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Building a Lexical Analyzer

 Token = Pattern

e Pattern = Regular Expression
 Regular Expression = NFA

* NFA = DFA

* DFA = Table-driven implementation of DFA



Thompson’s construction

* Converts regexps to equivalent NFA

* Sixsimple rules
* Empty language
* Symbols (2)
* Empty String (g)

e Alternation (r; orr,)

* Concatenation (r; followed by r,)

* Repetition (r;*)



Thompson Rule O

* For the empty language ¢
* (optionally include a sinkhole state)

o—9




Thompson Rule 1

* For each symbol x of the alphabet, there is a NFA that accepts it

O—0



Thompson Rule 2

 There is an NFA that accepts only €

O——0O




Thompson Rule 3

* Given 2 NFAs ry, r,, there is a NFA that accepts r; | r,

10O
10O




Thompson Rule 3

* Given 2 NFAs ry, r,, there is a NFA that accepts r; | r,




Thompson Rule 4

* Given 2 NFAs r,, r,, there is a NFA that accepts r;r,

@0 @0




Thompson Rule 4

* Given 2 NFAs r,, r,, there is a NFA that accepts r;r,

0100
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Thompson Rule 4

* Given 2 NFAs r,, r,, there is a NFA that accepts r;r,

7\ ) /7 N\

\ € \
O+ O 2 O
\ 4 \

\ 7 J \ 7
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Thompson Rule 5

* Given an NFA for r, there is an NFA that accepts r*

©:0
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Thompson Rule 5

* Given an NFA for r, there is an NFA that accepts r*
€

© 10 .8
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Example

* Set of all binary strings that are divisible by four (include 0 in this set)

* Defined by the regexp:
* Apply Thompson’s Rules to create an NFA
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Basic Blocks O and 1
((0[1)*00) | O

NFA for 0 \ NFA for 1

0 1

o0 o0




0]1
((0]1)*00) | O






(0]1)*00
((0]1)*00) | O



(0]1)*00
((0]1)*00) | O



((0]1)*00)|0
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< construct
Thompson S construction
E o))
4

1= nf
n7 aabI.C. n1=nta(a)
; n2= nfa(a)
tree in postfix n4= nfa(n2, n3, | )
ni 3)4\ n5= nfa(nl, n4,.)
n6= nfa(c)
n2 |a n3| b

n7= nfa(n5, n6, . )




Thompson’s construction

n5 | .

nl

n7/

noé

n4

n2

n3

stack
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Thompson’s construction

n5 | .

n2 |a

n7/

noé

n3

¢ push nl

stack

nl
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Thompson’s construction

n5 | .

nl

n7/

noé

n4

n2

n3

stack

nl
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Thompson’s construction

n7/
n5 n6

nl |3 | | n4
G b

C

push n2

stack

n2, nl
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Thompson’s construction

n5 | .

nl

n7/

noé

n4

n2

n3

stack

n2, nl
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Thompson’s construction

n5 | .

nl

n7/

noé

n4

n2

n3

A
¢ pushn3

stack

n3, n2, nl
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Thompson’s construction

n5 | .

nl

n7/

noé

n4

n2

n3

stack

n3, n2, nl
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Thompson’s construction

n7/
A n2= nfa(a)
ns | . n6| ¢ popn3,n2 n3= nfa(b)
| | na
° stack

n2 |a n3| b nl




Thompson’s construction

n7/
A n2= nfa(a)
ns5 | . n6| ¢ pushn4g n3= nfa(b)
| | n4
° stack
n2 |a n3| b n4, nl




Thompson’s construction

n5 | .

nl

n7/

noé

n4

n2

n3

stack

n4, nl
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Thompson’s construction

nl= nfa(a)
n7/
A
ns | . n6| ¢ popn4,nl
n4= nfa(n2, n3, | )
a | | n4
stack

n2 |a n3| b




Thompson’s construction

@

nl

n7/

n6

n4

n2

n3

¢ pushn5

stack

n5

nl= nfa(a)

n4= nfa(n2, n3, | )
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Thompson’s construction

n5 | .

nl

n7/

noé

n4

n2

n3

stack

n5
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Thompson’s construction

n7/

ns | . n6|c) pushnb

stack

n2 |a n3| b ne, n>




Thompson’s construction

n5 | .

nl

n7/

noé

n4

n2

n3

stack

n6, n5
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Thompson’s construction

n5 | .

nl

n7/

n6

n4

n2

n3

C

pop n6, n5

stack

n5= nfa(nl, n4, .)
n6= nfa(c)
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Thompson’s construction

@

n5 | .

nl

n6

n4

n2

n3

c pushn7

stack

n7/

n5= nfa(nl, n4, .)
n6= nfa(c)
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Thompson’s construction

n5 | .

nl

n7/

n6

n4

n2

n3

pop n/

stack

n7= nfa(n5, n6, . )
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Thompson’s construction

n5 | .

nl

n7/

n6

n4

n2

n3

Q: Use Thompson’s construction to

build an NFA for (@]1) (0]1)*

(ala]b))c
aab | .. (T

op n/
Pop
stack
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