PDSP2024, Lecture 20, 29 October 2024
Searching and Sorting

Setup

e 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 1 == []:
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,l[m+1:]1))

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

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

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

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

(06, True), (1, False), (2, True), (3, False), (4, True), (5, False),(6, True),(7, False),(8, True), (9, False), (10, Tr
ue), (11, False), (12, True), (13, False), (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), (3
0, True), (31, False), (32, True), (33, False), (34, True), (35, False), (36, True), (37, False), (38, True), (39, Fals
e), (40, True), (41, False), (42, True), (43, False), (44, True), (45, False), (46, True), (47, False), (48, True), (49, F
alse), (50, True),

(06, True), (1, False), (2, True), (3, False), (4, True), (5, False),(6, True),(7, False),(8, True),(9, False), (10, Tr
ue), (11, False), (12, True), (13, False), (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), (3
0, True), (31, False), (32, True), (33, False), (34, True), (35, False), (36, True), (37, False), (38, True), (39, Fals
e), (40, True), (41, False), (42, True), (43, False), (44, True), (45, False), (46, True), (47, False), (48, True), (49, F
alse), (50, True),

Performance comparison across 10* worst case searches in a list of size 10°

e Looking for odd numbers in a list of even numbers

1 = list(range(0,200000,2))

starttime = time.perf counter()
for i in range(3001,23000,2):
Vv = naivesearch(i,l)
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 15.395366703996842

Binary search 2.4174999160022708

Selection sort

def SelectionSort(L):
n = len(L)
if n < 1:
return(L)
for i in range(n):
# Assume L[:1] is sorted
mpos = i
# mpos 1is position of minimum in L[i:]
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 (2024)
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 0.42442894099804107
ascending 0.42093820399895776
descending 0.43981997100490844

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[:1i]
]=1
while(j > 0 and L[j] < L[j-11):
(L[j1,L0j-11) = (L[j-1],L[3])
j=13-1
# Now L[:i+1] is sorted
return(L)

Insertion sort preformance

e On already sorted input, performance is very good

« Onreverse sorted input, performance is worse than selection sort

import random
random.seed(2024)
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 0.643531706999056
ascending 0.00026845099637284875
descending 1.2660512360016583



Insertion sort, recursive

def Insert(L,v):

n = len(L)

if n == 0:
return([v])

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

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

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

import random
random.seed(2024)
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()
ISort(tmplist)

elapsed = time.perf counter() - starttime

print(k,elapsed)

RecursionError
Cell In[11], line 10
8 tmplist = inputlists[k][:]

9 starttime = time.perf counter()

---> 10 ISort(tmplist)

Traceback (most recent call last)

11 elapsed = time.perf counter() - starttime

12 print(k,elapsed)

Cell In[10], line 14, in (L)
12 if n < 1:
13 return(L)

---> 14 L = Insert(ISort(L[:-1]),L[-1])

15 return(L)

Cell In[10], line 14, in (L)
12 if n < 1:
13 return(L)

---> 14 L = Insert(ISort(L[:-11),L[-11)

15 return(L)

[... skipping similar frames: ISort at line 14 (2970 times)]

Cell In[10], line 14, in (L)
12 if n < 1:
13 return(L)

---> 14 L = Insert(ISort(L[:-1]),L[-1])

15 return(L)

RecursionError: maximum recursion depth exceeded

Setup

o Set recursion limit to maxint, 231 1

= This is the highest value Python allows

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

Recursive insertion sort is slower than iterative

o Input of 2000 (40%) takes more time than 5000 for iterative

= Overhead of recursive calls

e Performance pattern between unsorted, sorted and random is similar

import random
random.seed (2024)

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 5.569181976999971
ascending 0.014761371996428352
descending 9.967413070000475

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-1i)

elif A[i] < B[j]:
C.append(A[i])
(i,k) = (i+1,k+1)

else:
C.append(B[j1)
(Jlk) = (J+11k+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(0,1000,2)]+[j for j in range (1,1000,2)1)
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Perfomance on large inputs, 10%, random and sorted

import random
random.seed(2023)
inputlists = {}
inputlists["random"] = [random.randrange(100000000) for i in range(1000000)]
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 3.2394319730010466
ascending 1.6956631510038278
descending 1.6907014559983509

Quicksort

def quicksort(L,l,r): # Sort L[l:r]
if (r - 1 <= 1):
return
(pivot, lower,upper) =
for i in range(l+1,r):
if L[i] > pivot: # Extend upper segment
upper = upper+l

(LL1T,1+1,1+1)



else: # Exchange L[i] with start of upper segment

(L[i], L[lower]) = (L[lower], L[i])
# Shift both segments
(lower,upper) = (lower+1l,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

Small input to check correctness

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

(1, 3, 5,0, 2, 2, 4,17, -5, 6, 4, 3]

Quicksort performance

. RandominputofsizelO6
« Sorted inputs of size 2 x 10*

import random
random.seed (2024)
inputlists = {}
inputlists["random"] = [random.randrange(100000000) for i in range(1000000)]
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 2.5654859520000173
ascending 5.371246255002916
descending 8.383171867004421

Randomized quicksort

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

e Swap pivotto L[1] and proceed as usual

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

# Choose a random postion between 1 and r-1 as pivot, swap with L[1]
randpivot = random.randrange(r-1)
(L[l],L[W+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
(L[i], L[lower]) = (L[lower], L[i])
# Shift both segments
(Lower,upper) = (lower+l,upper+1)
# Move pivot between lower and upper
(L[l],L[lower-1]) = (L[lower-1],L[1])
lower = lower-1
# Recursive calls
quicksortrand(L, 1, lower)
quicksortrand(L,lower+l, upper)
return(L)

import random

random.seed(2024)

inputlists = {}

inputlists["random"] = [random.randrange(100000000) for i in range(1000000)]
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 2.9289210839997395
ascending 0.03626769800030161
descending 0.02561152499401942
ascendingbig 2.2861892690052628
descendingbig 2.3142642469974817



