
Lecture 2 :
-

from last time
, running time of insertion

sort is zni+zZfshy÷
where tj = A- times we execute the loop

while i> o and Ali] > A Cj ]
F- A-

starting with i -- I- l . when i. j- a

• Bestcasen.gg exit loop because ATiEATj⇒ tj =L

• Worstcasepgg : exit loop because i - o ⇒ tj = j
• Argca tj K Iz



Best case : 2n - I + 3¥31 = 2n - I +34 - 1) = 5h - 4 ⑦(n)
worst case : 2n - I + 3¥21 = 2n - it 3(yj - I)

= 2n - I + 3¥45 - 3
= 2n - 4+3 nCn

2

Note : I = 1+2+3-1 - - - - t n = n (n -111/2

2n - 4 t 3nCnz = ⑦ (n)



Merge Sort based on divide and conquer .

sort sub problems , and combine them in some way .

A [ p . . - r ] defines a subproblem

TEH
T T
P r

p & r change over time

of course we start with f- I , r=n



Divide : split array Afp . . - r] into two sub arrays Merge Sort (A , p, r)
Afp . . - g] A [get - - - r] ,

choose 9 if p Lr
to be half-way between P and r

then g. c- (PII)
couguerstepi Recursively sort ACP-93 & AGH - - -B

Merge Sort (A , Pig)combination : Merge the two sorted arrays

Acp . - -D and AGH . . - Dito Merge Sort CA , get, r)
one sorted array . Merge (A , pig , r)
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#¥7¥ Merge is NE in place

÷¥¥iT Merging takes linear

15-1 time , that's the{ Tif 1M¥ benefit we are
1- getting .{ Titty k¥1
TIX{ tease THE

etc . . .



Recurrence Let T Cn) be time needed

to sort an array of size n .
← size of subproblem

Tcn) =f¥T(42 ) t Cn n > I

←
# of subproblem

C in the divide step n - I

I am using the same constant c

for simplicity .



Tcn) → on
→ en

' ' Ii
Tnk) Tnk) ang CK

t¥¥t¥¥,
nai → €÷÷¥f÷
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# total time = cnxC# levels)
cnx ( height tree -11)

= an ( Logan +1) = cnlogen t Cn



on logan + on =
② (n log

.

= 0 (n ly n)

But base does not
matter as we
will see later



Strassen's Alg .

-

II :) -

- fi: ) xl : teh
r= a e + bg
u = of + d h

straight forward algorithm : for each entry multiply a
row by a cot .

nxn matrix ⇒ n
'
entries to compute .

Add

each retains a row of site n to

be malt . by a al of size n
row fool combination ⇒ n multiplication , n- i addition

⇒ ⑦ Cn) operations /entry

this alg . require n'① Cn) x O (n
'
) time



Divide & Conquer for nxn matrix

a
←I -7,

if "
= ft ¥ . ff G H

R = A E t B G

817%) t on ' n > I

TH - { c n -- I


