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index B_Search ( index low, index high )

index mid;
if (low > high)
return O;
else {
mid =] (low + high) /2] ;
if (x == S [mid])
return mid;
else if ( x < S [mid])
return B_Search (low , mid — 1);
else |
return B_Search (mid + 1, high);
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void mergsort (int n , keytype S [])
{

constint h=|n/2 | ,m=n-h;

keytype U [1...h],V [1..m];

if (n>1) {
copy S[1] through S[h] to U[1] through U[h];
copy S [h + 1] through S[n] to V[1] through V[m];
mergesort(h, U);
mergesort(m,V); b Y
merge (h, m, U,V,S);
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void merge (int h, int m, const keytype U[ |,
const keytype V[ |,
keytype S[])

index i, |, K;
1=1;j=1;k=1;
while (i <= h && | <=m) {
if (U[i] <V [
S [k] = U i]

Frega




else {
S [k] =V [J];
j*

}

K+ +;
}
if (i>h)

copy V [j] through V [m] to S [K] through S[h+ m ]
else

copy U [i] through U [h] to S [K] through S[h+ m ]
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void mergesort2 (index low, index high)
{
Index mid;
if (low < high) {
mid =] (low + high) /2 |;
mergesort 2 (low, mid);
mergesort 2 (mid +1, high);
merge2(low,mid,high) b
} |
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void mrge2 (index low, index mid, index high)
{

index |, | , k;

keytype U [ low..high]

| = low; j =mid +1 ; k = low;

while (i <= mid && j <= high) {

if(S[i] <SI[I) {
U [k] = S [i];

| e iy




else {
U [k] =S []]
Jiet:
}
K ++;
}
if (i> mid)
move S [j] through S [high] to U [K] through U [high] = =
else
move S [i] through S [mid] to U [k] through U [high]
move U [low] through U [high] to S [low] through S [hig
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void quicksort (index low , index high)
{
iIndex pivotpoint;
if (high> low) {
partition (low , high , pivotpoint)
quicksort (low , pivotpoint — 1)
quicksort (pivotpoint + 1 , high);
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void partition (index low, index high,
index & pivotpoint)

index i, j;

keytype pivotitem;

pivotitem = S [low];

] = low

for (i =low +1 ;i <= high; i ++)
if (S [i] < pivotitem ) {

JE -' |
exchange S [i] and S [j; |
) -.
pivotpoint = j;
exchange S [low] and S [ pivotpoint];
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void starssen (int n
N x N __ matrix A,
N x N __ matrix B,
nxn_matrix & C)
{

if ( n <= threshold)
compute C = A x B using the standard algorithm;




else {
partition A into four submatrics A11, A12, A21,A22]

partition B into four submatrics B11, B12, B21,B22;
compute C = A x B using Starssen’s Method;




Strassen's Matrix Multiplication




Basic Matrix Multiplication ‘

Suppose we want to multiply two matrices of size M
x NV for example Ax B =C.

By, By
By By

Cll Cl2
C21 022

All A12
A21 A22

C=a;b, ta,by,
C,=a,b,ta;b,
C.,=a,,b;+a,,b

4 = i 2x2 matrix multiplicat;
C,, = a,,b,, + agdopplished in 8 multiplication.(2




Basic Matrix Multiplication

void matrix_mult (){
for (i=1;i<=N;i++) { algorithm

for G=1;j <=N; j+H) {
compute C;;

b

%

Time analysis =l




Strassens’s Matrix Multiplication =

“* Strassen showed that 2x2 matrix multiplication can be
accomplished in 7 multiplication and 18 additions or
subtractions. .(2le,” =22:807

¢ This reduce can be done by Divide and Conquer
Approach.

»




Divide-and-Conquer

“* Divide-and conquer is a general algorithm design
paradigm:

= Divide: divide the input data §'in two or more disjoint
subsets 9, S, ...

= Recur: solve the subproblems recursively

= Conquer: combine the solutions for §), S,, ..., nto a
solution for §

“* The base case for the recursion are subproblems of
constant size

% Analysis can be done using recurrence equations

b,



Divide and Conquer Matrix Multiply

A X B = R
Ay | A B, | By AxBytAxB, | AyxB;+A,;xB;
X —
A2 A3 BZ B3 AxBytA;xB, | AxBtA;xB;

*Divide matrices into sub-matrices: A, A,, A, etc

*Use blocked matrix multiply equations
Recursively multiply sub-matrices .




Divide and Conquer Matrix Multiply

ao X bo — ao X bo

* Terminate recursion with a simple base case




Strassens’s Matrix Multiplication

Cu Cia _ Ay A || By By

Car Cag Ay Agg || Bay Ba
P, =(ATARB,1B),) C,=P, +tP,-P;+P,
P,=(A,; Ay * B C,=P;+P;
Py=Ay " By, - Byy) Cy=P,+P,

P,=A,, * (By - By)
P;=(A; tAp) ¥ By,
Pe=(Ay -Ayy) * (B +Byy)
P,=(Ap-Ap) * (By +By,)

Cyp=P+P;-P,+ P




Comparison

C,=P,+P,-P.+P,
7 (A11+ Azz)(B11+B22) i Azz & (B21 - Bu) 3 (Au 33 Alz) > B22+
(Alz 3 Azz) % (le T Bzz)
- A11 B11 I A11 Bzz h Azz B11 T Azz Bzz 25 Azz le . Azz B11 -
A11 Bzz 'Alz Bzz b A12 le T A12 Bzz = Azz le = Azz Bzz
=A; B tA, By,




Strassen Algorithm

void matmul(int *A, int *B, int *R, int n) {

if(n==1) {
(*R) +=(*A) * (*B);

} else §
matmul(A, B, R, n/4);
matmul(A, B+(n/4), R+(n/4), n/4);
matmul(A+2*(n/4), B, R+2*(n/4), n/4);
matmul(A+2*(n/4), B+(n/4), R+3*(n/4), n/4);
matmul(A+(n/4), B+2*(n/4), R, n/4);
matmul(A+(n/4), B+3*(n/4), R+(n/4), n/4);
matmul(A+3*(n/4), B+2*(n/4), R+2*(n/4), n/4);
matmul(A+3*(n/4), B+3*(n/4), R+3*(n/4), n/4);

Divide matrices in sub-matrices an
recursively multiply sub-matie



Time Analysis

r1)=1 (assume N = 2%)
T(N)=TT(N/2)
T(N)=7T"T(N/2")=7"
T(N) = 7103N :N1037 :N2.81
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large _integer prod ( large_integer u, large integer v)
{
large_inreger x,y,w, z;
intn, m;
n = maximum(number of digits in u,number of digits in V)
if (u==0|lv==0) |
return O ;




else if (n <= threshold)
return u x v obtained in the usual way;

else {
m=|n/2|;
X =udivide 10*m ; y=rem 10 * m;
w=vdivide 10" m ; z=rem 10 * m;
return prod (x ,w) x 10 *2m + ( prod ( X, z) + prod
(W,y))x10*m + prod ( y, 2);

}
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large _integer prod2 (large_integer u, large_ integer v)
{
large_integerx,y,w,z,r,p,q;
intn, m;
n = maximum (number of digits in u,number of digits in v);
if (u==0|lv==0)

return O ;

else if (n < = threshold)
return u x v obtained in the usual way;




else {
m=]|n/2]|;
x=udivide 10*m ; y=rem 10 * m;
w=vdivide 10*m ; z=rem 10 * m;
r= prod2 (x +y,w+2z);
p=prod2 (x,w)

q=prod2(y,z); N |
return px1022m+(r—-p—-q)x 10* m +q;
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int fib (int n)
{
if(n<=1)
return n;

else
return fib (n—1) + fib (n — 2);
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int fib2 (int n)
{
index I;
int f [0..n];
f{0] = O;
if (n>0) {
f[1] = 1;
for (iI=2;i<=n;i++)
fli]=f[i-1]+f[i-2];
}

return f[n];

}
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