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Asymptotic worst-case complexity

/‘\\M MN&
Ty - W\rvwl’ fl) Ste N vago'l Wnst Casc

Mvercanal

I 2n® + %0n 00"9
«f’('w) v 0(5(,,)) g de Y £w) £ C'jcw)

Lecture 20, 27 October 2026



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 3.3 10 33 100 1000 1000  10°

100 6.6 100 66 104 10° \ 1030 10157
1000 10 1000 10% 109 \ 10°

10* 13 10* 105 | 108 10%2
10° 17 10° 100 | 100

106 20 10 107 | 1012

107 23 107 108

108 27 | 108 10°

10° 30 | 10° 1010

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

Chede ve8 o [
def binarysearch(v,1l): 4;b q:}
if 1 == []: QM',;
™ <

return(False)

m = len(1)//2

)
0
if v == 1[n]: W LZOZ";O

return(True) bel ll L[h'l
if v < 1[m]: “\dWﬂVO

return(binarysearch(v,
else:

return(binarysearch (v, | )) iité:]
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Searching a sorted list — binary search

n
def binarysearch(v,l(
if 1 == []: 1

return(False) T(‘“’) - € & TCﬂ/Z’)
m = len(1)//2 R T(v) = T =

mel
if v == 1[n]: tnstets
return(True) enl‘z T(“'\ = |+ Iy (!\:/i)
if v < 1[m]:
return(binarysearch(v,1[:m]))
else: 1
return(binarysearch(v,1[m+1:])) (H13 --+ ,‘ 1 T(Y‘[ 9')
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Searching a sorted list — binary search, with position

def binarysearchpos(v,1):
if 1 == []:
return(-1)

m = len(1)//2

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

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

return((m+1) + binarysearchpos(v,1[m+1:]))
N —

Mss e du}'mlb
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Selection sort

def SelectionSort(L): 1

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

return(L)

for i in range(n): 0 - -\

# Assume L[:i] is sorted T(ﬂ)?

mpos = i
# mpos: position of minimum in L[i:] 2 n
for j in range(i+l,n): ./\
if L[j] < L[mpos]: - -
mpos = j >‘“\’lhzl—"r1
# L[mpos] : smallest value in L[i:]

# Exchange L[mpos] and L[i] C?\/fﬂ ¥+ (nﬂ?ﬁ.. -3
(L[i],L[mpos]) = (L[mpos],L[i])

# Now L[:i+1] is sorted 1
return(L) = n (ﬂ’D i OCn )
2-
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Selection sort
def SelectionSort(L): ( ,)
fj.s Me wst
return(L)

n = len(L)
if n < 1:
for i in range(n): Dau '{‘\' tavre ’tf/

# Assume L[:i] is sorted

mpos = i )' vo SMCA

# mpos: position of minimum in L[i:]

for j in range(i+l,n): -

if L[j] < L[mpos]: ('V\WI\L ‘P.f
mpos = j

# L[mpos] : smallest value in L[i:] —M W‘ﬁlﬁ’ 9!»”(_4_

# 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): O \' v J.
n = len(L) -1\ v

if n < 1: I /TA)L J
TTUTICEY S
( for i in range(n): ) W Vhersde Hl
2 is sorted l/

# Move L[i] to correct position in L[:i]

j=1 —\
while(j > 0 and L[j] < L[j-11): \""M’M 0 \ -- n
(LL31,L05-11) = (L[j-11,L031)

j=j-t Vet 12 -~ N

# Now L[:i+1] is sorted v
Z l: - "‘(’M'}") ~ 0[”7')
L= y

return(L)
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Insertion sort

def InsertionSort(L): wn‘d_ 7994
n = len(L)

if n < 1:
return(L) EL.{CEA—JX,: UYJJA“

for i in range(n):

# Assume L[:i] is sorted )
# Move L[i] to correct position in L[:i] A‘;C&'J»-t W -

j=i
while(j > 0 and L[j] < L[j-11):
(LL31,L05-11) = (LLj-11,L050D

\mT
j =31 L] > ] Ahsys

# Now L[:i+1] is sorted

return(L)
g‘% l WW‘MSM
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Insertion sort

def Insert(L)v):
n = len®)
if n ==
return([v])
if v >= L[-1]:
return(L+[v])
else:
return(Insert(L[:-1],v)+L[-1:])
—/\_ ——
dof Tsorv(ny: Merk i preh. oppt 1ot vahet
n = len(L)
if n < 1:
return(L)
L = Insert(ISort(L[:-1]1),L[-1]1)
return(L) I
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Insertion sort
def Insert(L,v): 2
n = len(L) M

if n == O:
t (Iv]) -
iy EinL[Yﬂ: IT [7") 37 (“)
return(L+[v])

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

def ISort(L): T(“’) = 1 -\"’("’\’D gr[t));ST[l) = \

= len(L) —,
Iilf n in1: T( I)-\-T(n ” g"(")c +
return(L) 0 :T 1)=)
L = Insert(ISort(L[:-1]),L[-1]) ) C 8\-—('1]-;)"\‘
return(L) \\), ‘I.T[‘f\ z ;)
n
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Merging sorted lists

def merge(A,B):
(m,n) = (len(A),len(B))

(C,iJ = ,0,0,0)
if i

C.extend(B[j:]1)

k =k + (n-j)
elif j == n:

C.extend(A[i:])

k =k + (m-i) D

—STif Ali] < BI[j1:

C.append(A[i])

(i,k) = (i+1,k+1)
else:

C.append(B[j1)

(j,k) = (j+1,k+1)

return(C)

vo
m:-)

—Aem

Madhavan Mukund

Lecture 20, 27 October 2026

PDSP Lecture 20, 27 Oct 2026 13 /15



Merging sorted lists

def merge(A,B):
(m,n) = (len(A),len(B))
(c,i,j,k) = ([1,0,0,0) €L 22 = 3B |ys 4 13 T3
while k < m+n:
if i == m:

=
C.extend(B[j:]1) G q\ 1?’ q_
k=% + (n-j) &‘ = 1 (%' l( g
elif j == n: 7 38’ e
C.extend(A[i:]) \Z 7//' ~ 81’ \9_ '4 % q’
k =k + (m-1i)
elif A[i] < B[jI: & L 1 1 ? \MQ/ 1] I ¥+ 33
C.append(A[i]) Y
(1) = (i+1,k+1) 'm-/\u 2% bﬁ/"\\ 17,73
else:
C.append(B[j]) &" 7 IZ Z'Z (Ie' al\ ’9‘ 9'3
(G,k) = (j+1,k+1)
return(C)
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def merge(A,B):

(m,n) = (len(A),len(B)) def mergesort(A):

(C,i,j,k) = ([1,0,0,0) _ \ .
while k < m+n: . Len(h) D‘V\u g
if i == m: . “
£ <= 1: wner
C.extend(B[j:]1) ' ieturn(A) c‘~u1
k =k + (n-j)
elif j == n: L = mer .
- gesort(A[:n//2])
C.extend(A[i:]) R = mergesort(A[n//2:]1) NLIJ’ 2] ’)J\-L

k =k + (m-1)

elif A[i] < B[j]: _ .
C.append(A[il) B = merge(L,R) Wvlmd)'l’ ?
(i,k) = (i+1,k+1)

else:
C.append(B[j1)
(G,k) = (j+1,k+1)

return(C)

return(B)
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