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Building Tera-Scale Apps with Ct
Productive & Scalable Multi-core Programming

Ct extends C/C++ by adding nested parallel data 
structures and operators
Support different multi-core hardware through 

on-the-fly automatic parallelization

Interface compatible with existing programming 
environments and APIs

Simple high-performance parallel code 
Race-free programming
Scalability
SSE friendly

void smvp_csr_double_3x3mat(double3vec* dst,  
double3x3mat*  A, 
int* cind, 
int* rows, 
double3vec* v, 
int width,  
int h eight , 
int nonzeros, 
int n umThreads , 
void* patt ern, 
double3vec* sc ratch ,
int* scratch_in t) {

int i;
double3vec* sc ratch1 = scratch;
double3vec* sc ratch2 = &(scratch[MAX(nonzeros,height)]);
double3vec* sc ratch3 = &(scratch[MAX(nonzeros,height)*2]);
int* scrat ch_icast =  (int*)scratch;
int baseStripSi ze = nonzeros/numThreads;
int leftoverStripSize = nonzeros%numThreads;
double3vec incomingarr[MAXPRIMTHREADS];
int incomingseg[MAXPRIMTHREADS];
int incomingsegs[M AXPRIMTHREADS];
int* segflags=((mult ipatt ern*)pattern)->segdesc;
int incomingarr_int[MAXPRIMTHREADS];

#pragma omp parallel num_threads(numThreads)
{

#ifdef _OPENMP
int t hreadId = omp_ get_t hread_num();

#else
int t hreadId = 0;

#endif
int lowerBound = threadId*baseStri pSize+(th readId<leftoverStripSize ? threadId : leftoverStripSi ze);
int upperBound = (threadId+1)*baseStripSize+(threadId+1<leftoverStripSize ? threadId+1 : leftoverStripSi ze);
double3vec incoming;
int incomingsg s = 0;
int el t;
int frontier;
int seghit s = 0;
int seghit = segflags[lowerBound];
int incoming_int = 0 ;

incoming[0] = 0.0;
incoming[1] = 0.0;
incoming[2] = 0.0;

if ((upperBound != nonzeros) && (segflags[upperBound]))
seghits = 1;

/* Fused Local Phase 1  Inner Product + Local Reduction*/
matrixvector3x3x1_multi ply(sc ratch 1[lowerBound],  A[lowerBound],  v[cind[lowerBound]]);
for (elt = lowerBound+1; (elt <  upp erBound) && (el t < nonzeros); elt ++) {

if (segflags[elt]) {
matri xvector3x3x1_ multiply(sc ratch1[elt ], A[elt], v[cind[elt]]);
segh it = TRUE;
seghits++;

} else {
matri xvector3x3x1_ multiply(sc ratch1[elt ], A[elt], v[cind[elt]]);
vector3x1 _add(scrat ch2[elt],scratch2[elt-1],scratch1[elt -1]);

}
}

/* SegReduction Global P hase */
#pragma omp barrier

incomingsegs[threadId] = seghits;
incomingseg[threadId] = seghi t;
if (threadId) {

vector3x1_add(incomingarr[threadId],scrat ch2[lowerBound-1],scratch1[lowerBound-1]);
} else {

incomingarr[threadId][0] = 0;
incomingarr[threadId][1] = 0;
incomingarr[threadId][2] = 0;

}
incoming[0] = incomingarr[threadId][0];
incoming[1] = incomingarr[threadId][1];
incoming[2] = incomingarr[threadId][2];
incomingsgs = incomingsegs[threadId];
segh it = FALSE;

#pragma omp barrier

frontier = 1;
whil e (frontier < numThreads) {

if (threadId >= frontier) {
if ((!incomingseg[threadId - frontier]) && !seghit) {

vector3x1_add(incoming,incomingarr[t hreadId],i ncomingarr[threadId-frontier]);
}
incomingsgs = incomingsegs[threadId] +  incomingsegs[threadId - frontier];

}
if (incomingseg[t hreadId - frontier])

seghit = TRUE;
frontier  <<= 1;

#pragma omp barrier
incomingarr[threadId][0] = incoming[0];
incomingarr[threadId][1] = incoming[1];
incomingarr[threadId][2] = incoming[2];
incomingsegs[threadId] = incomingsgs;

#pragma omp barrier
}

seghit = segflags[lowerBound];

incomingsgs = (threadId ? incomingsegs[threadId-1] : 0 );
for (elt = lowerBound; (elt < upperBound) &&  (elt < nonzeros); elt ++) {

if ((elt == nonzeros-1) || segflags[elt +1]) {
if (!seghi t) {

vector3x1_addinplace(scratch3[incomingsgs],i ncomingarr[threadId]);
vector3x1_addinplace(scratch3[incomingsgs],scratch2[elt ]);
vector3x1_addinplace(scratch3[incomingsgs],scratch1[elt ]);

} else {
vector3x1_addinplace(scratch3[incomingsgs],scratch2[elt ]);
vector3x1_addinplace(scratch3[incomingsgs],scratch1[elt ]);

}
incomingsgs++;
seghit = TRUE;

}
}

baseStripSize = height/n umThreads ;
leftoverStr ipSize = height %numThreads;
lowerBound = threadId*baseSt ripSize+(threadId<leftoverStripSize ? threadId : leftoverStrip Size);
upperBound = (threadId+1)*baseSt ripSize+(t hreadId+1<leftoverStripSi ze ? threadId+1 : leftoverStrip Size);

((int *)scratch2)[lowerBound] = 0;
scratch_icast[upperBound-1] = (rows[upperBound-1] == rows[upperBound] ? 0 : 1);

for (elt = lowerBound+1; (elt <  upp erBound)&& (elt < height); elt ++) {
sc ratch_icas t[elt-1] = (rows[elt-1] == rows[elt] ? 0 : 1);
((int*)scratch2)[elt] = (((int*)sc ratch2)[elt-1] + scratch_icast[elt-1]);

}

#pragma omp barrier
if (threadId)

incomingarr_int[t hreadId] =  ((int *)scratch2)[lowerBound-1]+sc ratch_icas t[lowerBound-1];
else

incomingarr_int[t hreadId] =  0;
#pragma omp barrier

incoming_ int = incomingarr_int[threadId ];
frontier = 1;
whil e (frontier < numThreads) {

if (threadId >= frontier) {
incoming_ int +=  incomingarr_int[thread Id - frontier];           

}
frontier  <<= 1;

#pragma omp barrier
incomingarr_int[t hreadId] =  incoming_int;

#pragma omp barrier
}
((int *)scratch2)[upperBound-1] += incomingarr_int[threadId];

#pragma omp barrier

if (threadId) {
incomingarr_int[t hreadId] =  ((int *)scratch2)[lowerBound-1]+sc ratch_icas t[lowerBound-1];  /*  barrier above guarantees the dst isn't read 

until after it' s updated */

for (elt = lowerBound; (elt < upperBound-1) && (elt < height); el t ++) {
((int *)scratch2)[elt] += incomingarr_int [threadId];
if (sc ratch_icas t[elt])

vector3x1_copy(d st[elt ],scratch3[((int*)scratch 2)[elt]]);
}    
if (scrat ch_icast[upperBound-1])

vector3x1 _copy(dst[upperBound-1], scratch3[((int*)scratch2)[upperBound-1]]);
}  el se { / * threadId != 0  */

for (elt = lowerBound; (elt < upperBound) && (el t < height); elt ++) {
if (sc ratch_icas t[elt])

vector3x1_copy(d st[elt ],scratch3[((int*)scratch 2)[elt]]);
}

}
} /* paral lel region */

}
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Key Ct Applications
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CCtVEC<double>sparseMatrixvectorProduct(                   
CCtVEC<double>A, CCtVEC<int>rowindex, 
CCtVEC<int>cols, 
CCtVEC<double> v) 

{

CCtVEC product = v.ctGather(cols)*A;

return product.addMultiReduceAdd(rowindex);

}
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