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Why Hardware Algorithms?

High communication bandwidth.
Spatial Parallelism can be exploited.

Quicker memory access (distributed memory).

Now practical
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What Is A Systolic Algorithms?

Definition
A Systolic Algorithm is an algorithm that can be mapped to a
network of processors which rhythmically compute and pass

data through the network.
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network of processors which rhythmically compute and pass
data through the network.
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What Is A Systolic Algorithms?

Definition
A Systolic Algorithm is an algorithm that can be mapped to a
network of processors which rhythmically compute and pass

data through the network.

Example

e The human heart and lungs
e Passes blood in and out of the lung - Data flow.

e Lungs replace carbon dioxide with oxygen - Computation.
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Hardware Algorithms are systolic.

Definition
A Systolic Algorithm is an algorithm that can be mapped to a net-
work of processors which rhythmically compute and pass data

through the network.
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through the network.
e Task-specific processing elements.

¢ Elements compute and output results.

e Together -
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Hardware Algorithms are systolic.

Definition

A Systolic Algorithm is an algorithm that can be mapped to a net-
work of processors which rhythmically compute and pass data
through the network.

e Task-specific processing elements.

¢ Elements compute and output results.

e Together -
e Network of computation elements.
¢ Pass data to each other.

e Hardware algorithms are systolic.
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Systolic Merge Sort

e Sequential methods for sorting are one of the most
understood topics in computer science.
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Systolic Merge Sort

e Sequential methods for sorting are one of the most
understood topics in computer science.

e Feasible place to start from.

e Computers spend about 25% of non-numerical
computation time sorting.
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Systolic Merge Sort

Data Word
blk—1].-b[0]

EOS

EOI

EOS = End of Sorted Subset

EOI = End of Input

Figure: Data Structure used by algorithm
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Systolic Merge Sort
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Systolic Merge Sort Implementation

Implemented in VHDL

Optimized to stream data
Synthesized for Xilinx Spartan 3 chip
Verified by Simulation

Hardware verification - ongoing
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Systolic Merge Sort Results

y Data Width - 2 | 8 | 16 | 32 | 64 |
Distributed Memory(Mhz) | 117.4 | 105.5 | 92.2 | 71.6
Block Ram(Mhz) 85.8 | 86.0 | 61.7 | n/a

Table: Operating frequency for different data widths with block ram
and distributed ram implementation of FIFO structure
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Systolic Merge Sort Results

y Data Width - 2 | 8 | 16 | 32 | 64 |
Distributed Memory(Mhz) | 117.4 | 105.5 | 92.2 | 71.6
Block Ram(Mhz) 85.8 | 86.0 | 61.7 | n/a

Table: Operating frequency for different data widths with block ram
and distributed ram implementation of FIFO structure

] Data Width - 2 \ 8 \ 16 \ 32 \ 64 \
Distributed Memory(# of LUTS) | 674 | 947 | 1374 | 2182
Block Ram(# of LUTS) 617 | 812 | 1076 | n/a
Block Ram(# of Block rams) 10 | 10 10 n/a

Table: Total Resource usage for different data widths
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Systolic Merge Sort - Results

] Data Width - 2 \ 8 \ 16 \ 32 \ 64 \
Merger 56-64 | 90-123 | 118 | 159-221
Splitter 23 39 71 135
Distributed memory | 41 49 65 97
Block Ram FIFO 37 37 37 37

|BlockRamFIFO | 1 | 1 [ 1] 2 |

Table: Resource usage in terms of number of LUTs per Component
for different data widths
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e Hardware algorithms are now feasible and provide speed
gains over traditional sequential processors.
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Summary

Hardware algorithms are now feasible and provide speed
gains over traditional sequential processors.

Hardware algorithms are inherently systolic.

Can exploit some properties from sequential approach to
create faster systolic approach.

Pipelining data flow to and from memory is key in
achieving speed gains.
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