of "a"x*cos(3*x+4)" is = (l+ln(a)A2*9A-2)A-1*(3A-1*(aAx 
*sin(3*x+4))tln(a)*9"-2*(aAx*cos(3*x+4))) 

Do you want to integrate another expression? yes. 

Give the expression to be integrated : ln(x). 

uln(;.~)u i ·:. = 

Do you want to integrate another expression? yes. 

Give the expression to be integrated : ln(x)/x. 

is = 2A-l*ln(x)·''2 



Do you want to integrate another expression? yes. 

Give the expression to be integrated : eAx*(tan(x)-ln(cos(x))). 

Integral of "eAx*(tan(x)-ln(cos(x)))" is = 

Do you want to integrate another expression? yes. 

Give the expression to be integrated : eAx*((l+sin(x))/(l+cos(x))). 

Integral of "eAx*((l+sin(x))/(l+cos(x)))" is = 
Do you want to integrate another expression? yes. 

Give the expression to be integrated : eAx*((x-l)/(x+l)A3). 

Integral of is = 

Do you want to integrate another expression? yes. 

Give the expression to be integrated : xA4*ln(x)A4. 

Integral of 

Give the expression to be integrated : cos(5*x+4)*xA6. 

Integral of "cos(5*x+4)*xA6" is = 5A-l*(xA6*sin(5*x+4))+6*25A-2* 
(xA5*cos(5*x+4))-30*125A-3*(xA4*sin(5*x+4))-120*625A-4*(xA3*cos(5*x+4) 
)+360*3125A-5*(xA2*sin(5*x+4))+720*15625A-6*Cx*cos(5*x+4))-720*78125A-
7*sin(5*x+4) 

Do you want to integr~te another @xpression? yes. 

Give the expression to be integrated : sin(a*x+b)*xA5. 

Integral of "sin(a*x+b)*xA5" is= -aA-1*(xA5*cos(a*x+b))+5*aA-2* 
(xA4*sin(a*x+b))+20*aA-3*(xA3*cos(a*x+b))-60*aA-4*(xA2*sin(a*x+b))-120 
*aA-5*(x*cos(a*x+b))+120*aA-6*sin(a*x+b) 

Do you want to integrate another expression? no. 
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?- differentiate. 

-}.;:J.:·k*-k*-k**·k·k** .. k**-J.:-J.:-J.::J.:*·k:k****-}.:·k·k*:k:I.:**-}.:**-J.::I.:*-J.::I.:-J.:-J.:·k-J.:*-J.:-J.:*-J.::J.::I.::I.::I.::I.:**-}.:****-}.:·k:A:-J.:-).;:J.: 

* t•k 

* 
* -}.; 

-}.; 

* * 
* -}.: 

:A: 
:J.: 

* 
* 
* -}.; 

// ADVICE TO THE USER // 

Always give the input expression in the cannonical form~ 

that is, 

[number]operator[constant]operator[f(x)]. 

examples: 3*a*sin(x), 
4+ln ( 3)+cos( x) •. · 

Any input must be terminated by a '.'(dot). 

Exponential operator is ·"' •• • •• .t" 

Give the expression to be differentiated :cos(3*x). 

The differential of 11 c:os( 3*:=<) 11 
i -=· = -3*si n ( 3*>~) 

Do you want to differentiate another expression? yes. 

Give the expression to be differentiated :xA7. 

The differential of 11>::."'711 is = 

Do you want to differentiate another expression? yes. 
' . 

Give the expression ·to be differentiated :aAx. 

The differential of II a'.,·::{ II i -=· = 

Do you want to differentiate another expression? yes. 

Give the expression. to be differentiated :xAx. 

The differential of II >::"'.,·x II i -=· = 

Do you want to differentiate another expression? no. 
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