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Hardware acceleration for 
high parallelism and energy efficiency
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How to perform hardware design?

Χ ŎƛǊŎǳƛǘ ŘŜǎƛƎƴ ƛǎ ƻŦǘŜƴ ŎƻƴǎƛŘŜǊŜŘ ŀ άōƭŀŎƪ ŀǊǘέΣ restricted to 
ƻƴƭȅ ǘƘƻǎŜ ǿƛǘƘ ȅŜŀǊǎ ƻŦ ǘǊŀƛƴƛƴƎ ƛƴ ŜƭŜŎǘǊƛŎŀƭ ŜƴƎƛƴŜŜǊƛƴƎΧ 

[cacm.acm.org/magazines/2023/1/]

Χ chips take years to design, resulting in the need to speculate 
about how to optimize the next generation of chipsΧ 

[ai.googleblog.com/2020/04]



4

High-Level Synthesis: From Programs to Circuits

Raise the level of abstraction for hardware design 
beyond RTL level (VHDL, Verilog)
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Bridging the Gap Between Software and Hardware

SW
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George et al. FPL 2014.
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Bridging the Gap Between Software and Hardware

HLS is still not meant 
for software programmers

HLS often fails in extracting 
parallelism from software code

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

  for (c = s; c < e; c++) {
    cid  = col[c];
    tmp += val [c] * vec[ cid ];
  }

  out[ i ] = tmp;
}

Sparse-matrix dense-vector multiplication
(SpMV)
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Bridging the Gap Between Software and Hardware

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

  for (c = s; c < e; c++) {
    cid  = col[c];
    tmp += val [c] * vec[ cid ];
  }

  out[ i ] = tmp;
}

Sparse-matrix dense-vector multiplication
(SpMV)

Variable loop bounds

Irregular memory 
access patterns

Variable memory latency
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Ą inefficient, limited, non-exhaustive

Covers some behaviors
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FPGA technology mapping, placement, and routing
Ą impact on circuit performance and power
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.Ω

FPGA technology mapping, placement, and routing
Ą impact on circuit performance and power

short & fast long & slow

A Ą B
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Bridging the Gap Between Software and Hardware

How to generate high-performance circuits from 
general-purpose software code? 

HLS is still not meant 
for software programmers

HLS often fails in extracting 
parallelism from software code

HLS circuits need hardware-level 
functional verification

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

ÅCreatea datapathsuitableto implementthe requiredcomputation

ÅCreatea fixed scheduleat compiletime to activatethe datapathcomponents
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Standard HLS

ÅCreatea datapathsuitableto implementthe requiredcomputation

ÅCreatea fixed scheduleat compiletime to activatethe datapathcomponents

for (i=0; i<n; i++) {
acc += x[i] * c[n - i];

}

i

+

1

<

N

acc

Static 
controller

2 stages

LD x[i] LD c[n-i]

*

+

Program functionality

Operation 
schedule


