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1. Dividethe array into two subarrays about half aslarge. If x is smaller than the middle term, choose the left subarray;

otherwise, choose the right subarray.

2. Conquer (solve) the subarray by determining whether x isin that subarray. Unless the subarray is sufficiently small, use

recursion to do this.

3. Obtain the solution to the array from the solution to the subarray.

Problem: Determine whether x isin the sorted array S of sizen.
Inputs: positiveinteger n, sorted array of keys S

indexed from 1 to n, and akey x.
Output: location, thelocation of x in S(0if xisnotin S)

10 12 13 14 18 20 25 27 30 35 40 45 47‘

f
Because x < 25, Compare x with 25

choose left subarray.

10 12 13 14 18 20

Because x > 13,

r
(ompare. with 13 choose right subarray.

14 18 20

t
Compare x with 18

l

Because x =18,
XisinS.
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index location (index low, index high)

{
index mid;
if (low > high)
return O;
else { mid=[(low+ high)/2];
if (x==gmid])
location = mid ;
elseif (x<gmid])
return location (low, mid —1);
esereturn location (mid +1, high);

Alg. 3-1

Worst-Case Time Complexity

W(n) :W(g) +1 and W(D) =1

W(n) = ®(n° log, n) = ©(log, n)

1. Divide the array into two subarrays each with n/2 items.

(Mergesort) ol (& Iwid o

2. Conquer (solve) each subarray by sorting it recursively, unless the array is sufficiently small.
3. Combine the solutions to the subarrays by merging them into a single sorted array.

27 10 12 20 25 13 15 22
1. Dividethe array :
27 10 12 20 and 25 13 15 22
2. Sort each array :
10 12 20 27 and 13 15 22 25
3. Merge the subarrays :
10 12 13 15 20 22 25 27
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Problem: Sort n keys in non-decreasing sequence.
Inputs: positive integer n, array of keys Sindex from
lton.

Output: the array S containing the keysin non-
decreasing sequence.

void mergesort (int n, keytype S])
{if(n>1)

constint h=ln/2],m=n-h;:
keytypeU[1..h] , V[1.m] ;
copy 1] through §h] to U[1] through U[h];
copy §h+1] through §n] to V[1] through V[m];
mergesort (h, U);
mergesort (m, V);
merge (h, m, U, V, S);
}

Alg. 3-2

void merge (int h, int m, const keytype U[], const
I}eytype VI, keytype §])

index i,j,k;
=1 j=1 k=1;
while (i<=h&& j<=m)
{
if ({U[i] <VIjD
K = Uli;
i++:
}
else{
K = VIil;

j++;
}
k++;
}
if (i >h)

copy VJj] through V[m] to K] through §h+m];
else

copy UJi] through U[h] to K] through Sh+m];

}

Alg. 3-3

W(n) = 2W(n/2) + (n/2+n/2-1) =2W(n/2) + n-1
W(n) € ®(nlog n)

.-f\.:A:QLﬁJﬂjC;\.m:J):s}Jb}j})cub\ﬁJ}ﬁ|J:-bn:Jm

U V S

10| 20 | 15 | 25

N W|N| P |X

e
\e




Divide-and-Conquer

(po s ) o) SN 1 b

J& 9 oad

Alsoiscalled Partition Exchange Sort

(Quicksort) &3 yw Sl 90
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Supposethearray : 15 22 13 27 12 10 20 25
1- Partition the array: all items < pivot are to the left and

all items > pivot to the right
2- Sort the subarray.

15 22 13 27 12 10 20 25

10 13 12 15 22 27 20 25
10 1 1
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Problem: Sort n keysin non-decreasing order.
Inputs: positive integer n, array of keys S index
from1ton.

Outputs: the array S containing the keysin
non-decreasing order.

void quicksort (index low, index high)

{

index pivotpoint;

if (high >low)

{
partition (low, high, pivotpoint)

quicksort ( low, pivotpoint —1) ;
quicksort (pivotpoint+ 1, high)
}

Alg. 3-4

void partition (index low, index high, index& pivotpoint)
{
indexi, j;
keytype pivotitem;

pivotitem = Jlow];
j =low;

for (i =low+ 1;i < high;i++)
if (§i] < pivotitem)
{
j ++;
exchange Ji] and gj];
}
pivotpoint = j;
exchange Jlow] and §pivotpoint];

Alg. 3-5
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Every-Case Time Complexity (Partition)
Basic operation: the comparison of Ji] with pivotitem
Input size:

n = high—low+1, the number of itemsin the subarray. Every item except thefirst is compared.
Hence,

TnN)=n—1
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Worst-Case Time Complexity (Quicksort)

W(n) =W0) + W(h-1) + n-1
=W(n-1) +n-1
=n(n-1)/2

= W(n) € O("?)
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Average-Case Time Complexity(Quicksort)
Time to Partition

An) = i%[A(p—m A - p)]+(n-1)

T

Average time to sort
subarrays when pivotpoint is p

nA(N) = (n+1)A(N-1)+2(n-1)

. A(n):A(n—1)+2(n—1) ~ a-a +2(n—1)
T n+l n n(n+1) " n(n+1)

A(n) = 2(n+1)Inne ®(nlogn)

n

P.S. Z%zlnn for large n (area under l)
i=1 I X
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