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High-Level Synthesis: From Programs to Circults
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Ra|se the level of abstraction for hardware O
beyond RTL level (VHDL Verllog)
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HLS is still not meant
for software programmers




SW

HW

Bridging the Gap Between Software and Hardware

void (int+ mem) {
mem[512] = 0;
for (int i=0; i<512; i++)
mem[512] += mem[i];

o e 2 =

}

HLS is still not meant
for software programmers

(a) Unoptimized HLS Program; Execution Time = 27,236 clock cycles
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(a) Unoptimized HLS Program; Execution Time = 27,236 clock cycles

54

// Width of MPort = 16 * sizeof (int)
#define ChunkSize (sizeof (MPort) /sizeof (int))
#define LoopCount (512/ChunkSize)
// Maximize data width from memory
void (MPort+ mem) {
// Use a local buffer and burst access
MPort buff [LoopCount];
memcpy (buff, mem, LoopCount);
// Use a local variable for accumulation
int sum=0;
for(int i=1; i<LoopCount; i++) {
// Use additional directives where userful
// e.g. pipeline and unroll for parallel exec.
#pragma PIPELINE
for (int j=0; J<ChunkSize; Jj++) {
#pragma UNROLL
sumt= (int) (buff[i]>>j*sizeof (int)=*8); }}
mem[512]=sum;
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(b) Optimized HLS Program; Execution Time = 302 clock cycles
George et al. FPL 2014.
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HLS often fails in extracting
parallelism from software code
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HLS often fails in extracting
parallelism from software code

for( 1 =0; I < num_rows i++){
tmp =0;
s=row[ i];e=row[i+1];
for(c=s;c<e; ct++) {

cid = col[c];
tmp += val [c]* vec[cid ];

}

out[ i]= tmp;

Sparsematrix densevector multiplication
(SpMV)
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HLS often fails in extracting
parallelism from software code

for( 1 =0; i < num_rows i++){
tmp =0;
s=row[ i];e= roIN[i+1]; | Variable memory latency
ffor (c=s;c<e; c++){ | Variable loop bounds
cid = collc];

Irregular memory

tmp += val [c] * IveC[ cid | I access patterns

}

out[ i]= tmp;

}

Sparsematrix densevector multiplication
(SpMV)
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HLS is still not meant
for software programmers

HLS often fails in extracting
parallelism from software code

HLS circuits need hardwailevel
functional verification




Bridging the Gap Between Software and Hardware

Functional verificationof circuits using hardware simulation
A inefficient, limited, norexhaustive

Qutput
checker

Stimulus »  Circuit >

Functional verification
Covers some behaviors

HLS circuits need hardwailevel
functional verification
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Functional verificationof circuits using hardware simulation
A inefficient, limited, norexhaustive

Stimulus > Circuit > Output
checker
Functional verification
Covers some behaviors
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HLS is still not meant
for software programmers

HLS often fails in extracting
parallelism from software code

HLS circuits need hardwailevel
functional verification

It is difficult for HLS to account for
reconfigurable platform details




Bridging the Gap Between Software and Hardware

SW

It is difficult for HLS to account for
! reconfigurable platform details

HW

FPGA technology mapping, placement, and routing
A impact on circuipperformance and power

Switch Matrix Interconnect Network  1/O pins

Logic Block  Memory Block DSP Block

Langhammer et al. ARITH 2015.
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HLS is still not meant
for software programmers

HLS often fails in extracting
parallelism from software code

HLS circuits need hardwailevel
functional verification

It is difficult for HLS to account for
reconfigurable platform details

FPGA technology mapping, placement, and routing
A impact on circuipperformance and power

Switch Matrix Interconnect Network  1/O pins
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Logic Block  Memory Block DSP Block

Langhammer et al. ARITH 2015.
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HLS is still not meant
for software programmers

HLS often fails in extracting
parallelism from software code

HLS circuits need hardwailevel
functional verification

It is difficult for HLS to account for
reconfigurable platform details

FPGA technology mapping, placement, and routing
A impact on circuipperformance and power

I/O pins

AA B

Switch Matrix Interconnect Network
[
A
short & fast long & slo
B
N A
Logic Block  Memory Block DSP Block

Langhammer et al. ARITH 2015.
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HLS is still not meant
for software programmers

HLS often fails in extracting How to generate higkperformance circuits from
parallelism from software code generatpurpose software code?
HLS circuits need hardwailevel

functional verification

It is difficult for HLS to account for
reconfigurable platform details
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A Createa datapath suitableto implementthe required computation
A Createafixed scheduleat compiletime to activatethe datapathcomponents
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A Createa datapath suitableto implementthe required computation
A Createafixed scheduleat compiletime to activatethe datapathcomponents

for (i=0; i<n; i++) {
acc += Xx[i] * ¢[n -1];
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