Ngrams

kwc@research.att.com

• • • • • • •

• •

•

•

• Infrastructure:

• We finally • •

• •

...

...

• Algorithm

• Solution

Algorithm

wordi and wordi +1

...

...

I(x;y) = log2 Pr(x)Pr(y)

Pr(x,y)

I(x;y) ∼ log2 f(x) f(y)

Nf(x,y) t-scores t = σ 2(Pr(x,y)+Pr(x)Pr(y

Pr(x,y)− Pr(x)Pr(y)

t ∼ f(x,y) f(x,y)− N 1 f(x) f(y)

Concordances

{i=0;
   i+=RSTART;
   printf("%15s%s\n",

• • • •

Recap

•

•

≤ Intuition

• • t

• • •

• •

• Self-organizing? •

and

I(x;y) ≡ log2 P(x) P(y)

P(x,y) strong: 4(a)

• strong and powerful vs. •

•

• strong intrinsic quality,

whereas powerful extrinsic one • ,

• • • • •

•

• • •

• • • •

fixed compound semantic lexical

• • • t w had/hvd back/rb have/hv according/in is/bez went/vbd able/jj go/vb want/vb up/rp was/bedz as/in began/vbd respect/nn trying/vbg addition/nn order/nn down/rp wanted/vbd close/rb going/vbg up/in like/vb related/vbn enough/qlp due/jj not/* attention/nn likely/jj came/vbd tried/vbd regard/nn seem/vb approach/nn expected/vbn relation/nn try/vb next/in ready/jj return/vb as/cs lead/vb difficult/jj prior/rb how/wrb said/vbd

_ display, Foley.

wake capsize/V fail/V sink/V stop/V cruise/V accord/V sail/V reach/V tow/V lose/V turn_in/V leave/V collide/V keep/V drown/V kill/V drag/V be_in/V escort/V put/V overturn/V take/V rescue/V hold/V approach/V use/V carry/V become/V hit/V have/V travel/V begin/V pass/V get/V attack/V do/V injure/V be/V fire/V make/V operate/V say/V

• boat sail be • drown

• drown

word).

• Applications:

• boat is drowning •

_

_ _on/V

_under/V

_into/V

Applications

• • Lexicography

• • boat

• ship bank

bank West and South

Recap

• •

•

• • • •

• •

Advocates

Model

Contexts Goals

Linguistic Generalizations Parsing Strategies

Applications:

• → agreed • → agreed • → • → • → • →

• →

Wi → → Wo Wi (Wi) Pr(Wo Wi)

• Pr(Wi language model • Pr(Wo Wi channel model • • • Applications

A-one-L) federal form farm credit

some form farm of

• •

•

• • • / • doctor / nurse),

W =w1,w2 wn

• Unigrams: Pr(W) ∼

kΠ^{Pr(w}k^)

• Bigrams: Pr(W) ∼

kΠ^{Pr(w}k^wk− 1^)

• Trigrams: Pr(W) ∼

kΠ^{Pr(w}k^wk− 2^wk− 1^)

Pr(wk)∼ N freq(wk)

Pr(wkwk− 1)∼ freq(wk− 1) freq(wk− 1wk)

Pr(wkwk− 2wk− 1)∼ freq(wk− 2wk− 1) freq(wk− 2wk− 1wk)

• •

• Pr̂(x,y) N freq(x,y) + ) N freq(x) N freq(y)

λ to σ 2 (variance/confidence)

Smoothing

• • •

• = r MLE = r + = (r + Nr Nr + 1 GT = Cr r HO

W=

________________________________________________

• another? • H(Pr(x • H bit bi ts) • H

• H

•

•

• ≥H (H

Lempel-Ziv (Unix™ compress) 3.0 gzip 2.5 Unigram 2.1

(Brown

• • 8 =

• •

• codelength(letter)∼

− log2Pr(letter) ejeqqeje

H letterΣ

Pr(letter 2Pr(letter) = 3 1 2+ 3 1 2+ 3 1 2=2

H letterΣ

Pr(letter 2Pr(letter) = 2 1 1+ 4 1 2+ 4 1 2= 2 3

H H(source,code)

sΣ_hΣ^{Pr(s,h}^{source} 2^{Pr(s}^{h,code)}

where Pr(s, hsource s h Pr(sh, code s h Pr(sh,ASCII) =1/256,

H(source,ASCII) s =1Σ 256 256 1 log 2 256

1 =8

S1 and S2. S1 and S2

• • freq(Kennedy)=140 • Pr B(m)=( mn ) pm − p)n − m •

• • Pr = Pr = Pr =

• binomial

• • p − p =q.

• m n Pr B(m)=( mn ) pm − p)n − m.

• ( mn )=

m n − m n! .

• n!=1×2× ×n factorial function. • n = 3, p = 1/ / / / / • • np

σ 2 = np − p). • / /4.

• • Let p

‘‘Kennedy.’’ • • Unfortunately, p

• k model. p; n k

k k unknowns.

• np p p =140 =140/106 • Caveots:

• • H(Pr(W ∼ log290 • • factors. • • • V 3 >> N N )

•

• θ •

θ) θ ϕ) Pr NB(x) = 0 ∫ ∞ ϕ (θ) π(θ,x)dθ for x =

(P +Q)N = k=0Σ N k N P k QN− k Binomial

Pr B(k) = k N P k QN− k for k = ,N

P +Q =1

(Q − P)− N = k=0Σ ∞ k N+k− 1 P k Q− N− k NB

Pr NB(k) = k N+k− 1 P k Q− N− k for k =

Q − P =1

• P

• Q

• N

Pr NB(x) = x N+x− 1 P x Q− N− x π(θ,k) = k! e θk

Pr NB(x) = 0 ∫ ∞ ϕ (θ) π(θ,x)dθ for x =

where ϕ θ varies

ϕ (θ

• NP NPQ).

• But Q <

and Q > • < > • >

→

Poisson Poisson σ 2) df) H)

→

122 Binomialor Poisson

15 pet 16

17 ometer 18 specific 19 whereby

Recap • (Is n∼ •

• • • Applications: • •

•

• • • Trigrams???

N suf, N. i position i suf Complexity: O(N2logN O(N O(NlogN

{
}

{

}

• ngrams, key.

• O(nlogN O(n +logN

{

    }

  }
}

• roundup =0 → keyin suf roundup =1 → keyin suf • key •

N ith and i +1st suffix. → 3

{

          result++;
}

{
   ...

for(i=0;i<N;i++) _

   ...
}

O(N2 O(N

Trigrams???

•

•

•

•

Dotplot Applications

• •

Examples

• •

Motivation

• • • • • • • • •

• The WIND • wind

• THAT? • that

• oily FLUID • TRANSMISSIONfluid

Byzantine/JJ icons/NNS could/MD murder_warder/VB the/AT divine/JJ identity_identify/NN

Much

which_Which/WDT is/BEZ only_Only/RB the/AT pure_pare_pave/JJ form_farm/NN of_Of/IN triumphal/JJ ethnology/NN ,/,

• •

•

• • • •

•

•

•

•

• • •

•

•

Intuition •

• cases. • cited. •

• • Pr(posiwordi

•

•

•

• •

• (40 V >> 403). •

•

•

•

• Leech

• • Heidorn

•

Pr(posiwordi Pr(posiposi − 1 posi − 2).

pos → → words

pos (pos) Pr(wordspos)

as:

pos ARGMAX

iΠ^{Pr(pos}i^{pos}i − 1^{pos}i − 2^{) Pr(words}i^{pos}i^)

n n O(n

• Pr(wordsiposi) as

Pr(posiwordsi) Pr(posi)

Pr(wordsi)

Pr(posiwordsi Pr(posiposi − 1posi − 2 • Pr(posiwordsi). • unimportant.

Word)

• • probabilities) •

• kn n and k • • • nk3

A1 context lex A2 context lex A3 context lex A4 context lex A5 context lex A6 context lex A7 context lex A8 context lex n • •

•

• possibilities) •

•

• • ambiguous. • • • •

ambiguity. •

•

• •

•

•

•

•

•

• •

•

•

•

• quantity. •

•

•

•

•

• •

• < 5 •

• • small. • way.

•

• •

•

• • •

• •

3 << 40 V),

•

• real, • • • limitations. •

•

• • • •

• •

•

Problems •

•

•

•

•

spell correct

• • c (c) Pr(tc) P(c

Pr(tc) ∼

chars[cp, cp + 1] rev[cp, cp + 1] chars[cp] sub[tp, cp] chars[cp − 1] add[cp − 1, tp] chars[cp − 1, cp] del[cp − 1, cp]

Evaluation

• absurb

Performance

correct ± 1.9 ± 0.5 ± 0.7 ± 1.1 ± 2.2 ± 2.4 ± 2.8

• actuall

• constuming and

• conviced

• confusin today,

Conclusions • •

•

• Infrastructure:

• We finally • •

• • • • • • • • Applications • • Recognition