Introduction to
Algorithms

Date: 3/12 (Thursday)

Instructor: %



Assignment

 Read 2.3

* Problems:

« 238 -1,4,6



Review of 2.1: Insertion Sort

* Incremental Approach

" Incrementing i=2 to n

= Correctness
= State Loop Invariant

* Check Initialization/Maintenance/Termination



Review of 2.2: Analyzing Algorithm

= Assumption: RAM Model
1. One by one execution of instruction
2. Instruction takes constant time (not dependent on input size n)

* Analyzing Insertion Sort

INSERTION-SORT (A, n) cost times

1 fori = 2ton Cq n

2 key = Ali] C n—1

3 // Insert A[i] into the sorted subarray A[1:i —1]. O n—1

4 j=i-1 C4 n—1

5 while ; > O and A[/] > key cs Y.t

6 Alj +1] = Alj] s 2i=a(ti—1)
7 j=j-1 C7 Z?:z(fz‘ —1)
8 Alj + 1] = key Cg n—1

n n n

T(n)=cln+cz(n—1)+c4(n—1)+c52 ti+c6z (ti—1)+c7z (t;—1) + cg(n — 1)
i=2 i=2 =2

i



Review of 2.2: Analyzing Algorithm

Tn)=cin+c,(n—1)4+c,(n—1) +cs zn

1=

n n
ti"‘Cez (ti—1)+C7Z (t;,—1) +cgin—1)
2 =2 i=2

L=

* t; : number of while loop at i -th iteration
= Best-case time complexity
" t; =1 foralli
Tn)=(c;+cy,+cy+cs+cgn—(c, +c4+cs+cg)
= Worst-case time complexity

" t;,=1iforalli

Csg Ce C7 C1+C2+C4+C5 Ce C7
T(n)=(2+2+2)n2+( > —2—2+c8>n—(02+c4+65+cg)



Review of 2.2: Analyzing Algorithm

* Order of growth
* Think of 8 as “roughly proportional to” for now
= Consider only the highest term
= [gnore the constant term

= Eg,0(9n° + 2n?% + 100) = 9(n>)



Chapter 2. The Role of Algorithms in
Computing

* 2.1 Insertion sort
2.2 Analyzing algorithms

* 2.3 Designing algorithms



Ch 2. Getting Started — 2.3 Designing Algorithms

Divide & Conquer Method

* Divide

* Divide the problem into sub-problem of the same kind
= Conquer

= Solve the problem, recursively.
= Combine

= Combine solutions to form original solution



Ch 2. Getting Started — 2.3 Designing Algorithms
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Ch 2. Getting Started — 2.3 Designing Algorithms
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Main Idea of Merge Sort Algorithm
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Ch 2. Getting Started — 2.3 Designing Algorithms

Merge

 Combine two sorted arrays to output a sorted combined array
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Ch 2. Getting Started — 2.3 Designing Algorithms

Back to Merge Sort Algorithm




Ch 2. Getting Started — 2.3 Designing Algorithms

How it works:
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Ch 2. Getting Started — 2.3 Designing Algorithms

Example of n=4 and how it works
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Ch 2. Getting Started — 2.3 Designing Algorithms

Complexity of Merge Process

MERGE(A, p.q,r)

—

Al=T - - B T I

,_L,_.
=

e e e e e
L=l R e

25

27

np=q—p+1 // length of A[p :q]

HR=T—q // length of Alg + 1:7]

let L[0:ny — 1] and R[0:ng — 1] be new arrays

fori = Otony —1 // copy A[p:q]into L[0:nz — 1]
L[i] = A[p +i]

for j = 0tong—1 // copy Alg + 1:r|into R[0:ng— 1]
R[j] = Alg +j + 1]

i =0 // i indexes the smallest remaining element in L
j =0 // j indexes the smallest remaining element in R
k=p // k indexes the location in A to fill

// As long as each of the arrays L and R contains an unmerged element,

/" copy the smallest unmerged element back into A[p : r].
whilei <n; and j <npg
if L[i] < R[/]

Afk] = L[i]

i =1i+1
else A[k] = R[j]

j=7J+1
k=k+1

// Having gone through one of L and R entirely, copy the
/" remainder of the other to the end of A[p : r].
while/ < np

Alk] = LJi]

i =i+1

k=k+1
while j < ng

Alk] = R[/]

J=7+1

k=k+1

Therefore, it takes 8 (n)



Ch 2. Getting Started — 2.3 Designing Algorithms

Complexity of Merge Sort: Recurrence Relation

MERGE-SORT(A, p,r)

1 ifp>=>r // zero or one element?

2 return

3 g= |(p+r)/2 // midpoint of A[p :r]

4 MERGE-SORT(A, p,q) // recursively sort Al p : g|

5 MERGE-SORT(A,qg + 1,r) // recursively sort Alg + 1:r]
6 // Merge A[p:qgland Alg + 1:r] into A[p:r].

MERGE(A, p,q,r)
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Ch 2. Getting Started — 2.3 Designing Algorithms

Complexity of Merge Sort: Time Complexity Calculation
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Question?
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