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String-Level Model

S(1) = ( σ1, p1 ) = ( "Bob Mitchell", 0.75 )
S(2) = ( σ2, p2 ) = ( "Rob Mitchell", 0.25 )

S = {(σ1, p1), (σ2, p2), . . . , (σm, pm)}

where
Pm

i=1
pi = 1 and σi ∈ Σ∗

Problem Formulation

1-1

R

id S

1
{ ( Microsoft, 0.90 ),

( Microsoft Inc., 0.10 ) }

2
{ ( Yahoo, 0.80 ),
( Yahoo!, 0.20 ) }

...
...

T

id S

1 ( Google, 1 )

2
{ ( AT&T, 0.70 ),
( ATT, 0.30 ) }

...
...

⋊⋉

A join on R and T on probabilistic string attribute
S returns all pairs of records (ri, tj) s.t. ri ∈ R,

tj ∈ T and bd(ri.S, tj .S) ≤ τ where,

EED = bd(S1, S2) =
P

s∈Ω
w(s) · d(s)

Possible Worlds and Expected Edit Distance

S1

σ1,i p1,i

cat 0.50
kitty 0.50

S2

σ2,i p2,i

dog 0.75
doggy 0.10
puppy 0.15

d̂(S1, S2) = 0.375 · 3 + 0.05 · 5 + 0.075 · 5

+0.375 · 5 + 0.05 · 4 + 0.075 · 4 = 4.125

Ω
σ1,i p1,i σ2,j p2,j w(s) d(σ1,i, σ2,j)
cat 0.50 dog 0.75 0.375 3
cat 0.50 doggy 0.10 0.05 5
cat 0.50 puppy 0.15 0.075 5
kitty 0.50 dog 0.75 0.375 5
kitty 0.50 doggy 0.10 0.05 4
kitty 0.50 puppy 0.15 0.075 4

Character-Level Probabilistic qGrams

A character-level probabilistic q-gram is a pair
(ℓ, S[ℓ..ℓ + q − 1]) where,

ℓ is the beginning position of the q-gram
S[ℓ..ℓ + q − 1] is the probabilistic substring

S[ℓ] . . . S[ℓ + q − 1]

String-Level Probabilistic qGrams

A string-level probabilistic q-gram is a quadruple
(i, p, ℓ, g) where,

i is the choice index (cid) ℓ is the start position
p is the choice probability g is the q-gram starting at ℓ

String-Level Relational Representation

probabilistic strings
id S

1 {(add, 0.8), (plus, 0.2)}
2 {(up, 0.9), (op, 0.1)}

relational representation
id cid A p len

1 1 add 0.8 3.2
1 2 plus 0.2 3.2
2 1 up 0.9 2
2 2 op 0.1 2

q-grams
id cid ℓ g

1 1 1 #a
1 1 2 ad
1 1 3 dd
1 1 4 d$
1 2 1 #p
1 2 2 pl
1 2 3 lu
...

...
...

...
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Character-Level Model

S = TAT
A 0.20
T 0.80

TCG

S = S[1] . . . S[n]

S[i] = {(ci,1, pi,1), . . . , (ci,ηi
, pi,ηi

)}

ci,j ∈ Σ, pi,j ∈ (0, 1] and
Pηi

j=1
pi,j = 1.

String-Level Probabilistic qGram Lower Bound

Theorem For any string-level probabilistic strings
S1 and S2:

bd(S1, S2) ≥ 1 +
max(E[|S1|],E[|S2|])

q

−

P

(ρ1,ρ2)∈GS1
∩GS2

p(ρ1)p(ρ2) + 1

q

1 SELECT R.id AS rid, T.id AS tid

2 FROM R,T,Rq,Tq

3 WHERE Rq.g=Tq.g AND Rq.id=R.id

4 AND Tq.id=T.id AND Rq.cid=R.cid

5 AND Tq.cid=T.cid

6 GROUP BY R.id, T.id, R.len, T.len

7 HAVING 1+(max(R.len,T.len)-
8 SUM(R.p*T.p)-1)/q≤ τ

• We also derive SQL lower-bounds which utilize
positional and length information.

Character-Level Relational Representation

probabilistic strings
id S

1 {(A, 0.8), (C,0.2)}, {(G, 0.7), (T, 0.3)}

2 {(A, 1)}, {(G, 0.6), (T,0.4)}

3 {(C, 1)}, {(A, 1)}, {(G, 1)}

relational representation
id A len

1 ⋆A0.8|C0.2⋆⋆G0.7|T0.3⋆ 2
2 A⋆G0.6|T0.4⋆ 2
3 CAG 3

q-grams
id p ℓ g

1 0.80 1 #A
1 0.20 1 #C
1 0.56 2 AG
1 0.24 2 AT
1 0.14 2 CG
1 0.06 2 CT
1 0.70 3 G$
1 0.30 3 T$
...

...
...

...

Character-Level Probabilistic qGram Lower Bound

Theorem For any character-level probabilistic
strings S1, S2:

bd(S1, S2) ≥ 1 +
max(|S1|, |S2|)

q

−

P

γ1∈GS1

γ2∈GS2

Pr(γ1 = γ2) + 1

q

1 SELECT R.id AS rid,T.id AS tid

2 FROM R,T,Rq,Tq

3 WHERE Rq.g=Tq.g AND R.id=Rq.id

4 AND T.id=Tq.id

5 GROUP BY R.id, T.id, R.len, T.len

6 HAVING 1 + max(R.len,T.len)/q -

7 SUM( Tq.p*Rq.p)/q - 1/q ≤ τ

• We also derive SQL lower and upper-bounds which
utilize positional and length information. DP-based
lower and upper-bounds are also derived.

Experiments
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