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* Integers

» Reals

» Polynomials

« Rational functions
» Power series

/5

» General expressions

REPRESENTATION OF
INTE GER, g

. n-y .
* Fixedd radix : a = > ‘l,‘,xt, An_, # 0
L=0

ImP/emon" as (rcrer.reo() [isé&
(a0, ..., anst)

Adclition, - pairwise additiomn of
df;jl"f'.f (wf-f'A c«ar‘r-j>

OMoo(u/Qf‘ . a <=> (Vo,..., Vn-:)

ot (Po, - ) pn-i)

whe re /b:. are refativel/

/

f’r't'me.
' ‘ . n-~t
a s vnigue f O K ax< T p;
tmo
"~/
e P-_ adic . a = E ¢
. — ‘A.;_ y
L'=o P 2 k f’-’"‘)e..
6



UNIVARIATE POLYNOMIALS

4 6

4
X +x -23x —.3x3+3xz+2x—5

®

4

3xé + 5x -4x2—9’x+2/

=>
e dense r‘e,bre,sen'/'q'/‘rbru
-5,2,9, -3, -3, 0

> 1,0,

ZI)"‘?)—‘?-, O’ SJ 0)3

6 ,-7,4 -3,2, 0,4 o,

® qurse_ r*eﬁ:r-esen'f'a‘r"l'oru
C1,2),Cr,6),(-3,4), (3,3,
(¥,2> ,(2,1), (-5, 0)

MULTIVAR/IATE"
POLYNOM/IALS

o Tr‘ees 1\
N
(A-f-B)z => +/ Z
-\
A B

o Distribuvtive re/:r*esen'f'a'/'fom

e

Y Y.

WXy, Xn) = 2w X, el
Y=o

e Recursive repre senTatiory

e
_ Y
wlx,,...,xn) = Zu,(xz,...,xw) X,

Yao

78
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OO ) (1Y) XIS L+
(X )49 M X
= (X(X) 595N xX) 131 19 N B 104
(X ) ek (X) e 0 X-
= (X*(X-) %42 X)131
(XD 5 %9 =(X(X-)£49)181 107

(THD/(1H D) s5X =
(XN X181 19 Y [[® 104

U TxaX = (X8 X = (X [)[31197]
181 1RaUIT

‘181 103e12dQ

(X- 19| %)
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ALGORITHMIC
INTEGRATION

-Ratwonal case

a. (x)
SFeodx = 960 + & [ g,

where b, have roots of
Mu/'/'l;b/f.c‘,l'l‘j 1

re.,

f]c(x) dx = 2(K) "—g Ce. /Oj (r",,'(x)))
Whe re G (x), ry(x) are rational

anel ¢, are c.onS"f‘qn'/js_

(Liouvville )

RATIONAL FUNCTION
INTEGRATION

N Q) /Swx) = P(x) -i-R(x)/S(x)J
ceg (/2)<ac¢j(s)

2) S(x) = S S 6. SE
geet (S, 85 =1,
L),
3) d A, B suveh that
A S:: + B S, Szz....S:_-: =/

4) ;Df.w'dm'j Ay S and mu/%i,s/jinj

by "R
AR BR e
+ -
SiSE.. sk se¢ | <
=> ._R'_.. = A, GO + A:a.(x).’””*_ Aﬂ.(x)
S S, ,S;' Ef—_'

< ¢



Kecdvctiom of j-g-:_—'—

;cad (S‘;)S;,/) = |
=> ? ,B)C svchks, tAat
Bs. + Cs, = 1,

So SAL 4 CALSS | 4
St Se st
A
S. 5 ax = f;—)i- ol x +fE§"C6<
v v S"_
. - _E + (D +eS10)
Ce-1) S:" SL".‘"

A
j' R (x) ol = T - Z V) o
S (X) U(X ) J'z; WJ (x)

n

§6) + 2o log (- ),

2.5

~ General Case (/?r‘sc,/\.) /‘76?)
Extension, of [/;auvi//e. result+
Uses a/jééfa:'c lf‘ralelbena/ence.

Given f(x) € R(x) /oj(x)j e)‘)_..)/
what can fac(x)o(x be 7

A nswer !

Cf It exists 44 closed
‘}(‘er—ms ) musf' ée O:F gofm :

jjc(x) odx = g (x) + EC.; /oj (r‘b'(x))j

vhere 9x)rrix) e R

andl ¢; are ConS‘/'qn'/'_S'.



RIs CH -NORMAN ALGORITHM
(1ta976)

1) Start with /'nfejr‘anaﬁ as a
rational form 11 a seb of

)no(eﬁeno/en& obJec*‘S x,e”, /Oj (x),

aned so on .

eq. consiole r f/o(j (x) a(x'—-fy dyx

W he re g = /oj (x) ,
2) Substitite a ,6ure./7 for‘ma./

Sum for- J'n/'ejf“a-/ .
le I f /'rn’-ej ra{ exists , 1t s

Offor'rfl
u(x)y) = Zu:;/'x"-(y'j.

3) Di/fferentiate /'n'/*e;r-a/ anol
eq vate resul+ 4o )‘n/-ejr‘qnd,

/0(7 (x) = u’(x)j)

Cet J=1

= Z“’Lj (ixc-’yj-rj Xy

2 7

4+) Man;/éu/a'/e_ sum to obta,n
recvrrence r‘e/a.'Ar'DN for‘

Coefficients
log Gy = T x"y? § (1) wipy
+ (J*") ab.f-l).jf-lj
5) Use recurrence rc—/o.'/-:bn, '/o

toke out +e rm of A,'JAes(_-
dejr-e.e,

t=oy,y=t ¢ [ = “, +%

¢) Use s> 4o so fve resiolva /
Cyn..‘
=>
f/o‘j('x) Ax = x /c‘-:j('x) —fc(x
= x log (x) = x ,

2f



Now cewansicler f)(zexza(x.
rn/‘ejra/, 'f JF exists , 75 of form

“liog) = Z wyx‘y’,
there ‘7.-.- e

2 x2

x“e = u..'(x,]) = Zub'(éxi—’yj-a-‘?jx"“,j)

= Exi‘\!j{(d+f) Linr, )
+2J~ u.;_,)j ].

L-"Z ; . =
Ly 3><+zu,” = w,, =4

2 x? / x2 2
er d)( = zXe _:zifex of x ¢

"ﬂCOﬂ.fl's'l'g ncy

i

L:OJJ:I.‘ -

2

dx

X + a2

/\/x+\/
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THE FUTURE

» Wide Availability

* Extensive facilities

* Integrated Environments

* Effective hybrid calculations

3%

e “‘Electronic Bateman’’

ALGEBRAIC AND SYMBOLIC METHODS
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