
 

LECTURE23
Determing precise formula fees running time Fcn
is difficult

Simplify by using a big 0 expression
0 gcn is an upper bound on Fcn

PROPERTIES of big 0

Simplicity
f on 0cgCND
gcn is a big 0 bound on fch

g n is simple if

It is a single term AND
yo

Coefficient is 1

ex sum 0
feesCiao i n itt

for Cj O jen jtt
sunt arr i Cj

is fun a Gnat C n t C where
C Cz t Cz C 2 Cz and c C Cz

het gcn c n't C nt C

g n Ina

g3 n n 2

Then fCh a 0cg CND for each i l 2,3



f 0cg C I 13

Note g ga are not simple

g3 is simple

fe the running time is 0 CgsCND
which is 0 Cha

Tightnesswe want the tightest big 0
bound we can prove If Fcn O CnD
then we cannot find a func
thCn that grows at least as

fast as fcn but grows slowes
than gcn
gcn is tight bound on fcn if
fcn 0cgCND ANDIf f Cn O hen then it is

also true that gcn OChCnD

ex 2 Running time fees alg in exCD
Fcn NZ C n t C
we had gz n z n 2

Let goCh n3



g
CLAIM I g zCn is light bounded on far
CLAIM 2 gaCn is NOT a light bound

Proofof claim I

f Cn O Cn

suppose Fcn 0 hcn
Then there are c and no such that

Fcn Chat C n t C e ch Cn
for all n Z no

Then hcn Z n r
for all n Z no

But gzCn h2 then gscn E h o

for all n Z no

Thus gaCn O ChcnD

Proofof claim 2

Pick tech m2
we have fcn is 0 hcn
but n 3 is not O hCnD

FACT Show f Cn f g n to prove
gon is a tight bound on fan



g is a Iger f
Ex in previous example we showed

fCh s htt 7h7 10h5 2h41 3h2 17
is Cns

This means n8 is a tight bound
on f n

UnalyzingRunningTimeof a Program
Big 0 Informal Name
OLD constant
0 login logarithmic
Ocn linear

Oculogn n tog n
0cm Quadratic
OCn3 cubic
Ocnk polynomial
2K Exponential

Uflgognithms
with running times

n have lineas complexity
DCn2 have quadratic
D NK have polynomial complexity



Efficient usually means polynomial
complexity

Simplestatements OCD
If statement

For Statement
while Statement is

Do white statement


