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!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

!"#$%&'()%"*#%*

!"#$%&'($")*+,%-+.'/)

+,-./0* !"1%$23)%"*45#$65738*3"&*95:*,53$(;*

+;$6<#%=;5$*>3""6"?*3"&*@$3:;3A3$*43?;373"*

B5(#'$5*-0*C;5*#5$2*7%(3:'83$D*3"&*=%<)"?<*
86<#<*

!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

45(3=*%1*#;5*=$576%'<*85(#'$5*

  E3<6(*6"75$#5&*6"&5F5<0*
  ,#$'(#'$50*G6()%"3$D*3"&*@%<)"?<*

 H5D*<#5=*6"*(%"<#$'()%"0*,%$)"?*

  E%%853"*I'5$D*=$%(5<<6"?*
  !"#5$<5()%"*:D*86"53$*)25*J25$?6"?K*
  ,62=85*%=)26L3)%"<*

  M75$765N*%1*(%'$<5*#%=6(<*

Ch. 1 

!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

@83"*1%$*#;6<*85(#'$5*

O83:%$3#5*:3<6(*6"&5F6"?*
  @$5=$%(5<<6"?*#%*1%$2*#;5*#5$2*7%(3:'83$D*

 G%('25"#<*

 C%A5"6L3)%"*
  9;3#*#/$,3*&%*N5*='#*6"*#;5*6"&5FP*

  @%<)"?<*
 Q3<#5$*25$?5<0*<A6=*86<#<*

 @%<6)%"38*=%<)"?<*3"&*=;$3<5*I'5$65<*

!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

45(388*#;5*:3<6(*6"&5F6"?*=6=586"5*

Tokenizer 

Token stream. Friends Romans Countrymen 

Linguistic 
modules 

Modified tokens. friend roman countryman 

Indexer 

Inverted index. 
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2 4 
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1 

Documents to 
be indexed. 

Friends, Romans, countrymen. 

!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

@3$<6"?*3*&%('25"#*

  9;3#*1%$23#*6<*6#*6"P*
  =&1RN%$&R5F(58R;#28P*

  9;3#*83"?'3?5*6<*6#*6"P*

  9;3#*(;3$3(#5$*<5#*6<*6"*'<5P*

Each of these is a classification problem, 
which we will study later in the course. 

But these tasks are often done heuristically É 

Sec. 2.1 !"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

+%2=86(3)%"<0*Q%$23#R83"?'3?5*

  G%('25"#<*:56"?*6"&5F5&*(3"*6"(8'&5*&%(<*1$%2*
23"D*&6S5$5"#*83"?'3?5<*
  T*<6"?85*6"&5F*23D*;375*#%*(%"#36"*#5$2<*%1*<575$38*

83"?'3?5<U*

  ,%25)25<*3*&%('25"#*%$*6#<*(%2=%"5"#<*(3"*
(%"#36"*2'8)=85*83"?'3?5<R1%$23#<*
  Q$5"(;*52368*N6#;*3*V5$23"*=&1*3W3(;25"#U*

  9;3#*6<*3*'"6#*&%('25"#P*
  T*X85P*
  T"*52368P**Y@5$;3=<*%"5*%1*23"D*6"*3"*2:%FUZ*
  T"*52368*N6#;*[*3W3(;25"#<P*
  T*?$%'=*%1*X85<*Y@@C*%$*B3C5\*3<*]C>B*=3?5<Z*

Sec. 2.1 
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!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

012345)647)03*85)

!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

C%A5"6L3)%"*
  !"='# 0*J/"#$%&01'2()*%0'*%&'3(,%-".)$%K*

  M'#='#0*C%A5"<*
  /"#$%&0'
  2()*%0'

  3(,%-".)$%'

  T*#%A5"*6<*3"*6"<#3"(5*%1*3*<5I'5"(5*%1*(;3$3(#5$<*
  O3(;*<'(;*#%A5"*6<*"%N*3*(3"&6&3#5*1%$*3"*6"&5F*

5"#$D^*3_5$*1'$#;5$*=$%(5<<6"?*
  G5<($6:5&*:58%N*

  E'#*N;3#*3$5*7386&*#%A5"<*#%*526#P*

Sec. 2.2.1 

!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

C%A5"6L3)%"*

  !<<'5<*6"*#%A5"6L3)%"0*
  /#%4*%&50'+*6#-*4'! ''
'''''/#%4*%&7'/#%4*%&07'/#%4*%&50P*

  8$94$:;<*+=*"&*! *8$94$: *3"&*<*+=*"&*3<*#N%*
#%A5"<P*
  0-*-$;(!;->$;*"- 0*:$53A*'=*;D=;5"3#5&*<5I'5"(5U***
  +(;$&,+*?(%'

  4(9$"+*0$̂ *4(9$";+*0$̂ *4(9$"'+*0$*P*
  !#*(3"*:5*5S5()75*#%*?5#*#;5*'<5$*#%*='#*6"*=%<<6:85*;D=;5"<*

 @*%'/"*%+#0+(0*%"5*#%A5"*%$*#N%P***
  ]%N*&%*D%'*&5(6&5*6#*6<*%"5*#%A5"P*

Sec. 2.2.1 !"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

`'2:5$<*
  ABCDBEF' ' ' 'G*"H'FC1'FEEF' ' ' 'CDBABEF'

  II'JH3H'
  J;IC'

  G.'<K<'=$.'#0'ACL*A&!CAL+MCA$'
  NODDP'CAL;CAAA'

  M_5"*;375*52:5&&5&*<=3(5<*

  M8&5$*!4*<D<#52<*23D*"%#*6"&5F*"'2:5$<*
  E'#*%_5"*75$D*'<51'80*#;6"A*3:%'#*#;6"?<*86A5*8%%A6"?*'=*5$$%$*

(%&5<R<#3(A#$3(5<*%"*#;5*N5:*
  YM"5*3"<N5$*6<*'<6"?*" a?$32<0*B5(#'$5*bZ*

  9688*%_5"*6"&5F*J25#3a&3#3K*<5=3$3#58D*
  +$53)%"*&3#5^*1%$23#^*5#(U*

Sec. 2.2.1 

!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

C%A5"6L3)%"0*83"?'3?5*6<<'5<*
  Q$5"(;*

  QR$%0$)M4$*! *%"5*#%A5"*%$*#N%P*
  Q'P*Q5'P*Q$'P*

  93"#*45$%0$)M4$*#%*23#(;*N6#;*,%'$%0$)M4$'

  c")8*3#*853<#*-ddb^*6#*&6&"e#*%"*V%%?85*

  !"#5$"3)%"386L3)%"f*

  V5$23"*"%'"*(%2=%'"&<*3$5*"%#*<5?25"#5&*
  Q$M$%0S$"0#+>$",%T0T$0$440+>*U0*%T$0-$44-$"'

  g8615*6"<'$3"(5*(%2=3"D*52=8%D55e*
  V5$23"*$5#$65738*<D<#52<*:5"5X#*?$53#8D*1$%2*3*9$&:$;"<)=:/->+%)

2%&'85*
  +3"*?675*3*h[i*=5$1%$23"(5*:%%<#*1%$*V5$23"**

Sec. 2.2.1 !"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

C%A5"6L3)%"0*83"?'3?5*6<<'5<*

  +;6"5<5*3"&*j3=3"5<5*;375*"%*<=3(5<*:5#N55"*
N%$&<0*
  莎拉波娃�C在居住在美国�ê南部的佛
…里达。


  `%#*38N3D<*?'3$3"#55&*3*'"6I'5*#%A5"6L3)%"**

  Q'$#;5$*(%2=86(3#5&*6"*j3=3"5<5^*N6#;*2'8)=85*
38=;3:5#<*6"#5$26"?85&*
  G3#5<R32%'"#<*6"*2'8)=85*1%$23#<*

�Ñ�¥�”�½�á�ï 500 �þ�x	Ø�C
Æ�
�w�h�Š�Ì���K�h $500K( �ÿ 6,000 �ª�� )  

Katakana Hiragana Kanji Romaji 

End-user can express query entirely in hiragana! 

Sec. 2.2.1 
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!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

C%A5"6L3)%"0*83"?'3?5*6<<'5<*
  T$3:6(*Y%$*]5:$5NZ*6<*:3<6(388D*N$6W5"*$6?;#*#%*85_^*

:'#*N6#;*(5$#36"*6#52<*86A5*"'2:5$<*N$6W5"*85_*#%*
$6?;#*

  9%$&<*3$5*<5=3$3#5&^*:'#*85W5$*1%$2<*N6#;6"*3*N%$&*
1%$2*(%2=85F*86?3#'$5<*

  ******************* **********k**l****k*l*************************k*<#3$#*
  gT8?5$63*3(;6575&*6#<*6"&5=5"&5"(5*6"*hm/-*3_5$*hb-*

D53$<*%1*Q$5"(;*%(('=3)%"Ue*
  96#;*c"6(%&5^*#;5*<'$13(5*=$5<5"#3)%"*6<*(%2=85F^*:'#*#;5*

<#%$5&*1%$2*6<**<#$36?;n%$N3$&*

Sec. 2.2.1 !"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

,#%=*N%$&<*

  96#;*3*<#%=*86<#^*D%'*5F(8'&5*1$%2*#;5*&6()%"3$D*
5")$58D*#;5*(%22%"5<#*N%$&<U*!"#'6)%"0*
  C;5D*;375*86W85*<523")(*(%"#5"#0*#4/5*-5*-"&5*#%5*6/*

  C;5$5*3$5*3*8%#*%1*#;520*obdi*%1*=%<)"?<*1%$*#%=*bd*N%$&<*

  E'#*#;5*#$5"&*6<*3N3D*1$%2*&%6"?*#;6<0*
  V%%&*(%2=$5<<6%"*#5(;"6I'5<*Y85(#'$5*[Z*253"<*#;5*<=3(5*1%$*

6"(8'&6"?*<#%=N%$&<*6"*3*<D<#52*6<*75$D*<2388*
  V%%&*I'5$D*%=)26L3)%"*#5(;"6I'5<*Y85(#'$5*.Z*253"*D%'*=3D*86W85*

3#*I'5$D*)25*1%$*6"(8'&6"?*<#%=*N%$&<U*
  p%'*"55&*#;52*1%$0*

  @;$3<5*I'5$65<0*JH6"?*%1*G5"23$AK*
  q3$6%'<*<%"?*)#85<^*5#(U0*JB5#*6#*:5K^*JC%*:5*%$*"%#*#%*:5K*
  J4583)%"38K*I'5$65<0*Jr6?;#<*#%*B%"&%"K*

Sec. 2.2.2 

!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

`%$2386L3)%"*#%*#5$2<*
  95*"55&*#%*J"%$2386L5K*N%$&<*6"*6"&5F5&*#5F#*3<*N588*

3<*I'5$D*N%$&<*6"#%*#;5*<325*1%$2*
  95*N3"#*#%*23#(;*VH@HWH*3"&*V@W'

  45<'8#*6<*#5$2<0*3*#5$2*6<*3*Y"%$2386L5&Z*N%$&*#D=5^*
N;6(;*6<*3"*5"#$D*6"*%'$*!4*<D<#52*&6()%"3$D*

  95*2%<#*(%22%"8D*62=86(6#8D*&5X"5*5I'67385"(5*
(83<<5<*%1*#5$2<*:D^*5U?U^**
  &585)"?*=5$6%&<*#%*1%$2*3*#5$2*

  VH@HWH?*V@W''''V@W'

  &585)"?*;D=;5"<*#%*1%$2*3*#5$2*
  *%?;&#0+"#)#%*-(".1'*%?&#0+"#)#%*-(".''''*%?&#0+"#)#%*-(".'

Sec. 2.2.3 !"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

`%$2386L3)%"0*%#;5$*83"?'3?5<*
  T((5"#<0*5U?U^*Q$5"(;'"X0,)X *7<U*"$0,)$ @)

  c283'#<0*5U?U^*V5$23"0*Y,$M#%T$%*7<U*YZM#%T$%'
  ,;%'8&*:5*5I'67385"#*

  >%<#*62=%$#3"#*($6#5$6%"0*
  ]%N*3$5*D%'$*'<5$<*86A5*#%*N$6#5*#;56$*I'5$65<*1%$*#;5<5*

N%$&<P*

  O75"*6"*83"?'3?5<*#;3#*<#3"&3$&8D*;375*3((5"#<^*'<5$<*
%_5"*23D*"%#*#D=5*#;52*
  M_5"*:5<#*#%*"%$2386L5*#%*3*&5a3((5"#5&*#5$2*

  Y,$M#%T$%1'YZM#%T$%1'Y,M#%T$%''Y,M#%T$%*

Sec. 2.2.3 

!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

`%$2386L3)%"0*%#;5$*83"?'3?5<*
  `%$2386L3)%"*%1*#;6"?<*86A5*&3#5*1%$2<*

  7�D30�Ô vs. 7/30 
  Japanese use of kana vs. Chinese characters *

  C%A5"6L3)%"*3"&*"%$2386L3)%"*23D*&5=5"&*%"*#;5*
83"?'3?5*3"&*<%*6<*6"#5$#N6"5&*N6#;*83"?'3?5*
&5#5()%"*

  +$'(6380*`55&*#%*J"%$2386L5K*6"&5F5&*#5F#*3<*N588*3<*
I'5$D*#5$2<*6"#%*#;5*<325*1%$2*

Morgen will ich in MIT  É  
Is this 

German ÒmitÓ? 

Sec. 2.2.3 !"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

+3<5*1%8&6"?*
  45&'(5*388*85W5$<*#%*8%N5$*(3<5*

  5F(5=)%"0*'==5$*(3<5*6"*26&a<5"#5"(5P*
  5U?U^*K$%$"*4'G(-("0'

  /$&*7<U*!$&'

  @W[Q*7<U*0*#4'

  M_5"*:5<#*#%*8%N5$*(3<5*575$D#;6"?^*<6"(5*
'<5$<*N688*'<5*8%N5$(3<5*$5?3$&85<<*%1*
g(%$$5(#e*(3=6#386L3)%"s*

  V%%?85*5F32=850*
  t'5$D*3HWHYH'''
  uh)$5<'8#*6<*1%$*J(3#K*YN588^*B%8(3#<Z*"%#*

+3#5$=6883$*!"(U'

Sec. 2.2.3 
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!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

`%$2386L3)%"*#%*#5$2<*

  T"*38#5$"3)75*#%*5I'67385"(5*(83<<6"?*6<*#%*&%*
3<D225#$6(*5F=3"<6%"*

  T"*5F32=85*%1*N;5$5*#;6<*23D*:5*'<51'8*
  O"#5$0*9#%&(9* *,53$(;0*9#%&(91'9#%&(90'

  O"#5$0*9#%&(90 *,53$(;0*\#%&(901'9#%&(901'9#%&(9'
  O"#5$0*\#%&(90 *,53$(;0*\#%&(90'

  @%#5")388D*2%$5*=%N5$1'8^*:'#*85<<*5v(65"#*

Sec. 2.2.3 !"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

C;5<3'$6*3"&*<%'"&5F*
  G%*N5*;3"&85*<D"%"D2<*3"&*;%2%"D2<P*

  OU?U^*:D*;3"&a(%"<#$'(#5&*5I'67385"(5*(83<<5<*
  +*"*w**,-()(M#4$ ''+(4("*w*+(4(," '

  95*(3"*$5N$6#5*#%*1%$2*5I'67385"(5a(83<<*#5$2<*
  9;5"*#;5*&%('25"#*(%"#36"<**,-()(M#4$ ^*6"&5F*6#*'"&5$*+*";

*,-()(M#4$ *Y3"&*76(5a75$<3Z*

  M$*N5*(3"*5F=3"&*3*I'5$D*
  9;5"*#;5*I'5$D*(%"#36"<**,-()(M#4$ ^*8%%A*'"&5$*+*"*3<*N588*

  9;3#*3:%'#*<=5886"?*26<#3A5<P*
  M"5*3==$%3(;*6<*<%'"&5F̂*N;6(;*1%$2<*5I'67385"(5*(83<<5<*

%1*N%$&<*:3<5&*%"*=;%"5)(*;5'$6<)(<*

  >%$5*6"*85(#'$5<*b*3"&*m*

!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

B5223)L3)%"*
  45&'(5*6"r5()%"38R73$63"#*1%$2<*#%*:3<5*1%$2*

  OU?U^*
  -,5*-$/5*03*! *6/ *

  (-$5*(-$35*(-$73^*(-$37*! *(-$*

  #4/*6%873*(-$3*-$/*&09/$/"#*(%2%$3*! *#4/*6%8*(-$*6/*
&09/$/"#*(%2%$*

  B5223)L3)%"*62=865<*&%6"?*J=$%=5$K*$5&'()%"*#%*
&6()%"3$D*;53&N%$&*1%$2*

Sec. 2.2.4 !"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

,#5226"?*
  45&'(5*#5$2<*#%*#;56$*J$%%#<K*:51%$5*6"&5F6"?*

  J,#5226"?K*<'??5<#*($'&5*3vF*(;%==6"?*
  83"?'3?5*&5=5"&5"#*
  5U?U^**,-()*-$N0P1'*,-()*?+1'*,-()*?(% *388*$5&'(5&*#%*

*,-()*- U*

for example compressed  
and compression are both  
accepted as equivalent to  
compress . 

for exampl compress and 
compress ar both accept 
as equival to compress 

Sec. 2.2.4 

!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

@%$#5$e<*38?%$6#;2*
  +%22%"5<#*38?%$6#;2*1%$*<#5226"?*O"?86<;*

  45<'8#<*<'??5<#*6#e<*3#*853<#*3<*?%%&*3<*%#;5$*<#5226"?*
%=)%"<*

  +%"75")%"<*x*[*=;3<5<*%1*$5&'()%"<*
  =;3<5<*3==865&*<5I'5")388D*

  53(;*=;3<5*(%"<6<#<*%1*3*<5#*%1*(%223"&<*
  <32=85*(%"75")%"0*:+*#4/*$'2/3*0"*-*(%,;%'"&*(%,,-"&5*

3/2/(#*#4/*%"/*#4-#*-;;20/3*#%*#4/*2%"</3#*3'=>?*

Sec. 2.2.4 !"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

CD=6(38*$'85<*6"*@%$#5$*
  33/3*! *33*

  0/3*! *0*
  -)%"-2*! *-#/*
  )%"-2*! *)%"*

  *956?;#*%1*N%$&*<5"<6)75*$'85<'
  **@,ABC*DEDFG*l*

  $/;2-(/,/"# *l* $/;2-(*
  (/,/"#* *l* (/,/"#*

Sec. 2.2.4 
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!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

M#;5$*<#5225$<*
  M#;5$*<#5225$<*5F6<#^*5U?U^*B%76"<*<#5225$**

  ;W=0RRNNNU(%2=U83"(<U3(U'AR(%2=')"?R$5<53$(;R<#5226"?R?5"5$38R8%76"<U;#2*
  ,6"?85a=3<<^*8%"?5<#*<'vF*$52%738*Y3:%'#*-[d*$'85<Z*

  Q'88*2%$=;%8%?6(38*3"38D<6<*y*3#*2%<#*2%&5<#*
:5"5X#<*1%$*$5#$65738*

  G%*<#5226"?*3"&*%#;5$*"%$2386L3)%"<*;58=P*
  O"?86<;0*75$D*26F5&*$5<'8#<U*]58=<*$5(388*1%$*<%25*I'5$65<*:'#*

;3$2<*=$5(6<6%"*%"*%#;5$<*
  OU?U^*%=5$3)75*Y&5")<#$DZ*⇒ oper 

  Definitely useful for Spanish, German, Finnish, … 
  30% performance gains for Finnish! 

Sec. 2.2.4 !"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

B3"?'3?5a<=5(6X(6#D*
  >3"D*%1*#;5*3:%75*153#'$5<*52:%&D*#$3"<1%$23)%"<*

#;3#*3$5*
  B3"?'3?5a<=5(6X(*3"&*

  M_5"^*3==86(3)%"a<=5(6X(*

  C;5<5*3$5*J=8'?a6"K*3&&5"&3*#%*#;5*6"&5F6"?*=$%(5<<*

  E%#;*%=5"*<%'$(5*3"&*(%225$(638*=8'?a6"<*3$5*
373683:85*1%$*;3"&86"?*#;5<5*

Sec. 2.2.4 

!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

G6()%"3$D*5"#$65<*y*X$<#*('#*

ensemble.french 

�Ì�� ��japanese  

MIT.english 

mit.german 

guaranteed.english 

entries.english 

sometimes.english 

tokenization.english  

These may be 
grouped by 
language (or 

notÉ).   
More on this in 
ranking/query 

processing. 

Sec. 2.2 !"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

A6503*)B150!4C5)83*C35D)
52!B)B1!403*5E52!B)F!505)

!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

45(388*:3<6(*25$?5*
  938A*#;$%'?;*#;5*#N%*=%<)"?<*<62'8#3"5%'<8D^*6"*

)25*86"53$*6"*#;5*#%#38*"'2:5$*%1*=%<)"?<*5"#$65<*

128 

31 

2 4 8 41 48 64 

1 2 3 8 11 17 21 

Brutus 

Caesar 
2 8 

If the list lengths are m and n, the merge takes O( m+n ) 
operations. 

Can we do better? 
Yes (if index isnÕt changing too fast). 

Sec. 2.3 !"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

T'?25"#*=%<)"?<*N6#;*<A6=*=%6"#5$<*
Y3#*6"&5F6"?*)25Z*

  9;DP*

  C%*<A6=*=%<)"?<*#;3#*N688*"%#*X?'$5*6"*#;5*<53$(;*
$5<'8#<U*

  ]%NP*
  9;5$5*&%*N5*=83(5*<A6=*=%6"#5$<P*

128 2 4 8 41 48 64 

31 1 2 3 8 11 17 21 
31 11 

41 128 

Sec. 2.3 
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!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

t'5$D*=$%(5<<6"?*N6#;*<A6=*=%6"#5$<*

128 2 4 8 41 48 64 

31 1 2 3 8 11 17 21 
31 11 

41 128 

Suppose weÕve stepped through the lists until we 
process 8 on each list. We match it and advance. 

We then have 41  and 11  on the lower.  11  is smaller. 

But the skip successor of 11  on the lower list is 31 , so 
we can skip ahead past the intervening postings. 

Sec. 2.3 !"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

9;5$5*&%*N5*=83(5*<A6=<P*
  C$3&5%S0*

  >%$5*<A6=<*! *<;%$#5$*<A6=*<=3"<*" *2%$5*86A58D*#%*<A6=U**
E'#*8%#<*%1*(%2=3$6<%"<*#%*<A6=*=%6"#5$<U*

  Q5N5$*<A6=<*! *15N*=%6"#5$*(%2=3$6<%"^*:'#*#;5"*8%"?*<A6=*
<=3"<*" *15N*<'((5<<1'8*<A6=<U*

Sec. 2.3 

!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

@83(6"?*<A6=<*
  ,62=85*;5'$6<)(0*1%$*=%<)"?<*%1*85"?#;*Ĥ *'<5*#H*

575"8Da<=3(5&*<A6=*=%6"#5$<U*
  C;6<*6?"%$5<*#;5*&6<#$6:')%"*%1*I'5$D*#5$2<U*

  O3<D*61*#;5*6"&5F*6<*$583)758D*<#3)(z*;3$&5$*61*H*A55=<*
(;3"?6"?*:5(3'<5*%1*'=&3#5<U*

  C;6<*&5X"6#58D*'<5&*#%*;58=z*N6#;*2%&5$"*;3$&N3$5*6#*
23D*"%#*YE3;85*5#*38U*-dd-Z*'"85<<*D%'e$5*252%$Da
:3<5&*
  C;5*!RM*(%<#*%1*8%3&6"?*3*:6??5$*=%<)"?<*86<#*(3"*%'#N56?;*

#;5*?36"<*1$%2*I'6(A5$*6"*252%$D*25$?6"?f*

Sec. 2.3 !"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

BG*653)HI3*!35)647)B15!0!146F)
!473J35)

!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

@;$3<5*I'5$65<*
  93"#*#%*:5*3:85*#%*3"<N5$*I'5$65<*<'(;*3<*J0-*%!("&'

,%#S$"0#-.]'y*3<*3*=;$3<5'
  C;'<*#;5*<5"#5"(5*I!*J/"#*#%*'"01/$30#8*-#*K#-"+%$&L*

6<*"%#*3*23#(;U**
  C;5*(%"(5=#*%1*=;$3<5*I'5$65<*;3<*=$%75"*53<68D*

'"&5$<#%%&*:D*'<5$<z*%"5*%1*#;5*15N*J3&73"(5&*<53$(;K*
6&53<*#;3#*N%$A<*

  >3"D*2%$5*I'5$65<*3$5*0,;20(0#*;4$-3/*M'/$0/3*

  Q%$*#;6<^*6#*"%*8%"?5$*<'v(5<*#%*<#%$5*%"8D*
***{#/$,*0*&%(3|*5"#$65<*

Sec. 2.4 !"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

T*X$<#*3W52=#0*E6N%$&*6"&5F5<*
  !"&5F*575$D*(%"<5(')75*=36$*%1*#5$2<*6"*#;5*#5F#*3<*3*

=;$3<5*
  Q%$*5F32=85*#;5*#5F#*JQ$65"&<^*4%23"<^*+%'"#$D25"K*

N%'8&*?5"5$3#5*#;5*:6N%$&<*
  !"#$%&0'"()*%0'

  "()*%0'+(,%-".)$%'

  O3(;*%1*#;5<5*:6N%$&<*6<*"%N*3*&6()%"3$D*#5$2*

  CN%aN%$&*=;$3<5*I'5$Da=$%(5<<6"?*6<*"%N*
6225&63#5U*

Sec. 2.4.1 
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!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

B%"?5$*=;$3<5*I'5$65<*
  B%"?5$*=;$3<5<*3$5*=$%(5<<5&*3<*N5*&6&*N6#;*N68&a

(3$&<0*
  0-*%!("&',%#S$"0#-.'6*4('*4-('(3"*:5*:$%A5"*6"#%*#;5*

E%%853"*I'5$D*%"*:6N%$&<0*
0-*%!("&',%#S$"0#-.'NFO',%#S$"0#-.'6*4('NFO'6*4('*4-('

96#;%'#*#;5*&%(<^*N5*(3""%#*75$61D*#;3#*#;5*&%(<*
23#(;6"?*#;5*3:%75*E%%853"*I'5$D*&%*(%"#36"*#;5*
=;$3<5U*

Can have false positives! 

Sec. 2.4.1 !"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

OF#5"&5&*:6N%$&<*
  @3$<5*#;5*6"&5F5&*#5F#*3"&*=5$1%$2*=3$#a%1a<=55(;a#3??6"?*

Y@M,CZU*
  E'(A5#*#;5*#5$2<*6"#%*Y<3DZ*`%'"<*Y`Z*3"&*3$)(85<R

=$5=%<6)%"<*Y\ZU*
  +388*3"D*<#$6"?*%1*#5$2<*%1*#;5*1%$2*`\}`*3"*5F#5"&5&*:6N%$&U*

  O3(;*<'(;*5F#5"&5&*:6N%$&*6<*"%N*23&5*3*#5$2*6"*#;5*
&6()%"3$DU*

  OF32=850**+*-+>$"'#%'->$'".$'
'''''''''''''''' 4)))))))))))J)))J))))4)

  t'5$D*=$%(5<<6"?0*=3$<5*6#*6"#%*`e<*3"&*\e<*
  ,5?25"#*I'5$D*6"#%*5";3"(5&*:6N%$&<*
  B%%A*'=*6"*6"&5F0*+*-+>$"'".$'

Sec. 2.4.1 

!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

!<<'5<*1%$*:6N%$&*6"&5F5<*
  Q38<5*=%<6)75<^*3<*"%#5&*:51%$5*

  !"&5F*:8%N'=*&'5*#%*:6??5$*&6()%"3$D*
  !"153<6:85*1%$*2%$5*#;3"*:6N%$&<^*:6?*575"*1%$*#;52*

  E6N%$&*6"&5F5<*3$5*"%#*#;5*<#3"&3$&*<%8')%"*Y1%$*388*
:6N%$&<Z*:'#*(3"*:5*=3$#*%1*3*(%2=%'"&*<#$3#5?D*

Sec. 2.4.1 !"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

,%8')%"*-0*@%<6)%"38*6"&5F5<*
  !"*#;5*=%<)"?<^*<#%$5^*1%$*53(;*-$")' #;5*=%<6)%"Y<Z*6"*

N;6(;*#%A5"<*%1*6#*3==53$0*

{ -$") 5*"'2:5$*%1*&%(<*(%"#36"6"?*-$") z*
&%(B0*=%<6)%"h^*=%<6)%"-*s*z*

&%(P0*=%<6)%"h^*=%<6)%"-*s*z*
5#(U|*

Sec. 2.4.2 

!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

@%<6)%"38*6"&5F*5F32=85*

  Q%$*=;$3<5*I'5$65<^*N5*'<5*3*25$?5*38?%$6#;2*
$5('$<6758D*3#*#;5*&%('25"#*85758*

  E'#*N5*"%N*"55&*#%*&538*N6#;*2%$5*#;3"*~'<#*
5I'386#D*

<be: 993427; 
1: 7, 18, 33, 72, 86, 231; 
2: 3, 149; 
4: 17, 191, 291, 430, 434; 
5: 363, 367, É> 

Which of docs 1,2,4,5 
could contain Òto be 

or not to beÓ? 

Sec. 2.4.2 !"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

@$%(5<<6"?*3*=;$3<5*I'5$D*
  OF#$3(#*6"75$#5&*6"&5F*5"#$65<*1%$*53(;*&6<)"(#*#5$20*

-(1'M$1'("1'%(-H'
  >5$?5*#;56$*&%(Q;%30)%"*86<#<*#%*5"'25$3#5*388*

=%<6)%"<*N6#;*J-('M$'("'%(-'-('M$KU*

  -( Q**

 P0h^h.^.•^---^[[hz*R0€^h/^hmd^•-m^•bbz*S0hb^-b^hmhz*UUU*

  M$Q***

 B0h.^hmz*R0h.^hmh^-mh^•bd^•b•z*T0h•^hm^hdhz*UUU*

  ,325*?5"5$38*25#;%&*1%$*=$%F626#D*<53$(;5<'

Sec. 2.4.2 
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!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

@$%F626#D*I'5$65<*
  B!>!Cf*Rb*,CTCcCO*Rb*QOGO4TB*R-*CM4C**

  T?36"^*;5$5^*RU*253"<*JN6#;6"*U*N%$&<*%1KU*

  +853$8D^*=%<6)%"38*6"&5F5<*(3"*:5*'<5&*1%$*<'(;*
I'5$65<z*:6N%$&*6"&5F5<*(3""%#U*

  OF5$(6<50*T&3=#*#;5*86"53$*25$?5*%1*=%<)"?<*#%*
;3"&85*=$%F626#D*I'5$65<U**+3"*D%'*23A5*6#*N%$A*1%$*
3"D*738'5*%1*UP*
  C;6<*6<*3*86W85*#$6(AD*#%*&%*(%$$5(#8D*3"&*5v(65"#8D*
  ,55*Q6?'$5*-Uh-*%1*!!4*

  C;5$5e<*86A58D*#%*:5*3*=$%:852*%"*6#f*

Sec. 2.4.2 !"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

@%<6)%"38*6"&5F*<6L5*
  p%'*(3"*(%2=$5<<*=%<6)%"*738'5<R%S<5#<0*N5e88*#38A*

3:%'#*#;3#*6"*85(#'$5*[**
  `575$#;585<<^*3*=%<6)%"38*6"&5F*5F=3"&<*=%<)"?<*

<#%$3?5*3'63#-")-228*
  `575$#;585<<^*3*=%<6)%"38*6"&5F*6<*"%N*<#3"&3$&8D*

'<5&*:5(3'<5*%1*#;5*=%N5$*3"&*'<51'8"5<<*%1*=;$3<5*
3"&*=$%F626#D*I'5$65<*s*N;5#;5$*'<5&*5F=86(6#8D*%$*
62=86(6#8D*6"*3*$3"A6"?*$5#$65738*<D<#52U*

Sec. 2.4.2 

!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

@%<6)%"38*6"&5F*<6L5*
  `55&*3"*5"#$D*1%$*53(;*%(('$$5"(5^*"%#*~'<#*%"(5*=5$*

&%('25"#*
  !"&5F*<6L5*&5=5"&<*%"*375$3?5*&%('25"#*<6L5*

  T75$3?5*N5:*=3?5*;3<*{hddd*#5$2<*
  ,O+*X86"?<^*:%%A<^*575"*<%25*5=6(*=%52<*s*53<68D*hdd^ddd*

#5$2<*

  +%"<6&5$*3*#5$2*N6#;*1$5I'5"(D*dUhi*

Why? 

100 1 100,000 

1 1 1000 

Positional postings Postings Document size  

Sec. 2.4.2 !"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

4'85<*%1*#;'2:*
  T*=%<6)%"38*6"&5F*6<*-y•*3<*83$?5*3<*3*"%"a=%<6)%"38*

6"&5F*
  @%<6)%"38*6"&5F*<6L5*b[y[di*%1*7%8'25*%1*%$6?6"38*

#5F#*
  +3753#0*388*%1*#;6<*;%8&<*1%$*JO"?86<;a86A5K*83"?'3?5<*

Sec. 2.4.2 

!"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

+%2:6"3)%"*<(;525<*

  C;5<5*#N%*3==$%3(;5<*(3"*:5*=$%X#3:8D*
(%2:6"5&*
  Q%$*=3$)('83$*=;$3<5<*Y^G#+>*$4'_*+=0(%]1'^J"#-%$.'

@6$*"0]Z*6#*6<*6"5v(65"#*#%*A55=*%"*25$?6"?*=%<6)%"38*
=%<)"?<*86<#<*
  O75"*2%$5*<%*1%$*=;$3<5<*86A5*^Y>$'\>(]'

  9688632<*5#*38U*Y-dd•Z*5738'3#5*3*2%$5*
<%=;6<)(3#5&*26F5&*6"&5F6"?*<(;525*
  T*#D=6(38*N5:*I'5$D*26F#'$5*N3<*5F5('#5&*6"*•*%1*#;5*

)25*%1*'<6"?*~'<#*3*=%<6)%"38*6"&5F*
  !#*$5I'6$5&*-/i*2%$5*<=3(5*#;3"*;376"?*3*=%<6)%"38*

6"&5F*38%"5*

Sec. 2.4.3 !"#$%&'()%"*#%*!"+%$,-)%"*./#$0/1-2*

45<%'$(5<*1%$*#%&3De<*85(#'$5*
  !!4*-*

  >V*bU/^*•Ubz*>!4*.U-*
  @%$#5$e<*<#5225$0*

;W=0RRNNNU#3$#3$'<U%$?Ro23$)"R@%$#5$,#5225$R*

  ,A6=*B6<#<*#;5%$D0*@'?;*YhmmdZ*
  >'8)85758*<A6=*86<#<*?675*<325*MY8%?*" Z*5v(65"(D*3<*#$55<*

  H.E. Williams, J. Zobel, and D. Bahle. 2004. ÒFast Phrase 
Querying with Combined IndexesÓ, ACM Transactions on 
Information Systems. 
*;W=0RRNNNU<5?U$26#U5&'U3'R$5<53$(;R$5<53$(;U=;=P3'#;%$w•*

  GU*E3;85̂ *]U*9688632<^*3"&*jU*‚%:58U*Ov(65"#*=;$3<5*I'5$D6"?*N6#;*3"*
3'F6863$D*6"&5FU*,!V!4*-dd-^*==U*-h[a--hU*


