Deleted Interpolation

Let:
Ny = the number of n-grams with frequency r in

training data

T, = the number of tokens in held-out data ot
n-grams appearing r times in training data,
1.e.:

Ci(wy...wp)=r
Deleted interpolation uses training data to gather

frequency counts, but held-out data to smoothe the
probability estimates.

The average frequency (in held-out data) of

n-grams occurring r times (in training data) is: %
r

So we let P(wl...wn):%-%,

where r = C(wq ... wp) and T is the total

number of tokens of held-out data (held-out
estimator).



Deleted Interpolation

But since we're using held-out data, we can also

cross-validate: use both training and held-out data

_ TZ,r 1 Tl,r 1
both ways: Ny, Ty Ny, T

and then take a weighted average:

P(wy ... wp) = it 2r
Lo ) = (1) (N 4+ Na )




(Generalized) Linear Interpolation

P(wn7|lw1 e Wp1) =
2 Ai(wp 11— - wp—1) Pi(wn|wp1— .. wp—1)
where for every wy 11— ... wp—1:

nl ANi(Wpy1 - wp—q) = 1.

[/

Jelinek-Mercer smoothing:
Ni(Wp1— - wp—1) = N;.

Katz “back-oft” smoothing: every A; is 0 except
the one corresponding to the model used by backoft
(which is 1). For some threshold, &:

ANi(Wpy1—j- - wp—1) =
a(Wpy1—j-. -wy_1) if foralli < j <n,
Clun 1 wne1) < k,
but C(wpi1—4.. -wp_1) >k
0 0.W.



Back-oft Smoothing

The o parameters normalize such that only the
remaining probability mass is distributed among
n-grams below the threshold &:

a(Wpt1—4 - Wp—1)

1—- D Plwn|wpyq .- wp—1)
1= 2. Plwn|wpy9—i-..wp—1)
wn:C(wy 41 g wn)>k
- 2. P(wn|wp 41— wp—1)
B wn:C(Wwy 41 —j---wn)>k
2. P(wn|wp9—i-..wp—1)

wp:C(wy 11— wn)<k



Parameter Tying

In practice, we never use a different

Ni(Wpa1—4 ... wy_1) for every history — instead
we group them together by tying all the
Ni(wpa1—j- .. wp_1) together for the histories that
have the same average number of non-zero counts:
let

C(wn+1_i e wn—l)
f Wntl1—q---Wnp—-1) —
( n+1—1 n ) |’wn : C(’wn+1—z’ e wn) > O|

For any pair of histories, wy11_;...wy—1 and
/ /

Wy - Wy _q, We take Mwpy1—j.. . wp—1) =
)\(w; NP w%_l) precisely when

flwp1—j- - Wp_1) = f(w;wrl—i cowl ).



