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•  Cm:6('1"'((-("%)"6q'3*'1"B+"B-*7"B%6)"6$1"&6(%6$3'"

•  Z7+"%)"&6(%6$3'"B61d"""
–  ?$3('6)')"&6(%6$3'"*'(="%$"B%6)X&6(%6$3'"1'3-=A-)%>-$")-"
'GA'3*'1"633:(63+"%)"7:(*"

–  ?$3('6)')"y"-<"'GA'(%='$*)"$''1'1"<-("A6(6='*'("*:$%$/"
•  [T/T"\gz"&6(%6$3'"('1:3>-$"='6$)"!X!TY!""

–  ,('6*')"(%)9"M7'$")'.'3>$/"^$6."=-1'."
•  R.."*7%$/)"B'%$/"'m:6.E".-M')*L&6(%6$3'"=-1'."A('<'(('1"
"

P_"



!Y"

U15>(-1%E(>7-"%(?0-&01204(%:%"0.(I7#'1":S(
T%0-<&0*"-1&(02#'7#$,*(,+(-0&,..0*40-(%:%"0.%(

V9*1W*0*C7-5(0"(#'X(@ABBY(

•  26G%=%J%$/"6&'(6/'"633:(63+"%)"$-*"'$-:/7"
–  ;--".%u.'"&6(%6>-$"%)"B61"

•  5'):.*)"*--")%=%.6("*-"'637"-*7'(E"M%*7"7%/7"37-%3'"1%n3:.*+"
–  C-='"&6(%6>-$"%)"/--1"

•  H%&'()%*+E")'('$1%A%*+E"".-M'("37-%3'"1%n3:.*+"
–  ;--"=:37"&6(%6>-$"%)"B61"

•  ?$3('6)'1"376$3'"-<"%$3.:1%$/"B61"('):.*)"
•  5%)9+"('3-=='$1'(")+)*'=)"('):.*"%$".-M'("
A'(3'%&'1")+)*'="m:6.%*+"<-(":)'()"
–  C3('M%$/":A"6".-*"%)$s*"M-(*7"%*TT"
–  [&'$"%<"*7'")+)*'="<('m:'$*.+"1-')"&'(+"M'.."

P`"

=>0(-1%E(,+(.#E1*5(M.7'$?'0O(0--,-%((
1*(80C(%0#-&>(

"

Pe"

#)'()"('='=B'("*7'"-$'")A'3*63:.6("<6%.:('E""
$-*"*7'"Pgg"A('&%-:)"):33'))<:.")'6(37'){"



!\"

!,.0(90:(/0%0#-&>(P70%$,*%(

•  k-M"36$"M'"1'*'3*"(%)9+"?5")%*:6>-$)d""Z76*"6('"
'q'3>&'"(%)9"')>=6>-$"='*7-1)"6$1"='6):(')d"

•  k-M"36$")'6(37"'$/%$')"'q'3>&'.+"a7'1/'b"*7'%("
B'*)"%$"(%)9+")%*:6>-$)d"

•  Z7'$")7-:.1"?5"6./-(%*7=)"6u'=A*"*-"^$1"6$"
-A>=6.")'*"-<"-BS'3*)"%$)*'61"-<")3-(%$/"-BS'3*)"
%$1%&%1:6..+d"

•  k-M")7-:.1"M'"'&6.:6*'"(%)9L('M6(1"*(61'-q)"
637%'&6B.'"B+")+)*'=)d"

Pf"

=#C'0(,+(;,*"0*"%((
•  8639/(-:$1"

–  ;7'"$''1"<-("=6*7'=6>36."?5"=-1'.)"
–  @'+"?5"A(-B.'=)"6$1"=->&6>-$"<-("(%)9"=6$6/'='$*"

•  )*412147#'1%.(1*()/(
–  /!6(.,40'J(Z#*57#50(.,40'1*5(
–  F(-B6B%.%*+"56$9%$/"F(%$3%A.'"

•  56$9%$/"%$"3-$*'G*"6$1"1%&'()%*+"
–  0-))"<:$3>-$)"<-("1%&'()'"(6$9%$/"
–  0'))"%)"2-('E"26G%=:="26(/%$6."5'.'&6$3'E"H%&'()%*+"

IA>=%J6>-$"
–  86+')%6$"H'3%)%-$";7'-(+"

•  F-(K-.%-"5'*(%'&6."
–  H-3:='$*"(6$9%$/"
–  5%)9L('M6(1"'&6.:6>-$"='*7-1)"
–  N:'(+"'GA6$)%-$"6$1"('LM(%>$/"

•  O:*:('"376..'$/')"6$1"-AA-(*:$%>')"

Qg"



!_"

30">,4,',5:S()*412147#'1%.(

•  ;7'"/-6."%)"*-"!W"3-='":A"M%*7"6"('.'&6$3'")3-('"
<-("'637"-<"*7'"1-3:='$*)"%$1'A'$1'$*.+E"6$1"PW"
*-"(6$9"*7'="M%*7"(')A'3*"*-"*7-)'")3-(')"

•  ;7(''"=-1'.)U"5'.'&6$*"2-1'."V5CD"=-1'."6$1"
82P\WE"06$/:6/'"2-1'.)E"6$1"F6/'56$9" Q!"

!"0?(B(,6.3:.6*'"
5'.")3-('"<-("
'637"-<"
1-3:='$*)"
1*40?0*40*"':(

gT!"

gTf"

gTf"

gTQ"

gT\"

!"0?(@"(6$9"
*7'="%$"
1')3'$1%$/"
-(1'("-<"*7'"
)3-(')"

gTQ"

gT`"

gT`"

gT\"

gT!"

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."

Z,,E(C#&E(#"(>1%",-:S(H-,C#C1'1":()*40[1*5(

•  V26(-$"6$1"@:7$)"!f_gW"aR..-M)"6"3-=A:>$/"
=637%$'E"/%&'$"6"('m:')*"<-("%$<-(=6>-$E"*-"
=69'"6")*6>)>36."%$<'('$3'"6$1"1'(%&'"6"$:=B'("
V36..'1"*7'"|('.'&6$3'"$:=B'(|W"<-("'637"
1-3:='$*E"M7%37"%)"-)#'-!4*')/K),1')$*/9-9"%",:)
,1-,),1')(/54#'+,)3"%%)!-.!K:),1')0"<'+)*'84'!,b"L
j";#'&7'#$*5(H-,C#C1'1":(,+(/0'02#*&0(

•  a;7'"('):.*"-<"6")'6(37"%)"6$"-(1'('1".%)*"-<"*7-)'"
1-3:='$*)"M7%37")6>)<+"*7'"('m:')*"(6$9'1"
633-(1%$/"*-"*7'%("A(-B6B.'"('.'&6$3'bT"

Lj"-#*E(4,&7.0*"%(C#%04(,*(">0(%&,-0%(

QP"

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."



!`"

((((((U,N(",(&#'&7'#"0(H-,C#C1'1":(,+(
/0'02#*&0F((

•  ?*"1'A'$1)"-$"*7'"6&6%.6B.'"%$<-(=6>-$"
•  C:AA-)'"/%&'$"6"m:'(+E"M'"-B)'(&'1"*76*E"-:*"-<"
7"1-3:='$*)E"*7'('"6('"F"$:=B'("-<"('.'&6$*"
1-3:='$*)"

QQ"

                                          Documents Relevant 
 

P(r =1) = R
N

Question: what is the 
probability a 
document is relevant 
(if we randomly pick 
it up it from the 
collection)? 

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."

(/,C0-"%,*(#*4(!?\-&E<6,*0%(M/!6O(3,40'((

•  )%/0","-<"*7'"A(-B6B%.%*+"-<"('.'&6$3'"%)"
3-==-$.+":)'1"*-")3-('"6"1-3:='$*"

QY"

log P(r =1)
p(r = 0)

= log R / N
(N ! R) / N

= log R
N ! R

Suppose given an 
information need, 
you observe: 
Num. Docs: N 
Num. Rel. Docs: R 
 

                                          Documents Relevant 
 

5-B'(*)-$E"CT[Tw"CA6(39"D-$')E"@T"V!f``WE"5'.'&6$3'"M'%/7>$/"-<")'6(37"*'(=)E"D-:($6."-<"*7'"
R='(%36$"C-3%'*+"<-("?$<-(=6>-$"C3%'$3'"P`"

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."



!e"

(((/!6(3,40'(MW,1*"(?-,CXO(((
•  t-M"M'"76&'")-='"611%>-$6."-B)'(&6>-$"
6B-:*"%$1%&%1:6."1-3:='$*)"
%T'TE"/%&'$"*7'"m:'(+E"M'"6.)-"-B)'(&'"*76*"*7'('"6('"
nt documents containing term t (t from a vocabulary)""

•  P(t =1,r =1|q)"='6$)"*7'"A(-B6B%.%*+"*76*"6"
1-3:='$*"%)"('.'&6$*"6$1"*'(="t"6.)-"-33:()"

Q\"

                                          Documents 
Term t Occurs 

 

Observations: 
Num. Docs: N 
Num. Docs a term t 
occurs: nt   
Num. Rel. Docs: R 
 
 
 

Relevant 
 

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."

(((/!6(3,40'(M%&,-1*5(+7*&$,*O((

Q_"

/0'02#*"( ],*<-0'02#*"(

;'(="*"I33:(" rt% nt-rt% nt%
;'(="*"t-*"I33:(" /Irt% JI/Int+rt% JInt%

/% JI/% J%

In the end, we get 

score(d) = log (rt + 0.5)(N ! R ! nt + rt + 0.5)
(R ! rt + 0.5)(nt ! rt + 0.5)t"d#q

$

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."

score(d) = log P(r = 1| q,d)
p(r = 0 | q,d)

);7'"%/0","-<"*7'"A(-B6B%.%*+"-<"('.'&6$3'U"

,-$>$/'$3+"*6B.'U"

)L/*),1')(',-"%'()
('*"<-./+2)*'K'*)
,/)M$$'+("E)M"



!f"

)*20-%0(R,&7.0*"(^-0I70*&:(M)R^O(

•  ?$"=6$+"36)')E"M'"76&'"$-"('.'&6$3'"
%$<-(=6>-$"

•  ;7'"3-..'3>-$"$-(=6..+"3-$)%)*)"-<"6"&'(+".6(/'"
'G*'$*"-<"$-$L('.'&6$*"1-3:='$*)"

•  R)):=%$/"*7'"6.."1-3:='$*)"6('"$-$L('.'&6$*"""""""""""""
""""""""""""""""""""/%&')"
"
•  "R)""""""%)"=:37")=6..'("*76$"7E"*7'"6B-&'"%)"
'm:%&6.'$*"*-"?HO"

Q`"

R = rt = 0 score(d) = log N ! nt + 0.5
nt + 0.5t"d#q

$

nt

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."

D3@_S(40#'1*5(N1">(=0-.(^-0I70*&:(
•  5CD"=-1'."1-')"$-*"
3-$)%1'("*'(="<('m:'$3+"

•  C6*:(6>-$"O:$3>-$"-<"
;'(="O('m:'$3+"

•  ;7'"82"V8')*"26*7WP\"
<-(=:.6"

Qe"

score(d) == tf
tf + K

log
t!d"q
# N $ nt + 0.5

nt + 0.5
K= k1((1 - %) + %Ld ), Ld  is the normalized doc length 
(i.e. the length of this doc d divided by the avg. len. of docs). 
% ! [0, 1] and k1  are constant.

s(tf ) = sMAX ! tf
tf + K

,  tf : term freq in doc

sMAX :max score, K controls the slop

2%376'.%)i2'$*'$"[mT""
%$"8%-37'=%)*(+"""

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."



Pg"

/0'02#*&0(3,40'(M/!6(3,40'OS(!7..#-: ((

query

d1

d2

dn

…

Information 
need

document collection

matching

P(r|q,d)

Qf"

5'.'&6$3'"=-1'.U"')>=6*'"*7'"('.'&6$3'"B'*M''$"
6":)'("$''1"6$1"6"1-3:='$*"

O%/:('"C-:(3'U"v%9*-("06&('$9-"6$1",7'$/G%6$/"}76%"

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."

Z#*57#50(3,40'(

query

d1

d2

dn

…

Information 
need

generation

M
d
1

M
d
2

…

M
d
n

P(q|M_d)

Yg"

06$/:6/'"2-1'.U"3-$)*(:3*"6"1-3:='$*"
#/('%)6$1")''"7-M".%9'.+"6"m:'(+"36$"B'"
/'$'(6*'1"<(-="%*"

O%/:('"C-:(3'U"v%9*-("06&('$9-"6$1",7'$/G%6$/"}76%"

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."



P!"

(((Z#*57#50(3,40'%((
M;,*41$,*#'()*40?0*40*&0O((

Y!"

scoreq (d) = log p(q | d) = log p(t | d)
t!q
" = log tft

Ldt!q
#

                                          Terms Term t occurs 

Observations: 
Doc Length: Ld 
Num. Occurrences: tft 
 

Give the document d: 

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."

(((Z#*57#50(3,40'%(M?#-#X(0%$XO((
•  0%$'6("C=--*7%$/"02"=-1'.)"

YP"

scoreq (d) = log p(q | d) = log pLS (t | d)
t!q
" = log tft

Ldt!q
#

= log(! tft
Ldt!q

# + (1$ !)
tft,c
Lc

),  ! ![0,1] is constant

                             Terms Term t occurs 

Observations: 
Doc Length: Ld; Num. Occurrences: tft 
 

Give the document d: 

                                          Terms Term t occurs 

Observations: 
Doc Length: Lc ; Num. Occurrences: tft,c 
 

Give the collection c 

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."



PP"

(((Z#*57#50(3,40'%(M?#-#X(0%$XO((
•  0%$'6("C=--*7%$/"02"=-1'.)"

YQ"

scoreq (d) = log p(q | d) = log pLS (t | d)
t!q
" = log tft

Ldt!q
#

= log($ tft
Ldt!q

# + (1% $)
tft ,c
Lc
)

                             Terms Term t occurs 

Observations: 
Doc Length: Ld; Num. Occurrences: tft 
 

Give the document d: 

                                          Terms Term t occurs 

Observations: 
Doc Length: Lc ; Num. Occurrences: tft,c 
 

Give the collection c 
!.,,">1*5(">0(0%$.#$,*(
+-,.(">0(&,''0&$,*K(

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."

=#C'0(,+(;,*"0*"%((
•  8639/(-:$1"

–  ;7'"$''1"<-("=6*7'=6>36."?5"=-1'.)"
–  @'+"?5"A(-B.'=)"6$1"=->&6>-$"<-("(%)9"=6$6/'='$*"

•  )*412147#'1%.(1*()/(
–  5CD"=-1'.E"06$/:6/'"=-1'.%$/"
–  H-,C#C1'1":(/#*E1*5(H-1*&1?'0(

•  56$9%$/"%$"3-$*'G*"6$1"1%&'()%*+"
–  0-))"<:$3>-$)"<-("1%&'()'"(6$9%$/"
–  0'))"%)"2-('E"26G%=:="26(/%$6."5'.'&6$3'E"H%&'()%*+"

IA>=%J6>-$"
–  86+')%6$"H'3%)%-$";7'-(+"

•  F-(K-.%-"5'*(%'&6."
–  H-3:='$*"(6$9%$/"
–  5%)9L('M6(1"'&6.:6>-$"='*7-1)"
–  N:'(+"'GA6$)%-$"6$1"('LM(%>$/"

•  O:*:('"376..'$/')"6$1"-AA-(*:$%>')"

YY"



PQ"

T*40-%"#*41*5(1*412147#'1%.(

•  H-,C#C1'1":(/#*E1*5(H-1*&1?'0U"a?<"6"('<'('$3'"
('*(%'&6.")+)*'=s)"(')A-$)'"*-"'637"('m:')*"%)"
6"(6$9%$/"-<"*7'"1-3:='$*)"%$"*7'"3-..'3>-$"%$"
-(1'("-<"6(3"(+8,02%4"#*+*,-,&.%#K%@8(K@-0(88%
&#%&'(%@8("TTT"*7'$"*7'"#7("+--%(L(3B7(0(88%#K%
&'(%8.8&($%&#%,&8%@8("8"M%.."B'"*7'"B')*"
-B*6%$6B.'"-$"*7'"B6)%)"-<"*76*"16*6b"

Y\"

Z%..%6="CT",--A'(T";7'"%$61'm:63+"-<"A(-B6B%.%*+"-<":)'<:.$'))"6)"6"(6$9%$/"3(%*'(%-$"
<-("('*(%'&6.")+)*'="-:*A:*T"N+"<'*!",:)/K)O-%"K/*+"-2)P'*?'%':E"!f`!T"

CT"[T"5-B'(*)-$T";7'"A(-B6B%.%*+"(6$9%$/"A(%$3%A.'"%$"?5T"F'-("+0!)"+)"+K/*#-./+)
*',*"'<-%E"A6/')"Pe!iPe_E"!ff`T"

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."

Q%%7.?$,*%(1*(H/H(

•  H-3:='$*"('.'&6$3+"V-(":)'<:.$'))W"%)"B%$6(+""
•  F(-B6B%.%*+"-<"('.'&6$3'"36$"B'"-B*6%$'1"M%*7"
3'(*6%$*+"Lj"'G*'$)%-$U"F(-B6B%.%*+"-<"
F(-B6B%.%*+"V6"86+')%6$"&%'MA-%$*W"""

•  ;7'"('.'&6$3'"-<"6"1-3:='$*"%)"%$1'A'$1'$*"
-<"-*7'("1-3:='$*)"%$"*7'"3-..'3>-$"

Y_"

80(N1''(%>,N(M1*(*0["(+0N(%'140%O(">#"(
7*40-(">0(#%%7.?$,*%(H/H(.#[1.1`0%(
0[?0&"04(H-0&1%1,*(,-(.1*1.1`0%(
0[?0&"04(%0#-&>('0*5">(

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."



PY"

3#[1.1`1*5(a[?0&"04(H-0&1%1,*(
•  ]%&'$"6"('m:')*"Vm:'(+WE"):AA-)'"M'"('*(%'&'"
+)1-3:='$*)""""""""""""""""""""E""M7'('""""""""""""""""""""""""""
%)"B%$6(+"('.'&6$3'"

•  F('3%)%-$U""
•  [GA'3*'1"F('3%)%-$~$U""

•  ;7'('<-('E"*7'"-A>=6.")*(6*'/+"%)"*-"('*(%'&'"
*7'"+"1-3:='$*)"M7%37"76&'"*7'".6(/')*"
A(-B6B%.%>')"-<"('.'&6$3'" Y`"

{r1,..., rj,...rn} rj !{0,1}

P = | Relevant!Retrieved |
| Retrieved |

= nr
n
=

rj
j
"
n

E[P] = [nr ]
n

=
[rj

j
! ]

n
=

p(rj =1)
j
!

n
,  where p(rj =1) Prob of rel at rank j

Recall we assume the rel. of doc. is independent with each other

p(rj =1)

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."

31*1.1`1*5(a[?0&"04(!0#-&>(Z0*5">(

•  !0#-&>(Z0*5">U"7-M"=6$+"$-$L('.'&6$*"1-3)"
'$3-:$*'('1"B'<-('")''%$/"*7'"^()*"('.'&6$*""

•  a[?0&"04(!0#-&>(Z0*5">"%)"*7'"):==6>-$"-<"
6.."A-))%B.'")'6(37".'$/*7)"M'%/7*'1"B+"*7'%("
(')A'3>&'"A(-B6B%.%>')U"

Ye"

E[L] = (( j !1)p(rj =1, r1 = 0,..., rj!1 = 0)
j
" )

= (( j !1)p(rj =1) p(ri = 0)
i=1

j!1

#
j
" )  <= independent assumption

=0p(r1 =1)+1p(r2 =1)p(r1 = 0)...

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."



P\"

31*1.1`1*5(a[?0&"04(!0#-&>(Z0*5">(

•  !0#-&>(Z0*5">U"7-M"=6$+"$-$L('.'&6$*"1-3)"
'$3-:$*'('1"B'<-('")''%$/"*7'"^()*"('.'&6$*"

•  a[?0&"04(!0#-&>(Z0*5">"%)"*7'"):==6>-$"-<"
6.."A-))%B.'")'6(37".'$/*7)"M'%/7*'1"B+"*7'%("
(')A'3>&'"A(-B6B%.%>')U"

Yf"

E[L] = (( j !1)p(rj =1, r1 = 0,..., rj!1 = 0)
j
" )

= (( j !1)p(rj =1) p(ri = 0)
i=1

j!1

#
j
" )  <= independent assumption

=0p(r1 =1)+1p(r2 =1)p(r1 = 0)Q5#1*J(">0(,?$.#'(-#*E1*5(%"-#"05:(1%(",(?'#&0(">0(4,&7.0*"%(
>#21*5('#-50-(?-,C#C1'1$0%(,+(-0'02#*&0(1*(">0(',N0-(-#*E(
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D7"(N>:(1+(N0(#-0(*,"(%7-0(#C,7"(
)*+,-.#$,*(]004(M41L&7'":(BO(

•  C:AA-)'"M'"76&'"m:'(+"a'/+A*bE"6$1"*M-"
3.6))')"-<":)'()U"NQ;)C0:$,R$/%".5!"6$1"NS;)
C0:$,R,*-<'%w"#!"76)"*M%3'"6)"=6$+"='=B'()"
6)"#P"

•  R$"?5")+)*'="('*(%'&'1"*7(''"1-3)"1!E1P"6$1"
1Q"6$1"*7'%("A(-B)"-<"('.'&6$3'"6('"6)"<-..-M)U"
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T%0-;'#%%( RBSM2.4&N4#-,B38( R@SM2.4&N4#-,B38( RbSM2.4&N&"+7(-(
(

C0:$,R$/%".5!" !" !" g"

C0:$,R,*-<'%" g" g" !"

FV(W" PXQ" PXQ" !XQ"
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D7"(N>:(1+(N0(#-0(*,"(%7-0(#C,7"()*+,-.#$,*(
]004(M41L&7'":(BO(

•  F5F"/%&')"
"

(
(
)"(1%(]c=(,?$.#'(#%(T@(5-,7?(>#%(",(-0W0&"("N,(
4,&%(C0+,-0(-0#&>1*5(">0(,*0(1"(N#*"%(

\!"

1!"C0:$,R$/%".5!"

1P"C0:$,R$/%".5!""""""-("

1Q"C0:$,R,*-<'%"

1P"C0:$,R$/%".5!"

1!"C0:$,R$/%".5!"

1Q"C0:$,R,*-<'%"
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T%0-;'#%%( RBSM2.4&N4#-,B38( R@SM2.4&N4#-,B38( RbSM2.4&N&"+7(-(
(

C0:$,R$/%".5!" !" !" g"

C0:$,R,*-<'%" g" g" !"

FV(W" PXQ" PXQ" !XQ"

a[?0&"04(!0#-&>(Z0*5">S(#%%7.1*5(
1*40?0*40*&0(#%(1*(H/H(

•  �1!E1PE1QÄU"

•  �1!E1QE1PÄ"

•  �1!E1PE1QW"%)"B'u'(" \P"

E[L] = 0p(r(d1) =1)+1p(r(d2 ) =1)p(r(d1) = 0)
              + 2p(r(d3) =1)p(r(d2 ) = 0)p(r(d1) = 0)
         =0(2/3)+1(2/3)(1/3)+2(1/3)(1/3)(1/3)=8/27

E[L] = 0p(r(d1) =1)+1p(r(d3) =1)p(r(d1) = 0)
              + 2p(r(d2 ) =1)p(r(d3) = 0)p(r(d1) = 0)
         =0(2/3)+1(1/3)(1/3)+2(2/3)(2/3)(1/3)=11/27

1!"C0:$,R$/%".5!"

1P"C0:$,R$/%".5!"
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1!"C0:$,R$/%".5!"

1Q"C0:$,R,*-<'%"

1P"C0:$,R$/%".5!"
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•  �1!E1PE1QÄU"

•  �1!E1QE1PÄ"

•  �1!E1QE1!W"%)"B'u'({" \Q"

E[L] = 0p(r(d1) =1)+1p(r(d2 ) =1, r(d1) = 0)
              + 2p(r(d3) =1, r(d2 ) = 0, r(d1) = 0)
         =0(2/3)+1(0)+2(1/3)=2/3

E[L] = 0p(r(d1) =1)+1p(r(d2 ) =1, r(d1) = 0)
              + 2p(r(d3) =1, r(d2 ) = 0, r(d1) = 0)
         =0(2/3)+1(1/3)+2(0)=1/3

1!"C0:$,R$/%".5!"

1P"C0:$,R$/%".5!"

1Q"C0:$,R,*-<'%"
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1Q"C0:$,R,*-<'%"
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•  ?$")A%*'"-<"*7'".%=%*6>-$)E"F5F"76)"B''$"
%$x:'$>6."%$"('*(%'&6."=-1'..%$/"

•  26$+"%$*'(')>$/"(')'6(37"m:')>-$)U""
– k-M"*-"=-1'.":$3'(*6%$*+"M%*7"A(-B6B%.%*+"
')>=6>-$"Lj"86+')%6$"6AA(-637""

– k-M"*-"*639.'"*7'"1'A'$1'$3+"Lj"""F-(K-.%-"*7'-(+"
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=#C'0(,+(;,*"0*"%((
•  8639/(-:$1"

–  ;7'"$''1"<-("=6*7'=6>36."?5"=-1'.)"
–  @'+"?5"A(-B.'=)"6$1"=->&6>-$"<-("(%)9"=6$6/'='$*"

•  ?$1%&%1:6.%)="%$"?5"
–  5CD"=-1'.E"06$/:6/'"=-1'.%$/"
–  F(-B6B%.%*+"56$9%$/"F(%$3%A.'"

•  /#*E1*5(1*(&,*"0["(#*4(4120-%1":(
–  Z,%%(+7*&$,*%(+,-(4120-%0(-#*E1*5(
–  Z0%%(1%(3,-0J(3#[1.7.(3#-51*#'(/0'02#*&0J(R120-%1":(

c?$.1`#$,*(
–  86+')%6$"H'3%)%-$";7'-(+"

•  F-(K-.%-"5'*(%'&6."
–  H-3:='$*"(6$9%$/"
–  5%)9L('M6(1"'&6.:6>-$"='*7-1)"
–  N:'(+"'GA6$)%-$"6$1"('LM(%>$/"

•  O:*:('"376..'$/')"6$1"-AA-(*:$%>')"

\\"

3#[1.7.(3#-51*#'(/0'02#*&0(

•  Z7'$"M'"76&'"=6$+"A-*'$>6..+"('.'&6$*"
1-3)E"*7'"('.'&6$*"-$')"U"
– =6+"B'"7%/7.+"('1:$16$*"M%*7"'637"-*7'(""
– =%/7*"3-$*6%$"A6(>6..+"-("<:..+"1:A.%36*'1"
%$<-(=6>-$""V?$)*6$3'"-<"?5"A(-B.'="yQW(

•  ?1'6U""C'.'3*"1-3:='$*)"633-(1%$/"*-"6"
3-=B%$'1"3(%*'(%-$"-<"84'*:)*'%'<-+5'"6$1"
+/<'%,:)/K)"+K/*#-./+"

\_"
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3#[1.7.(3#-51*#'(/0'02#*&0(
•  R".%$'6("3-=B%$6>-$"-<"('.'&6$3+"6$1"$-&'.*+U"

•  t-&'.*+"%)"='6):('1"B+"1%))%=%.6(%*+"B'*M''$"*7'"
36$1%16*'"1-3"6$1"A('&%-:).+"('*(%'&'1"-$')"6.('61+"%$"*7'"
(6$9'1".%)*"

L  5'.'&6$3'"%)"='6):('1"B+")%=%.6(%*+"*-"*7'"m:'(+"

O%$1"6"1-3"6*"(6$9">"*76*"=6G%=%J')""
"

•  R"1-3:='$*"76)"7%/7"=6(/%$6."('.'&6$3'"%<"%*"%)"B-*7"
('.'&6$*"*-"*7'"m:'(+"6$1"3-$*6%$)"=%$%=6.")%=%.6(%*+"
*-"A('&%-:).+")'.'3*'1"1-3:='$*)T" \`"

!Sim1(dj,q)! (1! !)max"di:i#{1, j!1} Sim2 (di,dj ),  
where ! #[0,1] is a constant, Sim is similarity measure
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Less is more Model 
[Chen&Karger 2006] 

•  R"*"!?@-<'*!'"(6$9%$/"*76*"$+C,$,O(8%&'(%4"#*+*,-,&.%&'+&%+&%
-(+8&%#0(%#K%&'(%6#3@$(0&8%,8%"(-(7+0&P%%

•  R)):='))$*'<"/4!%:)*',*"'<'()(/54#'+,!)-*')+/+@*'%'<-+,)M7'$"
36.3:.6>$/"('.'&6$3'"-<"1-3:='$*)"<-("*7'"3:(('$*"(6$9"A-)%>-$"
AV(S"c"!Å(SL!"c"gWE"M7'(')>)%)"*7'"(6$9"

•  2'*(%3U"""?@5-%%)~"t"
–  8%$6(+"='*(%3U"!"%<"*-A"$"('):.*)"76)"9"('.'&6$*E"g"-*7'(M%)'"

•  8'u'("*-")6>)<+"1%q'('$*":)'()"M%*7"1%q'('$*"%$*'(A('*6>-$)E"
*76$"-$'":)'("=6$+">=')"-&'(T"

•  a[m:%&6.'$*b"*-"=6G%=%J%$/"*7'"5'3%A(-36."56$9"='6):('"-("
=%$%=%J%$/"*7'"'GA'3*'1"C'6(37"0'$/*7"

 \e"

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."



Qg"

Z0%%(1%(3,-0(
•  C:AA-)'"M'"76&'"*M-"1-3:='$*)T";7'"
-BS'3>&'"*-"B'"=6G%=%J'1"%)U"

"

•  ;-"=6G%=%J'"%*E"6"/(''1+"6AA(-637"%)"*-"
– O%()*"37--)'"6"1-3:='$*"*76*"=6G%=%J')"AV(!c!Ww""
– O%G"*7'"1-3"6*"(6$9"!E""6$1"*7'$")'.'3*"*7'")'3-$1"
1-3")-"6)"*-"=6G%=%J'"AV(P"c"!Å(!"c"gWT""

\f"

1! p(r1 = 0, r2 = 0)
= p(r1 =1, r2 = 0)+ p(r1 = 0, r2 =1)+ p(r1 =1, r2 =1)
= p(r1 =1)+ p(r1 = 0)p(r2 =1| r1 = 0))
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•  R")%=%.6("6$6.+)%)")7-M)"*76*"M'"36$")'.'3*"*7'"*7%(1"
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""""$T*U)I)QV*S)I)W2*Q)I)WX))
•  ?$"/'$'(6.E"M'"36$")'.'3*"*7'"-A>=6.""@*7"1-3:='$*"%$"
*7'"/(''1+"6AA(-637"B+"37--)%$/"*7'"1-3:='$*"("*76*"
=6G%=%J')"

""""""""$T*>)IQV*>@Q)IW2BBB2*Q)IWX)
•  ?$*:%>-$U"%<"$-$'"-<"A('&%-:).+"('*(%'&'1"1-3)"%)"
('.'&6$*E"M76*"'.)'"36$"M'"/'*"i"E00?(#441*5(
#441$,*#'(1*%7-#*&0K(

•  R)"6"('):.*E"%*"1%&'()%^')"*7'"(6$9".%)*T"
•  CE$'5,'()Y',*"5)Z*"+5"$%')V[2FWU""

–  =6G%=%J'""""""""""""""""""""""""""""""""""""""<-("3-=A.'*'"('):.*")'*"
_g"
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•  ?=A.%3%*.+"36A*:(')"1'A'$1'$3%')"B'*M''$"
1-3:='$*)"*7(-:/7"Çm:6$*:="%$*'(<'('$3's"

•  O%$1"6"1-3:='$*"!"*76*"=6G%=%J')U"

"
M7'('"FM"%)"*7'")'*"-<"A('&%-:)"1-3)"%$"*7'"(6$9%$/"
•  5'3'$*"M-(9"-$"3-$$'3>-$)"*-"A-(K-.%-"*7'-(+"

o}:33-$E"RJJ-A6(1%E"&6$"5%S)B'(/'$)C?]?5"Pg!gp"

–  ?$*'(<'('$3'"*'(="%)".%9'"A-(K-.%-"1-3:='$*"3-(('.6>-$"*'(=""

_!"

)*&-0#%1*5(1*"0-0%"(1*('0#-*1*5(&,.?'0[(
%"-7&"7-04(,7"?7"%(M1*&'741*5(-#*E1*5O(

•  561.%$)9%"',)-%B2)?,20"Ége"
– 2%$%=%J'"6B6$1-$='$*"M%*7"=:.>L6(='1"B6$1%*)"

•  ]-..6A:1%"',)-%B2)ZCH2)sge"
– ](''1+"=%$%=%J6>-$"-<"6"):B=-1:.6("<-(=:.6>-$"
B6)'1"-$"('.'&6$3'"6$1":>.%*+"*-":)'(T""R)):=A>-$"
*76*"3-$1%>-$6."('.'&6$3'"-<"1-3:='$*)"*-"6"m:'(+"%)"
%$1'A'$1'$*T"

•  ]-..6A:1%"',)-%B2)ZZZ"Égf"
–  e"1')%('1"6G%-=)"<-("1%&'()%^36>-$"V'T/T")*('$/*7"-<"
('.'&6$3'E")*('$/*7"-<")%=%.6(%*+WE"%=A-))%B%.%*+"('):.*)"
<-("6.."eE"6$1"%$&')>/6>-$"-<")-='"%$)*6$>6>-$)"

"
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Learning to Rank: Drawbacks 

•  Focusing on IR metrics and Ranking 
–  bypass the step of estimating the relevance states of 

individual documents 
–  construct a document ranking model from training data 

by directly optimizing an IR metric [Volkovs&Zemel 2009] 

•  However, not all IR metrics necessarily summarize 
the (training) data well; thus, training data may not 
be fully explored. [Yilmaz&Robertson2009] 
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/#*E(
c?$.1`#$,*(
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•  8639/(-:$1"

–  ;7'"$''1"<-("=6*7'=6>36."?5"=-1'.)"
–  @'+"?5"A(-B.'=)"6$1"=->&6>-$"<-("(%)9"=6$6/'='$*"

•  ?$1%&%1:6.%)="%$"?5"
–  5CD"=-1'.E"06$/:6/'"=-1'.%$/"
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•  /#*E1*5(1*(&,*"0["(#*4(4120-%1":(
–  0-))"<:$3>-$)"<-("1%&'()'"(6$9%$/"
–  0'))"%)"2-('E"26G%=:="26(/%$6."5'.'&6$3'E"H%&'()%*+"

IA>=%J6>-$"
–  D#:0%1#*(R0&1%1,*(=>0,-:(

•  F-(K-.%-"5'*(%'&6."
–  H-3:='$*"(6$9%$/"
–  5%)9L('M6(1"'&6.:6>-$"='*7-1)"
–  N:'(+"'GA6$)%-$"6$1"('LM(%>$/"

•  O:*:('"376..'$/')"6$1"-AA-(*:$%>')"
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D#:0%1#*(R0&1%1,*(=>0,-:(1*(Z3(
•  86+')%6$"H'3%)%-$";7'-(+"

–  "%)"6"<:$16='$*6.")*6>)>36."6AA(-637""
–  m:6$>^')"*7'"*(61'-q)"B'*M''$"&6(%-:)"1'3%)%-$)"
:)%$/"A(-B6B%.%>')"6$1"3-)*)X(%)9"*76*"633-=A6$+"
):37"1'3%)%-$)"

•  C*6*'"-<"('.'&6$3'"%)"6"(6$1-="&6(%6B.'""
–  (c!"<-("('.'&6$3'"
–  (cg"<-("$-$L('.'&6$3'"
–  FV(c!Å1EmW"%)"*7'"A(-B6B%.%*+"*76*"*7'"1-3:='$*"%)"
('.'&6$*"*-"6"/%&'$"m:'(+T""

–  FV(cgÅ1EmW"c"!"L"AV(c!Å1EmW"%)"*7'"A(-BT"*76*"*7'"
1-3:='$*"%)"$-*"('.'&6$*"

_\"
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D#:0%1#*(R0&1%1,*(=>0,-:(1*(Z3(
•  Z'"$-M"1'^$'"6"1'3%)%-$"-)

– -IQU"('*(%'&'"*7'"1-3E"6$1"-IWU"$-*"('*(%'&'"%*"
•  O-("6"/%&'$"m:'(+E"):AA-)'"M'"-B)'(&'"6"1-3"

1"6$1"*69'"63>-$"6c!"V('*(%'&'"%*W""
–  7/,'),1-,)"+),1"!)'E-#$%')3')(/)+/,),-?')/,1'*)

(/54#'+,!)"+,/)5/+!"('*-./+)31'+)#-?"+0)-)
('5"!"/+)

•  ?<"*7'"*(:'")*6*'"%)"(E"M'"%$3:("*7'"3-$1%>-$6."
.-))U""

"
__"

Loss(a =1| r) = c1
c2

!
"
#

r =1
r = 0

,  c2 > c1
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D#:0%1#*(R0&1%1,*(=>0,-:(1*(Z3(
•  ;7'$E"*7'"'GA'3*'1".-))"-<"*69%$/"63>-$"-IQU"

•  2%$%=%J%$/"%*"M-:.1"A%39":A"*7'"1-3:='$*"
M7%37"76)"*7'"7%/7')*"A(-B6B%.%*+"-<"
('.'&6$3'"AV(c!ÅmE1W"

•  ;7:)"(6$9"%$"6)3'$1%$/"-(1'("-<"'GA'3*'1".-))"
%)"'m:%&6.'$*"*-"*76*"%$"1')3'$1%$/"-(1'("-<"
A(-BT"-<"('.'&6$3'""

"

_`"

E[Loss(a =1| q,d)] = Loss(a =1| r)p(r | q,d)
r
!

= Loss(a =1| r =1)p(r =1| q,d)+ Loss(a =1| r = 0)(1" p(r =1| p,q))
= "(c2 " c1)p(r =1| q,d)+ c2

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."
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of documents and present a ranked list of documents. Yet another possibility is to cluster the (relevant)
documents and present a structured view of documents. Formally, a retrieval action can be defined as a
compound decision involving selecting a subset of documents D from C and presenting them to the user
who has issued query q according to some presentation strategy p. Let P be the set of all possible presen-
tation strategies. We can represent all actions by A ¼ fðD;pÞg, where D $ C is a subset of C and p2P is
some presentation strategy.

In the general framework of Bayesian decision theory, to each such action a ¼ ðD; pÞ 2 A there is asso-
ciated a loss Lða; h; F ðUÞ; F ð~SÞÞ, which in general depends upon all of the parameters of our model
h % ðhQ; fhigNi¼1Þ as well as any relevant user factors F ðUÞ and document source factors F ð~SÞ, where hi is
the model that generates document di. For convenience of notation, we will typically assume that the user
factors F ðUÞ are included as part of the query model hQ, and similarly that the source factors F ð~SÞ are in-
cluded as part of the document models hi; thus our loss function can be written as L(a,h).

The expected risk of action a is given by

RðD; pjU; q;~S;CÞ ¼
Z

H
LðD; p; hÞpðhjU; q;~S;CÞdh

where the posterior distribution is given by

pðhjU; q;~S;CÞ / pðhQjq;UÞ
YN

i¼1

pðhijdi;~SÞ

The Bayes decision rule is then to choose the action a* having the least expected risk:

a& ¼ ðD&; p&Þ ¼ argmin
D;p

RðD; pjU; q;~S;CÞ

Thus, the document set D* is selected and presented to the user with strategy p*.
Note that this gives us a very general formulation of retrieval as a decision problem, which involves

searching for D* and p* simultaneously. The presentation strategy can be fairly arbitrary in principle,
e.g., presenting documents in a certain order, presenting a summary of the documents, or presenting a clus-
tering view of the documents. However, we need to be able to quantify the loss associated with a presen-
tation strategy.

We now consider several special cases of the risk minimization framework.

3.1. Set-based retrieval

Let us consider the case when the loss function does not depend on the presentation strategy, which
means that all we are concerned with is to select an optimal subset of documents for presentation. In this
case, the risk minimization framework leads to the following general set-based retrieval method.

Fig. 1. Generative model of query q and document d.

38 C. Zhai, J. Lafferty / Information Processing and Management 42 (2006) 31–55
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Our View of the Ranking Problem (1)

We argue that ranking under uncertainty is not just
about picking individual relevant documents, but about
choosing the right combination of relevant
document - the Portfolio Effect
There is a similar scenario in financial markets:

Two observations:
The future returns of stocks cannot be estimated
with absolute certainty
The future returns are correlated
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What can we learn from finance? 
•  Financial markets:  

–  Place relevant buyers and sellers in one 
common place 

–  make it easy for them to find each other 
–  efficient allocation of resources 

•   The Web essentially does the same thing 
–  Information Retrieval: efficient supply-

demand match 
–  expanded accessibility of web resources by 

separating the use and ownership  (online 
advertising and search) 
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Our View of the Ranking Problem (2)
The analogy:

According to the PRP, one might first rank stocks and
then choose the top-n most “profitable” stocks
Such a principle that essentially maximizes the
expected future return was, however, rejected by
Markowitz in Modern Portfolio Theory [Markowitz(1952)]
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Our View of the Ranking Problems (3)

Markowitz’ approach is based on the analysis of the
expected return (mean) of a portfolio and its variance
(or standard deviation) of return. The latter serves as a
measure of risk
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{ŵ j} = argmax{wj }
on = wj

j=1

n

! rj  ,  wi " 0,1{ }

where rj  "{0,1} denotes the relevance state of document j  
wj  denotes the decision whether show the document j to the user or not
on  denotes the number of relevant documents
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  w j =
1

2 j!1  where j"{1,...,n}
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Ranking Under Uncertainty

the PRP ignores [Gordon and Lenk(1991)]:
there is uncertainty when we calculate relevance
scores, e.g., due to limited sample size, and
relevance scores of documents are correlated
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Portfolio Theory in IR (6)

Our solution provides a mathematical model of rank
diversification
Suppose we have two documents. Their relevance
scores are 0.5 and 0.9 respectively
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Ranking Under Uncertainty

the PRP ignores [Gordon and Lenk(1991)]:
there is uncertainty when we calculate relevance
scores, e.g., due to limited sample size, and
relevance scores of documents are correlated
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the PRP ignores [Gordon and Lenk(1991)]:
there is uncertainty when we calculate relevance
scores, e.g., due to limited sample size, and
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Conclusions
We have presented a new ranking theory for IR
The benefit of diversification is well quantified
Is it a unified theory to explain risk and reward in IR?

Portfolio Theory of Information Retrieval – p. 21/22

!QY"

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."



_e"

=>0(#42#*"#50%(

•  ;7'-('>36..+"'GA.6%$'1"*7'"$''1"<-("
1%&'()%^36>-$"Lj"('1:3'"*7'"(%)9X:$3'(*6%$*+""

•  [GA.6$6>-$)"-<")-='"'=A%(%36."('*(%'&6."
('):.*)""
–  *7'"*(61'L-q"B'*M''$"2RF"6$1"255E"6$1""
–  *7'"S:)>^36>-$"<-("A)':1-L('.'&6$3'"<''1B639"
–  "B:*"6.)-"7'.A":)"1'&'.-A":)'<:."('*(%'&6."
*'37$%m:')"):37"6)"(%)9L6M6('"m:'(+"'GA6$)%-$"
6$1"-A>=6."1-3:='$*"(6$9%$/T"

!Q\"

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."

/1%E<#20-%0(2%X(/1%E<"#E1*5(
"
"
"
"
"
"
"
"
"
"
"
V6W"A-)%>&'"B"V=%$:)"&6(%6$3'WU"a%$&')*b"%$*-"1%q'('$*"1-3)T"%$3('6)')"
*7'"376$3'"-<"'6(.+"('*:($%$/"*7'"^()*"('.T"1-3)"Lj"/1%E<#20-%0(
VBW"$'/6>&'"B"V611"&6(%6$3'WU"a%$&')*b"%$"a)%=%.6(b"1-3)"VB%/"&6(%6$3'W"
=%/7*"7:(*"*7'"255"B:*"-$"6&'(6/'"%$3('6)')"*7'"A'(<-(=6$3'"-<"*7'"
'$>('"(6$9'1".%)*"Lj"/1%E<"#E1*5(

!Q_"

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."

DT"Z6$/"6$1"DT"}7:E"|F-(K-.%-";7'-(+"-<"?$<-(=6>-$"5'*(%'&6.E|"%$"C?]?5E"PggfT"



_f"

Understanding IR metrics under 
uncertainty 

!Q`"

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."

!1.7'#$,*S(&>#*50(
&,--0'#$,*%(1*(">0(-#*E04(
'1%"X((
]05(&,--0'#$,*(<o(
1*&-0#%0(//(((
H,%1$20(;,--0'#$,*(<o(
1*&-0#%0(Q20-#50(
H-0&1%1,*(

oZ6$/"6$1"}7:"Pg!gp"DT"Z6$/"6$1"DT"}7:E"|I$"C*6>)>36."R$6.+)%)"6$1"IA>=%J6>-$"-<"
?$<-(=6>-$"5'*(%'&6."[q'3>&'$'))"2'*(%3)E|"%$"F(-3T"-<"C?]?5"Pg!gT"

No free lunch 

!Qe"

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."

oZ6$/"6$1"}7:"Pg!gp"DT"Z6$/"6$1"DT"}7:E"|I$"C*6>)>36."R$6.+)%)"6$1"IA>=%J6>-$"-<"
?$<-(=6>-$"5'*(%'&6."[q'3>&'$'))"2'*(%3)E|"%$"F(-3T"-<"C?]?5"Pg!gT"



`g"

=#C'0(,+(;,*"0*"%((
•  8639/(-:$1"

–  ;7'"$''1"<-("=6*7'=6>36."?5"=-1'.)"
–  @'+"?5"A(-B.'=)"6$1"=->&6>-$"<-("(%)9"=6$6/'='$*"

•  ?$1%&%1:6.%)="%$"?5"
–  5CD"=-1'.E"06$/:6/'"=-1'.%$/"
–  F(-B6B%.%*+"56$9%$/"F(%$3%A.'"

•  56$9%$/"%$"3-$*'G*"6$1"1%&'()%*+"
–  0-))"<:$3>-$)"<-("1%&'()'"(6$9%$/"
–  0'))"%)"2-('E"26G%=:="26(/%$6."5'.'&6$3'E"H%&'()%*+"

IA>=%J6>-$"
–  86+')%6$"H'3%)%-$";7'-(+"

•  F-(K-.%-"5'*(%'&6."
–  H-3:='$*"(6$9%$/"
–  5%)9L('M6(1"'&6.:6>-$"='*7-1)"
–  N:'(+"'GA6$)%-$"6$1"('LM(%>$/"

•  ^7"7-0(&>#''0*50%(#*4(,??,-"7*1$0%(

!Qf"

/1%E1*5(C-#*4S((
a[?',-#$,*(2%X(0[?',1"#$,*(

•  C7-:.1"+-:"1%)A.6+"A-*'$>6..+"%(('.'&6$*"%*'=)"*-"1'*'(=%$'"%<"*7'+"6('"
('.'&6$*d"

"
"
"

"
•  C7-M%$/"%(('.'&6$*"%*'=)"(%)9)".-M'(%$/":)'("A'(3'A>-$"-<")'6(37"'$/%$'s)"

m:6.%*+T"
•  F-*'$>6..+"=-('"):)3'A>B.'"*-")A6==%$/""
•  IA'$"R('6U"

–  2-1'.)"*76*".'6($"(%)9"6$1"('M6(1"6$1"%$*'/(6*'"*76*"%$*-"6"(%)9X('M6(1"
*(61'-q"<(6='M-(9T"

–  ?1'$><+%$/".-M"(%)9L)3'$6(%-)"<-("'GA.-(%$/"('.'&6$3'T"
–  F('1%3>$/"m:'(+"1%n3:.*+"

!Yg"



`!"

;>,,%1*5(N>0*(#*4(>,N(",(
?0-%,*#'1`0(%0#-&>(-0%7'"%(

•  ;7'")6='"m:'(+"='6$)"1%q'('$*"*7%$/)"*-"
1%q'('$*"A'-A.'T"

•  ;7'")6='"('):.*)"*7'('<-('"76&'"1%q'('$*"
('.'&6$3'"&6.:'"*-"*M-"%)):'()"-<"*7'")6='"m:'(+T"
"

•  k+A-*7')%)U"=6$+"<-(=)"-<"6=B%/:%*+"M-:.1"
1%)6AA'6("%<"M'"3-:.1"3-$1%>-$"-$"*7'":)'(T"

!Y!"

!"#"0<,+<">0<#-"(?0-%,*#'1`#$,*(1%(%$''(
-1%E:(

•  C%=%.6("1%)*(%B:>-$)"<-("A'()-$6.%J6>-$"B+U"
–  0-36>-$"o8'$$'u"'*"6.TE"C?]?5"Pg!!p"
–  0-$/L*'(=":)'("A(-^.')"o?$"):B=%))%-$p"

!YP"

/0#41*5('020'(A'()-$6.%J6>-$S(('L(6$9%$/"/6%$)"6$1".-))')(
V],"0(',5(%&#'0XW"

o,-..%$)L;7-=A)-$"'*"6.T"",?@2"Pg!!p"



`P"

=>0(-1%E(,+(?0-%,*#'1`#$,*(
•  F'()-$6.%J6>-$"36$"7'.A")%/$%^36$*.+E"B:*"M7'$"6$1"
7-M"*-"6AA.+d"
–  R.."*7'">='d"

•  H6*6")A6()%*+"376..'$/'U"B:%.1%$/"6"A(-^.'"*-"3-&'("6.."m:'(%')T"
•  I4'$"A'-A.'")'6(37"a-:*)%1'b"-<"*7'%("A(-^.')T"

–  Z7'$"*7'"m:'(+"=6*37')"*7'":)'(s)"A(-^.'d"
•  k-M")7-:.1"*7'"A(-^.'"B'"B:%.*d"";-A%36..+d"H'=-/(6A7%3d"0-36.'d"

•  F('1%3>$/"M7'$"*-"A'()-$6.%J'"%)".%9'.+"*-"76&'"6"7%/7"
A6+-q"%<"1-$'"M%*7"6"7%/7"633:(63+T"
–  [6(.+"('):.*)"%$1%36*'"('6)-$6B.'"633:(63+"36$"B'"6u6%$'1"&%6"=637%$'"

.'6($%$/""o;''&6$"',)-%BE"C?]?5"PggepT"
•  IA'$"6('6"<-("=637%$'".'6($%$/"(')'6(37'()"*-"3-$*(%B:*'"

=-('"='*7-1)"6$1"6AA(-637')T"

!YQ"

^040-#"04(%0#-&>(,?$.1`#$,*(

•  C'6(37"('):.*)"36$"3-='"<(-="1%q'('$*"
(')-:(3')E"M7%37"6('"*7'$"3-=B%$'1"
–  5'M6(1U"5'.'&6$3'"')>=6*')"<-("%$1%&%1:6."(')-:(3')""
–  5%)9U""')>=6*')"-<"(')-:(3'"-&'(.6A"
–  8:1/'*"6$1"-*7'("3-$)*(6%$*)"

•  Z'B")'6(37"%)"B'3-=%$/"<'1'(6*'1")'6(37"
–  ?$)*6$*"6$)M'("
–  v'(>36.")'6(37"V*-A%3"'GA'(*)U")A-(*)E"7'6.*7E"rW"
–  O63*"16*6B6)')"VA'-A.'E"A.63')E"rW"

!YY"



`Q"

c*<5,1*5(-0%0#-&>(41-0&$,*%(

•  2:.>='1%6"('*(%'&6.""
–  R.+E"5T8TtTE"R%1'$E"HTE"k%'=)*(6E"HTE"C='6*-$E"RT"VPg!gW"8'+-$1"C7-*"5'*(%'&6.U"

C'6(37%$/"<-("8(-6136)*"t'M)"?*'=)"#)%$/"06$/:6/'"2-1'.)"-<",-$3'A*)T"?$"
[,?5"Pg!gT"

•  ,-$*'$*"6$6.+)%)"6$1"<:)%-$"
–  Ñ%6$/+:"Z6$/E"2-76$"@6$96$76..%U"F-(K-.%-"*7'-(+"-<"=:.>='1%6"<:)%-$T"

R,2"2:.>='1%6"Pg!gU"`PQL`P_T"

•  R1&'(>)%$/"
–  HT"}76$/E"DT"0:T""86*37L=-1'",-=A:*6>-$6."R1&'(>)%$/"B6)'1"-$"2-1'($"

F-(K-.%-";7'-(+T""?,;?5"PggfT"

•  ,-..6B-(6>&'"O%.*'(%$/"
–  DT"Z6$/E"a2'6$Lv6(%6$3'"R$6.+)%)U"R"t'M"H-3:='$*"56$9%$/";7'-(+"%$"

?$<-(=6>-$"5'*(%'&6.E|"%$"F(-3T"-<"[,?5E"PggfT"

!Y\"

^7"7-0(41-0&$,*%(
•  8(-61"6AA.%36B%.%*+"<-("(-B:)*"(%)9"<(6='M-(9)"*-"

%=A(-&'"('.%6B%.%*+"6$1"A('3%)%-$"%$"?5"
–  2-('")*6B.'E"('.%6B.'")-.:>-$)"B6)'1"-$"633-:$>$/"<-("

&6(%6$3'"6$1":$3'(*6%$*+"
–  N:'(+"('<-(=:.6>-$E"M7'$"*-"A'()-$6.%J'E""<'1'(6*'1"

(')-:(3')E"1-3:='$*"(6$9%$/r"
•  0'6($"'q'3>&'"A6(6='*'()"<-("-BS'3>&')E"<'6)%B.'"

)'*)"<-(")'.'3>&'"-A'(6>-$"
•  t'M"-BS'3>&')E"3-$)*(6%$*)E"6AA(-G%=6>-$)E"

3-=A:*6>-$6."*(61'-q)"<-(")36.6B%.%*+"
•  C*(:3*:('1"A('1%3>-$"A(-B.'=)"%$"7%/7"1%='$)%-$)"

M%*7".6(/'"$:=B'("-<"3-$)*(6%$*)"

!Y_"



`Y"

=>#*E(:,7K(
(

67*(8#*5(
jun.wang@cs.ucl.ac.uk 

http://www.cs.ucl.ac.uk/staff/jun.wang/blog/ 
(

902:*(;,''1*%<=>,.?%,*(
kevynct@microsoft.com 

http://research.microsoft.com/~kevynct 
(

!Y`"

Q&E*,N'045.0*"%(

•  ;76$9)"*-"D%6$76$"}7:E"F6:."8'$$'uE"2%)76"
8%.'$9-"6$1"O%.%A"561.%$)9%"<-("3-$*(%B:>-$)"*-"
*7%)"A(')'$*6>-$T"

!Ye"

"""" "ã"Pg!!"2%3(-)-4",-(A-(6>-$T"R.."(%/7*)"(')'(&'1T"2%3(-)-4E"Z%$1-M)E"Z%$1-M)"v%)*6"6$1"-*7'("A(-1:3*"$6=')"6('"-("=6+"B'"('/%)*'('1"*(61'=6(9)"6$1X-("
*(61'=6(9)"%$"*7'"#TCT"6$1X-("-*7'("3-:$*(%')T"";7'"%$<-(=6>-$"7'('%$"%)"<-("%$<-(=6>-$6."A:(A-)')"-$.+"6$1"('A(')'$*)"*7'"3:(('$*"&%'M"-<"2%3(-)-4",-(A-(6>-$"
6)"-<"*7'"16*'"-<"*7%)"A(')'$*6>-$T""8'36:)'"2%3(-)-4"=:)*"(')A-$1"*-"376$/%$/"=6(9'*"3-$1%>-$)E"%*")7-:.1"$-*"B'"%$*'(A('*'1"*-"B'"6"3-==%*='$*"-$"*7'"A6(*"-<"
2%3(-)-4E"6$1"2%3(-)-4"36$$-*"/:6(6$*''"*7'"633:(63+"-<"6$+"%$<-(=6>-$"A(-&%1'1"64'("*7'"16*'"-<"*7%)"A(')'$*6>-$T"""
2?,5ICIO;"2R@[C"tI"ZR55Rt;?[CE"[ÑF5[CCE"?2F0?[H"I5"C;R;#;I5äE"RC";I";k["?tOI52R;?It"?t";k?C"F5[C[t;R;?ItT"

""
"



`\"

D1C'1,5-#?>:(
•  k%)*-(+"-<"('.'&6$3'"6$1"?5"=-1'.)"

–  M.E. Maron and J. L. Kuhns.  (1960) On relevance, probabilistic 
indexing, and information retrieval.  Journal of the ACM 7:216-244. 

–  Mizarro, S. Relevance: The whole history. Journal of the American 
Society for Information Science 48, 9 (1997), 810.832. 

–  Z%..%6="CT",--A'(T";7'"%$61'm:63+"-<"A(-B6B%.%*+"-<":)'<:.$'))"6)"6"(6$9%$/"3(%*'(%-$"<-("('*(%'&6."
)+)*'="-:*A:*T"N+"<'*!",:)/K)O-%"K/*+"-2)P'*?'%':E"!f`!T 

•  ,.6))%36."A(-B6B%.%)>3"?5"=-1'."6$1"'G*'$)%-$)"
–  S. E. Robertson. The probability ranking principle in IR. Journal of 

Documentation, pages 294–304, 1977. 
–  S.E. Robertson and K. Spärck Jones, Relevance weighting of search terms. 

Journal of the American Society for Information Science 27, 129-46 (1976).  
http://www.soi.city.ac.uk/~ser/papers/RSJ76.pdf 

–  S.E. Robertson. (1990) On term selection for query expansion.  Journal of 
Documentation.  46, 359-364.   
http://www.soi.city.ac.uk/~ser/papers/on_term_selection.pdf 

–  Robertson, S. E. and Walker, S. (1999). Okapi/keenbow at TREC-8. In Voorhees, 
E. M. and Harman, D. K., editors, The Eighth Text REtrieval Conference (TREC 
8). NIST Special Publication 500-246. 

–  Michael D. Gordon and Peter Lenk. A utility theoretic examination of the 
probability ranking principle in information retrieval. JASIS, 42(10):703–714, 
1991. 

–  Stirling(1977)]  Keith H. Stirling. The Effect of Document Ranking on Retrieval 
System Performance: A Search for an Optimal Ranking Rule. PhD thesis, UC, 
Berkeley, 1977. 

–  [Järvelin and Kekäläinen(2002)] Kalervo Järvelin and Jaana Kekäläinen. Cumulated 
gain-based evaluation of IR techniques. ACM Trans. Inf. Syst., 2002. 

 
 
 
 

D1C'1,5-#?>:(M&,*"e4O(
•  "F-(K-.%-";7'-(+"6$1"?5"6AA.%36>-$)"

–  H Markowitz. Portfolio selection. Journal of Finance, 1952 
–  [Collins-Thompson 2008] K. Collins-Thompson. "Robust model estimation methods for information 

retrieval". Ph.D. thesis (LTI Technical Report CMU-LTI-08-010) Carnegie Mellon University, 
2008. 

–  [Collins-Thompson 2008] K. Collins-Thompson. "Estimating robust query models with convex 
optimization". Advances in Neural Information Processing Systems 21 (NIPS), 2008. pg. 329-336 

–  [Collins-Thompson 2009] K. Collins-Thompson. "Reducing the risk of query expansion via robust 
constrained optimization". Proceedings of the Eighteenth International Conference on 
Information and Knowledge Management (CIKM 2009). ACM. Hong Kong. pg. 837-846. 

–  [Collins-Thompson 2009] K. Collins-Thompson. "Accounting for stability of retrieval algorithms 
using risk-reward curves". Proceedings of SIGIR 2009 Workshop on the Future of Evaluation in 
Information Retrieval, Boston. pg. 27-28. 

–  [Collins-Thompson and Dillon 2010] K. Collins-Thompson and J. Dillon. “Controlling the search 
for expanded query representations by constrained optimization in latent variable space.” SIGIR 
2010 Workshop on Query Representation and Understanding. 

–  [Dillon and Collins-Thompson 2010] J. Dillon and K. Collins-Thompson. “A unified optimization 
framework for robust pseudo-relevance feedback algorithms.” Proceedings of the Nineteenth 
International Conference on Information and Knowledge Management (CIKM 2010), Toronto, Canada. 

–  [Wang 2009] J.  Wang, ""Mean-Variance Analysis: A New Document Ranking Theory in Information 
Retrieval," in Proc. of ECIR, 2009. 

–  [Zhu et al 2009] Zhu, J. Wang, M. Taylor, and I. Cox, "Risky Business: Modeling and Exploiting 
Uncertainty in Information Retrieval," in Proc. Of  SIGIR, 2009. 

–  [Wang and Zhu 2009] J. Wang and J. Zhu, "Portfolio Theory of Information Retrieval," in SIGIR, 
2009. 

–  [Wang and Zhu 2010] J. Wang and J. Zhu, "On Statistical Analysis and Optimization of 
Information Retrieval Effectiveness Metrics," in Proc. of SIGIR 2010. 

–  o}:33-$E"RJJ-A6(1%E"&6$"5%S)B'(/'$)C?]?5"Pg!gp 

!\g"



`_"

D1C'1,5-#?>:(M&,*"e4O(
•  06$/:6/'"=-1'.%$/"<-("?5"

"
–  J.M. Ponte and W.B. Croft. 1998. A language modeling approach to 

information retrieval. In SIGIR 21. pp. 275-281. 
–  A. Berger and J. Lafferty. 1999. Information retrieval as 

statistical translation. SIGIR 22, pp. 222–229. 
–  Workshop on Language Modeling and Information Retrieval, CMU 2001. 

http://sigir.org/forum/S2001/LM.pdf 
–  The Lemur Toolkit for Language Modeling and Information Retrieval.  

Open-source toolkit from CMU/Umass. LM and IR system in C(++) 
http://www.lemurproject.org/~lemur/ 

–  C. Zhai.  2008.  Statistical language models for information 
retrieval: a critical review.  Foundations and Trends in Information 
Retrieval Vol. 2, No. 3. 

–  V. Lavrenko.  A Generative Theory of Relevance.  Doctoral 
dissertation.  Univ. of Massachusetts Amherst, 2004. 

–  Metzler, D. and Croft, W.B., "A Markov Random Field Model for Term 
Dependencies," Proceedings of the 28th annual international ACM 
SIGIR conference on Research and development in information 
retrieval (SIGIR 2005), 472-479, 2005 

D1C'1,5-#?>:(M&,*"e4O(
•  O'1'(6*'1")'6(37"X"1%)*(%B:*'1"?5"X"='*6L)'6(37"

–  Callan, J. (2000). Distributed information retrieval. In W.B. Croft, 
editor, Advances in Information Retrieval. (pp. 127-150). Kluwer 
Academic Publishers. 

–  L. Si. (2006).  Federated Search of Text Search Engines in 
Uncooperative Environments.  Doctoral dissertation.  Carnegie Mellon 
University. 

–  F. A. D. Neves, E. A. Fox, and X. Yu. Connecting topics in document 
collections with stepping stones and pathways. In CIKM, pages 91–98, 
2005. 

–  Aslam, J. A. and Montague, M. 2001. Models for metasearch. In 
Proceedings of SIGIR 2001(New Orleans, Louisiana, United States). 
SIGIR '01. ACM, New York, NY, 276-284. 

•  5'3-=='$1'(")+)*'=)"
–  Knijnenburg, B.P., Willemsen, M.C., Gantner, Z., Soncu, H., Newell, 

C.: Explaining the User Experience of Recommender Systems. Paper in 
second round of reviews for a special issue of User Modeling and 
User-Adapted Interaction (UMUAI) on User Interfaces of Recommender 
Systems.)
7uAUXXMMMT:)6B6(*T$.XA-(K-.%-X@$%S$'$B:(/Z%..'=)'$L#2#R?Pg!!å#?5'3C+TA1<"

"
•  0'6($%$/L*-L(6$9"6$1"(6$9"1%&'()%*+ 

–  Yasser Ganjisaffar, Rich Caruana, Cristina Videira Lopes: Bagging 
gradient-boosted trees for high precision, low variance ranking 
models. SIGIR 2011: 85-94 

"



``"

Q??0*41[(Q(

;7'"1'(%&6>-$"-<"5CD"2-1'."

!\Q"

(((/!6(3,40'(MW,1*"(?-,CXO((

!\Y"

/0'02#*"( ],*<-0'02#*"(

;'(="*"I33:(" rt% nt-rt% nt%
;'(="*"t-*"I33:(" /Irt% JI/Int+rt% JInt%

/% JI/% J%

P(t =1, r =1| q) = rt
N

                                          Documents 
Term t Occurs 

 

Relevant 
 

]%&'$"*'(=",2)M'"3-:.1"76&'"6"3-$>$/'$3+"*6B.'"*-"):==6(%J'"-:("-B)'(&6>-$U"

;7'"S-%$*"
A(-B6B%.%*+"A(')'$*)"
*7'"376$3'"*76*"6"
1-3:='$*"M%.."<6.."
%$*-"*76*"('/%-$T""

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."



`e"

(((/!6(3,40'(M&,*41$,*#'(?-,CXO((

!\\"

/0'02#*"( ],*<-0'02#*"(

;'(="*"I33:(" rt% nt-rt% nt%
;'(="*"t-*"I33:(" /Irt% JI/Int+rt% JInt%

/% JI/% J%

                                          Documents 
Term t Occurs 

 

Relevant 
 

]%&'$"*'(=",2)M'"3-:.1"76&'"6"3-$>$/'$3+"*6B.'"*-"):==6(%J'"-:("-B)'(&6>-$U"

;7'"3-$1"
A(-B6B%.%*+"A(')'$*)"
*7'"376$3'"*76*"
*'(="*"-33:()"%<"*7'"
1-3:='$*"%)"$-*"
('.'&6$*"

P(t = 1| r = 1,q) = P(t = 1,r = 1| q)
P(t = 1,r = 1| q)

t
! = rt

R P(t = 1| r = 0,q) =
nr ! rt
N ! R

;7'"3-$1"
A(-B6B%.%*+"A(')'$*)"
*7'"376$3'"*76*"
*'(="*"-33:()"%<"*7'"
1-3:='$*"%)"
('.'&6$*"

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."

(((/!6(3,40'(M&,*41$,*#'(?-,CXO((

•  O-(")%=A.%3%*+E"M'"1'^$'"*M-"A6(6='*'()"<-(",)

•  Z'"*7:)"76&'"
"

!\_"

/0'02#*"( ],*<-0'02#*"(

;'(="*"I33:(" rt% nt-rt% nt%
;'(="*"t-*"I33:(" /Irt% JI/Int+rt% JInt%

/% JI/% J%

]%&'$"*'(=",2)M'"3-:.1"76&'"6"3-$>$/'$3+"*6B.'"*-"):==6(%J'"-:("-B)'(&6>-$U"

a(t) ! P(t = 1| q,r = 1) = rt
R

b(t) ! P(t = 1| q,r = 0) = nr " rt
N " R

P(t | q,r = 1) = at (1! a)1!t ,P(t | q,r = 0) = bt (1! b)1!t

Z7+"?5"2-1'.)" ?$1%&%1:6.%)=" 56$9",-$*'G*" F-(K-.%-"5'*(%'&6."



`f"

/!6(3,40'(M%&,-1*5O(

•  t-M"M'"3-:.1")3-('"6"1-3:='$*"B6)'1"-$"%*)"
*'(=)"VM7'*7'("-33:("-("$-*"%$"*7'"1-3:='$*W""

"

!\`"

score(d) = log P(r =1| d,q)
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P(d | r =1,q) = P(t | q, r =1)
t
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d = [t1, t2,..., ],
t =1 means that term t  occurs in the document (t !d) 
t = 0 otherwise (t "d)

P(d | r = 0,q) = P(t | q, r = 0)
t
!
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score(d) = log P(d | r =1,q)
P(d | r = 0,q)

= log P(t | q, r =1)
P(t | q, r = 0)t
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score(d) = log a
t (1! a)1!t

bt (1! b)1!tt
" = log a

t (1! b)t (1! a)
bt (1! a)t (1! b)t

"

= t log a(1! b)
b(1! a)

+
t
" log (1! a)

(1! b)t
" # t log a(1! b)
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"

score(d) = log a(1! b)
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of documents and present a ranked list of documents. Yet another possibility is to cluster the (relevant)
documents and present a structured view of documents. Formally, a retrieval action can be defined as a
compound decision involving selecting a subset of documents D from C and presenting them to the user
who has issued query q according to some presentation strategy p. Let P be the set of all possible presen-
tation strategies. We can represent all actions by A ¼ fðD;pÞg, where D $ C is a subset of C and p2P is
some presentation strategy.

In the general framework of Bayesian decision theory, to each such action a ¼ ðD; pÞ 2 A there is asso-
ciated a loss Lða; h; F ðUÞ; F ð~SÞÞ, which in general depends upon all of the parameters of our model
h % ðhQ; fhigNi¼1Þ as well as any relevant user factors F ðUÞ and document source factors F ð~SÞ, where hi is
the model that generates document di. For convenience of notation, we will typically assume that the user
factors F ðUÞ are included as part of the query model hQ, and similarly that the source factors F ð~SÞ are in-
cluded as part of the document models hi; thus our loss function can be written as L(a,h).

The expected risk of action a is given by

RðD; pjU; q;~S;CÞ ¼
Z

H
LðD; p; hÞpðhjU; q;~S;CÞdh

where the posterior distribution is given by

pðhjU; q;~S;CÞ / pðhQjq;UÞ
YN

i¼1

pðhijdi;~SÞ

The Bayes decision rule is then to choose the action a* having the least expected risk:

a& ¼ ðD&; p&Þ ¼ argmin
D;p

RðD; pjU; q;~S;CÞ

Thus, the document set D* is selected and presented to the user with strategy p*.
Note that this gives us a very general formulation of retrieval as a decision problem, which involves

searching for D* and p* simultaneously. The presentation strategy can be fairly arbitrary in principle,
e.g., presenting documents in a certain order, presenting a summary of the documents, or presenting a clus-
tering view of the documents. However, we need to be able to quantify the loss associated with a presen-
tation strategy.

We now consider several special cases of the risk minimization framework.

3.1. Set-based retrieval

Let us consider the case when the loss function does not depend on the presentation strategy, which
means that all we are concerned with is to select an optimal subset of documents for presentation. In this
case, the risk minimization framework leads to the following general set-based retrieval method.

Fig. 1. Generative model of query q and document d.
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3.2 Distance-based Loss Functions
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E[Loss(a =1| q,d)] = d!d d!aLoss(a =1| r,!q,!d )p(r,!q,!d | q,d)
!q ,!d!

r
"

= Loss(a =1| r,!q,!d ) p(r |!q,!d )p(!q | q)p(!d | d)d!d d!a
!d ,!d
!

r
"

# Loss(a =1| r,!̂q,!̂d )p(r | !̂q,!̂d )     <- point estimation p(!̂q | q) and p(!̂d | d)
r
" #1

Loss(a =1| r,!̂q,!̂d ) ! KL(!̂q,!̂d ) ! p(t | !̂q )log
p(t | !̂q )
p(t | !̂d )t

"

E[Loss(a =1| q,d)]! KL(!̂q,!̂d ) p(r | !̂q,!̂d ) = KL(!̂q,!̂d ) 
r
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E[Loss(a =1| q,d)]! KL(!̂q,!̂d )
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p(t | !̂d )t

"
#$ p(t | !̂q )log p(t | !̂d )

t
" + p(t | !̂q )log p(t | !̂q )

t
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#$ 1
lq

log p(t | !̂d )
t%q
" ,  where lq  is  query length 

and the empirical distribution is used for !̂q  
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