PDSP2026, Lecture 22, 3 November 2026
Searching and Sorting

Setup

o Use time library to time executions

import time

Naive search by scanning the list

def naivesearch(v,1):
for x in 1:
if v == x:
return(True)
return(False)

Binary search

def binarysearch(v,1):
if L == []:
return(False)

m = len(l)//2

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

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

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

Checking correctness oninput [0,2,...,50]

1 = list(range(0,51,2))

for i in range(51):
print((i,naivesearch(i,1)),end=",")
print()

for i in range(51):
print((i,binarysearch(i,1)),end=",")
print()



(0, True), (1, False),(2, True), (3, False), (4, True), (5, False), (6, True),
(7, False), (8, True), (9, False), (10, True), (11, False), (12, True), (13, Fal
se), (14, True), (15, False), (16, True), (17, False), (18, True), (19, False),
(20, True), (21, False), (22, True), (23, False), (24, True), (25, False), (26,
True), (27, False), (28, True), (29, False), (30, True), (31, False), (32, Tru
e), (33, False), (34, True), (35, False), (36, True), (37, False), (38, True), (3
9, False), (40, True), (41, False), (42, True), (43, False), (44, True), (45, Fa
1lse), (46, True), (47, False), (48, True), (49, False), (50, True),

(6, True), (1, False),(2, True), (3, False), (4, True), (5, False), (6, True),
(7, False), (8, True), (9, False), (10, True), (11, False), (12, True), (13, Fal
se), (14, True), (15, False), (16, True), (17, False), (18, True), (19, False),
(20, True), (21, False), (22, True), (23, False), (24, True), (25, False), (26,
True), (27, False), (28, True), (29, False), (30, True), (31, False), (32, Tru
e), (33, False), (34, True), (35, False), (36, True), (37, False), (38, True), (3
9, False), (40, True), (41, False), (42, True), (43, False), (44, True), (45, Fa
1lse), (46, True), (47, False), (48, True), (49, False), (50, True),

. 4 .
Performance5compar|son across 10~ worst case searches in a
list of size 10

» Looking for odd numbers in a list of even numbers

1 = list(range(0,200000,2)) # only even numbers

starttime = time.perf counter()

for i in range(3001,23000,2): # all odd numbers
v = naivesearch(i, 1)

elapsed = time.perf counter() - starttime

print()

print("Naive search", elapsed)

starttime = time.perf counter()
for i in range(3001,23000,2):
v = binarysearch(i, 1)
elapsed = time.perf counter() - starttime
print()
print("Binary search", elapsed)

Naive search 17.360863704998337

Binary search 1.6558435970000573

Selection sort

def SelectionSort(L):

n = len(L)

if n < 1:
return(L)

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

if L[j] < L[mpos]:
mpos = j

# L[mpos] is the smallest value in L[i:]
(L[i],L[mpos]) = (L[mpos],L[i])



# Now L[:i+1] is sorted
return(L)

Selection sort performance is more or less the same for all
inputs

import random
random.seed(2026)
inputlists = {}
inputlists["random"] = [random.randrange(100000) for i in range(5000)]
inputlists["ascending"] = [i for i in range(5000)]
inputlists["descending"] = [i for i in range (4999,-1,-1)]
for k in inputlists.keys():
tmplist = inputlists[k][:]
starttime = time.perf counter()
SelectionSort(tmplist)
elapsed = time.perf counter() - starttime
print(k,elapsed)

random 0.3671810390005703
ascending 0.3467029059975175
descending 0.3553543130037724

Insertion sort, iterative

def InsertionSort(L):

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

for i in range(n):
# Assume L[:1] is sorted
# Move L[i] to correct position in L[:1]
J=1
while(j > 0 and L[j] < L[j-11):
(L[j1,L0j-11) = (L[j-11,L[31)
j=13-1
# Now L[:i+1] is sorted
return(L)

Insertion sort preformance

e On already sorted input, performance is very good

o Onreverse sorted input, performance is worse than selection sort

import random
random. seed (2026)
inputlists = {}
inputlists["random"] = [random.randrange(100000) for i in range(5000) ]
inputlists["ascending"] = [i for i in range(5000)]
inputlists["descending"] = [i for i in range (4999,-1,-1)]
for k in inputlists.keys():
tmplist = inputlists[k][:]
starttime = time.perf counter()
InsertionSort(tmplist)
elapsed = time.perf counter() - starttime
print(k,elapsed)



random 0.522800038997957
ascending 0.0002173570028389804
descending 0.9843627949958318

Insertion sort, recursive

Setup

. Setrecurgonlhnhtornaxhﬂ,231——1
= Thisis the highest value Python allows

import sys
sys.setrecursionlimit(2**31-1)

def Insert(L,v):

n = len(L)

if n ==
return([v])

if v >= L[-1]:
return(L+[v])

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

def ISort(L):
n = len(L)
if n < 1:
return(L)
L = Insert(ISort(L[:-1]),L[-11)
return(L)

Recursive insertion sort is slower than iterative

e Input of 2000 (40%) takes more time than 5000 for iterative
= Overhead of recursive calls

o Performance pattern between unsorted, sorted and random is similar

import random
random.seed(2026)

inputlists = {}
inputlists["random"] = [random.randrange(100000) for i in range(2000)]
inputlists["ascending"] = [i for i in range(2000)]
inputlists["descending"] = [i for i in range (1999,-1,-1)]
for k in inputlists.keys():

tmplist = inputlists[k][:]

starttime = time.perf counter()

ISort(tmplist)

elapsed = time.perf counter() - starttime

print(k,elapsed)

random 2.64069023400225
ascending 0.006470984000770841
descending 3.892850616997748



Merge sort

def merge(A,B):
(m,n) = (len(A),len(B))
(C,i,j,k) = ([1,0,0,0)
while k < m+n:
if i == m:
C.extend(B[j:1)
k =k + (n-j)
elif j == n:
C.extend(A[i:])
k = k + (n-1)
elif A[i] < B[j]:
C.append(A[i])
(i,k) = (i+1,k+1)
else:
C.append(B[j])
(3,k) = (j+1,k+1)
return(C)

def mergesort(A):

n = len(A)
if n <= 1:

return(A)
L = mergesort(A[:n//2])
R = mergesort(A[n//2:1)
B = merge(L,R)
return(B)

A simple input to check correctness

mergesort([i for i in range(0,100,2)]+[j for j in range (1,100,2)1)
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Perfomance on large inputs, 10°, random and sorted

import random
random.seed(2026)
inputlists = {}
inputlists["random"] = [random.randrange(100000000) for i in range(100000
inputlists["ascending"] = [i for i in range(1000000)]
inputlists["descending"] = [i for i in range (999999,-1,-1)]
for k in inputlists.keys():
tmplist = inputlists[k][:]
starttime = time.perf counter()
mergesort (tmplist)
elapsed = time.perf counter() - starttime
print(k,elapsed)

random 2.363242175000778
ascending 1.242686069002957
descending 1.2572640020007384



Quicksort

def quicksort(L,l,r): # Sort L[l:r]
if (r - 1 <=1):
return
(pivot, lower,upper) = (L[1],1+1,1+1)
for i in range(l+1,r):
if L[i] > pivot: # Extend upper segment
upper = upper+l
else: # Exchange L[i] with start of upper segment
(L[i], L[lower]) = (L[lower], L[i])
# Shift both segments
(lower,upper) = (lower+l,upper+l)
# Move pivot between lower and upper
(L[1],L[lower-1]) = (L[lower-11,L[1])
lower = lower-1
# Recursive calls
quicksort(L, 1, lower)
quicksort(L,lower+l,upper)
return

Smallinput to check correctness

qlist = [1,3,5,0,2,4,17,2,-5,6,4,3]
quicksort(qglist,4,8)
print(glist)

[ll 3! Sr GI 21 2; 41 171 -51 6! 4r 3]

Quicksort performance

« Random input of size 10°

« Sorted inputs of size 2 x 10*

import random
random.seed(2026)
inputlists = {}
inputlists["random"] = [random.randrange(100000000) for i in range(100000
inputlists["ascending"] = [i for i in range(15000)]
inputlists["descending"] = [i for i in range (14999,-1,-1)]
for k in inputlists.keys():
tmplist = inputlists[k][:]
starttime = time.perf counter()
quicksort(tmplist,0,len(tmplist))
elapsed = time.perf counter() - starttime
print(k,elapsed)

random 1.7703508740014513
ascending 3.339065458996629
descending 5.128696178995597

Randomized quicksort

« Choose the pivot position uniformly at random between 1 and r-1

o Swap pivotto L[1] and proceed as usual



import random
def quicksortrand(L,l,r): # Sort L[Ll:r]
if (r - 1 <= 1):
return(L)

# Choose a random postion between l and r-1 as pivot, swap with L[1l]
randpivot = random.randrange(r-1)
(L[U],L[l+randpivot]) = (L[l+randpivot],L[1])

# Rest is same as before
(pivot, lower,upper) = (L[1],1+1,1+1)
for i in range(l+1,r):
if L[i] > pivot: # Extend upper segment
upper = upper+l
else: # Exchange L[i] with start of upper segment
(LTi], L[lower]l) = (L[lower], L[i])
# Shift both segments
(lower,upper) = (lower+l,upper+l)
# Move pivot between lower and upper
(L[1],L[lower-1]) = (L[lower-171,L[1])
lower = lower-1
# Recursive calls
quicksortrand(L,1, lower)
quicksortrand(L, lower+1,upper)
return(L)

import random
random.seed(2026)
inputlists = {}
inputlists["random"] = [random.randrange(100000000) for i in range (100000
inputlists["ascending"] = [i for i in range(15000)]
inputlists["descending"] = [i for i in range (14999,-1,-1)]
inputlists["ascendingbig"] = [i for i in range(1000000)]
inputlists["descendingbig"] = [i for i in range (999999, -1,-1)]
for k in inputlists.keys():

tmplist = inputlists[k][:]

starttime = time.perf counter()

quicksortrand(tmplist,0,len(tmplist))

elapsed = time.perf counter() - starttime

print(k,elapsed)

random 2.001773850999598
ascending 0.015928772001643665
descending 0.015570572999422438
ascendingbig 1.540765931000351
descendingbig 1.4153451840029447



