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Formal Definition

Say that R is a regular expression if R is

1. a for some «a in the alphabet ,

2. €, (the empty string)

3. U, (the language that doesn’t contain any strings)
4. (R, U R,), where R, and R, are regular expression.

5. (R1 o R,), where R, and R, are regular expression.
6. (R+*), where R4 is a regular expression.



Formal Definition

Is this a circular definition?

* Do we use the notion of regular expression in
terms of itself ?

 No, because R, and R, always are smaller than
R.

A definition of this type is called an inductive
definition.



Formal Definition

 For convenience, we let R* be shorthand for
RR*. So R*[] €= R*.

« And we let R* be shorthand for the
concatenation of k R's with each other.

* We write L(R) to be the language of R.



Finite State Automata

Regular expressions and finite automaton are
equivalent in their descriptive power.

* Any regular expression can be converted into a

finite automaton that recognizes the language it
describes, and vice versa.

 Regular languages are those that can be
recognized by FSA or characterized by RE.



RE vs. FSA
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Metacharacters

Metacharacters lunwvian aldduansoliviiay
NULTU

 Disjunction: |

 Wild card: . iuN8d4 anBszNNUia

 Optionality: ? lsu a? =a | ¢

* Quantification: * wag +

 Choice: [abcde] anasz ab cd uaz e

« Range: [a-z] oN25¢ a DN Z
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Special Backslash Sequence

Stand escape sequences

\t: tab, \n: newline
Abbreviatory forms (s12¢i8)

\d: digit [0-9] \D: non-digit

\s: whitespace [ \t\n] \S: non-whitespace

\w: alphanumeric [a-zA-Z0-9] \W: non-alphanumeric
\ ldunuanas \ (backslash)

\. ldunuanase . (period)
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Anchors

Waal38IN21 zero-width characters

Anchors 17 lun1s9n "snunus” Tuanasnas:
o A FUAAUAHASHAULDIVTING

* $: IWAMUAUIFANNBDAIUIING

* \b: FUARIUMUISNAUVSDFATNBVDIAN
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Raw string

» N5LY Regex lu Python dniiawlyd raw string Tu
N15gUsUuUUaIN Regex

e r'Hello World\n'
e '"Hello World\\n'

e 4 raw string eonwsndauadldazlusinng
WaguduonesnL e

15



Multiple-line string

e M My """ I lunsuanan3Iuuiane
UFING

Hi, Jane
I'm fine and how are you?
Best,

John
| B |

"\nHi, Jane\n\n I'm fine and how are you?\n\nBest, \nJohn\n"
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Unicode string

e u". .. " lFlun1suansandslusuuy unicode

>>> "NM9’
'"\xe0\xb8\x81\xe0\xb8\xb2\xe0\xb8\xa3"
>>> u'MmMAa’

u'\ul0e01l\u0e32\ule23"

>>> len('MAI'")

9

>>> len(u'Ny’')
3

17



Example

 Wildcard

>>> from nltk.util import re_show
>>> s = ""'"If you find it useful,

. please consider donating to NLTK via PayPal.'''
>>> re_show('...',s)

{If }{you}{ fi}{nd }{it }{use}{ful},
{ple}{ase}{ co}{nsi}{der}{ do}{nat}{ing}{ to}{ NL}{TK }{via}{ Pa}{yPa}l.
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Example

 Wildcard

>>> from nltk.util import re_show
>>> s = ""'"If you find it useful,

. please consider donating to NLTK via PayPal.'''
>>> re_show('...',s)

{If }Hyou}{ fi}{nd }{it }{usej{ful},

{ple}{ase}{ co}{nsi}{der}{ do}{nat}{ing}{ to}{ NL}{TK }{via}{ Pa}{yPa}l.
>>> re_show('.a.',s)

If you find it useful,

pl{eas}e consider do{nat}ing to NLTK v{ia }{Pay}{Pal}.
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Example

* Wildcard with quantifiers

>>> re_show('c.*r',s)

If you find it useful,

please {consider} donating to NLTK via PayPal.
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Example

 Wildcard with quantifiers

>>> re_show('c.*r',s)
If you find it useful,

please {consider} donating to NLTK via PayPal.

>>> re_show(' t.*o ',s)
If you find it useful,

please consider donating{ to }NLTK via PayPal.
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Example

 Wildcard with quantifiers

>>> re_show('c.*r',s)
If you find it useful,

please {consider} donating to NLTK via PayPal.

>>> re_show(' t.*o ',s)
If you find it useful,

please consider donating{ to }NLTK via PayPal.

>>> re_show(' t.+0 ',s)
If you find it useful,

please consider donating to NLTK via PayPal.
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Example

* Non-greedy quantifiers
>>> re_show('I.*f',s)
{If you find it usef}ul,

please consider donating to NLTK via PayPal.
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Example

* Non-greedy quantifiers

>>> re_show('I.*f',s)

{If you find it usef}ul,

please consider donating to NLTK via PayPal.
>>> re_show('I.*?f',s)

{If} you find it useful,

please consider donating to NLTK via PayPal.
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Example

* Non-greedy quantifiers

>>> re_show('v.+a',s)
If you find it useful,
please consider donating to NLTK {via PayPa}l.
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Example

* Non-greedy quantifiers

>>> re_show('v.+a',s)
If you find it useful,

please consider donating to NLTK {via PayPa}l.

>>> re_show('v.+?a',s)
If you find it useful,

please consider donating to NLTK {via} PayPal.
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Example

* Disjunction
>>> re_show('you|it',s)
If {you} find {it} useful,

please consider donating to NLTK via PayPal.
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Example

* Disjunction

>>> re_show('you|it',s)

If {you} find {it} useful,

please consider donating to NLTK via PayPal.

>>> re_show('(i|I).',s)

{If} you f{in}d {it} useful,

please cons{id}er donat{in}g to NLTK v{ia} PayPal.

28



Example

» Zero-width Characters

>>> re_show('p|P',s)

If you find it useful,

{p}lease consider donating to NLTK via {P}ay{P}al.
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Example

e Zero-width Characters

>>> re_show('p|P',s)

If you find it useful,

{p}lease consider donating to NLTK via {P}ay{P}al.
>>> re_show('~*(p|P)',s)

If you find it useful,

{p}lease consider donating to NLTK via PayPal.
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Example

« Zero-width Characters

>>> re_show('p|P',s)

If you find it useful,

{p}lease consider donating to NLTK via {P}ay{P}al.

>>> re_show('~*(p|P)',s)

If you find it usefu{l},

{p}lease consider donating to NLTK via PayPal.

>>> re_show(r'\b\w+\b',s)

{If} {you} {find} {it} {useful},

{please} {consider} {donating} {to} {NLTK} {via} {PayPal}.
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Example

* Escaping special characters
>>> re_show('.',s)
{THFH HyHoHuH HFHIHnHdH HiHtH HuHsHeHFHuHIM}. ..
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Example

* Escaping special characters

>>> re_show('.',s)

{IHFH HyHoHu}{ HFHiHnHdH HiMHtH HuXsHeHfHuH1M,1}. ..
>>> re_show('\.',s)

If you find it useful,

please consider donating to NLTK via PayPal{.}
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Example

* Metacharacters and negated ranges

>>> re_show('\w',s)

(I} {yHo{u} {fHi}n}d} {i}{t} {up{sHeH{FHu}Hl},...
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Example

* Metacharacters and negated ranges

>>> re_show('\w',s)

(I} {yHo{u} {fHi}n}d} {i}{t} {up{sHeH{FHu}Hl},...

>>> re_show('[*a-z\s]',s)
{I}f you find it useful{,}
please consider donating to {N}{L}{T}{K} via {P}ay{P}al{.}
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Example

* Metacharacters and negated ranges
>>> re_show('\w',s)

(I {yHo{u} {f}{ij{n}{d} {i{t} {u}{s}H{e}{fi{up{l},...
>>> re_show('[*a-z\s]',s)

{I}f you find it useful{,}

please consider donating to {N}{L}{T}{K} via {P}ay{P}al{.}
>>> re_show('[*\w]',s)

If{ }you{ }find{ }it{ }useful{, }{

tplease{ }consider{ }donating{ }to{ }INLTK{ }via{ }PayPal{.}
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Flags

* re.l (re.IGNORECASE)
e re.M (re. MULTILINE)

* Auaz $ :AUA NBULAZYIAY newline

>>>
>>>
>>>
>>>

>>>
>>>

print
<_Sre.
print
None

print
<_sre.

re.search(r'~test$', 'test')
SRE_Match object at 0x552ca0>
re.search('~test$', 'test', flags=re.M)

re.search(r'~test$', '\ntest\n', flags=re.M)
SRE_Match object at ©x54f170>
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Flags

e re.S (re.DOTALL)

Q/ 1

« LA ' uANUBNEINNEI TINT9 newline @

>>> html =

<div>
Hello world

</div>"""

>>> pat = r'<div>.+</div>’
>>> print re.search(pat,html)
None

>>> print re.search(pat,html,re.S)
<_sre.SRE_Match object at 0x54f170>
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Flags

* re.X (re.VERBOSE)

Gliia’mi‘iﬂl’]ﬁlﬂﬁﬂﬂ’ﬁmﬂu regex auladnady
1ilB93N newline azlsignawula ﬂﬂuaﬂm
fg \ vispoglu character class LAz 29AINN
viaa # nanueazligninunan

a = re.compile(r"""\d + # the integral part

\. # the decimal point

\d * # some fractional digits""", re.X)
b = re.compile(r"\d+\.\d*")
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Using REs in Python

>>> import re
>>> s = 'do you say hello or hullo?’
>>> helloRE = re.compile('h[eu]llo’)

SuduasI9 Pattern Object nau (m'smmuu M LS 1EI0795040
Pattern Object 811 ldanA53)

Qv Q)

Pattern Object # methods IMUIUNIN KiaN®) feAufiaai

v

e findall(s): l¥amauLiu list lemsﬂuuummmsl A3uala

u

» search(s): vsuuvulu s Tnaisnandega

* match(s): WenenxIug s Inaisnnuasulselan
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Using REs in Python

findall(s)
>>> helloRE.findall(s)
[ 'hello', 'hullo']
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Using REs in Python

match(s) waz search(s) l¥a1dlu MatchObject ¥i5a None
>>> m = helloRE.search(s)

>>> M
<_sre.SRE_Match object at 9x019E7480>

>>> m.group() # return matched substring
‘hello’

>>> m.end() # index of end of target
16

>>> m = helloRE.match(s)
>>> m

None
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Using REs in Python

lW3suthay match(s) nu search(s)
>>> m = helloRE.match('hello or hullo') # True
>>> m = helloRE.search('hello or hullo') # True

>>> m = helloRE.match('hallo or hullo') # False

>>> m = helloRE.search('hallo or hullo') # True

43



Using REs in Python

groups() 2z 1¥NaaN59INNTIVA LA
>>> import re

>>> s = 'do you say hello or hullo?’

>>> reGRP = re.compile('(d.)(.*)(e..)")

>>> m = reGRP.search(s)

>>> m

<_sre.SRE_Match object at 0x019E82A0>

>>> m.groups()

('do', ' you say h', 'ell')
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Using REs in Python

nsnvuadialvingy (2P<name>):

>>> re.compile(

From: # Anchor to start of line

\s* # maybe some spaces
(?P<user>\w+) # 'user' groups (alphanum chars)
@

(?P<domain>\S+) # 'domain' groups (non-space chars)
\s # a space
""" pre.VERBOSE)
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Using REs in Python

>>> text = "From: fscistsu@ku.ac.th '

>>> m = FROM.search(text)

>>> print '%s 1is at %s' % \
(m.group('user'),m.group('domain"')

fscistsu is at ku.ac.th
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Python Documentation:
» http://docs.python.org/library/re.html#module-re
NLTK Tutorial: Chapter 3

* http://nltk.googlecode.com/svn/trunk/doc/book/ch03.html
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