Language Modeling
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* Better: the grammar But language model or LM is standard



How to compute P(W)
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* Recall the definition of conditional probabilities
p(B|A) = P(A,B)/P(A) #$%&% (P{A,B) = P(A)P(B|A)
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The Chain Rule applied to compute joint
probability of words in sentence

Pww,E w)=H P(w,lww,E w.)

l

P(“its water is so transparent”) =
P(its) x P(I"#$%&'#(x P(is|its water)

|1 SO0 HS6 & &I I"HSY%&H S () Yvater is
"4
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P(thelits water Is so transparent that

Counf{(its water Is so transparent that)t
Coun{its water Is so transparent tha
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P(thelits water Is so transparent thatP(the|that)
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P(the|its water is so transparent thatP(the[transparent tha



Markov Assumption

PWW,E w,)" $ Pw, [w, E w,)

*In other words, we approximate each
componentin the product

P(w, |WW

| 1)1:

:

FP(w lw. E W)
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fifth, an, of, futures, the, an, incorporated, a, a,
the, inflation, most, dollars, quarter, in, 1s, mass

thrift, did, eighty, said, hard, 'm, july , bullish

that, or, limited, the
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texaco , rose, one, 1in, this, issue, 1s, pursuing, growth, 1in,
a, boiler, house, said, mr., gurria, mexico ,'s, motion,

control, proposal, without, permission, from, five, hundred,

fifty, five, yen

outside, new, car, parking, lot, of, the, agreement, reached

this, would, be, a, record, november
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*In general this is an insufficient model of language
* because language has long-!"#$%&'()! (*(&N(&"'(# !

“The computer which | had just put into the machine room on
"#$5%&9%!"$%'(()$*)+,"#-./

| But we can often get away with N-gram models
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counf{w..,,w.)

P(Wi ‘Wi"l) = Counl(wi..l)

(W, W)

P(w, [w.,) = c(W..)




"H#$%&' ()

4SS S(&'S!)"#

P(W, [W,.,) = CWeu W) psgopgis(saisl)s
C(Wi) 19658/ $()$ + -$./—($-.."$0(&$102$:
P(I|<s>)=%=.67 P(Sam <s>):%: 33 Plam|I)=

|
W O
Y \]

)
A
~
n
V
§)]
4))

2.
|

r9| =
|
-
7

)
0]
4))
=
4))

8
|

19| =
|
s

)
Q,
O
H
|

o= o]k
|
N
-



"HS%$8 () $+,%
"#3$"%0" &' (") +, H#+-* A0 1)1

| 1"HS0& 'S+ $+)$" &' (3" H06 S - QBESYoHE, &"HEYo &IV SH()* +#'( -

L 1"#3%&" (HPHS "' #F % &SP 1S " #3%&' ()

| I"HH$%"$ & ()1 + TS % % &

| 1"#3%&'$()*+5,+$"$-)./)#($&0$/1+$2)#3.$&0$0&&3%/1"/$"4+$'
| 1B & (") & X 1 *['0) K (* 1

| 1"#$% & WA HPvenezia "#$% &' () $*%0+,#% &-.



| 1"HS0& S (((B)*+#5+,%)

"HSY%&! (") S+, ./

1 want | to eat chinese | food | lunch | spend
1 5 827 0 9 0 0 0 2
want 2 0 608 | 1 6 6 5 1
to 2 0 4 686 | 2 0 6 211
eat 0 0 2 0 16 2 42 0
chinese 1 0 0 0 0 82 1 0
food 15| 0O 15 0 1 4 0 0
lunch 2 0 0 0 0 1 0 0
spend 1 0 1 0 0 0 0 0




"H$%6& (") $H(+%"% &, &-&./

* Normalize by unigrams:

I "#$%&'

1 want to eat chinese food lunch spend
2533 927 2417 746 158 1093 341 278
1 want | to eat chinese | food | lunch | spend

1 0.002 1033 |0 0.0036 | O 0 0 0.00079
want 0.0022 | 0 0.66 | 0.0011| 0.0065 | 0.0065 | 0.0054] 0.0011
to 0.00083 | O 0.0017 | 0.28 0.00083 | 0 0.0025 | 0.087
eat 0 0 0.00271 0 0.021 0.002710.056 |0
chinese || 0.0063 | O 0 0 0 0.52 10.0063|0
food 0.014 |0 0.014 |0 0.00092 | 0.00371 0 0
lunch || 0.0059 | O 0 0 0 0.0029 1 0 0
spend | 0.0036 | O 0.0036 | O 0 0 0 0
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What kinds of knowledge?

I " english|want) =.0011
* P(chinese|want) = .0065
e P(I"#S%&!"#"$%%
I1"#3$5%&'&% () &*&+,-

I 1"#33%&'&($)&*&+

* P(want | spend) =

P (i "#$%&""()*



Practical Issues

*We do everything in log space
* Avoid underflow

| I"H#$%8&™ () *&($&+"S$,-.&, /") &O1#, (2#3()*4

log(p! P! ps! ps)=logp, +logp, +logp;+logp,
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AUG All Our N-gram are Belong to You

Posted by Alex Franz and Thorsten Brants, Google Machine Translation Team

H

Here at Google Research we have been using word n-gram models for a variety of R&D projects,

That's why we decided to sh;are fhis enormous dataset —with everyone. We prbcess—ed 1,024,908,267,229 —words
of running text and are publishing the counts for all 1,176,470,663 five-word sequences that appear at least 40
times. There are 13,588,391 unigue words, after discarding words that appear less than 200 times.
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| serve as the incoming 92

| serve as the incubator 99

| serve as the independent 794

| serve as the index 223

I serve as the indication 72

| serve as the indicator 120

I serve as the indicators 45

| serve as the indispensable 111
| serve as the indispensible 40

| serve as the individual 234
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| want
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to eat
eat Chinese
Chinese

| want to eat Chinese food

food
food

<[s>
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gram

gram

gram

gram

DTo him swallowed confess hear both. Which. Of save on trail for are ay devig

rote life have
DHill he late speaks; or! a more to leg less Prst you enter

DBWhy dost stand forth thy canopy, forsooth; he is this palpable hit the King Henry

king. Follow.
BWhat means, sir. | confess she? then all sorts, he is trim, captain.

DFly, and will rid me these news of price. Therefore the sadness of parting, as th
Otis done.
DThis shall forbid it should be branded, if renown made it empty.

DKing Henry. What! | will go seek the traitor Gloucester. Exeunt some of the wat
great banquet servOd in;

l

Plt cannot be but so.
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1 Months the my and issue of year foreign new exchangeOs sep

Sram were recession exchange new endorsed a acquire to six executiv

Last December through the way to preserve the Hudson corporati
2 B. E. C. Taylor would seem to complete the major central planner
gram  point bve percent of U. S. E. has already old M. X. corporation of li
on information such as more frequently Pshing to keep her

—

They also point to ninety nine point six billion dollars from two hund
four oh six three percent of the rates of interest stores as MexXico ¢
gram  Brazil on market conditions

ld
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| IS8 () S5+ %0+" &-$..& ") &IHOH(SYo+ LHE*#"H#(
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c(W,,, W
a0 Pucw w) =)
111
L™ 1E#$% & (%o#) (W, ,, W) +1

Pagai 1 (W W) =
Add.l( I‘ |_1) C(Vvi!l)+v



43" & (") F+ #+- #0,)1' 2+0%+3"

"HHS%& (V< +,-" (#/0S)

1 want | to eat chinese | food | lunch | spend
i 6 | 828 [ 1 10 | 1 1 1 3
want 3 | 609 | 2 7 7 6 2
to 3 5 687 | 3 1 7 212
eat 1 3 | 17 3 43 |
chinese 2 1 1 83 2
food 16 16 2 5 |
lunch 3 1 1 2
spend 2 2 1 1




"HE Y& " HHSY& ()*+,-")

P (Wn ‘Wn—l )

C(Wn—lwn) + 1

C ( Wn—1 ) +V

1 want to eat chinese | food lunch spend
1 0.0015 0.21 0.00025| 0.0025 0.00025| 0.00025| 0.00025| 0.00075
want 0.0013 0.00042| 0.26 0.00084 | 0.0029 0.0029 0.0025 0.00084
to 0.00078 | 0.00026( 0.0013 0.18 0.00078 | 0.00026| 0.0018 0.055
eat 0.00046| 0.00046| 0.0014 0.00046 | 0.0078 0.0014 0.02 0.00046
chinese || 0.0012 0.00062 | 0.00062| 0.00062| 0.00062| 0.052 0.0012 0.00062
food 0.0063 0.00039 | 0.0063 0.00039| 0.00079| 0.002 0.00039| 0.00039
lunch 0.0017 0.00056 | 0.00056| 0.00056| 0.00056| 0.0011 0.00056 | 0.00056
spend 0.0012 0.00058 | 0.0012 0.00058 | 0.00058| 0.00058| 0.00058| 0.00058
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c’ (Wn—lwn.) —

[C(Wn—lwn) T 1] X C(Wn—l)

C(wy—1)+V

1 want to eat chinese | food| Iunch| spend
1 3.8 527 0.64 6.4 0.64 0.64| 0.64 1.9
want 1.2 0.39 238 0.78 2.7 2.7 2.3 0.78
to 1.9 0.63 3.1 430 1.9 0.63| 44 133
eat 0.34| 0.34 1 0.34 5.8 1 15 0.34
chinese || 0.2 0.098( 0.098| 0.098| 0.098 8.2 0.2 0.098
food 6.9 0.43 6.9 0.43 0.86 2.2 0.43 0.43
lunch 0.57| 0.19 0.19 0.19 0.19 0.38| 0.19 0.19
spend 0.32| 0.16 0.32 0.16 0.16 0.16 0.16 0.16
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1 want | to eat chinese | food | lunch | spend

1 5 827 0 9 0 0 0 2

want 2 0 608 1 6 6 5 1

to 2 0 4 686 | 2 0 6 211

eat 0 0 2 0 16 2 42 0

chinese 1 0 0 0 0 82 1 0

food 151 0 15 0 1 4 0 0

lunch 2 0 0 0 0 1 0 0

spend 1 0 1 0 0 0 0 0

1 want to eat chinese | food| Ilunch| spend

1 3.8 527 0.64 6.4 0.64 0.64 | 0.64 1.9
want 1.2 0.39 238 0.78 2.7 2.7 2.3 0.78
to 1.9 0.63 3.1 430 1.9 0.63| 4.4 133
eat 0.34] 0.34 1 0.34 5.8 1 15 0.34
chinese || 0.2 0.098| 0.098| 0.098| 0.098 8.2 0.2 0.098
food 6.9 0.43 6.9 0.43 0.86 2.2 0.43 0.43
lunch 0.57| 0.19 0.19 0.19 0.19 0.38 | 0.19 0.19
spend 0.32] 0.16 0.32 0.16 0.16 0.16 0.16 0.16
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Figure 5: BLEU scores for varying amounts of data
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