Daniel Jurafsky & James H. Martin. Speech and Language Processing.
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Regular expressions

e A formal language for specifying text strings
* How can we search for any of these?

e cCamMoBap
*Bap

e BApeXKa
e BapBapa




X * [No Name] + - GVIM

w B A E & Bl Q> < B A %

Ctena, Tapawa rnasa, yBugen, 4TOo Ha MalleHbKOM
CTO/NINKE CcepBUpOBaH MOOHOC, Ha KOeM uMeeTcH
Hape3aHHbn Benbin xneb, nawcHas MKpa B Ba3oudke,
benble MapuHoBaHHble rpubbl Ha Tapenoyke, 4YTOo-TO B
KacTpisibke U, HaKoHel, BoAoKa B 00beMUCTOM
0BENMPWHUHOM rpaduHynuke. OcobeHHO nopa3suno Crteny 7O,
4YyTo rpaduH 3anoTen oT xonopga. Bnpoyem, 3T0 ObUIO
MOHATHO — OH MNoMewancsd B nonockatenbHUUE, HabUTOW
nbgoM. HakpbiTO, CnoBoM, ObI0O YUCTO, YyMeno.

—~

/[6en]\{3,}\|n.n\|uucto\ |4\S*k}




dopmanbHble A3blkK (PA)

. RE onuckiBatoT peryngapHble A3bIKU B
Teopun doopmMarbHbIX A3bIKOB.

. ®HA cocTonT U3 cnos, nopoxaeHHbIX RE.

. RE BKno4yaloT KOHCTaAHTbLI U oNepaTopbl,
KOTOpble 3a4aloT.

- MHOXECTBO CTPOK,
- 1 onepaumn Hag HUMU



KoHcTaHThI, aensawmecs RE

. Haa KOHEeYHbIM andaBUTOM X
. (MycTO€ MHOXECTBO) 2

. (nycTas cTpoKa) € — MHOXeCTBO,
cofepallee TOSIbKO NYCTYH CTPOKY

. (CUMBOSbHbIN NUTEpan) asxz —
MHOXECTBO, coaeprKallee TOfbKO CUMBOST
a.



Onepauunn, reHepupyrowine RE 1
. Haa KOHEeYHbIM andaBUTOM X

. R, S —atoRE

. (cuenneHune, KOHKaTeHauuna) RS
- [pumep: {"ab", "c"H{"d", "ef"} = {"abd", "abef",
"cd", "cef"}.
. (OAn3broHKUMSA, YepegoBaHue) R|S
_ ["ah" "~aMM"ah" "d" "af"l = [MqR" "A" A" "afMm



Onepauunn, reHepupytowme RE 2
. (3amblikaHue KnunHu, 3sesga KnuHu) R*

MWHUMarnbHOe HaAMHOXeCTBO MHOXeCTBa
R, KOTOpOe coaepXuUT € U 3aMKHYTO
OTHOCUTENbHO KOHKaTeHauunm

_ {Ilabll, IIC"}* —_ {8, Ilabll, "C"’ "abab", "abC"’ "Cab",
"cc", "ababab", "abcab", ... }.
_ {IIO||,||1 II}* —



. 3dM€EHa

Obnactu npumeHeHust RE

. Nouck no wabnoHy . chatbot (Tect
TblopuHra)

(pattern . TOKEHM3aLuS
substitution)



Regular Expressions: Disjunctions

e Letters inside square brackets []

] oodchuck Woodchuck, woodchuck

[1234567890] Any digit
e Ranges |A-Z |

An upper case letter Drenched Blossoms

[a—-z] A lower case letter my beans were impatient

[0-9] A single digit Chapter 1: Down the Rabbit Hole



Regular Expressions: Negation in Disjunction

* Negations ["Ss]
e Carat means negation only when first in []

["A-7] Not an upper case letter Oyfn pripetchik

[*Ss] Neither ‘S’ nor ‘s’ I have no exquisite reason”
[re™] Neither e nor A Look here

a"b The pattern a carat b Look up a’b now

10



Regular Expressions: More Disjunction

 Woodchucks is another name for groundhog!
 The pipe | for disjunction

groundhog|woodchuck

yours|mine yours
mine
alblc = [abc]

[gG] roundhog| [Ww] oodchuck




Regular Expressions: ? * + .

colou?r Optional
previous char

oo*h! 0 or more of
previous char

o+h'! 1 or more of
previous char

baa+

beg.n

color colour
oh! ooh! ocoooh! ooooh!
oh! ooh! ocoooh! ooooh!

Stephen C Kleene
baa baaa baaaa baaaaa Kleene *, Kleene +
begin begun begun beg3n 12




Regular Expressions: Anchors » S

~A-Z] Palo Alto
~["A-Za-z] 1 “"Hello”

\.$ The end.

.S The end? The end!

13



TokeHnzauma (gBe ctparternmn
pa3bneHunsa Ha crnosa)

. [1pobenbi? . Cnoea?

- Kakmne cumBonbl?

14



Pa3bnsaem Ha cnosa (VIM):
(1) nwem rpaHmubl CNoB

. Ho oH He ymep. OTKpbIB crnerka rnasa, oH
yBuaen cedst cMasum Ha YeM-TO
KaMeHHOM. Bokpyr Hero 4to-To Lwymeno.
Korga oH OTKpbIN, Kak cneayerT, rnasa, oH
yBUOEMN, YTO LWYMUT MOPE, U YTO Aaxe
GonbLle TOro, — BOSIHA NoOKayMBaeTcay .
caMbIX €ro HOT, U YTO, Kopo4e roBops, OH



VIM

Vi, Vim and Emacs

16



Vim
completion

Vi

spell check
small ;
comparison
ubiquitous .
merging
installed more places intuitive command unicode
shorter name language (d,y,etc) (vimdiff)

simpler learning curve

regular expressions

powerful once learned

scripting languages

plugins
GuI

folding
syntax highlighting

Miessler D. The Differences Between Vi, Vim, and Emacs.https://danielmiessler.com/blog/differences-vi-vim-emacs/

17



hyper-configurable

vimscript is abysmal

. . ou liveinit
useful for occasional edits y

hyper-extendable

installed more places steep learning curve

intuitive commands powerful once learned lisp is beautiful

massive

easier to learn
slower

more than an editor

more intuitive

pure editor
more like a shell or os

18

Miessler D. The Differences Between Vi, Vim, and Emacs.https://danielmiessler.com/blog/differences-vi-vim-emacs/



Vim, Emacs

. Bill Joy

. 1976

. Unix modularity

. work like a

language =>7
intuitive

inctallad nanariyvy

. Richard Stallman
. 1976

. power and
configurability

. live In the system
as much as
possible

19



Just memorize this vi / vim cheat sheet and
you're ready for lightning-quick editing.

I vi / vim graphical cheat sheet I

[t [T @] [ ][ 6t II% el ][ &[] estned [ + |
IL&ILJ 23 Jl4_J5_Jlo 78 9 Jlo%sr- wl=dm
w@ i R '..“n:;IIUm“ I O e |
3| Ees| | EOEERES ||
IA"::’J.“IIS ~..m\|De::‘,% n.,dr,llcw.% [ )[R v | i i)™ ][l
P | e s o R S O O e

Z o X e |[Coiza] [V B o] [N V[ < ][> ] -
7 i | X e [ C o] [V vt ||| |1 iy

.m.-x”, «rm/;” r"w”/ ﬁ"dl

‘moves the cursor, or defines Main command line commands (‘ex'):  Notes:

the range for an operator sw (save), :q (quit). i ing) (0 use " hefore ayank/paste/del sommand

direc acton command. i< dGopen fle B, at register (eipbourd) (v-avh)
e ainms ol e repl. b ioSpy e i toog W
requires a motion afterwards, 5 (hefp invim), before any lclmn

operator | oidrates between cursor & Other important commands: e n e S v

estination CTRL-R: redo (vim), daj)

special functions, up/down, (3) duplicate operator to act on current line
Fequires extra input e ubliown, i e adralet sy

(4)2Z 10 save & quit, ZQ to quit w/o saving

bol = beginning of line, eol = end of line,
e

operator to act (5) 24: seroll cursor to top,
k = mark, yank =

e asitcte vegton T ek b Dottom, 7s: conter
2 ( ] ©) g top of file (vim onl;

words: ),
Vo Open file under carsor (vim only)

Py
{Guux(Foo]) bar] ba:
Bar,

\_For a graphical vi/vim tutorial & more tips, go to_www.viemu.com - home of ViEmu, vi/vim emulation for Microsoft Visual Studio




r version 1.1

April 1st, 06 http://www.viemu.com/vi-vim-cheat-sheet.qif k

| vi / vim graphical cheat sheet I

=

SC

normal
mode
toggle external . play rev O 0, oto || /\ "soft" repeat|| % next begin end "soft" bol next
it :gsgi ! filter n?acro # njt,lent S, ol /Olgat bol & pse ident (sentenoe )senten ___ down + line
<, goto B "hard"|| _ prev || — autod
| 1 2 3 4 5 6 7 8 9 0 "5at"||= e || Srormat
next end replace 1 back yvank undo insert open aste || S begin || | end
IQ mode ORD) WORD) R n?ode "tll line line I at bol Oal?ove P l?eforc '{L parag. } parag.
record next end replace] \ 1.3 insert open aste 1 "
q' macro word e word I char t' dll y yank'|| 1] undo 1 siode | |L) Balaw p la)aﬁer * misc ynse
append subst delete ' 'back"| eof] screen oin X screen|| « exemd|| " reg. 1 bol
A zl:tp eol S line to eol *find Ggoto/ln H top J ines K help bottom|| « line X :pegc | goto éol
subst LA £, find extra® ] . at oto \ not
aappend char d deleie char g' cmds h « J * k f ]. » ) t; ?/f/l" mi. * used!
& 4 back- change visual rev rev screen un- 5 find
Z quit space IC to eo lines “l"ORD N&nd) mid'l < lnden! > lndent * (rev.)
. extrad delete 1,3 visual next . set t
Z :m:l: X char c change V mode b word n (find) mark|| 5 rﬁ?;f; . 'ﬁ"m"g / * find
moves the cursor, or defines Main command line commands ('ex'): Notes:
the range for an operator w (save), : (fl)u“) :q! (quit w/o saving) (1) use "x before a yank/paste/del command
direct action command, :e f (open file to use that register (‘clipboard') (x=a..z,")
|command| if red, it enters insert mode :%s/x/y/g (replace 'x' by 'y' filewide), (e.g.: "ay$ to copy rest of line to reg 'a')
5 3 :h (help in vim), :new (new file in vim), . =
t requires a motion afterwards, (2) type in a number before any action
OpErator | ,perates between cursor & Other important commands: to repeat it that number of times
destination CTRL-R: redo (vim), (e.g.: 2p, d2w, 5i, dgj)
special functions, CTRL-F/-B: page up/down, (3) duplicate operator to act on current line
requires extra input CTRL-E/-I\):;: siroll lin]c up(/ldown, , X delete line, >> = indent line)
i CTRL-V: block-vis i y
L commands with a dot need : visual mode;(vim only) 4) ZZ to save & quit, ZQ to quit w/o saving
a char argument afterwards Visual mode:
bol = beginning of line, eol = end of line, Move around and type operator to act (5) zt: scroll cursor to top,
mk = mark, yank = copy on selected region (vim only) zb: bottom, zz: center
words: [quux|[{foo],] bax]] baz) j (6) gg top of file (vim only),
WORDSs: buux (foo,| bar, baz) J : open file under cursor (vim only)

\  Fora graphical vi/vim tutorial & more tips, go to www.viemu.com - home of ViEmu, vi/vim emulation for Microsoft Visual Studio )




Pa3bneaem Ha cnoBa (VIM):
(1) nwem rpaHmubl Cnos

Ho oH He yMmep. OTKpbIB Ccnerka rnasa, OH

yBupgen cebqa cumpoaWMM Ha 4YeM-TO KaMeHHOM.
BoKpyr Hero 4to-T10 wymeno. Korpga OH OTKpbin,
Kak cnegyeTt, rnasa, OH yBupgen, 4To WyMUT Mope,
M 4YTO paxe Oonblie Toro, — BOJIHA NMOKa4yuBaeTca Yy
CaMblX €ro Hor, M 410, KOpoYe rosopsi, OH CUOMUT
Ha CaMOM KOHUe MoJfla, U 4YTOo nopg HUM ronyboe
CBepkKawliee Mope, a C3aAM — KpacCuUBbLIM ropof Ha
ropax.ji



vim_re_ex1.txt + ...screenshot) - GVIM1

w 2 B e &4 5l & »< B3

Ho oH He yMep. OTKpbIB cnerka rnasa, OH

yBugen ceba cugfauuM Ha YeM-TO KAaMEHHOM.
Bokpyr Hero 4T10-TO wymeno. Korpa OH OTKpbI,
Kak cnepyeT, rnasa, OH yBugen, 4To WyMuT Mope,
M 4TO paxe Oonbwe TOro, — BOJIHA NOKayuBaeTca y
CaMblX ero HOr, M 4YTO, KOpoYye roBopfd, OH CUOUT
Ha CaMOM KOHLEe Mona, M 4YTo nog HuM ronyboe
CBepKaiwluee Mope, a C3aAM — KpacuBblii ropopg Ha
ropax.

/[.17,1*\s|}




TokeHnsauus

. [1pobensl,
HO He Bceraa:

- Saint Petersburg

- BCE paBHO
(yacTuua)

-7

. Cnoa”?

- [NlosgpasBnsto ¢ 8
MapTa :) #BecHa

24



TokeHnsauus

. [pobensl, . Cnoea?
HO HE BCerAa. - Nosgpasnsto ¢ 8
- Saint Petersburg MapTa :) #BecHa
- BCE& paBHO - + CMaunuku,
(4actuua) - + XxeLTerm
.

IKuTarckuii sabik: 175541 A25 A B EEWMFH - HES XM TS BT BRI X
2 BE4A2600IZKEFRIZE, ESHEEBTSH1ABEXEET, 25



Pa3bnBaem Ha cnoBa:
(2) nwem camm crosa

26



. The detailed elaborations on the development of
even a short program form a long story, indicating
that careful programming is not a trivial subject. If
this paper has helped to dispel the widespread
belief that programming is easy as long as the
programming language is powerful enough and
the available computer is fast enough, then it has
achieved one of its purposes. #NiklausWirth
rogramming

laus Wirth. Program Development by Stepwise Refinement. 1995. 27
htto /[sunnyday.mit.edu/16.355/wirth-refinement.html




Pa3bnBaem Ha cnoBa (2):
NLLEM CaMM CnoBa

1) vwem cnosa program w programming,
. MOUCK N0 ABYM CIloBaM, Kakoe paHblLue?
. MOUNCK CNOB C KOpHeEM program,

. RE: Quantifiers, Greedy and Non-Greedy
*F, 4?7 VIM: %)\, \=, \{-}

2) 3ameHa (substitute) Ha WORD,

28



FMVUATTIDIV JUIVITVIDDIV )

KBaHTU(PUKATOPDbI:

?

ety |hesgeety |Weibes |

\ +

{m, n}

*

R

\{-}
+7?

{-n,m}

0 or more of
previous char

1 or more of
previous char

from m to n of
previous char

color colour
oh! ooh! oooh!
ooooh!
oh! ooh! oooh!
ooooh!

29



Pa3bnBaem Ha clioBa:
nwem camm crnosa

. The detailed elaborations on the
development of even a short program form
a long story, indicating that careful
programming is not a trivial subject. If this
paper has helped to dispel the widespread
belief that programming is easy as long as
the programming language is powerful 30

Annantianalh AanA thAa AvisilaklAaA AARAAATLIFAr 160 FAARE



Pa3buTb TEKCT Ha NpeasoXeHns

. HO OH He ymep. OTKpbIB crerka rnasa, oH
yBuaen cebsa cnasauwmm Ha 4emMm-To
KaMeHHOM. BOKpyr Hero 4yto-To Lymeno.
Korga oH OTKpbIN, KaK crieqyerT, rnasa, OH
YBUAEN, YTO LUYMUT MOPE, U YTO Oaxe
Oornblle TOro, — BOJSIHA MNOKa4YMBaeTCH Y
caMbIX €ro Hor, 1 4YTo, Kopo4ye roBops, OH
CUOWUT HA caMOM KOHLUEe Mona, U 4YTo noAa

31



vim_re_ex1.txt + (/da...nce/screenshot) - GVIM1

o B R E &« & B Q » ¢ BB & %

Ho oH He yMmep. QTKpbIB cnerka rna3a, OH yBugen ce6s
cupswmMM Ha 4yeM-To KameHHoMl]l Bokpyr Hero 4Tto-TO WyMeno.
Korpa oH OTKpbU1, Kak cnegyeTt, rna3a, OH yBUOen, 4To
WyMUT Mope, U 4YTo fgaxe 6onblle TOro, — BOJHA
nokayuMBaeTca y CaMblX €ro HOr, u 4YTo, KOpo4Ye roBops, OH
CMOUT Ha CaMOM KOHLe Mona, M 4TOo nof HUM ronyboe
CBepKalwliee Mope, a C3aau — KpacuBbid ropog Ha ropax.
1,141-83 All

32




vim_re_ex1.txt + (/dat...tance/screenshot) - GVIM1

wm ERAE & Bl Q& > B & % =H

Ho OH He yMep. QOTKpbIB cnerka rnA3a, OH ysupen cebs
CMOAUMM Ha 4YeM-TO KaMeHHOM. BOKpyr Hero 4T10-TO WyMeno.
Korga OH OTKpbI1, KakK cnegyeTt, rnasa, OH yBupgen, 4To WYMMUT
Mope, M 4TO pOaxe Oonbwe TOro, — BOJIHA NOKayuMBaeTCHqA Yy CambiX
ero Hor, M 410, KOpo4ye rosopf, OH CUOMT Ha CaMOM KOHUeEe
Mona, M 4TO0 nop HMM ronyboe ceepkawuee Mope, a c3agu —
KpaCuBbIM ropof Ha ropax.

b

R

/[.1?21\{1,3}\s[AGBrOEEX3K]}}
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Example

e Find me all instances of the word “the” in a text.
the
Misses capitalized examples
[tT ] he
Incorrectly returns other or theology
["a—-zA-Z] [tT]he["a-zA-7]

34



Errors

* The process we just went through was based on fixing

two kinds of errors
e Matching strings that we should not have matched (there,
then, other)
e False positives (Type |)
e Not matching things that we should have matched (The)
* False negatives (Type Il)

35



Errors cont.

* In NLP we are always dealing with these kinds of errors.
* Reducing the error rate for an application often

involves two antagonistic efforts:
* Increasing accuracy or precision (minimizing false positives)
* Increasing coverage or recall (minimizing false negatives).

36



Summary

e Regular expressions play a surprisingly large role
e Sophisticated sequences of regular expressions are often the first model
for any text processing text
* For many hard tasks, we use machine learning classifiers
e But regular expressions are used as features in the classifiers
e Can be very useful in capturing generalizations

37
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INntepatypa

. Opuan, Ix. PerynapHbie
BblpaxeHus. — CIl10.:

«lMntepr», 2001. — 352 c.
(Mastering Regular

-‘,, »‘. .,, ¥ \; P ',‘,__v., N L,
3 '~ | \\gi}
l . <

Expressions) Expressions
Miessler D. The Differences e
Between Vi, Vim, and Emacs. 38

httne'//danielmieccler com/bloa/



CcbInKkun

. http://vimregex.com




Basic Text
Processing

Regular Expressions
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