The stakes are very high when two algorithms solve the same
problem but scale so differently with the size of the problem

(we'll call that n). We want to express this scaling in a way
that:

» 1s simple

» ignores the differences between different hardware, other
processes on computer

» 1gnores special behaviour for small n
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Disclaimer
For those of you taking CSC165...

ON Worst—cose
best bound 51-cos
—

» We (computer scientists) commonly refer to O, but often
mean ©.

» What we’re concerned about is the tightest upper bound.

» So, while technically a function that has worst case
running time proportional to n Ilg n is in O(n?), we

wouldn’t say that.
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big-© definition

Suppose the number of “steps” (operations that don’t depend
on n, the input size) can be expressed as t(n). We say that
t € O(g) if:

there are positive constants ¢ and B so that for
every natural number n no smaller than B,

t(n) < cg(n) - -
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if £ € O(n), then it’s also the case that ¢ € O(n?), and all
larger bounds

We want to talk about the tightest bound, ie. the smallest upper

bound e
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sequences

- £ 97
def silly(n): —
W} o) el
’ pr;nt("n is: {}.".format(n))
if n > 97: O ((> (DI\S"'G./T"
print (’big!’)
else: AZ)
int (’net—so—bigt> )
'Ejf N k‘an% (n): ﬁ’h“ D(O
L pnn*(l

How does the running time of silly depend on n?
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loops

How does the running time of this code fragment depend on n?

sum = O
for i in range(n): Cﬂ)

sum += i -I')fY\Q P"’D(DD rﬁhbﬂbé \l@ N

How does the running time of this code fragment depend on n?

n, 1
for i in range(n//Q):/7 z _—_’ X ﬂ

for j in range(n**2): ~—3 n c O
sum += i * j <« : M

sum = O
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more loops

How does the running of this code fragment depend on n?

i, j, sum = 0, 0, O

while i%*2 < n: —s (N T xVn x 0(1)

while j**2 < n: —a\n
j +=1
i +=1

How does the running time of this code fragment depend %

i, sum = 0, &, O _
Wh11e1<n*n-—)#ﬁ’f+'lm£5 &dd |+D ‘b
sum += i et o n*.

i+=1 O(n2—>
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conditions

How does the running time of this code fragment depend on n?

éum =°O zk( WfﬁfifZEEfi
if n?% 2 == 0: /;9n <g}; )

for i in range(n*n):
sum += 1

sum += i ( O (h

else:




halving

How does the running time of twoness depend on n?

def twoness(n): r .
count = 0 Q N :> b"{ 1S //
while n > 1: j NQ Con O\;&/;o(ﬂ,

n=mn)//2

count = count + 1 2
return count f\ ZI
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working with lg

lg(n): this is the number of times you can divide n in half
before reaching 1.

b

» refresher: a” = ¢ means log, c = b.

» this runtime behaviour often occurs when we “divide and
conquer” a problem (e.g. binary search)

» we usually assume 1g n (log base 2), but the difference is
only a constant:

olog2™ — = 10°810™ — log, n = log, 10 x log;q 7

» so we just say O(lgn).
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miscellaneous
-

o
%
How does the running time of this code fragment depend on n?

for k in range(5000): —) C,Qf\$+ﬁ/l+ [ «r

if L[k] % 2 == 0:

even += 1 H_mﬁDY\(

else:
odd += 1

dbes net depeho}
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Python list operations

How does the running time of this code fragment depend on n
and m?

sum = 0O
for i in range(n):
for j in range(m):
sum += (i + j)
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Python list operations
N=H# of \tems in [ist

>append () (l)

» insert O(n) — )
> shift eu&gffu
“="pop  O(1) /7 over J

» pop(i)/remove O(f\>
[
> Indexing O(_O L[ ]

> slicing for ouslice o/léfZLl< OUL> LD J] 1 _H
s § -

» in, max, min OOD >IDO(QO:('€V€?UH'\"%_
v 0(1) o inb s Sbed/mqtnlﬂlhld



Python dict operations ,
4 ~ nost OF Jhe ’hn'LQ_k

(O-Lren',w}o_ COLS,Q
> get item O [{>

> setitem () (l\ MO%
Whoed— Hus e are
how dd (e do i %

» delete item O C [)

> in O(/)



