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A disambiguation algorithm for weighted automata
Mehryar Mohri and Michael D. Riley (2017)

(Theoretical Computer Science, 679, 53-68)
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Runs
r:pos(t) = Q

[7T1(t) = D, eruny ) Wt (1) @ v(r(e))

Set of runs
Runy(t)  Runy(p,C)
Runs(t,q) Runy(p,C,q)

Weight of runs
wi(r) = pla)(q1) @ u(B)(g2) ® u(o)(qi,¢2,q2) ® - - -
wt(U) = D,.cp wt(r)



Runs
r:pos(t) = Q

[T1(t) = @reruny ) Wt (1) @ v(r(e))
(p7 O) — @reRunT(p,C) WtT(T) X V(’I“(E))

Set of runs
Runy(t)  Runy(p,C)
Runs(t,q) Runy(p,C,q)

Weight of runs
wi(r) = pla)(q1) @ u(B)(g2) ® u(o)(qi,¢2,q2) ® - - -
wt(U) = D,.cp wt(r)
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D, = {&(O),B(O), 0'(2)} QT — {Q1aQQJQ3}
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S = {a® 30 sV Qr ={q1,q q5} vr = (0,0,1)
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Runs on o(a, a)

r1: 43 ro . (43 rs: {3 rqe . 43

/N /N /N /N
d1 d1 q1 q2 42 d1 42 q2

wtT(r1) =45  wty(ry) =24  witr(rz) =24  wty(ry) = 20
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> = {a® g0 521 Qr ={q1,92,q3} v = (0,0,1)

AT:{O&ACD; Oéina 0(@1,6]1)i%a 0(6117612)i%7
5] =N q1, o(q2,q2) =t q3, 0(q2,q1) 5 qs }

Runs on o(a, ) = [T](o(a, ) = 113

ri: 43 ro i g3 r3: 43 r4 s 43

/N /N /N /N
d1 d1 q1 q2 42 d1 42 q2

wtT(r1) =45  wty(ry) =24  witr(rz) =24  wty(ry) = 20
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Common future relation

pRqg iff dJC e Cyx:

R(p) = {q € Q | pPRq}
Uniformity construction

——

u(t,p)q T

[T1(p,C) # 0,

[T1(q,C) #0

iff ¢ €R(p)

otherwise



Common future relation

pRq iff

3C € Cyx [[7-}](]9;0) #Oa

R(p) = {¢ € Q | pRq}

Uniformity construction

u(t,p)q T
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otherwise
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pRq iff
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Common future relation

pRg if 3CeCx: [TIp.C)#0, [T](gC)#0

R(p) ={q € Q | pRaq}
Uniformity construction

——

( D WtT(RUﬂT(taq/)))_l ® wt(Runy(t, q)) iff ¢ €R(p)
u(t,p)g = 7<RE@)

0 otherwise

—_

Qu = {u(t,p) € 59 [t € Tg,p € Q7}
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Uniformity construction

Qu = {u(t,p) € 9 [t € Tx,p € Q7}

For ’U,(tljpl), Ce ,U(tk,pk),?,b(t,p) ~ QZ/[, L = O-(tla S atk)
W iff (1) and (2) holds

ﬂ?/l(o_)(u(tlapl)a'“au(tkapk)au(tap)) — .
0 otherwise

(1) wr(o)(p1,- - PK:p) # 0
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Qu = {u(t,p) € 9 [t € Tx,p € Q7}

For u(tlapl)a S0 C 9u(tk:pk)vu(tap) = QZ/[? t= O-(tl’ S ’tk)
W iff (1) and (2) holds

UU(O)(u(tlvpl)a'“au(tkapk)au(tap)) — .
0 otherwise

(1) wr(o)(p1,- - PK:p) # 0
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Uniformity construction

Qu = {u(t,p) € 9 [t € Tx,p € Q7}

For u(tlapl)a S0 C 9u(tkapk)vu(tap) = QZ/[» t = O-(tl’ S ’tk)
W iff (1) and (2) holds

”U(O—)(u(tlvpl)a'“au(tkapk)au(tap)) — .
0 otherwise

vy (u(t,p)) = @;At,p)q ® vr(q)
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Qu = {u1,us, u3, ug}
|
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3/5
up = u(a, qr) = (2/5)
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Qb{:{ulpUQ,u?,,UzL} Au:{}

l

5 1 5
{O{%ulﬂ B — us, o(ug,uz) = ug, o(x,y) 113—/>25 Uy,
5) 23/5 23/5
08— W, o(us, ) 4 ug, o(x,us) 4 Uy,

for z,y € {uy,us}}
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QZ/{ :{u17u27u37u4} AZ/[ :{} Vy — (0,0,0,l)

l

5 1 5
{Od —u1, B —us, o(us,ug) = ug, o(z,y) 113—/>25 Uy,
5 23/5 23/5
o — Uz, o(us,x) 2 uyg, o(x,us) S Uy,

for x,y € {ul,ug}}
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Qz/{:{ul,UQ,U3,U4} AM:{} Vu—(oo O 1)
Runs of 7 on (o, ) = [T](o(cv,x)) = 113
Ty 43 ro T3 T4 : 43
/N /' \ /' \ / N\
q1 q1 d1 q2 q2 42
wty(ry) = 45 wity(ry) = 24 wit(rs) = 24 wit(ry) = 20

Runs of U on o(a, a)

i Uy 7 Uy 7 - U4 i Uy

/ N\ /N /N /N

Ui Ui (V] u9 (V5y) U1 (V5y) (V)
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Qz/{:{ul,UQ,U3,U4} AM:{} Vu—(oo O 1)
Runs of 7 on o(a, ) = [T](c(a,r)) =113

T - To . T3 - T4 -

/\ /\ /\ /\
q1 q1 q2 q2
wt(ry) = 45 wit(re) = 24 wit(r3) = 24 wit(ry) = 20
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U1 U1 U1 U9 (V) U1 (V) (V)
wtr(r]) =113 wtr(rh) =113 wtr(ry) = 113 wtr(ry) =113



Running example (uniformity: 7 — U)
Qu:{ul,UQ,U3,U4} AM:{} uu_(()() O 1)
Runs of 7 on o(a, ) = [T](c(a,r)) =113

r1 - q3 o : T3 : T4 :
/N / \ /' \ / \
q1 q1 q1 q2 q2
wty(ry) = 45 wit(re) = 24 wit(r3) = 24 wit(ry) = 20

Runs of Y on (e, ) = [U](o(a,x)) =4-113

i Uy 7 Uy 7 - U4 i

/N /NN TN

Uy Uy Uq U9 U9 U1
wtr(r]) =113 wtr(rh) =113 wtr(ry) = 113 wtr(ry) =113
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Qu = {u1,uz,uz,usy Ay ={...}

Accepted trees 7 and U/

t1 : o ty: O ts :

vy = (0,0,0,1)

NN /NN

[T1() =113 [T](#:1) = 69 [TT(t1) = 69 [T1(t1) =5



Running example (uniformity: 7 — U)
Qu = {u1,uz,uz,usy Ay ={...}

Accepted trees 7 and U/

tp: O to: O ts :

vy = (0,0,0,1)

NN NN

(U] (t1) = 4-113

[71(t) =113 [T](t1) = 69 [T](t1) = 69 [T](t) =5



Running example (uniformity: 7 — U)

QZ/[ :{u17u27u37u4} AZ/[ :{} VU = (0707071)
Accepted trees 7 and U
tr: 0O to: O s : ty: O
/N /N /N /N
Q Q0 Q0 3 3 Q 5] 5

[T](:) =113 [TT(t1) = 69 [T1(t1) = 69 [T1(t1) =5
[U)(t1) =4-113  [U](t1) =2-69  [U](tr) =2-69 [U](t1) =5
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wt(Run(¢, p)) # 0, wt(Run(p, C,p)) # 0



Finiteness uniformity

T'wins property

VtETZaCECEaPaQGQ

wt(Run(t, q)) # 0, wt(Run(q,C, q)) # 0

—>  wi(Run(p, C,p)) = wt(Run(q, C, q))
wt(Run(¢, p)) # 0, wt(Run(p, C,p)) # 0
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R-twins property

VtETZaCECEaPaQGQ

wt(Run(t, q)) # 0, wt(Run(q,C, q)) # 0

— wt(Run(p, C, p)) = wt(Run(q, C, q))
wt(Run(t, p)) # 0, wt(Run(p, C,p)) # 0 rer B
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R-twins property

Vi € Tsy,,C' € Cs,p,q € Q) with pRg

wt(Run(t, q)) # 0, wt(Run(q,C, q)) # 0
wt(Run(¢, p)) # 0, wt(Run(p, C,p)) # 0

wt(Run(p, C,p)) = wt(Run(q, C, q))



Finiteness uniformity

R-twins property

Vi € Tsy,,C' € Cs,p,q € Q) with pRg

wt(Run(t, q)) # 0, wt(Run(q,C, q)) # 0

wt(Run(p, C, p)) = wt(Run(q, C, q))
wt(Run(t, p)) # 0, wt(Run(p,C,p)) # 0

Theorem

T over S € {T,A} + R-twins property =  Qu finite



Thank you!



