
Language Modeling



บ"บททางภาษา

• He had beef for lunch vs He had a beef for lunch


• อา|นอน|ตาก|ลม vs อาน|อน|ตา|กลม 

• I send him a letter vs I send dim a led her


• ก"งเทพ'(ก)งเยอะ


• Bangkok has many high buildings vs  
Bangkok has many tall buildings

Te R.


Te R.


Te R.


Te R.


Te R.


Te R.






LM ใ/0อะไร

• หาความ2าจะเ4น/ความเ4นไปไ8ของประโยค


• ไวยากร<โดยไ>?องเ@ยนกฏโดยตรง


• CนายDEดไปโดยใGบIบท



N-Gram Language Model



Model แบบโ67ด

• Unigram Language Model 
P(w1, w2, w3, …, wn) = P(w1) P(w2) P(w3) .. P(wn)


• Bangkok has many high buildings vs  
Bangkok has many tall buildings 
 
 
 

Te R.


Te R.


Te R.


Te R.


Te R.




Unigram Language Model

• fifth, an, of, futures, the, an, incorporated, a,


• a, the, inflation, most, dollars, quarter, in, is, mass


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


• that, or, limited, the

Te R.


Te R.




Language Model แบบ9บ"บท

• Bigram Language Model  
P(w1, w2, w3, …, wn) = P(w1|START) P(w2|w1) P(w3|w2) .. P(wn|wn-1)


• Bangkok has many high buildings vs  
Bangkok has many tall buildings 
 
 
 
 

Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.




Bigram Language Model

texaco, rose, one, in, this, issue, is, pursuing, growth, in,
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

Te R.


Te R.


Te R.




Trigram and 4-gram LM
• Trigram Language Model  

P(w1, w2, w3, …, wn) = P(w1|START1, START2)  
                                    P(w2|START2, w1)  
                                    P(w3|w1 w2) 
                                    P(w4|w2 w3) .. P(wn|wn-2 wn-1)


• 4-gram Language Model  
P(w1, w2, w3, …, wn) = P(w1|START1, START2, START3)  
                                    P(w2|START2, START3, w1)  
                                    P(w3|START3 w1 w2) 
                                    P(w4|w1 w2 w3) .. P(wn|wn-3 wn-2 wn-1)

Te R.


Te R.


Te R.


Te R.


Te R.


Te R.




โมเดล;น<=งโ6ๆ อ?@

• Long distance dependencies (e.g. relative clauses, 


• The computers that I bought from the new mall are/is broken.


• 5-gram Jๆ LวนใหMNกจะเOยงพอ

Te R.


Te R.


Te R.




5-gram Language Model



Chain Rule of Probability

Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.




Chain Rule for LM

• P(<s> Bangkok has many tall shopping malls </s>) =  
   P(Bangkok)  
   P(has | Bangkok) 
   P(many | Bangkok has)  
   P(tall | Bangkok has many) 
   P(shopping | Bangkok has many tall) 
   P(malls | Bangkok has many tall shopping)

Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.




การประมาณCา Unigram Probability

• P(Bangkok) =       C(Bangkok) 
                         PนวนDQงหมด

Te R.


Te R.


Te R.


Te R.




การประมาณCา Conditional Probability

• P(tall | Bangkok has many) ≈ C (Bangkok has many tall) =  8 / 25500  
                                                  C (Bangkok has many) 

= 0.00031372549

Te R.


Te R.


Te R.


Te R.




0ไมDงไEใ/ 6-gram Fะ

• P(<s> Bangkok has many tall shopping malls </s>) =  
   P(Bangkok)  
   P(has | Bangkok) 
   P(many | Bangkok has)  
   P(tall | Bangkok has many) 
   P(shopping | Bangkok has many tall) 
   P(malls | Bangkok has many tall shopping)

Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.




GวอIางการJก LM



Dan*Jurafsky

An'example

<s>*I*am*Sam*</s>
<s>*Sam*I*am*</s>
<s>*I*do*not*like*green*eggs*and*ham*</s>

€ 

P(wi |wi−1) =
c(wi−1,wi)
c(wi−1)

Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.




Dan*Jurafsky

More'examples:'
Berkeley'Restaurant'Project'sentences

• can*you*tell*me*about*any*good*cantonese restaurants*close*by
• mid*priced*thai food*is*what*i’m looking*for
• tell*me*about*chez*panisse
• can*you*give*me*a*listing*of*the*kinds*of*food*that*are*available
• i’m looking*for*a*good*place*to*eat*breakfast
• when*is*caffe venezia open*during*the*day



Dan*Jurafsky

Raw'bigram'counts

• Out*of*9222*sentences

Te R.




Dan*Jurafsky

Raw'bigram'probabilities
• Normalize*by*unigrams:

• Result:

Te R.


Te R.




Dan*Jurafsky

Bigram'estimates'of'sentence'probabilities

P(<s>*I*want*english food*</s>)*=
P(I|<s>)***
� P(want|I)**
� P(english|want)***
� P(food|english)***
� P(</s>|food)
=**.000031

Te R.


Te R.




Dan*Jurafsky

What'kinds'of'knowledge?

• P(english|want)**=*.0011
• P(chinese|want)*=**.0065
• P(to|want)*=*.66
• P(eat*|*to)*=*.28
• P(food*|*to)*=*0
• P(want*|*spend)*=*0
• P*(i |*<s>)*=*.25

Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.




การประเKนความสามารถของ LM  
(Model evaluation)



ระเPยบRSการประเKน

• แSงTอUลออกเ4นสามLวน


• Training set


• Development set


• Test set


• มาตรXดความสามารถ (evaluation metric)

Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.




Extrinsic Evaluation
• ใGมาตรXดใน Tasks Zนๆ [Pเ4น?อง' LM


• Machine Translation


• Speech Recognition


• A/B Testing - ใG\บ]ใGจIงๆ 


• Spell checker / Grammar checker


• Predictive keyboard 

Te R.


Te R.


Te R.




Perplexity for LM

• Standard evaluation metric for LM 


• Perplexity = ความ^นงง  
_า LM เราJจIงเวลาเ`นDaอไปเราไ>ควรจะ^น  
Patients spend a lot of time waiting _______ _______ .  
 
 

Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.




Perplexity for LM

Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.




Dan*Jurafsky

Lower'perplexity'='better'model

• Training*38*million*words,*test*1.5*million*words,*WSJ

NMgram'
Order

Unigram Bigram Trigram

Perplexity 962 170 109

Te R.


Te R.


Te R.




Implementing LM



log P(W) @กTา P(W)

Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.


Te R.




Overfitting and Underfitting

• Training corpus ควรจะเหbอน\บ test corpus


• Training corpus ?อง'PนวนDมาก 

Te R.


Te R.


Te R.


Te R.


Te R.


Te R.




Out-of-vocabulary (OOV)

• เปcยนบางDใน training set เ4น UNK


• D[เdดeอยfา k คgง


• D[ไ>อhใน top 50000 


• ตอนเปiยบเjยบโมเดล?องใG vocabulary เJยว\น

Te R.


Te R.


Te R.


Te R.




ความUาจะเWนของXYเZด 0 ค[ง


