CS3000: Algorithms & Data
Paul Hand

Lecture 7/:
Divide and Conquer Example — Similar to HW

Binary Search
Another Example

Jan 30, 2019
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Maximum Sum Subarray Problem  4pj .. 7Ly Grvosy by

* Input: Array A[1:n] of integers

* Problem: Find a subarray Ali:j] with
the largest possible sum

* Example: A =13, -4,\5, -2,-2,6, -3, 5}, -3, 2]
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* Input: Array A[1:n] of integers

~7 2
* Problem: Find a subarray Ali:j] with /TL? E _7[ j

the largest possible sum

* Task: Devise a divide and conquer algorithm to
solve this problem. Consider an algorithm that
divides A into two halves.

* Task: Devise a divide and conquer algorithm to
solve this problem. Consider an algorithm that
divides A into two halves.
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Divide-and-Conquer:
Binary Search




Binary Search aigbhag St s <28, Dent Lale ot
Is 28 in this list?
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Binary Search

Search (A, t) :
// A[l:n] sorted in ascending order
Return BS(A,l,n,t)// N
_dett G o “ackivc' 1 Cs (wy
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If(f > r): return FALSE
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If(A[m] = t): Return m
ElseIf(A[m] > t)r/REEG;;/;;;A,f,m—l,t)
Else: Return BS(A,m+l,r,t) A WMJ/@ yﬂ?kl Giéﬂﬂné



Search (A, t):
// A[l:n] sorted in ascending order
Return BS(A,1,n,t)
—— CftebiSawcbie ppe o
BS(A,?,r, t): '
If(f > r): return FALSE /4"59

* What is the running time of AZK‘J]

binary search? o m e f4 r_—f
2 ——
* What is the recurrence? ) M

« What is the solution to the recurrence? - If(Alm] = t): Return m
ElseIf(A[m] > t): Return BS(A,¢,m-1,t)

////%%Else: Return BS(A,m+1l,r, t)
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Proof of Correctness for
Binary Search

Teoot of Corcectnass & 'Bmoun Nearel,
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Search (A, t) :
// A[l:n] sorted in ascending order
Return BS(A,1,n,t)

BS(A,?,r,t):
If(f > r): return FALSE

e 4[]

b4 If(A[m] = t): Return m

Y ElseIf(A[m] > t): Return BS(A,¥,m-1,t)

¥ Else: Return BS(A,m+l,r,t)
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Binary Search Wrapup /
* Search a sorted array in time O (logn) ( I/ /

* Divide-and-conquer approach
* Find the middle of the list, recursively search half the list
* Key Fact: eliminate half the list each time
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ek @ * T(n) =T(n/2)+C
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Max of Unimodal List Mﬁp%% /\

* Input: Array A[1:n] of integers. A[L:i]is St
increasing. And A[i+1:n] is decreasing.
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* Problem: Find largest element in O(log(n)) time IhSptm/ b} bznéﬁ 5@}@4
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Max of Unimodal List

* Input: Array A[1:n] of integers. A[1:i] is
increasing. And A[i+1:n] is decreasing.

* Problem: Find largest element in O(log(n)) time

* Examples:
=[1,4,5,3,0]
=[5,2,1,0,-2]
=12,4,7,9]




