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index location (index low, index high)
{
index mid,
if (low > high)
return 0O;
else {
mid = (low + high) 1/ 2;
if (x == S[mid])
return mid,
else if (x < S[mid])
return location ( low, mid — 1);
else
return location ( mid + 1, high);
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» Algorithm ¥.Y  Merge sort

Problem: Sort n keys in nondecreasing order.

Inputs: positive integer n, array of keys S indexed from 1 to ».
Outputs: the array S containing the keys in nondecreasing order.

void mergesort (int n, keytype S[])
{
const int & =|n/2] ,m=n-—h;
keytype U[1..h], V[1..m];
if(n>1){
copy S[1] through S[%] to U[1] through U[4];
copy S[Ah + 1] through S[n] to V[1] through V[m];
mergesort(/, U);
mergesort(m, V);
merge(h, m, U, V, S);
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Problem: merge two sorted array into one sorted array.

Inputs: positive integer 4 and m, array of sorted keys U indexed from 1 to 4,
array of sorted keys V indexed from 1 to m.
Outputs: the array S containing the keys in nondecreasing order.

> Algorithm 2.3 Merge

void merge (int &, int m, const keytype U[],
const keytype /'],

keytype S[])
{

index i, j, k;
i=lLj=1k=1;
while (i <=h && j<=m) {
it (UL <ViD A
S[k] = U[i];

I++;
;

else {
S[k] = VTj1;
s
}
kt+;
} // end of while
if (i>h)
copy V[j] thtough V[m] to S[k] through S[4 + m];
else

copy U[i] thtough U[A] to S[k] through S[4 + m];
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> Algorithm 2.4 Mergesort 2
Problem: Sort n keys in nondecreasing sequence.
Inputs: positive integer n, array of keys S indexed from 1 to n.

Outputs: the array S containing the keys in nondecreasing order.

void mergesort2 (index low, index high)
{

index maid;

if (low < high) {
mid = |(low + high)/2];
mergesort2(low, mid);
mergesort2(mid + 1, high);
merge2(low, mid, high);
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> Algorithm 2.5 Merge 2

Problem: Merge the two sorted subarrays of S created in Mergesort 2.

Inputs: indices low, mid, and high, and the subarray of S indexed from low to
high. The keys in array slots from low to mid are already sorted in nondecreasing
order, as are the keys in array slots from mid + 1 to high.

Outputs: the subarray of S indexed from low to high containing the keys in
nondecreasing order.

void merge2 (index low, index mid, index high)

{

index ¢, j, k; —
kevtype Ullew.. high); // A local arvay needed for the e \
// merging M)

i = dow; § = mid + 1; k = low;

R P oles)

Ukl =8[1i];

it
}
else{
ULkl =S5l
JEH
}
k-t

if (i > mid)

move S[j] through S[high] to U[k] through U[high];
else

move S[i] through §[wmid] to Ulk] through Ul highl];
move Ullow] through U[kigh] to S[low] through S[high]:
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» Algorithm 2.6 Quicksort
Problem: Sort n keys in nondecreasing order.
Inputs: positive integer n, array of keys S indexed from 1 to n.

Qutputs: the array S containing the keys in nondecreasing order.

void quicksort (index low, index high)

{

index pivotpoint;

if (high > low){
partition (low, high, pivotpoint);
quicksort(low, pivotpoint — 1);
quicksort(pivotpoint + 1, high);
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";I_'K'I-Qorithm 2.7 Partition

Problem: Partition the array S for Quicksort.

Inputs: two indices, low and high, and the subarray of S indexed from low to
high.

Outputs: pivotpoint, the pivot point for the subarray indexed from low to high.

void partition (index low, index high
index& pivotpoint)
{

index i, 7; |
keytype pivotitem ;

pivotitem = S[low]; // Choose first item for
7 = low; // pivotitem .
for (i = low + 1; ¢ <= high; i++4)
if (S[i] < pivotitem){
Jt+;
exchange S[¢] and S[j];
}
pivotpoint = j;
exchange S[low] and S|[pivotpoint|; // Put pivotitem at pivolpoint.
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® Table 2.2 An example of procedure partition™

i S} S[2] S8 SH] Sp] Sl S[7 S8

15 22 13 27 12 10 20 25  « Initial values
2 1 15 22 13 27 12 10 20 25
3 2 15 22 13 27 12 10 20 25
4 2 15 13 27 12 10 20 25
5) 3 15 13 22 27 12 10 20 25
6 4 15 13 27 22 10 20 25
7T 4 15 13 12 22 20 25
8§ 4 15 13 12 10 22 27 20 25
4 13 12 15 22 27 20 25  + Final values |

*Ttems compared are in boldface. Items just exchanged appear in squares.
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S M‘)T o}‘u\.;‘ 6399 o}‘JJ‘
I(m= TO) + T(n=1) + p=l S Sy
—

T ime to

Time to sort Time to sort

left ~ subarray  right subarray

I(ny=T(n=-1)+n-1  for n>0

— {T(O) =0

partition

T(n)=n(n-1)/2 € O(n?)
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my=ay (b, - by))

My = ay)(by, - byy)

ms = (a; + a;)by,

Mg =y - ay,)(byy + byy)
My =(ayy - ay)(by + byy)

_ m1+m4_m5+m7 m3+m5
m2+m4 m1+m3_m2+m6
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» Algorithm 2.8 Strassen

Owlywl e3y)e3)l

Problem: Determine the product of two n x n matrices where n is a power of 2.

Inputs: an integer n that is a power of 2, and two n X n matrices A and B.
Outputs: the product C of A and B.

void strassen (int =
n
n
n

{
if (n<=threshold)

X

n_matrix A,
n_matrix B,
n_matrix& C)

compute C = A x B using the standard algorithm;

elseq
partition

into four submatrices Ay, Ao, A ,Azg;

A
partition B into four submatrices By, Bio, By, By
compute C = A x B using Strassen’s method;
// example recursive call;
// strassen(n/2, An + A, B + D, M)

N. Razavi - AD course - 2006
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® Table 2.3 A comparison of two algorithms that multiply . X 71 matrices

Standard Algorithm  Strassen’s Algorithm

Multiplications n’ n?8l
Additions/Subtractions n°® —n? 6n2tt — 6n”
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Problem: Multiply two large integers, u and v.
Inputs: large integers u and v.

{

Outputs: prod, the product of u and v.
large_integer prod (large_integer u, large_integer v)
large_integer 2z

Y. W, 2
int n, m;

n= mazimum(number of digits in u

if (u==0]| v

number of digits in wv)
== 0)

return 0;
else if (n <= threshold)

return ¥ X v obtained in the usual way;
else{

m= |n/2l;

r = u divide 10™; =

W= v

Yy = u rem 10™;
divide 10™; 2z = v rem 10™;

return prod(z,w) x 102m (prod(w,y)) x 10™ + prod(y,z);
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» Algorithm 2.10 Large Integer Multiplication 2

large_integer prod?2 (large_integer y
& 2 p 2 =}

{

Problem: Multiply two large integers, u and v.
Inputs: large integers u and wv.

Outputs: prod?2, the product of u and v.

, large_integer o)
large_integer 2. y, w, 2z, r,op, ¢;
int n, m;

n = maximum(number of digits in w, number of digits in vl
if ((u==0|{ v==0)

return 0;
else if ( n <= threshold)

return uw X v obtained in the usual way;

In/2);

¢t = u divide 10™; y = u rem 10m,

-z -
-3 5
-_

w= v divide 10™; z = v rem 10™;
r= prod2(z + y, w+ z2);
p = prodl(z, w);

g = prod2(y, z);
return p X 10*™ 4 (r —p—q) X 10™ 4 q;
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