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Asymptotic worst-case complexity
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Asymptotic worst-case complexity
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Orders of magnitude

Input size Values of t(n)
log n n nlogn n? n3 2" n!
10 33 10 33 100 1000 100 N
‘kﬁﬁlklh"n
100 6.6 100e—) 66 &—310* 10157
1000 10 1000 10* 106 MW}
10* 13 10* 10° 108
10° 17 10° 10°
109 20  10° 107

107 23
108 27
10° 30

1010 33 10 10!
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Searching a sorted list — binary search

def binarysearch(v,1l):
if 1 == []: [4.‘7—]

return(False)
m = len(1l)//2

if v == 1[m]:
return(True)

if v < 1[m]:
return(binarysearch(v,1l

else:
return(binarysearch(v,1l

@ "= exddude L[w)

1))
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Searching a sorted list — binary search

An sis

def binarysearch(v,1l):
if 1 == []: ll!‘: !
return(False)
m = len(1)//2 n— V\Iz—an/q.—a .- =1

if v == 1[m]:
return(True)

if v < 1[m]:
return(binarysearch(v,1[:m]))

else:
return(binarysearch(v,1[m+1:]))
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Searching a sorted list — binary search
def binarysearch(v,1l): M“" M‘

if 1 == []:

return(False) —r(nﬁ) _ 'hm;, ‘%\' IC\'* A

m = len(1l)//2

if v == 1[n]: Tl = 1 + T(n/z)
return(True) T(o) - TL.) =)

if v < 1[m]:
return(binarysearch(v,1[:m]))

else:
return(binarysearch(v,1[m+1:]))
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Searching a sorted list — binary search

T = \-\-‘T('n'a.)
def binarysearch(v,1l):
if 1==[1: ?

return(False)
+ |+ T(“IQ

m = len(1l)//2

b sk,

if v == 1[m]:
return(True) ﬂ’q S A | +T(ﬂ
if v < 1[m]:
return(binarysearch(v,1[:m]))
else: k-' '45
return(binarysearch(v,1[m+1:]))

l"j ") +1 :"T(")GOLI‘QA
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Searching a sorted list — binary search

Whae (| Lo o (real) lisk, nor
def binarysearch(v,1l):

if 1 == [1: m- leWA‘?
return(False) A’LL‘S“S LL:] b\kb.\ t Shf‘
aal” b (]

T(W) = "2 + T(n2)

m = len(1)//2

if vo== 1m]: e O(GM() g‘f‘

return(True)

if v < 1[m]:
return(binarysearch(v,1[:m]))
else:

return(binarysearch(v,1[m+1:])) T(ﬂ) - "/l + T(‘V\I.'_)

= Mo+ Yyt (M) -
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Searching a sorted list — binary search

def binarysearch(v,1): TL“) - “vh .'_"llq B A(g' + - |

if 1 == []:
return(False)

m = len(1l)//2

if v == 1[m]:

return(True) N‘l’ - W‘7 - mo Qo
if v < 1[m]: ‘UC“- JLD JlJrh‘h’hﬁl. ‘h‘u"‘~

return(binarysearch(v,1[:m]))
else:
return(binarysearch(v,1[m+1:]))
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Selection sort

def SelectionSort(L): \ /‘\/W\/W l

n = len(L)
if n < 1:

return(L) \\ g“‘ e Q[‘) 1ﬁ Q‘("‘n
for i in range(n): ™
# Assume L[:i] is sorted v

mpos = i S"Mf
# mpos: position of minimum in L[i:]
for j in range(i+l,n): L"o
if L[j] < L[mpos]:
mpos = j
# L[mpos] : smallest value in L[i:]

# Exchange L[mpos] and L[i]
(L[i],L[mpos]) = (L[mpos],L[i])
# Now L[:i+1] is sorted

return (L)
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Selection sort

def SelectionSort(L): AnAj S8
n = len(L) __"__

if n < 1: o
return(L) .1'_ nwr lo
for i in range(n): -\
# Assume L[:i] is sorted © n
mpos = i | '\’2
# mpos: position of minimum in L[i:] 2 ,\.3
for j in range(i+1,n): . .
if L[j] < L[mpos]: ¢ R
mpos = j -
# L[mpos] : smallest value in L[i:] N-2 1
# Exchange L[mpos] and L[i] N-| 0
(L[i],L[mpos]) = (L[mpos],L[i]) n

# Now L[:i+1] is sorted y 2D v
return(L) Z ) ‘> 0 (“ 7
e
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Selection sort

def SelectionSort(L): COWUJ"MSS

n = len(L)
if n < 1:
return(L)

for i in range(n): J
# Assume L[:1i] is sorted W l
mpos = i
# mpos: position of minimum in L[i:]
for j in range(i+l,n):

if L[j] < L[mpos]:
mpos = j
# L[mpos] : smallest value in L[i:]
# Exchange L[mpos] and L[i]
(L[i],L[mpos]) = (L[mpos],L[i])
# Now L[:i+1] is sorted
return (L)
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Insertion sort

def InsertionSort(L):
n = len(L) [\
if n < 1: ‘l Qﬁ‘t. [;1;4;/2/\ B
return(L)

for i in range(n):
# Assume L[:i] is sorted &= "IVMG-'
# Move L[i] to correct position in L[:i]

j=1
while(j > 0 and L[j] < L[j-11):
(LL31,L05%1)) = (L03-11,L05D) L‘
i=3 2
# Now L[:i+1] is sorted
return(L)
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Insertion sort

def InsertionSort(L): w'“\— nie - MM‘L‘:‘

n = len(L)

if n < 1: Besk oe - I\Scwi

return(L)

for i in range(n): WW A - no Wﬂk{‘h\

# Assume L[:i] is sorted

# Move L[i] to correct position in L[:i] U=e
=i
gahile(j > 0 and L[j] < L[j-1]1): Vv \V\MI‘“.P "-
CG1,LG-1) = CG-ILEhD 0 0 |
J =31 | | s
# Now L[:i+1] is sorted
return(L) 2 L;‘
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Insertion sort

def Insert(L,v):
n = len(L)

"/
if n == O: "Lo QIQ:LI qlt
return([v]) o
if v >= L[-1]: f
return(L+[v]) 11
else: % 1\.“

return(Insert(L[:-1],v)+L[-1:])

def ISort(L):

n = len(L)
if n < 1:
return(L)

L = Insert(ISort(L[:-1]1),L[-1])
return(L) wmses ) ot
o soted na prefis
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Insertion sort
def Insert(L,v): AV\AL\‘S\"?

n = len(L)

if n == 0: \s"\—
return([v]) —

if v >= L[-11: T('\) :T(“..D + T,(n-D

return(L+[v])

else: "\SW

return(Insert (L[:-1],v)+L[-1:]) | N
n g!t
J -/
def ISort(L): T- (V\) -z \ ("'D +1
n = len(L)

if n < 1: —J)o(.h) WA ) - )
return(L)

L = Insert(ISort(L[:-1]),L[-1])

return(L)
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Insertion sort

def Insert(L,v):

n = len(L) T("'\‘) - T-(,“'-n +

if n ==
return([v])
if v >= L[-1]: \V\Sf/ft
return(L+[v]) ! -
else: T (m ')

def ISort(L):

n = len(L)

if n < 1:
return(L)

L = Insert(ISort(L[:-1]),L[-1]) = \ &.i_‘-g +n

return(L)

return(Insert(L[:-1],v)+L[-1:]1) ._-_T("_‘z) _\..('“,D .‘. n
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