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Generalized n-Gram Models

Let n € N\ {0}.

A generalized n-gram model is a tuple N = (I, p1, ..., up) with
@ the alphabet
@ a mapping u;: I — Rxq for every i € {1,...,n}
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Generalized n-Gram Models

Let n € N\ {0}.

A generalized n-gram model is a tuple N = (I, p1, ..., up) with
@ the alphabet I'
@ a mapping u;: I — Rxq for every i € {1,...,n}

The semantics of N is [N]: I — R>o U {L} where
Hw’ n-gram ofwru'n(WI) if ‘W’ >n

INI(w) = { () 1< |w <n
€ if lw|=0
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Generalized n-Gram Models (Example)

Let n = 3, I = {Garcia, y, tres, asociados, .}, and

u3: Garcia y tres — 1/5 po: Garcia .+ 1/2
y tres asociados > 1/3

tres asociados . > 1/
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Let n = 3, I = {Garcia, y, tres, asociados, .}, and
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Let n = 3, I = {Garcia, y, tres, asociados, .}, and
u3: Garcia y tres — 15 po: Garcia .+ 1/2

y tres asociados > 1/3

tres asociados . > 1/
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Generalized n-Gram Models (Example)

Let n = 3, I = {Garcia, y, tres, asociados, .}, and

u3: Garcia y tres — 1/5 po: Garcia .+ 1/2
y tres asociados > 1/3

tres asociados . > 1/

[N](Garcia y tres asociados .) = 1/5-1/3 - 1/4
[N](Garcia .) = 1/2
[N](e) =L
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Recall: Statistical Machine Translation

TM: TAX TZ_>R20

translate

decode

LM: ™ — RZO

& = mout (argmaxy ( (FaTM) & LM )(d))
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Recall: Statistical Machine Translation

TM: TAX TZ_>R20

translate

[UVH = RZO

T~
& = mout (argmaxy ((FaTM) > [NV] )(d))

TA X Tz — Rzo " — Rzo

lift to trees
yield™*([N])
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Lifting using Bar-Hillel, Perles, Shamir (BHPS)

o for every £ € CF and R € REG: LNReCF
[Bar-Hillel, Perles, Shamir, 1961]

CF ... context-free languages
REG ... regular languages
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Lifting using Bar-Hillel, Perles, Shamir (BHPS)

o for every £ € CF and R € REG: LNReCF
[Bar-Hillel, Perles, Shamir, 1961]

o for every £L € WRT and R € WREG: L ©yield™}(R) € WRT
[Maletti, Satta, 2009]

@ in our case: L is the characteristic mapping of Ty and R = [N]
yield X ([N]) € WRT

e the constructed WTA is not bottom-up deterministic
e but for every tree, only one run is relevant

CF ... context-free languages WRT ... weighted regular tree languages
REG ... regular languages WREG ... weighted regular languages
WTA. .. weighted tree automaton
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Intermezzo: Weighted Tree Automata (WTA)

A weighted tree automaton is a tuple A = (Q, X, J, F) with
e Q finite set (states)
@ ¥ ranked alphabet (input symbols)
0 0 = (6 | k>0) with 6;: @ x Z(K) x Q@ — Rxo (transition function)
e F C Q finite set (final states)

Biichse, Denkinger, Vogler (TUD) bu-det WTA for n-gram Yield Function 2013-09-26 8/15



Intermezzo: Weighted Tree Automata (WTA)

A weighted tree automaton is a tuple A = (Q, X, J, F) with
e Q finite set (states)
@ ¥ ranked alphabet (input symbols)
0 0 = (6 | k>0) with 6;: @ x Z(K) x Q@ — Rxo (transition function)
e F C Q finite set (final states)

A run (of A) on & is a mapping k: pos(§) — Q.

Biichse, Denkinger, Vogler (TUD) bu-det WTA for n-gram Yield Function 2013-09-26 8/15



Intermezzo: Weighted Tree Automata (WTA)

A weighted tree automaton is a tuple A = (Q, X, J, F) with
e Q finite set (states)
@ ¥ ranked alphabet (input symbols)
0 0 = (6 | k>0) with 6;: @ x Z(K) x Q@ — Rxo (transition function)
e F C Q finite set (final states)

A run (of A) on & is a mapping k: pos(§) — Q.
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Intermezzo: Weighted Tree Automata (WTA)

A weighted tree automaton is a tuple A = (Q, X, J, F) with
e Q finite set (states)
@ ¥ ranked alphabet (input symbols)
0 0 = (6 | k>0) with 6;: @ x Z(K) x Q@ — Rxo (transition function)
e F C Q finite set (final states)

A run (of A) on & is a mapping k: pos(§) — Q.

The weight of r is wt(k) = ] epos(r) Ok (K(PL), - - ., K(pk), o, K(p)).
The semantics of A'is [A]]: Ty — R>q where

[[A]] (5) = Dk run on §Wt(:"€) .

k(e)eF

o...label in & at p k...rank of o
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Intermezzo: Weighted Tree Automata (WTA)

A is bottom-up deterministic:

unique

5k(q17"'7qk707 q) >0
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Generalized n-Gram WTA (lidea)

n=3

w1 w2

[N](wawz) =

lwi| > n, |wo| > n
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Generalized n-Gram WTA (lidea)
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Generalized n-Gram WTA (lidea)

n=23
[N (w) %
wo
f———— P

e N

| |
| |
I 1

[NI(wiwz) = " [IN[(wa) - - [N](w2)
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Generalized n-Gram WTA (lidea)
n=3
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e |
E— A

[N[(wiwz) = [N](w1) - [N](lastp—1(wa) firstp—1(w2)) - [N](w2)

lwi| > n, |wo| > n

Biichse, Denkinger, Vogler (TUD) bu-det WTA for n-gram Yield Function 2013-09-26 10 / 15



Generalized n-Gram WTA (lidea)
n=3

[[N]](Iast,,_l(wl) ﬁI‘Stn_l(Wz) o

07y ——

[N[(wiwz) = [N](w1) - [N](lastp—1(wa) firstp—1(w2)) - [N](w2)

lwi| > n, |wo| > n

Biichse, Denkinger, Vogler (TUD) bu-det WTA for n-gram Yield Function 2013-09-26 10 / 15



Generalized n-Gram WTA (lidea)
n=3
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Generalized n-Gram WTA (Example)

n=3 S
NP
NNP
B 2]
Garcia y tres asociados
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Generalized n-Gram WTA (Example)

n=3 S

NP

NNP

I U

y tres asociados

wi(r) = p1(G)
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Generalized n-Gram WTA (Example)
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Generalized n-Gram WTA (Example)

n=3 E'

NP

™ a()
‘mf)-m(a) NNP | ta
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wt(x) = u1(G) - pa(y) - pa(t) - (@) - ua (1) - 3
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Generalized n-Gram WTA (Example)
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Generalized n-Gram WTA (Example)

n=3

‘ _us(G)ms(vta) N Fey e

£1(G)-pa(y)-pa(ta)
|
(O )] B O] [ () ) ] T

Garcia y tres asociados

B o(ta) ua(Gyt) H3(yta)
wt(r) = p1(G) - pa(y) - patt) - /Ym pa (- M/Kif 11(G)-pua(y)-pa(ta)

Biichse, Denkinger, Vogler (TUD) bu-det WTA for n-gram Yield Function 2013-09-26 11 /15



Generalized n-Gram WTA (Example)
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Generalized n-Gram WTA (Example)

n=3 S

Gy * a.

_p3(Gyt)-ps(yta)
m(G) pa(y)-po(ta)

Gy * ta

Mléf/tiala)
)] [6] (o] ] ] [t )] o [a) 0] [

Garcia y tres asociados

= kG - paky) - k) - paka) - pa () Mﬂﬁﬁ%%
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Generalized n-Gram WTA (Example)

n=3 n3(ta.)
‘ ;1(-) S

Gy * a.

_p3(Gyt)-ps(yta)

m(G) 11 (y)- 12 (ta) Gy * ta

M2ta
m(t -pa(a)
)] e [e]lmm ] [y][mo)] )] o] [m0] D

Garcia y tres asociados

T ) k) s ) ey S
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Generalized n-Gram WTA (Example)
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Generalized n-Gram WTA (Example)

n=3 ENEe

_p3(Gyt)-ps(yta)
m(G) pa(y)-pa(ta)

‘Gy*ta

Mléfza)
)] ¢[s] (o] ] ] [t )] o [a) [m] [

Garcia y tres asociados

) = k] - 1elS] - ] ke - et ] - A slomista) )

= p3(Gyt) - ps(yta) - ps(ta.) = [N](Gyta.)
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Generalized n-Gram WTA

The WTA Ay s is the tuple (Q, L, 4, F) with
o Q=Tr="1y ([ 1tx {x}xrm1
o F=Q@
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Generalized n-Gram WTA

The WTA Ay s is the tuple (Q, L, 4, F) with
o Q=Tr="1y ([ 1tx {x}xrm1

e F=Q
g(o) if k=0and g = f(0)

° i(q1,...,9k,0,q9) = % if k>1and g="(q1-"qk)
0 otherwise
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Generalized n-Gram WTA

The WTA Ay s is the tuple (Q, L, 4, F) with
o Q=Tr="1y ([ 1tx {x}xrm1

e F=Q
g(o) if k=0and g = f(0)

° i(q1,...,9k,0,q9) = % if k>1and g="(q1-"qk)
0 otherwise

for every v € (I'U {x})*

v if vel*and |v|]<n
syl if (v and |v| >
F) = I * Vg if(vET" and |v| > n)or
(v) Vi (v ¢ T* and |v| > n)
otherwise
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Generalized n-Gram WTA

The WTA Ay s is the tuple (Q, L, 4, F) with
o Q=Tr="1y ([ 1tx {x}xrm1

e F=Q
g(o) if k=0and g = f(0)

° i(q1,...,9k,0,q9) = % if k>1and g="(q1-"qk)
0 otherwise

for every v € (TU{x})*, v=wugxuy - *xu, u; € * for all
i€e{0,....1}, weX*, and g€ Q

£(v) = {[[N]](uo) if =0
N'(uo) - (TT'ZHIN](wi)) - N'(u)  otherwise

1 otherwise 1 otherwise

NI(W) _ {[[N]](W) if |W’ >n g,(q) _ {[[N]](q) ifger*
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Let 2 be a ranked alphabet and N a generalized n-gram model over I.
Then

° [[.A/\Lz]] = yield_l([[N]])

e Ay is bottom-up deterministic

Biichse, Denkinger, Vogler (TUD) bu-det WTA for n-gram Yield Function 2013-09-26 13 /15



Let 2 be a ranked alphabet and N a generalized n-gram model over I.
Then

° [[.A/\Lz]] = yield_l([[N]])

e Ay is bottom-up deterministic

Conjecture

Ap s is well suited for the calculation of argmax, ((f < TM) > [N])(d).
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Further Research

@ Implement a decoder for SMT based on

e BHPS, and
o the generalized n-gram WTA.
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Further Research

@ Implement a decoder for SMT based on

e BHPS, and
o the generalized n-gram WTA.

@ Compare the runtime behaviour in practice.
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BHSP for Trees and n-Gram Models

L=Ty as WTA

Q= {x}
for every k e N,o € (K.
*#a(*,...,*)
——

k times

WEFSA. . . weighted finite state automaton r=x©
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BHSP for Trees and n-Gram Models (Example)

3
{G,y,t,a}

n
r

Garcia y tres asociados
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BHSP for Trees and n-Gram Models (Example)
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BHSP for Trees and n-Gram Models (Example)
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BHSP for Trees and n-Gram Models (Example)
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