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HPC Technique on Multiple Precision Arithmetic
Masataka Ohta, Toshinori Maeno

Computer Center, Tokyo Institute of Technology

Efficient multiple precision integer multiply is implemented. as a basic tool for
multiple precision arithmetic using the simple O(N"2) Algorithm. High perfor-
mance computation techniques, that has been proven to be useful for efficient
matrix multiply, is applied. Multiple precision integers are represented by a bit-
sliced array of 64bit floating point numbers. By delayed carry propagation and
by register blocking through loop unroling, about 50% of theoretical peak perfor-
mance of 198MFLOPS as been extracted through C. The resulting program is
practically useful for public key criptography.
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#include <math.h>

#define MINT 65536
. #define LMINT 16

mpmul(a,al,b,bl,c)
double *a,*b,xc;
int al,bl;
{int i,j;
double c0,cl,carry;
for(i=0;i<al+bLi++)
cli]=0;
for(i=0ji<ali++)
{ for(j=0;<blj++)
cli+j]+=ali]*blj];
carry=0;
for(j=0;j<blj++)
{ c0=c[i+j]+carry;

cl=fmod(c0,MINT.0);
carry=(c0-c1)/MINT.0;

cli+j]=cl;
}
cli+j]+=carry;
}
}
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mpmul(a,al,b,bl,c)
double *a,xb,*c;
int al,bl;
{int i;
double c0,cl,carry;
cl=ldexp(1.0,-LMINT);
for(i=0;i<al+blLi++)
cli]=0;
for(i=0ji<al;i++)
for(j=0;j<bl;j++)
cli+j]+=ali)*b[j];
carry=0;
for(i=0;i<al+bli++)
{
. carry=(int)(cOxcl);
cfi]=c0-carry*MINT.0;
y .
b

c0=c[i]+carry;
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mpmul(a,al,b,bl,c)
double *a,*b,xc;
int al,bl;
{int 1,j;
double carry;
double a0,al,a2,a3;
double b0,b1,b2,b3;
double cO,cl,c?,c3,c4,c5,c6,c7;
for(i=0;i<al+blji++)
cfi]=0;
for(i=0;i<al;i+=4)
{ a0=ali;
al=ali+1];
a2=ali+2];
a3=ali+3];
c0=cl[i];
cl=c[i+1];
c2=c[i+2];
c3=cli+3];
for(j=0;j<bl;j+=4)
{ céd=cli+j+4];
c5=c[i+j+5];
c6=c[i+j+6];
cT=cli+j+7);
b0=b[j];
bl=b[j+1];
b2=b[j+2];
b3=b[j+3];
c0+=a0xb0;
cl4+=alxb0;
c2+4+=a2%b0;
c3+=a3xb0;
cl4+=alxbl;
c2+=alxbl;
c3+=a2xbl;
c4+=a3*bl;

c2+=alxb2;
c3+=alxb2;
c4+=a2xb2;
cS5+=a3xb2;
c3+=a0*b3;
cd+=alxb3;
c5+=a2xb3;
c6+=a3xb3;
cli+j]=c0;
cfi+j+1]=cl;
cli+j+2]=c2;
cli+j+3]=c3;
c0=c4;
cl=cbh;
c2=c6;
c3=cT;
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cli+j]=c0;
cfi+j+1]=cl;
cfi+j+2]=c2;
cli+j+3]=c3;

}

carry=0;

cl=Idexp(1.0,-LMINT);

for(i=0;i<al+bLi++)

{ cO0=c[i]+carry;
carry=(int)(cO*cl);
cli]=c0-carry*xMINT.0
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