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In Linear Time from Regular Expressions to NFAs
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Thompson’s Algorithm

Produces O(n) states for regular expressions of
length n.

Ken Thompson
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Chapter 3:
Converting Regular Expressions to NFAs

A formal approach to Thompson’s Algorithm

Berry-Sethi Algorithm

Produces exactl;l n + 1 states withoutl e-transitions|and GerardSory aiSen
demonstrates — Equality Systems and — Attribute Grammars

Idea:

An automaton covering the syntax tree of a regular expression e tracks (conceptionally via
markers, which subexpressionsre reachable consuming the rest of input w.

@ markers contribute aopoint into the automaton for this

subexpression

@ edges for each layer of subexpression are modelled after
Thompson’s automata
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A formal approach to Thompson’s Algorithm

Glushkov Automaton
Produces exactly n + 1 states without e-transitions and

demonstrates — Equality Systems and — Attribute Grammars

Viktor M. Glushkov

|dea:

An automaton covering the syntax tree of a regular expression e tracks (conceptionally via

markers “e”), which subexpressions ¢’ are reachable consuming the rest of input w.

@ markers contribute an entry or exit point into the automaton for this

subexpression

@ edges for each layer of subexpression are modelled after
Thompson’s automata
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Berry-Sethi Approach (naive version)
Construction (naive version):
States: with » nodesof e;
Start state: ee;
Final state: ee;
Transitions: for leaves r = we require: (er, z,re).
The leftover transitions are:
T Transitions r Transitions
ri|re | (er e, 0r1) ri | (er,e,re)
(or,c,0r2) (or,€,0r1)
(7“1.,6,70) (r10,¢,071)
(roe,€,re) (r1e,€,10)
ri-r2 | (er €, or1) 1?7 | (er, e, re)
(rlo,e,orz) (or,€,0r1)
(r2e,¢,70) (r1e,¢,e)
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Berry-Sethi Approach

.. for example:

(a]b)"a(alb)

&

Berry-Sethi Approach

.. for example:
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Berry-Sethi Approach (naive version)

Construction (naive version):

States:
Start state:
Final state:
Transitions:

er, re With r nodesof e;
ec,
ce;

forleaves r = we require: (er, z,re).

The leftover transitions are:

States:
Start state:
Final state:
Transitions:

The leftover transitions are:

r Transitions r | Transitions
ri|re | (er,e orl) ri | (er,e,re)
(or, € org) (or,€,0r1)
(rie,e,re) (r10,€,071)
(roe,¢€,70) (r10,¢,10)
ri-72 | (er, €, 0r1) r1? | (er,€,1e0)
(rie,e,or2) (or,€e,0r1)
(rzo,e,ro) (r10,¢€,70)
Berry-Sethi Approach (naive version)
Construction (naive version):
er, re with r nodesof e¢;
oc;
ce;
for leaves r = we require: (er, x,re).
r Transitions r | Transitions
1|72 | (er,€ 0r1) ri | (er,e,re)
(or,€ orz) (or,€,0r1)
(ﬁ—.>€7 ) (7’10,6,07‘1)
(rge,€,1e) (r1e,€,10)
ri-r2 | (er €, or1) 1?7 | (er, e, re)
(rlo,e,orz) (or,€,0r1)
(roe,€,10) (r1e,€,10)
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Berry-Sethi Approach (naive version)

Construction (naive version):

States: er, re with r nodesof e¢;
Start state: ee;
Final state: ce;
Transitions: for leaves r
The leftover transitions are:

= we require: (er, z,re).

r Transitions r | Transitions
ri|re | (er,e orl) ri (or,€,10)
(or, € org) (or,€,0r1)
(rve, e,L) (r1e,€,0r1)
(.l”evt—) (7)1.7 6’7,.)
ri-r2 | (or,€ 1) r1? | (er,€,1e0)
(rie,e,or2) (or,€e,0r1)
(rzo,e,ro) (r10,¢€,70)
- -
i -
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Berry-Sethi Approach (naive version)

[ °© o
Con ion):
r\ nodes of ¢; \
Star . . e »
Fina 1 Vo e
Transitions: for leaves v = [ ] = | we require: (er, z,7e).
The leftover transitions are:
| Transitions s {7") Transitions
r{ Hr) | bor, e, o) ] (er,€, 1)
U (o7, €, 072) | (o7, €, 0r1)
l (r1e,€,10) I (rie,e,or1)
~ (r2e,¢€,10) P (Fre,€,10)
ri-r2 | (or, €, or1) ri? | (er,e,re)
(r1e,€,012) (o7, €, 0r1)
(r20,€,10) (r1e,¢€,70)

Berry-Sethi Approach (naive version)

(r1e,¢,072)

or,c,or1)

[ ©
Construction ion):
States;‘er, itr\ r. nodes of e¢; \
Start staé: se; Ng r ¢ e/\@

. . . 4 1 V e
Final stafe: ee; T T
Transitions: forleaves r = [ [ = | we require: (er, z,re).

The leftover transitions are:
~__| Transitions s {7") Transitions
ri #hr) | ber,e, or1) ™ (or,€,70)
U (o7, €, 012) | (or,€,0r1)
l (r1e,€,7e0) = (r1e,¢€,071)
- (r2e,€,10) P (F10,€,70)
ri-r2 | (er €, or1) r17 | (er,e,re)
(
(

(T2.7 ) T')

rie, €, o)
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Berry-Sethi Approach (naive version)

Con

Star
Fina

ion):

r\ nodes of

Transitions: for leaves

r = [i]=] werequire{er;are)

The leftover transitions are:

VARN

Transitions

B\
l

\~
4

for, c, o
(o7, €, 0m2
(rie,e,7e
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(o7, €, 0m1
(r1e,€,012)
(r2e, €, 10

)
)
)
(r2e,¢€,10)
)
2
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Berry-Sethi Approach (naive version)

Construction ion):
States:‘er itr\ 7\ nodes of
Start state: ee;

Fina stafe: ed;

\lor

Transitions: forleaves r = [ [ = | we require

The leftover transitions are:

Transitions

260r,5,071
(o7, €, 012
(rie,¢e,70

(o7, €, 071
(r1e,¢,072)

)
)
)
(r2e,€,10)
)
)

(ro0,€,70

e
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s {7") Transitions

¢§f/ (er,¢,10)
Eor €, 071))

- (Fre,€,10)

ri? | (er,e,re)
(or,€,0m1)

(r1e,¢€,70)

o 7\\
JEAN
r, e » e
1 vy

s {7") Transitions
™A (o7, ¢, 70)

| (or, e, 0r1)

(r1e,¢€,071)

- (F10,€,70)
r17 | (er,€,re)
(or,€,0r1)
(r1e,¢€,10)
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Berry-Sethi Approach (naive version)

8 © o
Con ion): AN

7 nodes of ¢; \
Star - g {\o V. e
Fina K L

Transitions: for leaves v = [ | = | we require:{er;a;re):
The leftover transitions are:

| Transitions s {7") Transitions
7‘@ 2(07“,6,07‘1) N (or, €, 70)
\F/ (or,€,0r2) | (or,€,0r1)
(r1e,¢€,10) (rie,e,or1)
L/:\\irgo,e,ro) P k (Fre,€,10)
ri-re | (or,€ or1) ri? | (er,e,re)
(r1e, €, 072) (or,€,0r1)
(r20,¢,10) (r1e,¢€,70)
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