











































































































Hectic.ge 9
More examples on running time
Ex Find the running time without

line by line analysis
l X O

61 for iz l to n do
3 fosjal to u do
4 X xtCi_j c

return X costs

insteadofdoing line byline analysis save time

by focusing on statement
4

If n 3 statement 4 runs 9 times
n statement 4 runs re times

E C Chch Cn














































































































EX 2 Find running time
i X 0
z for i al to n do

for ja 1 to i do
4 E Xtc i j Cost
5 return X

tr n 3 statement 4 runs 3 time
n
s nCntD_
Kal D

to

3 i in

best
a nC

2

Running Tine c nCz Ecr

Highfield Nc
2














































































































Ex 3 find running time
c X O
2 Res i f to n do
3 for j i to redo

X Xi Li j
Cs return x

Suppose n 3 determine times 4 executes

i j c ton
I 3
2 23 1
i

i j
I n

n

RunningTime is
yncz














































































































Upper Lower Bounds for running timesSome summations are difficult
Bounds simplify
Requires Upper bound UB lower

bound LB must be the same function
only differing by a constant

Constant for UB constant for 213
Methods

Remove terms of expressions beingsubtracted if helpful
Substitute term upper as 1 owes bound

of summations into expression43 split summations to reduce size

Substitute term into expression














































































































Example 3 Etgain
Cl X O
2 Res i 1 to redo
3 for j i to redo
4 X Xi Li j C

return x

E E C E un D

VII E Ccn D E E Ch Ch n ch

LI ccn DZ Eccn.DZ nzccy
SptYitthesummatiohCof the first sub not

i
ago

z.f.EEEE.ie
Ee j

x












































































E I
quadratic

Running Time C na
where Eye IEC

Example

n
n

iris
whoyzec e c




















https://u.osu.edu/alzalg.1/files/2019/10/hw8-1.pdf
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