
Regular Expression

Operators
 ‘*’ repeat (unary)
 ‘|’ or (binary)
 ‘’ concat (binary)

Example: ((a|b)*)(cd)
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Regular Expression Matching

Regular Expression
● pattern for searching in data
● pattern ⇔ regular language
● can be detected by an finite automata
● can be deterministic or 

nondeterministic
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DFA
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NFA
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Simulation on CPU

Create NFA from grammar
Translate NFA into DFA
Simulate DFA

O(n)
O(2^n)
O(1) per 
char
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Simulation on CPU

Create NFA from grammar
Simulate NFA

O(n)
O(n) per 
char
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Simulation on FPGA

Create NFA from grammar
Translate NFA into wiring
Simulate NFA

O(n)
O(n)
O(1) per 
char
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((a|b)*)(cd)
abcd
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((a|b)*)(cd)
abcd
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((a|b)*)(cd)
abcd
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((a|b)*)(cd)
abcd
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((a|b)*)(cd)
abcd
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((a|b)*)(cd)
abcd
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Drop of Complexity

● completely parallelized
● linear in energy
● still minimal
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(a|b)*a(a|b)(a|b)...(a|b)
k times (a|b)
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Dense Linear Algebra

● fix point/floating point
● math operations in a pipeline
● reduce pipeline
● performance
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fix point/floating point

fix point
● almost like int
● operations are 

simple

floating point
● complex 

behavior
● exponent
● denormalized 

numbers
● NaN, inf

20



math operations in a pipeline

● take α cycles for a result
● accept input each cycle
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reduce tree
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y = Ax + y
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y = Ax + y
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source: Xilinx
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Summary

very scalable
many useful applications
might become a default component of 
personal computers

28



Image Sources

● High-Performance Reduction Circuits Using 
Deeply Pipelined Operators on FPGAs

● BLAS Comparison on FPGA, CPU and GPU
● Fast Regular Expression Matching using FPGAs
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