
currance:function defined

in forms of itself

T(n): worstcase time
to run MorgoSort (ACI..n])
T(n) =T(("(2)) +T((((27)



+G(n)
=

2T(n))cG(n)
Rocursion Troes

rooted trop

each mode represents a
single recursive call

rootis for MorgoSort (A(1.n])
i.T(n)



Children of a nod &

representrestrecursive
calls. Base cases are

loaves,
&x depth
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① (8xnonth/
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love' isnodes atdepth i
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Nodo's aho is its

contribution to T(n) outside
vocursive calls.

=>T(n) =sum of mode
values

T(n) =2T(n(z) +0(n)
bydefinition of big-Oh, value
atrootis on as long
asa is "big".

startbyfinding a big.Oh
found
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e
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⑭0000000
To find sum of values,
sum up the lovels
SUMS.

T(a) Alovols. + baso cases)
CH= OClogn) cn =0 (n log n)



same math:

T(n)=(10g n)

=>
I
=0(n log n)



↑"rank"of the
pivot

T(n):worst case time for

Quick Sort (A(1.n])

T(n) =G(n) + max(T(r - 1) +
T(n -v))

What if riproblem size each

call?

Signore the because we'd

aiming for a big.Oh anyway)



⑪
jh
⑬"D Loval is has

a mode ofvalue

i n - i.

T(n) =En -i
=(n))

Atmosta lovols summing
to in in all cases,

So T(n) =0(n")
T(n) =0 (n2) -cworst-caso!)



A Common Pattorn

An algorithm does some

f(n) work outside calls.
Itdoes a vocursive call

for some constantU.

Subproblems have size %

for some constant c.

T(n) =rT (M/c) +f(n)



①(n) 3 =f(n)

No
0(O OnsIMG
/(1,1)/XX
⑥. v".f(4/()

:

⑪00cj
At lovel in:

Value of a node

f(n)(i)
A nodes vi

sam is wi.f("/(h)



Lidepth oftoo (max depth
over all

L =log, n nodes)

=> # loaves -
"
=log, n

Useful factfrom
calculus;

&otricseries

a
+as +as" +...g;X

- 1

=HsX)
1 - s # 1

If s is a constantt
Z is the largestform,
sonies is in 8(z)



Throw common cases:
L

T(n) =2rif(((i)
if sories is

↑trictdecreasing:
T(n) =0(f(n))
⑭formsequal:
T(n) =2 . f(n) =8 (f(n) log, n)

=

8(f (n) log n)goomatric I increasing-i

T(n) =0(* loaves) =0(w ,n)
=G(n(09,v)



"Mastor Mothod"(CLRS)



Multiplication
Wantto multiply x xy

(pos, ints). Each has In

digits.
Lota, 6,0,0 sit.

x
=10ma +b m

=(m/7

y
=10m, +d

x y
=(10ma +6)(10 Mc +d)
=102mac +10m/6c+ad)

+6d



T(n) =4.T(m/) +G(n)

* On
/N

16x : 4n

lovel is(in



T(n) =G(n "3u4) =0(n))
Karafsaba

6ctad =ac +6d -actbtad
- 6d

=ac +bd - (a -6)(c -d)

+(n) =3.T(n(z) +0(n)



↑ H

3x ⑪00 = .n
//
qx (3/2)".n

lovdi(3/2)i.n
T(n) =0(n (0923) &

botter
on

homework

= 0(n ".505)

Bost:O(n log n)
Harvey Ivan der Horonfound

202)


