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Lecture 10: Implementing RegExp the hard way
Talen en Compilers 2023-2024, period 2

Lawrence Chonavel
Department of Information and Computing Sciences, Utrecht University
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Recap: RegExp

<|> :: R → R → R
<+> :: R → R → R
many :: R → R
many1 :: R → R
option :: R → R
symbol :: Char → R
satisfy :: (Char → Bool) → R
type R = Parser Char String

{}|{-?\d+(\.\d+)?}
|{(-?\d+(\.\d+)?,)+-?\d+(\.\d+)?}

(0b)?(0|1)+

co(bra|d)
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Recap: RegExp performance

head $ matchRegExp "a*aaaba*$" "aaaaaaabaa"

aaa
a aaa
aa aaa
aaa aaa
aaaa aaab aa
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Today: matching RegExp fast

 Goal: O(length input) matching time

New algorithm

from the bottom up
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Problem: computers are complicated

10nm SF Tiger Lake 8Core processor (2021) die shot, by @Locuza_ on twitter
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Simplification: Moore Machine

controller memory

output
generator

output

input events

a.k.a. Finite State Machine (FSM)

v.s.t Finite State Automaton (FSA)

a.k.a. Deterministic Finite Automaton (DFA)
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Moore Machine for lamp

step :: Event -> Memory -> Memory

step       _ = State {color=W,on=True}

step       _ = State {color=Y,on=True}

step       s = s {on = not (on s)}

/ /

color :: YellowOrWhite

on :: Bool

genOut :: Memory -> Output

genOut (State {color=_,on=False}) =

genOut (State {color=W,on=True}) =

genOut (State {color=Y,on=True}) =

/ /
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Moore Machine for lamp

step :: Event -> Memory -> Memory
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A Big Example
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Moore Machines benefits

▶ Easy to use

▶ Easy to modify

▶ Easy to verify

▶ By the inventor of Moore’s law
#

▶ False! Edward F. Moore vs Gordon E. Moore

▶ Easy to implement
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Moore Machines in Haskell

step :: Event -> Memory -> Memory
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Moore Machines in C

step :: Event -> Memory -> Memory

step       _ = State {color=W,on=True}

step       _ = State {color=Y,on=True}

step       s = s {on = not (on s)}

/ /

color :: YellowOrWhite

on :: Bool

genOut :: Memory -> Output

genOut (State {color=_,on=False}) =

genOut (State {color=W,on=True}) =

genOut (State {color=Y,on=True}) =

/ /

Memory step(Event e, Memory s){switch (e) {

case 0 :return (Memory){.color=W, .on=true};

case 1 :return (Memory){.color=Y, .on=true};

case 2 :return (Memory){.color=s.color, .on=1-s.on};

}}

Output genOut(Memory mem){

  if (mem.on == false) {return   ;}

  if (mem.color == W)  {return   ;}

  if (mem.color == Y)  {return   ;}

}

typedef struct memory {

  YellowOrWhite color;

  bool on;

} Memory;
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Moore Machines in Hardware

step :: Event -> Memory -> Memory

step       _ = State {color=W,on=True}

step       _ = State {color=Y,on=True}

step       s = s {on = not (on s)}

/ /

color :: YellowOrWhite

on :: Bool

genOut :: Memory -> Output
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Moore Machines in Mathematics

step :: Event -> Memory -> Memory

step       _ = State {color=W,on=True}

step       _ = State {color=Y,on=True}

step       s = s {on = not (on s)}
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genOut :: Memory -> Output

genOut (State {color=_,on=False}) =

genOut (State {color=W,on=True}) =

genOut (State {color=Y,on=True}) =

/ /

step ∈ Event × Memory → Memory
step (             ,  _) = (W,⊤)
step (             , _) = (Y, ⊥)
step (             , s) = (π₁ s, ¬ (π₂ s))

genOut :: Memory → Output
genOut (_, ⊥)  = 
genOut (W, ⊤) =
genOut (Y, ⊤)  =

Memory ≜  {Y,W} × 𝔹
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Moore Machines summary

▶ Easy to use

▶ Easy to modify

▶ Easy to verify

▶ Easy to implement
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A: Transition Relation must be a function!
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runNFAε :: NFAε sy st → [sy] → Set st

r2n :: RegExp → NFAε Char Label -- (by example)

matchesRegExp :: RegExp → String → Bool
matchesRegExp r s = any isAccepting $
runNFAε (r2n r) s

Done?
▶ No!
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runNFAε :: NFAε sy st → [sy] → Set st

runDFA :: DFA sy (Set st) → [sy] → Set st

n2d :: NFAε sy st
→ DFA sy (Set st)

runNFAε = runDFA . n2d
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Look familiar?
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Performance

If n = length input and m = length regexp, then…

▶ 𝑂(𝑛𝑚) time

▶ Our ‘new’ algorithm is not so hot
▶ Invented 1959: doi.org/10.1147/rd.32.0114
▶ Compiled 1964: doi.org/10.1145/363347.363387

▶ Best known algorithm (2009):
▶ 𝑂(𝑛) space
▶ 𝑂(𝑛𝑚 log log 𝑛

log
3
2 𝑛

+ 𝑛 + 𝑚) time
▶ doi.org/10.1007/978-3-642-02927-1_16
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Summary

▶ RegExp

▶ RegExp → NFAε

▶ NFAε → DFA

▶ DFA →

▶ Not the only way
▶ DFA product (e.g. r₁|r₂)
▶ “Brzozowski derivative”


