
LECTURE 3

Outline : 1) SOLVING RECURRENCES

2) MATRIX MULTIPLICATION

3) MEDIAN



SOLVING RECURRENCES
-

Example 1 : TCn3 = /(n-1) + In

Curroll the recursion)

TC3 = TCn - 1) + M

= T(n- 2) +m +π

= +(1) + E +5 + ... +

* Each term <M = T/n) <. n .m = n
+5

# Look at last / terms

T(n) <
,+ -

+ M



E terms each at least A

=
So n5

,Tin], n
*

/E

T(] = 2 T(%) + n

= 2(27(%) + M/z] + n

= 227(4/2) + 2 +



= 22(27(4/3) + (2) + 2 + n

= 237(V(x) + 2n + 2n +

= 2
=

T(%) +(() . n + .. . +(2) + n]
k = logn -

⑦ (last term) = O(n)

= 2109, + 0(n)

= n1093 + 0() = 0(n)



MASTER THEOREM :

Suppose function ToN-R
+

satisfies
T(n] = a T(b) + O(n) then

where b71 a
,
so

are constants

CASE 1 : C < log ,a T(n) = 0 (no9a)
-

CASE 2 : c = log ,a T(n] = 0(n'logn)
-

(3 = clog
,
a T(n) = O (n)



MATRIX MULPLICATION

Input : X, Y non matrices

GOAL : Compute Z = X .Y

I



2 . = Inner product of ith row ofXij
& jth column of Y

dire Algo :

Compute all Zijs using O(n) time

separately

Runtime = ut · O(n) = =(a)

Can we beat Elr) ??



DVDEAND CONQUER

AE + BG AF A BH
I[ [ &/11 1CEADG CFADH

Y Y z = X . 4

nxn matriu mult

=> 8 M** matric mult

# (n2) additions



T(n) = 87(-) + =(2)

=> T(n] = 0(r) .





MEDIAN
INPUT : A list ofn numbers [NOT SORTED
OUTPUT : Find the [17 smallest number

Example : [5
,

7
,
8
,
11
,
10
,
9
,
3
,
2
, 12]

AIVE Al2s Sort the list & output the

O(nlogn) (1) entry in sorted list

Now ; Randomised Algorithm running in O(n)
time



SELECT
INPUT : n)An UORTED list of numbers

Ga
... and

2) Integer K in [1 -. n]
Output : Kth smallest number among da ... an)

REMARK : MEDIAN (a ,
. - an) =SELEC (da .. an3 ,FT)



Select (da ,.. and , k)
* Pivot v = random element from Ga , .. and
SPLIT SGaila ; < Y]

↑

I IDEA : IMAGINE THE SORTED

S= (ai (ai = 13 LIST

S
> +Gailai>v] /S= ) Sa

* SES :

·KIS: return SELECt(Sy
, k) /S= 1 S

- k-

/S= ) Sa
· ISIKIS I+ S= Di

= k-
return

· IS
,
I + IS=1k /S= ) Sa

return SELECT (Sy
,
Kols; St)~ k->



RUNTIME ANASIS
-

Randomised Algorithm : runtime depends on

pivot choices

FOR EXAMPLE :

->If Pivotv = kth smallest element

=> SELECT turn in CASEZ
,
return On

-> Imagine K = N/2 And each pivot is
largest or smallest element



-n
1

I- Isl = n -1

- n -2
--

&noll iterations

n-3

I1 :

&

↑

I !

En
" ) time

↑

-> Happen with very low probability



&bs : 1) List size decreases to 34/4
whenever pivot is GOOD.

2) # of good pivots = "/2


