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= Polynomial degree

> Calculate p at an x-value (a point)

p(x) = ana™+ - - + a1z + ag

> Seems to involve

% Computing n terms of form q; ¢!
% Exponentiation of some constant

Definition naturally

ses minpiaion > oW well can we exponentiate?

as a basic operation.
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Brute Force Approach

2t — 3+ 322+ -5

Multiplications, M(n) =?

fow many munpiaions % HOW many per term? x/, a,xx!

are needed for the example?

> How many terms? Note decreasing exponent

Quiz

Is this approach favorable for % Res u Iti n g Effi Ci e n Cy

a multipoint (¢;, ¢,, ... ¢p)
evaluation scenario?

© 2022 Dr. Muhammad Al-Hashimi KAU e CPCS-223 2



Polynomial Evaluation
Representation Change

o> Horner’s rule

Composite Default screen

n
Exercise

Transform p(x) to the alter- p([L’) = 2334 — ZCB —+ 3332 + x — 5

nate algebraic form.

%ch column (nested factor) = T (ZC (ZC (2 xr — ].) —+ 3) —+ ].) — 5

may correspond to an itera-
tion in a for-loop. 4

3
r2x| 2

- Ox 1.4
— -1
Once n-1 power of x is ° +1
obtained, (fo we really E:> Observatlon =5

need to recompute it to
get the next power?

) M(n) =72 By inspection? In general (guess)

Helps to view an initial

e Pen-paper example x=3) ~ oo

the procedure rather
v than getting a final

.’E(J?(I( 2Qx — 1) result.
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Polynomial Evaluation
) 4
Horner’s Rule

Composite Default screen

Quiz i
What's the efficiency if AlgOI‘lthm HOT"ner L. . .
addition was chosen as Input P[Of’l] coefﬁc1ents 610 e ldy Of polynomlal p, pOll’lt X

basic operation?

Output Polynomial value p(x)
1: p« P[n]
2: for i < n—1 downto 0 do
33 p«xxp+P[i]
4: return p

o~ Efficiency
o> Applications
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Representation Change
Binary Exponentiation

> Successive squaring

Composite Default screen

Exercise : ° d 1

Use the diagram to gener- Key l ea 0
ate a2 (binary 10110)
where k is #steps. Compare

to the diagram depicting

%(())lr};;(;gli?lllee‘valuationvia % SUCCGSSiVG Squaring a\y J ()2 02
% Simple examples

The calculation sequence

suggested by Horner’s E:> Pen-paper procedure

rule + an older idea of
exponentiation via
successive squaring lead

. J [ ]
toaorinms watwiie £, A | g@rithims (next)

tion of the exponent.
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Binary Exponentiation

Color profile: Disabled

@
Exercise Algorithm LeftRightBinaryExponentiation

Compare to a decrease-by-

constant factor based on the I nput Numbel‘ a

formula (¢"?)’. Hint: write

the recurrence. Input Binary representation b;--- b by of integer exponent n > 0
Output a" [~k
I: pea
Essentially, iterate on an 2: fori<—1—1downto 0 do
exponent’s logarithm (rather
than the exponent itself). 3 p<pXp
4:  if b; =1 then
1 Jﬂﬂ 5 p<pxa
Exercise 6: return p

Modify the pseudocode to

initialize p with 1. Will perfor- EffiCienCY?

mance change?
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Conclusions

1O4
. !! ® ® ®
B e tora Exponentiation strategies

divide-conquer exponent-
iation. Is it a good idea?
Hint: use WolframAlpha

vaderier 5 Polynomial evaluation

o % Via exponentiation

A representation change
proves to be a better strategy
than trying to improve

exponentiation performance. % U Si n g H O rn e r Ru I e

@ [ ] [ ) [
f:;;s;‘ﬁ”mompma_ti> Multipoint scenario

tion (problem, algorithms,
compare efficiencies).
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(O

Exercise
Write a summation or a
recurrence for definition-
based bottom-up and
top-down decrease-by-1
algorithms to calculate

n

© 2022 Dr. Muhammad Al-Hashimi

Connections

Styles of Iteration

o> Bottom-up: iterative typically
Build from basic case & work way up

> Top-down: recursive typically
Work way down to basic case

o Example: exponentiation
Binary vs. decrease-by-const-factor
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