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Real World Data is Dirty

* Misspellings of the query “britney spears” on Google
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http://marc.merlins.org/linux/talks/google/britney.html




Set Similarity Functions

* Overlap Size

overlap(z,y) = |x Ny

* Jaccard Similarity

J(il?,y) —

x ={A,B,C,D,E}

Nyl y = {B,C,D,E,F}

[z Uyl
overlap(x,y) =4

J(x, y) =4/6 = 0.67




String Similarity Function

« Edit Distance ED(7, s): the minimum number of edit operations
(1nsertion/deletion/substitution) needed to transform r to s.

e For example: ED(kilton, huston) =2

hilton
substitute i with u

hul/ton
substitute [ with s

huston

 Edit Similarity: EDS(r,s) =1 — ED(7.5)

max(|rl,Is])




Calculating Edit Distance

Calculating ED(r,s)

Let r, and s, be the last characters in r and s.

a) Match r, and s,

ED(r,s)= 0 + ED(r[1l,n-1],s[1,m-1])
b) Substitute r, with s_

ED(r,s)= 1 + ED(r[l,n-1],s[1,m-1])

c) Delete r,
ED(r,s)= 1 + ED(r[l,n-1],s[1,m])

d) Insert s,

ED(r,s)= 1 + ED(r[l,n],s[1l,m-1])




Calculating Edit Distance

S s | S| |8,
$ < ED(3, s[1,j]) =]
Fy
. matchfsubstitute \l: iert
\ J : :
ri dele;> < ED(T[I,I],S[I,_]])
v, <~ ED(1, s)




Calculating Edit Distance
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Calculating Edit Distance
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Calculating Edit Distance

$/ b r|i]|t y
$O\&12345 7
b| 1|0l
t |2
i |3
n |4
e | S
y | 6




Calculating Edit Distance
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Calculating Edit Distance
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Calculating Edit Distance
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Calculating Edit Distance
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Calculating Edit Distance
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Calculating Edit Distance

$|/b|{r|li|t nje|y
$0J1/2/3/4]5/6]7
b 1'0\§,lbm-t%e 3141516
tl2(1]102]3|4]|5]6
i (32 271%8% 3|45
n|4|3|3|2[2["]3]4
e|5|44(3[3[3[2]3
vi6|5|5[44]4]3][2

From s=‘btiney’ to r="britney’
Match s[1]=b” 2 b

Substitute s[2]=‘r’ with ‘t’> bt
Match s[3]= ‘i’ = bti

Delete s[4]=t’> bti

Match s[5]=‘n" = btin

Match s[6]=‘e’ = btine

Match s[7]="y’ = btiney =r




What's the difference?

Functions Edit Distance Overlap Size
(normalization) Edit Similarity |Jaccard Similarity

Input Sequences Sets

Example DNA, String, Image, Document,
Representations Time Series Vector, Friend List




String Similarity Join

* Input:
— A collection of strings S
— A threshold T
* Output:
— All string pairs (s,7) € SXS such that ED(s,r) <1




String Similarity Join

* Give threshold t =3 D] Strings

s1 | vankatesh
so | avataresha
s3 | kaushic chaduri

| . 3
(54 | kaushik chakrab D

kaushuk chadhui

caushik chakrabar D
;; 4’-4
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ED(s, ,s,)=5 ED(s; ,s;)=13 ED(s; ,s,)=12 ED(s; ,s5)=12
ED(s, ,s¢)=14 ED(s, ,s3)=12 ED(s, ,s4)=12 ED(s, ,s5)=12
ED(s, ,s¢)=14 ED(s;,s4)=5 ED(s;,s5)=4 ED(s3,5,)=8
ED(s, ,55)=4 ED(s,.5¢)=3 ED(s5,8:)=8




Data Cleaning & Integration

Relation with Duplicates

ID name Z1pP Income
Pl Green 51519 30k
P2 Green 51518 32k
P3 Peter 30528 40k
P4 Peter 30528 40k
P5 Gree 51519 55k

P6 Chuck 51519 30k




Challenges

0(n?) pairs of strings.
I million strings result in 1 trillion pairs !

O(|r||s|) time to calculate ED(r, s)




Filter-and-Refine Framework

e Basic idea

— Filter a large number of dissimilar string pairs

— Verify the remaining potentially similar pairs

* Good Filter Condition
— Efficient to check

— Effective for pruning dissimilar pairs




Length Filter

* ED(7, 5): The minimum number of edit operations
(insertion/deletion/substitution) needed to transform 7 to s.

* Property: ED(r,s) = ||r|-|s|‘

— it needs at least ||r|-|s|| deletions to just make » and s
have the same length




Applying the Length Filter

* Give threshold 7 =3 D] Strings Length
* Pruning Condition: s1 | vankatesh J
so | avataresha 10
“Sil - |Sj” >3 s3 | kaushic chaduri 15
s4 | kaushik chakrab 15
sy | kaushuk chadhu 15
sg | caushik chakrabar | 17

ED(s;,8,)=5 EDB(s,58:713-ED(s,58,)~12EDfs, 58512
ED(s,58,)=HED(s,58;)= 12 ED(s, 58,12 ED(s,585)~12
EBts,580=14 ED(s;3,84)=5 ED(s; ,85)=4 ED(s;3,86)=8
ED(s, ,s5)=4 ED(s,.5¢)=3 ED(s5,s¢)=8




Partitioning Filter

e Give thresholdt =1

hilton
1

huston

hi dose not appear in huston and needs at least 1 edit




Partitioning Filter

e Give thresholdt =1

hi/ton
1

huston

minimum # of edit operations is 2. Prune!




Partitioning Filter

* Threshold 7 split r to t +1 disjoint segments

r't ’,.1,‘+l

'

* String r

» String s

Is there any substring of s matching a segment of  ?

Yes NN

‘ <y, s> are a candidate pair | <r, s> are dissimilar, prune




How to Partition?

* Give thresholdt =1

hilton

Match

huston Candidate!




Partition Scheme

 Even Partition Scheme

t_” (19

— Given t = 3, “avataresha” = {“av”, “at”, “are”, “sha”}

e Other Schemes

— Select good partition strategies.

— Adaptive partition scheme [Deng et al. 2012a].




Challenge

there are |s|’ substrings in s

how to reduce the number of substrings
to compare with for each segment?




Length-based Method

 For each segment, only compare to the substrings with
the same length as the segment.

r = “vankatesh” 7=3 s = “avataresha’
rl va < av va at ta ar re es sh ha
r2 nk < av va at ta ar re es sh ha
r3 at < av va at ta ar re es sh ha

r4 esh-< ava vat ata tar are res esh sha




Length-based Method

 For anv strings 7. s. and 7. the number of comparisons:
9 9 9

(T+1)(|s|+1) =1

e For »r = “vankatesh” and s = “avataresha’ ,
the number 1s 35




Shift-based Method

Just transform r; to s;ngeds at least ‘|s,|-|r,|‘ edit operations

Pruning Condition: ||Sl|-|l"l|| >T — > |p _ pil >T

» For each segment r ! with the start position p; only compares
to the substrings with start positions p in [p; - T, p;/+7]




Shift-based Method

» For each segment r  with the start position p; only compares
to the substrings with start positions p in [p; - T, p;/+7]

r — “vankatesh”’” 7=3 s = “avataresha’
ri va < av va at ta
r2 nk < av va at ta ar re
r3 at < va at ta ar re es sh

r4 esh-< tar are res esh sha




Shift-based Method

 For any strings 7, s, and 7, the number of comparisons:

t+1)Q2t+ 1)

 For r = “vankatesh” and s = “avataresha’ ,
the number 1s 22.




Position-aware Method

— vank@esh’" {va, nk, esh}
— av@a_resha"

Transform r; to s;, match “at”, and transformr, to s,

=2+3>71=3

lIsa-1rd| + [1s,-1r)




Position-aware Method

Transformr, to s, matchr,, and s,, then transformr, to s,

Pruning Condition: [|s,|-|r|| HIs,|-r.||> T

» For each segment »’ with the start position pi, only compare to the

substrings with start positionin [p, — , P, + Al where A =|s| - |r
g p ]




Position-aware Method

* For each segment »* with the start positionp; only compare to the
substrings with start positionin [P; — l%], P+ [% | where A =|s| - ||

=3 r = “yvankatesh” s = “avataresha’
ri va < av va at
r2 nk < va at ta ar
r3 at < ta ar re es

r4 esh-< res esh sha




Position-aware Method

 For any strings 7, s, and 7, the number of comparisons:

(T + 1)?

 For r = “vankatesh” and s = “avataresha’ ,
the number 1s 14.




Multi-match-aware Method

-- Left-side Perspective

@nka‘cesh” |:> {‘ g{at, esh
_(‘)’ 1/

3 unvisited segments
q

s = a@taresha 71 1 1
— 66 Y

s—=“a +
If none of the 3 unvisited segments having | Nty l||=1
matching substring in s, then r and s cannot be similar —4>7

Thus we can safely skip the current matching segment and look for the next




Multi-match-aware Method

-- Left-side Perspective

i-1 segments

A; <i—1 as there are i-1 segments in r,

Pruning Condition: ‘|s,|-|r,||+ (# of unvisited segments) > T

* For each segment »* with the start positionp; only compare to the
substrings with start position in [P,—(i—1),P;+ (i—1)]




Multi-match-aware Method

-- Left-side Perspective

« For each segment »* with the start positionp; only compare to the
substrings with start positionin [P, — (i — 1), P;+ (i — 1)]

=3 r = “yvankatesh” s = “avataresha’
ri va < av
r2 nk < va at ta
r3 at < at ta ar re es

r4 esh-< tar are res esh sha




Multi-match-aware Method

-- Left-side Perspective

 For any strings 7, s, and 7, the number of comparisons:

T2 4+ 27

 For r = “vankatesh” and s = “avataresha’ ,
the number 1s 14.




Multi-match-aware Method
-- Right-side Perspective

T +1-i segments

r 1 ’/-2 r i 7 rt I,l‘r+1

Ay <t +1-1i as there are T +1—i segments in r,

>T

Pruning Condition: (# unvisited segments)*||s,|-|r,|

* For each segment »* with the start positionp; only compare to the
substrings with start positionin [P, +A— (t+1—1iQ), P+ A+ (t+1—1i)]




Multi-match-aware Method

* Interestingly, we can apply the multi-match-aware method
from left- and right-side perspectives simultaneously.

» For each segment r’ with start position p; only compare
to the substrings with start position in

[max(P,— (i—1),P;+A—-(t+1-1i)),
min(P;+ (i—1),P;+ A+ (v +1-1i))]




Multi-match-aware Method

* For each segment r’ with start position p; only compare to the

substrings with start positionin [max(P,— (i —1),P;+A — (t + 1 —i)),
min(P;+ (i—1),P;+A+ (t+1-1i))]

=3 r = “vankatesh” s = “avataresha’
L91 Va < av
Ly? nk < va at ta
LS at < ar re es

L, esh- sha




Multi-match-aware Method

 For any strings 7, s, and 7, the number of comparisons:

TZ—AZ
7

‘+T+1

« For » = “vankatesh” and s = “avataresha’ |
the number 1s 8.




Theoretical Results

* The number of comparisons by the multi-match-aware method 1s
minimum while guarantees completeness

* For any s, r and 7,

Wmulti—match(s’ r, T) < VVposition(S’ r, T) < VVshit(S’ 7, T) < VVlength(S’ r, T)




Applying Partitioning Filter




Applying Partitioning Filter

* 1. Group all the strings by length: S

ID| Strings Length

s1 | vankatesh 9 S,

so | avataresha 10 Sio
s3 | kaushic chaduri 15

s4 | kaushik chakrab 15 Sis
s5 | kaushuk chadhu 15

sg | caushik chakrabar | 17 S,




Applying Partitioning Filter

* 2. For each group §; partition its strings into 7 + /
segments and build 7 + / inverted indexes L/

S15 1 2 3 4 Lllsi Lis i Lis Lis
kau ishic shik shuk | cha iduri krab dhui

s;= kau shic | _chalduri bbb Il
s,= kau shik |_chalkrab 303 4 5 1303 4 s
ss= kau shuk| cha dhui : ’ 4




Applying Partitioning Filter

* 3. For each string s and index L/, select substrings from s based
on the partitioning filter to get candidates:

Sg= caushik _chakrabar D =l = DD e (e )
\I min(P;+ (i—1),P;+ A+ (t+ 1 -i))]

Lisi Lis {Lki Lk the segments in L} have the same start
kau shic shik shuk ;_cha iduri krab dhui positions p; and same string lengths [

AN I

383 4 05 i3
4 i P4
5 i PoS

Candidates: <s;, $¢> <S4, S>> <S5, S>>




Applying Partitioning Filter

* 4. Verify the candidates

Candidates: <s;, S¢> <S4, S <S5 S¢>

ED(S39 S6) >3 X
ED(s,, s¢) =3
ED(ss, s¢) > 3 X




Improving Verification




Calculating Edit Distance
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Verification
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Verification
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Verification

only need to
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Early Termination
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Length-aware Verification

total length difference
is 4 > 7. Thus no need

to calculate M[2][5].

Difference: 1
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Length-aware Verification

only need to
calculate a

band of width T




Extension-base Verification
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Extension-base Verification

* We can verify a candidate pair using tighter thresholds:
— For the left parts we canset 7,=1—1

— For the right parts we canset . 7. = 7+1—1.

band widths are 7; < rand 7, < T




Takeaways

(1) The partitioning filter for Edit Distance
(2) The multi-match-aware method

(3) The extension-based verification
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