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Divide & Conquer
REDUCTON/ RECURSION

smallerWhat is recursion it not solving,pieces of a problem
reducing until the whole thing is solved?input size . o "

byd

- Contains (A[0, ...,n]) IlDoes A contain x ?

Let Tn) be runtime
-> If the array is empty, of thefunction...

return Jalse TCO) 2 θCD

else; TCn)(OCD + T(n- 1)

i)(A[E] = X) : 上 OCDtoCDHTCn -2)COCDT
retun true

else: ↓ TCn. 3)
. oon

return contains ([A[1in]
,
x(

Howdo we formally show such an algorithm is correct?
- we can't use an E4
-

can we use induction? YES
,

let's see

Proof by Induction
o Base Case (n =D)
It works for an empty list.

o Inductive Step - show it works for

p . S. If it worked on smaller things,
it will werk on the rest



Revisiting the Multiplication Problem

eng I 2 3 4 3 6 98

× δ T 6 5 4 3 지

\ 2 3 4 5 6 7 8

…

…

一
… …

Quadratic↳
×
こごこごにここ ↳ E(n2)

디

2n b/c o Barows
the last now+~mCupperbound)
Ishifted by
n- 1 zeros the

right) [revisions in pink for the better algorithm)
1Break it down instead of doing one big calculation

New BOX ALGORITHM
Approach

をx. 2 2 ン (I ×10 + 2) 3x102+(x2x10)*,x10 +8
→ 3 x 102+[3x2x1+() + 8

x 3 4 = ③× 10 + 4 ) 3 x182 + 10x10 + 8

_L ntotaldigits R nk1O

2 4 6 8
_ ㅣ _ = ax 104 +b

…-
,tcaatsogo

''thd
=

↳ to substitute this in
evenbetter cil)

_

“ subtract acbbd from (i)
(a+b) (c+d) = ac+ ad + bc)+bd

does it help?

[runtests]

Problem : The algorithm takes about12 time as well , n44 in I places



Alg-1 Tomultiply two n-digits As x by What's the runtime ?

id n = =48 TC1) : θCD

just do it 7(n) = 0 (D + 4T (Mz)+ OCn)

Otherwise = 4 TC2) < OCG)

split into halves
,

recurse
= HCHT (Y)+F@h) + OGn]

and put them back together = 4(4 (4T(y)+t[D+ 0(r(2) +

like this ->ax(X 10"+ (batad)o*
+ bd θca)

* Induction (Before)
For a particular n,

it worksLor n t .

* Induction (Now)

If it works for all sizes
up to a particular

,
it works for not

Let's findabetterway offinding the runtime

⑧ → a)θ ! θ(n)

linear 112
on the O ㆁ ㆁ -> 4 - (r(z))!2 (E(n)
size If
the

input
/11)(I/11 + 160CH) 402)

해000000000000 00 00 thecoadticient↓ is getting multiplied
the input is

-> work doubled
by 4 each time

being halved. every time

→ 64 (g)=8 θ (G)

s logon) - inverse operator of exponents
-> Height of the tree-Loge(N)

-> sum up all the work in the tree

Total Work
OCd+· 20(n) + 4G (n) + ... 2200-8(n]

= o 2y θ(n)

=  (n) =



(a10" + b) (6
.

102 + d)
a C102 + (bc + ad) 10

v
+ b

(a + b) (c+d) = ac + bd + (bc + ad)

o Kara... Algorihm

ignaa 上 TCD =θCD
·

just do it.

TCn) = 3 TCKI + θCa ]otherwise:

corputeuato

recurse on a bour 337(4)recursive
calls

compute ⑦ [nbctad = uu-Cactbel)

θn;put it in all together

→ θCn)

"· still logan height
ㅇ

→3θ (n/2)still the work per
call is linearin input
Size /6666%db +90cr))ㆁ
Total Work- > (')

θ cn)
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& Log Properties
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