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The language m ode ling  approach to  in fo rm ation  re trieva l

  C o nc ep t

● E stim ate  a  language m ode l fo r each docum ent: M
d

● E stim ate  probab ility  o f genera ting  a  query Q  using  a  g iven 

docum ent m ode l: P (Q |M
d
)

● R ank docum ents by probab ility  o f genera ting  Q



The language m ode ling  approach to  in fo rm ation  re trieva l

     O rig ins

● LM s com e from  research  in  au tom atic speech recogn ition

● G oal is to  estim ate  the  probab ility  o f genera ting  a  phonem e 

g iven a  LM  and a  series o f p revious phonem es

● B ased on n th o rder M arkov cha ins: P (p
i
 | p

i-1
, p

i-2
, ...)

● In  N LP , m ost LM s are  n-gram s (n  >  1)

● In  IR , “ bag o f words”  hypothesis: un ig ram  m ode ls



The im portance o f sm ooth ing

  C o nc ep t

W hy do sm ooth ing?

● D ata  s p arsenes s : It is  no t because a  w ord  is no t p resent in  

a  docum ents tha t it is  im possib le  tha t such word  cou ld  exist 

in  a  s im ila r context

H ow  does it w ork?

● The probab ilities o f seen events are  decreased and the  

rem ain ing  “ p robab ility  m ass”  is a lloca ted  to  unseen events

(th ink “ just in  case” )



PT1 , ... , Tn∣D =
n

∏
i=1

 1− PTi∣C   PTi∣D 

The im portance o f sm ooth ing

   S m o o th ing  ap p lied  to  LM -bas ed IR

PT1 , ... , Tn∣D =
n

∏
i=1

PTi∣D

Smoothing: probability

of term in collection

also taken into account

Simple model: if a term

isn't in document, query

can't be generated (P=0)

Weight given 

to smoothing



H iem stra 's paper

   M o tiv a tio ns

C urrent IR  system s

● S ta tistics-based IR  doesn 't a llow  user's specifica tion  o f 

im portance o f words 1 (th ink '–' and '+ ' in  A ltavista  S earch)

● The user shou ld  be  ab le  to  override  the  de fau lt ranking  

m echan ism

O bjective

● M athem atica l m ode l tha t supports the  concept o f 

q u ery  te rm  im p o rtanc e

1 What about term weighting?



H iem stra 's paper

    M etho d

From  co llection-leve l sm ooth ing  to  te rm -specific  sm ooth ing
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PT1 , ... , Tn∣D =
n

∏
i=1

 1− PTi∣C   PTi∣D  PT1 ,... , Tn∣D =
n

∏
i=1

 1−i PTi∣C  i PTi∣D 

(Eq 1) (Eq 2)



H iem stra 's paper

D eriva tio n  o f te rm  im p o rtanc e

PT1 , ... , Tn∣D=
n

∏
i=1

1−iPTi∣CiPTi∣D

PT1 , ... , Tn∣D=
n

∏
i=1

PTi∣D

=
n

∏
i=1

 ∑
i i∈{0,1}

PTi ,Ii=ii∣D

=
n

∏
i=1

 ∑
i i∈{0,1}

PIi=iiPTi∣Ii=ii ,D

=
n

∏
i=1

PIi=0PTi∣Ii=0,DPIi=1PTi∣Ii=1,D

Independence between T
i

I
i
 ∈ {0,1} : importance of T

i

Sum over values of I
i

I
i
 independent of M

document
 

λ
i
 = P(I

i 
=1),   (1 – λ

i
) = P(I

i 
=0)

P(T
i
 | D) = P(T

i
 | I

i 
= 1, D)

P(important T
i
) determined

by M
document

 (term salience) 

P(T
i
 | C) = P(T

i
 | I

i 
= 0, D)

P(unimportant T
i
) determined 

by M
collection

 (no salience)



H iem stra 's paper

 W hat do  w e get fro m  th is?

i = 0 ⇒ i PTi∣D = 0 i = 1 ⇒ 1−i PTi∣C = 0

PT1 ,... , Tn∣D =
n

∏
i=1

 1−i PTi∣C  i PTi∣D 

S top words ('–')
● Ignore query term
● Term not totally ignored since

smoothing (M
collection

) is used

M andatory w ords ('+ ')
● No smoothing from M

collection

● Documents not matching query

are assigned 0 probability

∀ i , i  1

C oord ina tion  leve l ranking
● A document with k query terms will always rank higher than one with k-1 terms
● Why prove this here? (this is a property of eq. 1)



H iem stra 's paper

    G enera liz a tio n  o f te rm  im p o rtanc e

with I
i
 ∈ {0,1,2}, µ

i
 = P(I

i
=2), and P(T

i
|T

i-1
, D) = P(T

i
|T

i-1
, I

i
=2, D)

● “last will” of Alfred Nobel

(µ
i
 >  0 ) 

● +“last will” of Alfred Nobel

(µ
i
 =  1 , λ

i
 =  0 )

PT1 , ... , Tn∣D = 1−1 PT1∣C  1 PT1∣D
n

∏
i=2

 1−i−i PTi∣C  i PTi∣D  i PTi∣Ti−1 ,D 
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(Eq 3)



H iem stra 's paper

    D is c u ss io n

W hat is the  contribu tion  o f th is paper?

● A dds the  no tion  o f q u ery  te rm  im p o rtanc e  (o r te rm  specific  

sm ooth ing) to  the  language m ode ling  approach to  IR

Q uestions about the  paper

● Is th is a  va lid  approach? O r “ h ijacked”  sm ooth ing?

● H ow  is tha t d iffe ren t from  term  w e ighting?

● W hy do we want coord ina tion  leve l ranking?

● Is the  b i-g ram  genera liza tion  va lid  and/or use fu l?



Q uestion ing  curren t approaches to  in fo rm ation  re trieva l

W hy not borrow  m ore  from  N LP ?

● M any approaches on ly try to  do  te rm  m atch ing .

W hat about using  s y ntax  (bag o f words vs. structured text) 

and s em antic s  (exact te rm s vs. “ equ iva len t”  te rm s)?

C urrent IR  hypotheses

● W hat is the  va lid ity o f coord ina tion  leve l ranking?

(especia lly w ith  m ore  sem antic approaches)

● W hat is the  d iffe rence betw een LM  and “ tf.id f”  m ethods?
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