Spell Correction - Minimum Edit Distance

kg e A e Erent

Eptmg Comurnn

s Sy oo

Practical Issues in Spell Correction
ictiunary size
Bager b hees
Con we i i shor drbonarny?
Eslit Thrashuld

Complextty

e

e iy pecipies kg
Sesch corpty e gl

Siring Matihing: Pr-Riguisite lor Many Apsications

gl Sl ik Acn beves s hay el ey
o Lonsume 75 poued s ol fond @ ey

Piighrucs: A gralle san sal up e 75 pousds of Axaca
e and Fay averycisy.

MED?

Minimum Edit Distance

MED = Computation

Defining Min Edit Distance

= Mar b strings 5, of bow . %, o

Luis.aiizn

CRERIIATTIN

sax aa = ‘e ot B 1y By srimgarng (6] For il

Al =

vian L
il MED - Akgorithi
Pp——
Rrisa e
sramzvianl -

[Fep——
[N ——Y

Ce e h by

Db Gl ]y D a5

e 1 03 s o

450 - |

I 0 b 4]

chvw £ = w2 hard)

ME: Tabidir Wssaliinlion

MED - Backtrace

Toedie 0 = o
i

= ot chaskafe
ol

v

| [F -

e eislard o

WED: Tubsbr Wossital o
o & e

TR =T

o e R

BB

MED - Backtrace

D Takids Vnssrstion

MED - Backirace

e e D sgeace: v

Twoshligned Strings
IHTHeRTION
(RN

«DEZICUTION

e i

Weighted Edit Distance

Fooms B e phingers b o abeidibond™
e cosorarald s

[

iy ez s

it ke

‘Welghted MED - Revised Algorithm

Practical Issues in Spell Correction

Dictionary Size

5 i e s atm, b

o, e vt

. B s ity e P s s b crly
o, e e (3 pse e L

Dictianary Size:

Biges dicBsnay soowmies baper sl

e 3 e chod. gk, dnbdn o ki, ey
ok

Size: Search

o
s, o ecurple, ekt becors 115
by Pk o b s by L. B s by 2 et

Mz W Dngias, Tewsara of 5 inshng bat.” SR
Tesrisriens or Commrscres ol COMIL m 0. o
TBL dresy 1983

String Matching Paraphrase

Caosine Similarity
Newtor Spaced Modal .

Cotre ke b o Feasn o] SRty Seiees e
“aIum o un i=rer PR S MO T
#1453 s bomween duar.

cotProcie = DoPRouciees, vec);
Engire= del PR mEgn mudeCHA T gritdE O

Cosine Similarity

Cosine Similarity: Document
et 1 e b

ke T Lingi, s

£

Tl 2 done s e
rrote then Jewe jove

o 23, w0 4, e 40,

T comine of e e Detween e 15 Bhou 0 B2

nw e
¥

Q. elimsn o1 dos,

o1 rbgane @ n it ] brgh

Kot =0 < gt
el 1 e

pe Wl

ek

v S g

Practical Issues in Spall Correction
it Threshold

Hsic Dartiornsy <= L ik
Congle - ESL. Cen Speciic

Ordering The List

linn
Adeptutan

. o, o, con, cope, cor, oo, oo,
e " o, s, vors, o, o, e,
U, G, €Ut G, CAFLE, i, Cared, canet, caied,
ot care, ceraie, ceed ceo, chaned, charce,
chuy charred, charl..,

= Wiard Fraaquiency in o g comus!
Peier Nordg: How b Write a Spelling Cormectar
Bitpng comeepel-umect sl

bt At priceon sl
Apgropriate Siemming has o be used!

Otbur 51 milarity Miusirus

Tunistn cosffican
Cvce coefficient
Harming deiancs
Sosigl dtilaon



Spell Correction - Minimum Edit Distance

LHLIE-ETI0D

AFETPETTOAR

dus #a

WD Campuiabon
[ P S —

W - S e T
ek o T Y
e - mamng sl ' w e e

WERd LG

Foean-n e pEganng

Minimum Edit Distance

. ool -+ 21§ + 11 = ool
v
i .
i seploce = dofl] + 1
et = GG + 1141
it deksa = o + L+ 1
i i = gl = s g pepkoce;
i ek - i 7 min - ek
o
MED- Tabudar Wrashininn
ST
x
.
I
1408 s
[Rr—
W b v slae s
P . slaaa
ek Doy g L, g W sle =z

[rae——y

T Aligned Strirgs
IHTE+HATICH

ERHBROUTTOM

1
b = 0 o= bl ]

|

D T Viasiuson

MED - Backtrace

B Talia Vs bokes

MED - Backirace

[T —

Weighted Edit Distance

Practical Issues in Spell Correction
Dictianary Siae

o S weighinges R bess calouluind?

[t
el Senehy dmk i

Practical Issues in Spell Correction

g v - Rresirn

-

Kt

Weighted MED - Revised Algarithm o

¢ erdi
B

]

1, Swag w

it i g,

e - v AL 12 e

e ol g by
= “ndaz

faye = g o)

dtanca{ [} v o1
b,

Jre—
et

e

(L g

Practical Issues in Spell Correction
it Theoshold

gy e Bissk Chitiornary = Vo Adopiatio
[ ——— Dictionary Size v Size: Gongle = ESL, Gen Speciic
Edit Thagshald rtteting Tha List
[ —— [p—
el ol wirrs et wlben o delnrce 2 i, e, cgul, eol, mnl, cool, oopl, sov, cord, Gone,
Al T of space or fryphen. 3T, i , wilt
e e it cowt, o, LU, tarl, Coree, cand, € med
e ey s P tamT, Cre, Ceraie, tem, e, thare, camds
Complusity (e il it ehieal, ehisiol, ¢ .
gy ey - Wk prtg e e e et n ol i e gl s 45 cough

Pro-Resesitn for M,

ongna Girtfes iee Aoy lees and foy oed ey
AN covesiern T e o o oty

Ty —

kv

o
4 ooy Lnemts L Campies srsee ) e s

String Matching Paraphrase

Cosine Similarity

Wector Spaced Wodel

Crairs dvdiey @ 5 memu o iy bewen wo

Cosine Similarity

256, raary Toa2

Cosine Similarity: Document

ey, . Do, “Tuveiapnint of 3 speieg b
T

esciars an Corruncsens, vel COWIL

= Miord Frequency in o laige conpus’

Peier Norvig: How 8o Wiite a Spelling Comecsor
sitp:inunag.cumissel-comect bt

Worhi

v Db S50 T LSS ree Agproprite: Stemming s B be uzsd)
Faraphease: / girabe can el up o 75 pownds ol Azaca - -
e il by meenydy. - 4 s

MED?

cotProsuCt = DotPndUctieca, vecki
T =

Oaher Bamilarity Measures

Torimotn cosficient
Eiom saricent
Famesing dezines
‘Sosngel cislanoe



Spelling and Grammar Correction

On) | = g ik Documentl - Microsoft Word - =3 X
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| typed this sentence directly into Word to see if my missspellings would be underlined.

I typed this sentence in VS and cut and paste it into word to see if my
missspellings would be underlined.

Words: 36 Q} English [United States) ‘ o




Spelling Error - Types

Non-Word Error: ona -> 0N ss=gp Out-Of-Dict Words
Real-Word Error: there - > their

Cognitive Error: off - of

Language knowledge -> Language Models

26% Web Queries
40% In Social Media



Spelling Error Types

Non-Word Error: ona {on,one,}
Contextual Error: Win or loose, it was a great game!
{lose}

Grammar Error Types

Context-dependent Errors
| am [ prepared - preparing ] for the exam.

Lexical Choice Errors
| had a cup of [ strong - powerful | tea

Function Words and Conjugation Errors
Can we discuss [ null - about | this?
Let’'s go see [ a — null ] movie.

Preposition, Conjunction, Verb, Article,.....

ESL: English as Second Language



Spelling <Non-Word> Error Correction

User typed: ona

on
one .
own Error Detectlc_)n
Error Correction
won - Replace
done . Choose on from suggestions
gone
stone
alone



Spelling Correction

A large dictionary is required
- But larger dict size means increase of
search complexity!

Correction - Suggestions

Minimum Edit Distance (MED)
/ Levenshtein Distance
** Introduced by Vladimir Levenshtein in 1966



pell Correction - Minimum Edit Distance

Minimum Edit Distance

) for {inti = 0:i < lenl; i++) MED- Tabular Visualization
Minimum Edit Distance MED - Computatlon { X MED = Backtrace
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Minimum Edit Distance

Edit Distance between two string
Basic edit operations

- Insertion

- Deletion

- Substitution

INTE+«NTION

*xEXECUTION

d s s d s



Edit transcript

intentli
ntentio
etentio
exentio
exenutli
e xecutli

o o B8 B8 B 0

<«— delete |
<«— substitute n by e
<— substitute t by x
<«— nsert u

<— substitute n by ¢



MED - Computation

MED between "kitten" and "sitting"
Kitten - sitten (substitution of "s" for "k")
sitten — sittin (substitution of "i" for "e")
sittin — sitting (insertion of "g" at the end).

MED: 3, LD: 5

Bottom-up dynamic programming



MED - Computation

def edDistRecursive(x, y):
if len(x) == @: return len(y)
if len(y) == 0: return len(x)

delt = 1 if x[-1] != y[-1] else ©

diag = edDistRecursive(x[:-1], y[:-1]) + delt
vert = edDistRecursive(x[:-1], y) + 1

horz = edDistRecursive(x, y[:-1]) + 1

return min(diag, vert, horz)

>>> import datetime as d

>>> st = d.datetime.now(); \
edDistRecursive("Shakespeare”, "shake spear"); \
print (d.datetime.now()-st).total seconds()

3
31.498284

Simple, but takes >30 seconds for a small problem



MED - Computation

Defining Min Edit Distance

* For two strings S, of lenn, S, of len m

e distance(i,j) or D(i,))
means the edit distance of S,[1../] and S,[1../]

i.e., the minimum number of edit operations need to transform
the first i characters of S, into the first j characters of S,

The edit distance of S,, S, is D(n,m)
* We compute D(n,m) by computing D(i,j) forall i (0<i<
n) andj(0<j<m)



MED - Algorithm

* [nitialization
D(i,0) = i
D(0,3) =3

* Recurrence Relation:

For each 1 1..M
For each j

I

= 1.N

p(i=1,4) # 1

D(i,j)= min< D(i,j-1) + 1

| D(i-1,3-1) + 2; Jif X(i) = ¥(Jj)
0; |l1f X(1) = Y(])

* Termination:
D(N,M) is distance



MED - Algorithm
We have two words a and b

A=0a ...y gng b= bl .o b—m IS given byd‘mn, defined by the recurrence

public static int minDistance(String word1, String word?2)

{
Int lenl = word1.length();

Int len2 = word2.length();

INt[][] dp = new int[len1 + 1][len2 + 1],
for (inti=0;i<=lenl; i++)

{
\ dp[i][0] = §;
for (intj = 0; j <= len2; j++)
{
dp[O]0] = J;

}



fransform

2

li(0<i<

for (inti=0;i<lenl; i++)
{
char c1 = wordl1.charAt(i);
for (intj = 0; j < len2; j++)
{
char c2 = word2.charAt());
if (c1 == c2)
{
} dp[i + 1][j + 1] = dp[i]0];

else

{
int replace = dp[i][j] + 1;
Int insert = dpli]j + 1] + 1;
Int delete = dp[i + 1][j] + 1,

Int min = replace > insert ? insert : replace;

min = delete > min ? min : delete;
dp[i + 1][j + 1] = min;
}
}
}
return dp[lenl][len2];

}
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MED- Tabular Visualization
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MED- Tabular Visualization
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MED- Tabular Visualization
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MED- Tabular Visualization

elephant & relevant

Performance: time: O(nm) space: O(nm)



MED - Backtrace

Edit distance isn’t sufficient
* We often need to align each character of the two strings to each other

We do this by keeping a “backtrace”
Every time we enter a cell, remember where we came from

When we reach the end,
e Trace back the path from the upper right corner to read off the alignment



MED - Backtrace

e[ [ [ @D || © |




MED - Backtrace

Base conditions:

D(i,0) =i D(0,j) = 3
Recurrence Relation:
For each i = 1l.M

For each j = 1.N

D(i,j)= min

ptr(i,Jj)=

D(i-1,3) + 1
D(i,j-1) + 1

LEFT
DOWN
DIAG

Termination:
D(N,M) is distance

2;

0;
deletion
substitution

|debﬁ0n

if X(1i) # Y(3)

if X(i)

Y(3)

substitution




Performance: time: O(nm) space: O(nm)

Two-Alighed Strings
INTE«*NTION

*xEXECUTION

Demo http://www.let.rug.nl/~kleiweg/lev/
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Practical Issues in Spell Correction
Dictionary Size
Bigger is better!
Can we do it without dictionany?

Edit Threshold

B of ermars are within edit dstance L
almost all errors ane within edit distance 2

Allaw insertion of space ar hyphen
thisclass -= this class
inkawy - in-law

Complexity
Bigner diclionary ocoupies amer space.
Search complendty goes high!
Statistical Method: Classifier
Noisy-Channel Model

sxemtiom
- ety

=— subsilute by &
execution

exesutiom

MED - Camputatien

MED between “killen™ and “silting*

batten - sitten (substiution of “5° for k)

stten — sittin {substintion of i for e}

sitn - sitting (insertion of “g" at the end).

FMED: 3, LD &

Batiom-up tynamic programming

u=

public stakc int min Distance(Sting wordl, String wordZ)
{

MED - Comiputation

inc]|[] do = rew
for mti=0 i

dglili]

MED - Algorithr
Wi bt wards @ and b

Sl b=k

int leni1 = wordlL lengthiy;
it len2 = w2 lengthly,

Tar {inl j =ik j == henis j++)

dpfel] =

tllend + 1llenz + 1);
lenl; i+

;
return dpfien
}
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Weighted Edit Distance

have been 7

Huow these

ghtag
hittpinangg, Jspell i}

Fight: wrongl, wrang2

raining: rainning, raning
writiFyge: writlings

disparagingty: disparinghy
yellow: yelo

four: farer, fours, fuone, fores, fartd
woods: woades

hanging: haing

AQGrESSION. agrassion

eligible: slighle, clegabke
mleciricry: alecmsity, slectricn*2
soold: schold, skoid

adaplable: atatiable

caned: canned, cained
MMBILE; MG

shouldn'L shaudln, shouldnl

Spalling Errar - Reasons
ESL - speakers

Keybonrd

Weighted MED - Revised Algorithm

= Initialication:
GLd,2) = @
BLL,¥) - Did-1,07 = delixiiijs
BLe,3) = B(R,371) + insl¥(ir]y
+ Recwmenca Relation:

1elap
113k

Di-1.d) 0 dalieiE)]
Brioj)= misd Did,3-1) # dnmfyid)]
Dli-1,4-1] & mabfzii).w{at]
= Termnation:
BiBMI D8 Sistance

Practical Issues in Spell Correction

Dictionary Size
Without Dectiomary!

taby g all the rigrams (hree-keier sequences). abs, o
mstance, wil peour quite allen (sheenl, srabs
wheseas pho won't coour at al

plle, Tor wslance, i1 would probabily find that this was the only
ward in he e cantaining pka and ko and possibly xie (o),
50 it would rmie & highty peculiar

Warkes pretty well for hand-held devices in 505!

Fosermas, Edward M. ard Hasscn, alien R, A conterhial S0 protessing sysiem 100
o Tiars Conguers wal C. 00 5 po

b and Cheme Luneda &

X Tampue deteton of [Rogph
IEEE Trans P sl Casmrerigatmn, 1l

FO-LE, 0o B, [, B, W

String Matching

Dictionary Size: Search Complexity

Bigger dictionary ocoupies larger space!

Store ondy root words:
instead of hokding douly, doudts, daubited and doulbitng, they
Frabd just. o,

Limitations

cutting (1o get cut rather thar cutty
denied (1o pat dery rather than deni)
undtutilidly bl Pt i blyed

Para

Dictionary Size: Search Complexity

indexed Dictionany: Bit Map

+ For example, you might sian by converling afo 1, 602, ©
fo 2. and 50 om;

+ the word ace, lor example, would bagome 1,25

« Then multiply the first number by 1, the second by Z and
s0an,

- and add them ug, 1,3,5 gives (Le1]={3=2)+(G=3) = 22

+ Finadly, multiply by 10 and add the numéer of letters in the
ward: (22=10)+ 3 = 723

+ N you @0 10 thee 2231 lightbuls and switch it on

Mitroy, M. Douglas, Development of & speling b1 IEEE
Transacions on Communications, wol. COM-30, no. 1, pp.
81-99, January 1982,

hrase

it w_med{Sring strl, Sting su2, intirsed, inl delets, nl

bt
ir [I]]d=tance = nevw ir[sol bengthed |2, length
+1];
farfinit | = 0§ <= gwllengih; )
distancefiJii] = i * delete;
farfirtt j = 0; | <= strd length; j++)
dstance(O)f)] = * insart;
Baffivit | = 1)1 == sird length; iy
farfint | = 17 | <= st lengih; j++)
dissance(iflj]= minimum{datance(i-1][] +
elrime,
dissance{ili-1] = insart,
chtataneefi-1](j-1] + ({strifi-1] == sa2(-1])
20 subsbible})
1
1
Festurn distanesfsird lengih]jst2 lergih];
¥

Practical Issues in Spell Correction
Edit Threshold
Basic Dictionary -> User Adaptation
Google -= ESL, Geo Specific Adaptation
Ordering The List
I've cort a cold.
cart, cert, coat, colt, cont, coot, copt, cor, cord, core,
coil, cork, corm, com, corp, cort, coks, corll, cost, col,
court, ort, curt, carat, carate, card, cared, caret, carned,
carrol, care, cerate, cered, ceroid, chaired, charade,
chard, chariot, charred, chart.......
caught
** Word Freguency in a large corpus!
Peter Norvig: How to Write a Spelling Cerrector
hitp:nanvig.comiss ovect him)



Weighted MED

Y (correct)

l

sub[X, Y] = Substitution of X (incorrect) for Y (correct)
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How these weightages have been calculated?

hitp://norvig.com/ngrams/spell-errors.txt

right: wrongl, wrong2 eli 917
raining: rainning, raning aje 856
writings: writtings ile 771
disparagingly: disparingly ela 749
yellow: yello all 559
four: forer, fours, fuore, fore*5, for*4 tite 478
woods: woodes rlre 392
hanging: haing s|c 383
aggression: agression elea 354
eligible: eligble, elegable ajo 353
electricity: electrisity, electricty*2 Ola 352
scold: schold, skold alal 352
adaptable: adabtable i[a 313
caned: canned, cained re|r 299
immature: imature elo 295
eale 285

houldn't: shoudIn, shouldnt
shouldn't: shoudIn, shouldn telt 271



Spelling Error - Reasons

ESL - speakers

Keyboard




Weighted MED - Revised Algorithm

* |nitialization:

D(0,0) = 0
D(i,0) = D(i-1,0) + del[x(i)]; 1 <is=sN
D(0,j) = D(0,j-1) + ins[y(J)]: 1<3j=M

* Recurrence Relation:

D(i-1,73) + del[x(1)]
D(i,j)= min< D(i,j-1) + ins[y(3)]
D(1i-1,]j-1) + sub[x(1),¥(J)]

* Termination:
D(N,M) is distance



int w_med(String strl, String str2, int insert, int delete, int
substitute)

{
int [][]distance = new int[strl.length+1][str2.length
+1];
for(int1 = 0; | <= strl.length; i++)
distanceli][0] =1 * delete;
for(int ] = 0; | <= str2.length; j++)
distancel[O][j] =] * insert;
for(inti=1;1 <= strl.length; i++)
{
for(intj = 1; ) <= str2.length; j++)
{
distance(i][j]= minimum(distancel[i-1][j] +
delete,
distanceli][j-1] + Insert,
distance[i-1][j-1] + ((str1[i-1] == str2[j-1])
? 0 : substitute));
}
}

return distance[strl.length][str2.length];



Comection - Suggestions
Minmum Ede Distance (MED)
e

s Losenzlagin in 1066

Weighted MED

Practical Issues in Spell Correction
Dictionary Size
Bigger is better!
Can we do it without dictionarny?
Edit Threshold

B0% of erors are within edit dstance 1
akmost all emors are within edit distance 2

Allcw Insertion of spece or iyphen
thisctass - this class
inlaw - in-law

Complexity

Bigger dictonany ocoupies larger space
Saarch complaxity goes high!

Statistical Method: Classifier
Woisy-Channel kodel

String Matching: Pre-Requisite for Many Applications

riginal: Giraffes like Acacia leaves and hay and they
can consume 75 pounds of food a day.

Faraphrase: A giraffe can eat up to 75 pounds of Acacia
leaves and hay everyday.

MED?

Weighted Ed

How these weightages have besn calculated?

AT A ngraireh 1L 2GS IN[
right: wrangl, wrong2 i 917
raibing: rainming, tsing 2je 055
Wit WARings ile 771
disparagingly: disparingly *'357:'9
yellow: yelo =f B8
Towr: dores, fours, Tuore, formtS, (o4 il 47§
woatis: woates e 262
Targing: Fiaing e 383
rgression: agression #lea 354
elighle: elighie, elegable o 353
elatiricty: alectriaily, Biegiriey=2 ofa &2
scoid: achold, =kokd alal 352
adagiable: adabiabie ila 313
caned: canned, cained re|r 299
imematire: imatre o 205
shoudn't shouedin, shouldnt eale 265
=l 271

dp{oi)

Beme bl Lag,

Spelling Error - Reasans
E£L - spenkiers

Keyboard

EERREEEN
*«EXECUTION :

w|m =]~
x|mwla
f|aaT
cln o=

FREC

===~
o= ==
=|w =]~

hiswegled

It Distance

Weighted MED - Revised Algorithm

- witializatan:
{0,001 = 0
D040 = Brict) b dulparidl; 1 €d s
(0,31 i, i-11 + inslyiirl: l1<jmn

+ Teminatian:
DL dw diabarcs

Practical Issues in Spell Correction

Dictionary Size
‘Without Ductionary?
eabutating all the trigrams (- eter sequen

inssance, wil poour quite often (shsent, erabs)
whenens g wan't oo at all

abs, far

plasie, tar inatance, i would probabily find that this wes the only
ward in the texl curtaining ok and ke fond possibly e too),
&0 It wedk] rate i highly peciiar,

Works pretty well for hand-hekd devices in 905!

Extwird W, ard Farrgan, ks P A oMl (osRcessng syske for
mechin ey g IEEE Tears Compmess. wd G-23 0D 6. 10
=

o
e, . I

Dictionary Size: Search Complexity

Bigger dictionary occupies larger space?

Stare oaly fost words
instend af hakling dowbl, dowtls, doutded and dowbiing, they
(LR T

Limitations

cuting {lo et cul rather han cui}
chenied (1 get defry father fhan deni)
undoubeedly but nat undoubsihed

Dictionary Size: Search Complexity

Indexed Dictionary: Bit Map

- For ecamake, yau might
ta 2, and 5o an

= the woed ace, for examphe, woukd become 1,3.5,

= Then muliiply the first number by 1, the second by 2 and
soan,

= ang add them up; 1,35 gres (18 1)+{3=23+(5%3) = 22,

« Finally, muliiphy by 20 and add ihe umier of leiers in ihe
word: [Z2=10) = 3 = 22%

= Mo you o toihe 223rd ighoull and switch i on,

art by conweriing a fe I, b fo 2, ¢

Moy, M, Douglas, “Develipment of a speling lis,” IEEE
Transacions an Communications, val. COM-30, no. L po,
9199, January 1982

String Matching Paraphrase

Cosine Similarity

Vector Spaced Model

Cosine similanity 5 a messiie of sinilaity hetwesn two
weclors of an inner prosuct space thel measures the cosing
of the andle between tharm.
P L By S o A R

Ach= [ b e

ST A AR LTI 1 SO RL T, 143 M T T R

dotPraduct = DotProduct{ivech, vecB);
cosine= dotProduct{magnitude CHA*magnitudeOFE)

Cosine Similarity

Text 1: Julie loves me
. mare than Linda loves
me

Texl 2 Jane likes me
mae han Julie loves
e

me 22, Julie: 101, likes: 0 1, boves: 2 1, Jane: 01, Linda: 10,
than: 1 1, mare:

The cosine of the angle between them is about 822

Cosine Similarity: Document

shandon -~ plne — kil o parvive -~ people
(011~ 100 - 04 - 02 - 085)
L T . T B 1]

A K
sinibty = o) =

it w_medl(Sirng sorl, Sting sir2. it inser, int deete, int

Slibsstitute)
inl [|[distance = new nifsird lenglh+1][s1r length
+1];
for{int i = 0; | <= srl.length; i++)
dismncelijfa) = | * delese;
Taningj = O; == sw2uenglh; jro)
distaneel0]f] = | * in
forfinti=1;1 ==
dorfint j = 1: j <= sir2 longih; 4]
desanca||[j}= mmmumidistncef-111] +
delate,

dissareefjfj-1] + inser,
distarca[FA][-4] + iz 1]
20 subslilute)]

Ti-11)
1

)
retum distancefstr] length][sirF length]:

Practical Issues in Spell Correction
Edit Threshold
Basic Dictionary -= User Adaptation
Goagle -> ESL, Geo Specific Adaptation
Ordering The List
I've cort a cold.
carl, cerl, coal, coll, conl, cool, copl, cor, cord, core,
corf, cork, corm, com, COrp, carr, cors, cortl, cost, cot,
court, ¢rt, curt, carat, carate, card, cared, caret, carried,
carral, carte, cerate, cered, ceroid, chared, charade,
chard, chariot, charred, chart.......
caught
**Word Frequency in a large corpus!

Peter Norvig: How to Write a Spelling Corrector
i T " |

Cosine: Limitations
Can nol caplure Synonyms
WordMet: ”
Appropriate Stemming has to be used!

Other Similarity Measures

Tanimoto coefficient
Dice coefficient
Hamnrming distance
Soergel distance



Practical Issues in Spell Correction
Dictionary Size
Bigger is better!
Can we do it without dictionary?

Edit Threshold

80% of errors are within edit distance 1
almost all errors are within edit distance 2

Allow insertion of space or hyphen
thisclass -> this class
inlaw -> in-law

Complexity

Bigger dictionary occupies larger space.
Search complexity goes high!

Statistical Method: Classifier
Noisy-Channel Model



Dictionary Size

Without Dictionary!

tabulating all the trigrams (three-letter sequences): abs, for
iInstance, will occur quite often (absent, crabs)
whereas pkx won't occur at all.

pkxie, for instance, it would probably find that this was the only
word in the text containing pkx and kxi (and possibly xie too),
so it would rate it highly peculiar.

Works pretty well for hand-held devices in 90s!

Riseman, Edward M. and Hanson, Allen R., "A contextual post-processing system for
error correction using binary n-grams,” IEEE Trans Computers, vol. C-23, no. 5, pp.
480-493, May 1974.

Morris, Robert and Cherry, Lorinda L., "Computer detection of typographical errors,"
IEEE Trans Professional Communication, vol. PC-18, no. 1, pp. 54-64, March 1975.



Dictionary Size: Search Complexity

Bigger dictionary occupies larger space!

Store only root words:

Instead of holding doubt, doubts, doubted and doubting, they
hold just doubt.

Limitations

cutting (to get cut rather than cutt)
denied (to get deny rather than deni)
undoubtedly but not undoubtlyed



Dictionary Size: Search Complexity

Indexed Dictionary: Bit Map

- For example, you might start by convertingato 1,bto 2, c
to 3, and so on;

- the word ace, for example, would become 1,3,5.

- Then multiply the first number by 1, the second by 2 and
S0 on,

- and add them up; 1,3,5 gives (1x1)+(3x2)+(5x3) = 22.

- Finally, multiply by 10 and add the number of letters in the
word: (22x10) + 3 = 223.

- Now you go to the 223rd lightbulb and switch it on.

Mcllroy, M. Douglas, "Development of a spelling list,” IEEE
Transactions on Communications, vol. COM-30, no. 1, pp.
91-99, January 1982.



Practical Issues in Spell Correction

Edit Threshold

Basic Dictionary -> User Adaptation
Google -> ESL, Geo Specific Adaptation

Ordering The List

I've cort a cold.

cart, cert, coat, colt, cont, coot, copt, cor, cord, core,
corf, cork, corm, corn, corp, corr, cors, corti, cost, cot,
court, crt, curt, carat, carate, card, cared, caret, carried,
carrot, carte, cerate, cered, ceroid, chaired, charade,
chard, chariot, charred, chart.......

caught
** Word Frequency in a large corpus!

Peter Norvig: How to Write a Spelling Corrector
http://norvig.com/spell-correct.html




Bea-zan

Practical Issues in Spell Correction
Dictionary Size
Eigger is better!
Can we do it without dictionary?
Edit Threshold

B0% of ermors are wilhin edil distance 1
almost all errars are within edt disance 2

Allow msertion of space or hyphen
Ihisclass = this clss
irtlzwe == inlaw
Complexity
Bigger dotionary ocoupies larger space.
Search complexity goes high!
Statistical Method: Classifier
Moisy-Channal Modal

String Matching: Pre-Requisite for Many Applications

Original: Giraffes like Acacia leaves and hay and they
can constime 75 pounds of food a day.

Faraphrase: A giraffe can eal up to 75 pounds of Acacia
leaves and hay everyday.

MED?

ERCITENY, SIECISILY, EECC L

scak- schakl, skold ,’nggz
adapiabie; atabiabie il
caned: canned, cained rer 269
immature; imature ::IEZEI_
shoukdrt: shawdin, showdnt iz

* Terminaticn:
Bl e dintance

Practical Issues in Spell Correction

Dictionary Size
Withgut Digtionary!
tabailating all the trgrams (threa-atter sequances): abs, tar
Instance, wil Doour quite ofen (ahsent, crabs)
wharens. oy won'T ocour atall
frkexie, for instance, € would probably find thal tis was the only

word in the Tesl containing pkx and ke (and possibly xie 1o,
20 il weauded rate it highly peculiar.

Works pretty well for hand-held devices in 90s!
Feervan, Edwand M. ard Fangen, ks R, ' Comenal sl pcessng sysem for

emar aomechon g Boary ngrame” IEEE Tarns Comuies. vil. 623, 50 5. (0
30723, My

L, Yenpin

3 st
IEEE T i, vol PE-LY, 1. 1 S

Dictionary Size: Search Complexity

Bigger dictionary ocoupies larger spacel

Stere nly ract wards:
insieed of hokding douls, doults, dowbicd and doutiing, they
ok just aute.

Limnitations

cutting (i el cul rather then cuit)
i (o get demy ratber than deni)
undaubiedly but not undoubilyed

Dictionary Size: Search Complexity

Irdeced Diclionary: Bil Map
amplie, you might start by comsering a da 1, b o 2, &
i 50 on;

rel ace, for emmple, waud become 13,5,

- Then mutply the firsi number by 1. the secand by 2 and
5000,

« and add them up; 1.3.5 gives (1x1H{3x7)=(5%3) = 22,

+ Fnally, mulbply by 10 and ad the number of leitars in the
wond; (2E«10) + 3 = 223,

+ Niow wou 90 10 the 223 bghibuln snd swiich itan

Mcliray, K. Douglas, “Development of & speling e IFEE
Trarsactions o0 Communcations, wol. COM-30, no. 1, pp
B1-99, January 1082,

String Matching Paraphrase

Cosine Similarity

Vector Spaced Model
Cosine similaily is 2 measure of sSmilrily bebveen bao
weclors of an inner produc! space thal measUnes e cosine
af the angle between herm.

dotProduct = DotProductivecA, vecB);
cosine= dotProducti{magnitudeOfA magnitudeOfE)

Cosine Similarity

Test 10 Julie loves me
" more than Linda Ioves
e

Tewt 2: Jane likes me
mare than Julie loves
me

me: 2 2, Julies 11, likes: @ 1, boves: 2 1, Jane: 0 1, Linda: 1.0,
than: 1 1, more: 1 1

@2 1,02011,1
B2 1,111,011

The cosine of the angle between them is about 0,822,

Cosine Similarity: Document

abanden e plan Wl = survive o pecpls
oogi= (081 e 100w 003 o 023 . Q6S)
= (080 . Q0L - 100 - G11 - Q09
. in T A B,
ety el o e
L TS T VT T
T

R Ut L Aa] == Sl
ET "

1
t
refuen distancefsird bengib][sir2 lengeh].

Practical Issues in Spell Correction
Edit Threshold
Basic Dictionary -= User Adaptation
Google -= ESL. Geo Specific Adaptation
Ordering The List
I've cort & cold.
cart, cert, coat, colt, cont, coot, copt, cor, cord, core,
corf, cork, corm, carn, corp, corm, cors, cor, cost, cot,
court, crt, curt, carat, carate, card, cared, caret, carried,
carot, care, cerate, cered, ceroid, chaired, charade,
chard, chariot, charred, chart.......
caught
** Word Freguency in a large corpus!
Peter Norvig: How to Write a Spelling Corrector
it dinorig.comispel-comest Dim

Cosine: Limitations
Can not capture Synomyms.
WordMet: Y

Appropriate Stemming has to be used!

Other Similarity Measures

Tanimoto coefficient
Dice coefficient
Harmimifig distance
Soergel distance



String Matching: Pre-Requisite for Many Applications

Original: Giraffes like Acacia leaves and hay and they
can consume 75 pounds of food a day.

Paraphrase: A giraffe can eat up to 75 pounds of Acacia
leaves and hay everyday.

MED?



Cosine Similarity

Vector Spaced Model

Cosine similarity Is a measure of similarity between two
vectors of an inner product space that measures the cosine
of the angle between them.

The cosine of two vectors can be derived by using the Euclidean dot product formula:
a-b = |lal|||b|| cos#

Given two vectors of attributes, A and B, the cosine similarity, cos(6), is represented using a dot product and magnitude as

1.8 ;,{;‘XB,‘

IANBI

similarity = cos(f) =

n

2. (Bi)?

1=1

dotProduct = DotProduct(vecA, vecB);
cosine= dotProduct/(magnitudeOfA*magnitudeOfB)



Cosine Similarity

Text 1: Julie loves me
a more than Linda loves
me

Text 2: Jane likes me
more than Julie loves
me

me: 22, Julie: 11, likes: 01, loves: 21, Jane: 01, Linda: 1 0,
than: 11, more: 11

a:[2,1,0,2,0,1,1,1]
b:[2,1,1,1,1,0,1,1]

The cosine of the angle between them is about 0.822.



Cosine Similarity: Document

abandon .- plane .- kill -+ survive .. people

poci= (011 - 1.00 - 003 - 023 - 0.65)
pocz = (000 - 001 - 100 - 011 - 0.09)
similarity = cos(#0) il . 2iz Ai X B;

T AN - Vo, (A2 x /5o, (B

0.11«0.00 + -+ 0.65«0.09
sim(DOC1&DOC2) = — :
v0.11% 4+ - 4+ 0.65% =y 0.00% + --- + 0.09°

€ [0,1]




Cosine: Limitations

Can not capture Synonyms

WordNet: https://wordnet.princeton.edu/
Appropriate Stemming has to be used!

Other Similarity Measures

Tanimoto coefficient
Dice coefficient
Hamming distance
Soergel distance



