Regular Expression (RE)

« Equivalent to regular grammars and finite
automata.

 used to implement scanners.



RE Detfinition

« If a and b are a regular expressions:

= (Concatenation —

= Alternation —

= Kleene Closure —

a-b

1s a regular expression consisting
of RE a followed by RE b.
alb

1S a regular expression consisting

of either RE a or RE b.

%

a
1s a regular expression consisting

of 0 or more instances of RE a
concatenated together.



The Empty RE — ¢

« The RE with no symbols in it is €.

. * .
* For example, 0 instances of a 1s €.



RE Examples

If 1 is a letter and d is a digit,

- 1-( | d)* —is an RE for an identifier. (l, 1d, 11, 1dd,
1d1, 11d, 111, 1ddd, 1ddl, 1d1d, 1d11, ...).

* d*—isabad RE for an integer (8, d, dd, ddd, ).

d -d"-isa good RE for an integer (d, dd, ddd, ).
d -d'=dd*= df

- d*. d* (d* followed by a period followed by d*) —is a bad
RE for a real number (., .d, d., d.d, dd.d,
d.dd, dd., .dd, dd.dd, ...).



Signed/Unsigned Integer/Real
Number

(+|=|e)@*] d+. d*| d*. d¥)

Notice that parentheses are frequently included (but are
ignored) and the concatenation dot 1s frequently omitted.

tfd=(01]1]2]3|4|5|6]|7|8]|9)

The RE recognizes (23, —4, .137, 11803., +843.31,
59203.11765,...)



Identitier with Underscores
141 CAa|aH*

Where 1 =(a|blc|d]|...|x|y]|2)
d=0]11]2]...18]9)

The RE recognizes (u, p1, apple, var_1,
first_var 24, ...)



Finite State Automata (FSA)

» FSA = four tuple = (S, X, So, I, 5) where:
= S = set of states = {states}
= > = set of input tokens = {tokens}
= S, = start state

* F =set of final states {final states}

" O = mapping function



FSA Example — Identifiers
S=t(A) @}

S,= (A) r={ @ }

>=1l,d} Where 1 =1{a |b...| 7}

d=1{0]1...9}
(A )=@ «(@»=-@

((a) D=0  (@.=@




FSA State Diagram
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FSA State Table

ORN -
© ©O




RE, = (+|—|g)(d*] d*. d*| d*. d¥)

cl




RE =2 NDFSA — Concatenation




RE = NDFSA — Alternation

RE, | RE, @@
S

@

M




RE =2 NDFSA — Closure

RE" =

&




State Table for RE,

d + - €
B B B

B CD F
C C |
D D E
E E |
F F G
G H
H H |
|




e-Closure

e Start with NDFSA
 Used to convert NDFSA to DFSA



e-Closure Method

« New start state 1s the set of states containing the
old start state and all states that can be reached
from the old start state through only € moves.

 New states in DFSA are defined by the set of
states that can be reached from another set of
states on a move over an input symbol followed
by moves over €.

» If the set of new states contains a final state, the
new state 1s a final state; otherwise, 1t 1s a non-
final state.



¢-Closure Example

Consider RE;:

Start={ , B, F} =

o({ ,B,Fi,d)=0o( ,d)={C,D,F, 1} =2
o({ ,B,F},H)=0( ,5)={B,F} =3

o({ ,B,Fj-)=0o(,-)=1{B,Fj=3

o({ ,B,F},.)=0(,.)={G;=4

o({C, D, F,I},d)=0(2,d)=({C, D, F, I} =2
o0({C, D, F, 1}, +)=06(2,t) =D

O0({C, D, F,I},—-)=0(12,-) =0

O0({C, D, F, I},.)=0(12,.)={E, G, I} =5



¢-Closure Example (Cont)

5({B, F1,d) =8(3,d) = {C,D, F, T} =2
S({B, F)4) =8(3,4)=8({B, F}, ) =83, ) =
S({B,FY,.) =8(3,.)={Gl =4

5({GY,d) =8(4,d)= {H,I} = 6

S({GYA4) =8(4,4)=8(4, ) =8(4,.) =

S({E, G, Thd) =8(5,d) = {E, I, T} =7

S({E, G, T} ,4) = 8(54) =8(5,-)=8(5,.) =
S({11, T}.,d) =8(6,d)= {11, T} =6

S({H, T} 4) =8(6,4)=58(6,-)=58(6,.) =D

S({E, 1, T4d) =8(7,d)= {E, I, T} =7

SUE, H, I} 4) =8(74) =8(7,2) =8(7,.) =D



RE, DFSA State Table

N | N | | B WD

e I @ XN N B @) N I \O BN I O IR I \O i @ I




Redundant States

 The DFSA generated by the e-Closure
method could contain redundant states.

* Determine and remove redundant states by
partitioning.



Partitioning

« Divide the DFSA states into

1. The set of non-final states
2. The set of final states

 Two states 1in the same partition can be
placed 1n different partitions if:
1. For any input symbol, one goes to a new state
and the other goes to @.

2. For any input symbol, one goes to one
partition and the other goes to another
partition.




RE, Partitioning Example

Initial partition: 1 , 3, 4} 12, 5, 6, 7}
Partition 1:{ {3, 4} {2, 5, 6, 7}
because of rule 1 on + and —
Partition 2: { } 13} 14} 12, 5, 6, 7}
because of rule 1 on .
Partition 3:{ } {3} {4} {2} {5, 6, 7}
because of rule 1 on .

States 5, 6, 7 all go to the same partition 15, 6, 7} on
an input of d and all go to ® on an input of +, —, and .

Therefore, by rule 2 Partition 3 is the final partition
and states 5, 6, 7 are redundant.



State Table Update

- Arbitrarily select state 5 from among the
redundant states 5, 6, 7.

- Eliminate state 6, 7 rows from RE, state
table, and wherever occurring in remaining
rows, replace 6, 7 with 5.



RE, Minimum State DFSA State

Table
d + -
2 3 3 4
2 2 5
3 2 4
4 5
5 5




RE, Minimum State DFSA State Diagram




Table Method

Make any state that goes to a final state on ¢
move a final state.

For any move from state, to state, on g, transfer
the moves on all inputs (except €) from the state,
row to the state, row. This eliminates moves on
.

Add sets of states and moves from them to state
table.

Mark reachable states.
Eliminate redundant states (using partitioning).



RE, State Table

d + _ e
B B B

B CD F
C C I
D D
E E I
G H
H H I
|




Step 1

CD




Step 2

B

CDF

/
A

CDF

B




d Step 4

Step 3 an

+ -
V CDF B B G
VB CDF G
C C
D D E
E E
F F G
VG H
VH H
I
N CDF CDF EG
VEG EH
vV EH EH




DFSA State Table

d -~ .
CDF B G
B CDF G
G H
H H
CDF CDF EG
EG EH
EH EH




Step S

Eliminate redundant states using
partitioning:
{ ,B,G} {HCDF, EG, EH}

1s not redundant with B, G because of
Rule 2 move on B. B 1s not redundant with
G because of Rule 2 move on period. CDF
1s not redundant with H, EG, EH due to
move on period. H, EG, EH are redundant.




Minimum State DFSA State Table

d + :
CDF B G
B CDF G
G H
H H
CDF CDF H




Minimum State DFSA State Diagram




RE,=1|d)*CAId) )"




RE, e-Closure

New start state={ } =

o( ,h=o(1 },D)=iB}=2
o(2,]) =o(iB},l) = {B} =2
6(2,d) =o6({B},d) = {Bj =2
0(2,_) =o(i{B}, ) ={C} =3
o0(3,1) =o0({C},) = {B,D} =4
0(3,d)=0({C},d)={B,D} =4
o0(4,1)=0o({B,D},l)= {B,D} =4
0(4,d) =0o({B,D}.d)={B,D} =4
o(4,_) =o({B,D}, )={C} =3



RE, DFSA State Table

1 d
2

2 2
4 4
4 4




Partition

1,33 12,4}
{1 {3} {2,4} due to move from and 3 ond

Since we cannot partition 2 and 4, they are
redundant.

Remove row 4 and replace 4 with 2 wherever

Appearing 1n state table.



RE, Minimum State DFSA State Table

1 d _
2
2 2 2 3




RE, Minimum State DFSA State Diagram




Code

void b() {
char x; x = getchar();
f(x =="1" || x == d") b();

elseif(x =="_") c();
else return ID; }
void c() {

char x; x = getchar();
if(x ="1" || x ="d") b();
else return error; }
void main () {

if (x = getchar() =="I") b(); else return

error; }
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