1"H$%8. ()% HY6" " +%8,) %" HS0/1-2* | [ch.1

"#3$%&' () %" *#%*

I"HB%0& ($")+,%o-+.')
+,-./0* 1"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"&*=06<)"?<*
86<H<*

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

= E3<6(*6"75$#5&*6"&5F5<0*
= HS(#$50*G6()%"3$D*3" & @%<)"?<*
1] 2]

BRUTUS . 4] 113145173 [ 174
CAESAR (1] 2] 4] 5[ 6[16] 57132
CALPURNIA +12]31[54 101

= HED*<#5=*6"*(%"<#$'()%"0* %$)" 2*

= E%%853"*I'5$D*=$%(5<<6"?*
» "#5$<5()%"*:D*86"53$*)25+*J25$26" 2 K*
= 62=85*0%=)26L3)%"<*

= M75$765N*061%(%'$<5*#%=6(<*

IHSY& (% Hh "+ %S, )Y HSOI1-2 |

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

083:%$3#5*:3<6(*6"&5F6"?*
" @$5=$%(5<<6"7*#%*1%$2*#;5*#5$2*7%(3:'83%
= GY('25"H#<*
= C%AS5"6L3)%"*
= O:3#*#/$,3*&U*NE*="#*6"*#;5*6"&5FP*
= @%<) <
» Q3<#5$*25$75<0*<AB=*B6<H<*
= @Y%<6)%"38*=06<)"?<*3"&*=;$3<5*|'5$65<*

14598 ()% *#%*!"+%$,) %"+ J#$0/1-2* | |

1"HS%8. (%" HY6 " +%S,) %" HS0/1-2* | Sec. 2.1

@3%$<6"?*3*&% (‘25" #*
" 9:31*106$23H*6<*6H*6"P*
= =& 1RN%$&R5F(58R;#28P*
* 9:3#83"2'3756<*6H*6"P*
» O;3#*(;3$3(HE$<EHE<H6 <P

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

But these tasks are often done heuristically E

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

Documents to g ) [Friends, Romans, countrymén

be indexed. ‘ . — Y é
Il :

Token stream. J_L ‘ FriendSH Romansl, ‘ Countwmeﬁ

Linguistic

modules
friend ‘ ‘ roman‘ ‘ countrymaﬁ

Inverted index. ﬁ >
[r96y96 P[22 o

Modified tokens.

1" H$%& ()% H#Y%* " +%S,-) %" [#$0/1-2* | [Sec.2.1

+062=86(3)%"<0*QU%$23#R83"?'3?75*

= G%('25"#<*:56"?*6"&5F5&*(3"*6"(8'&5*&%(<*1$%2%
23"D*&6S5%$5"#*83"?'3?5<*
= T*<6"285%6"&5F*23D%; 375*H06* (%" #36 " #5$2<*%1*<575%

83"2'375<U*

= 0025)25<*3*&%('25" #* % $*6#<*(%2=%"5"#<*(3"*
(%"#36"*2'8)=85*83"?'3?5<R1%$23#<*
= Q$5"(;*52368*N6#;*3*V/5$23"*=&1*3W3(;25"#U*

= O:3#*6<*3*"6#* &Y (' 25
= T*X85P*
= T"52368P*Y @5%;3=<*06"5*061*23"D*6"*3"+2:%FUZ*
= T"*52368*N6#;*[*3W3(;25" #<P*
= T*2$96'=*0%1*X85<*Y @ @C*%$*B3C5\*3<*|C>B*=375<7*




1"H$%8. ()% HY6" " +%8,) %" #S0/1-2* |

012345)647)03*85)

1"H$%8. ()% HY6" " +%8,) %" HS0/1-2* | [Sec.2.2.1

C%A5"6L3)%"*

» 1'% O*0HS%&01'2()*%0*06&'3(,%-".)$86+
» M#="#0*C%A5"<*

= ["#3%&0'

= 2()*%0"

= 3(,%-".)$%'
» THYOABE<*3"+6"<#3"(5*061*3*<51'5" (5*%1*(;3$3(#5%
O3(;*<'(;#%A5" *6<*"0bN*3%(3"&6&3H5*1%6$+3"*6" &5
5"#SD*3_BEH 5$*=$%(5<<6"2*
= G5<($6:5&*:58%N*
E'#*N;3#*3$5* 73868 #I0A5" <*#06*5264#P*

1"H#5%& ()% *#%*!"+%$,-) %"+ J#$0/1-2* | | Sec.2.2.1

C%A5"6L3)%"*

= I<<'5<*6"*#9%A5"6L.3)%"0*
= [#%4*%&50'+*6#-*4'
" H%4*% &F%04* % &G %4* % &S50
= 8$94%:; < +=*"8&4 *8$94$: *3"&&* +=*"&3<*#N%*
#%A5"<P*
* 0--8;(5->$1"- 0% $53A%=*D=;5"3#58*<5|'5"(5U**
. (38,2
" 4(95"+0PAH(9S" HOPH(9S" +OFP
= 1#%(3":5*5S5() 7T5*#%* ?5#* #; 5% <6 #Yo*="#*6"*=%<<6:85*;D=;5"<*
= @*%'/"*Y%+#04Y6"5*#%A5" * Y S*H#N Y P***
* J%N*€Y%* DY *&5(BEE*6H*6<* U 5*#OHAS"P*

14598 ()% *#%*!"+%$,) %"+ J#$0/1-2* | | Sec.2.2.1
T2:5%<*
= ABCDBEF ' "G*HFC1'FEEF' ' 'CDBABEF
= |I"'JH3H'
= JiC

= G.'<K<'=$.'‘#0'ACL*A&!CAL+MCAS$'
= NODDP'CAL;CAAA'
= M_5"*;375*52:5&8&5&*<=3(5<*
= M8&5$*14*<D<#52<*23D*" %#*6"&5F*"2:5$<*
= E'#*0%_5"+758D*<51'80%#;6"A*3:00'#*#;6"2<*86A5*B%I6AE"2*'=*5
(%85<R3(AHS3 (" *#;5*N5*
= YM"5*3"<N5$*6<*<a2$32<0*B5 (# $5+hZ*
= 9688*%_5"*6"&5F*J25#3a&3#3K*<5=3$3#58D*
= +$53)00" & 3HE 1% $234M5H(U

1" HS%& ()% H#Y%*"+%S,-) %" [#$0/1-2* | [Sec.2.2.1

C%A5"6L3)%"0*83"?'375*6<<'5<*

1" H$%& ()% H#Y%* " +%S,-) %" [#$0/1-2* | [Sec.2.2.1

- Q85(*
= QR$%0$)M4$%"5*#%A5" %S #NY%P*
= QPOPQP*
= 93"#*45$%03)MAS0*23#(;*N6#H $%0$)M4S$'
= C")8*3#*853<#*-ddb6H#*&6& " "e#* %" V%% ?85*
= 1'#5%$"3)%"386L3)%"f*

= VE5$23"'%"*(%2=%"'&<*3P5*"%o#*<5725"#5&*
* QIMS%0SS 0#+>$" U6 TOTS0SA440+>*U0*I6TS0-$44-$"
* 8615*6"<'$3"(5%(%2=3"D*52=8%D55e*
 VB$23 $5HEE5738<D<HE2 <5 EXH#* 255 3HOBRIBYIER~ > +96)
2968'85*
= +3"2675*3*[i*=5$1%$23"(5*: %% <#*1%$*V5$23"**

C%A5"6L3)%"0*83"?'375*6<<'5<*

= +;6"5<5*3"&*3=3"5<5*;375*"%*<=3(5<*:5#N55"*
N%$&<0*
= SHHLIRSE CEREERE e mataafh . 2K,
= "%#*38N3D<*?'3$3"#55&*3*"61'5*#%A5"61.3)%"
= Q'$#;5$*(%2=86(3#5&*6"*]3=3"5<5"*N6#;*2'8)=85*
38=;3:5#<*6"#5$26"?785&*
» G3#5<R32%"#<*6"*2'8)=85*1%$23#<*

N¥";ééi'1goa bxDCE wﬁSi Kh $500 )

‘Katakana ‘ ‘Hiragana ‘ ‘Kanji ‘ ‘Romaji ‘

End-user can express query entirely in hiragana!




1"H$%8. ()% HY6" " +%8,) %" #S0/1-2* | [Sec.2.2.1

C%A5"6L3)%"0*83"?'375*6<<'5<*

= T$3:6(*Y%$*]5:$5NZ*6<*:3<6(388D*NS6W5S"*$67;#1
CHNG#H;*(5$H#36"*6#52<*86A5*"2:5$<*N$6W5"*85_*
$62;#*
9%$&<*3$5*<5=3F3#5&"*:'#*85W5$*1%$2<*N6#;6"
1%$2*(%2=85F*86?3#'$5<*

G0 DA g ol 132 3 1962 b0 b s g d) e
. * [ i< K
gT875%$63*3(;6575&*6#<*6"&5=5"&5"(5*6"*hm/-*3_5
D53$<*%61*Q$5"(;*96(('=3)%"Ue*
96#;*C"6(% 85" #;5%<'$13(5*=$5<5"#3) %" *6<*(%2=85F . #+4
<H%$58*1%$2*6< *<#$367:N%SNIS&*

1"H$%8. ()% HY6" " +%8,) %" HS0/1-2* | [Sec.2.2.2

HY%=*NY%P&<*

= 96#;*3*<#%=*86<#"*D%"*5F(8'&5*1$%2*#;5*&6()?
5")$58D*#;5*%(%22%"5<#*N%$&<U*!"#'6)%"0*
* C;5D%375*86W85*<523")(*(%" #BIB0:5+-"8&5*H965+6/*
* C5$5*3$5+3*8%# % 1#,520%0bdi*%1*=%6<)"?2<*1%$*#%="bd*N%H
= E'##,5*#$5"&*6<*3N3D*1$%2*&%6" ?*#;6<0*
" VO0068X(%2=$5<<B%"H5(;"6I'5<*Y 85 (#$54[Z+253" <H#;5*<=3(5*1%
6"(8'8.6" R#%=NSBE3*<DH52*6<*75$D*<2388*
" V9%606841'5$D*%=)26L3)%"#5(;"6I'5<*Y85(# $5* 2*253"*D%"*=3D*8
3441'5$D*)25*1%6$+6" (8 &6" 2*<#Y6=*N%$&<U*
" P%*"B5&*#;52*1%$0
* @;$3<5*I'5$65<0*JH6"?*%1*G5"23$AK*
= 3$6%'<*<%"?*)#85<"*5#(U0*IB5#*6#*: 5K I CYo*:5*%$* Yot *#%*: 5K*|
* J4583)%"38K'5$65<0*Ir6 ;4<% BY"&U'K

1"H#5%& ()% *#%*!"+%$,-) %"+ J#$0/1-2* | | Sec. 2.2.3

“0b$2386L3)%" HYHH5$2 <

= 95*"'55&*#%*J"%$2386L5K*N%$&<*6"*6"&5F5&*#5
3<H'5SD*N%SE<*6"#%*#;5*<325*1%$2*
= O5*N3"#*#%*23#(H @ & @ W'
= 45<'8H#*6<*#5524#BER6<*3*Y "% $2386L5&Z*N%6S&*#,
N;6(;*6<*3"*5"#$D*6"*%'$*14*<D<#52*&6()%"3$D*
= O5*200<#*(%22%"8D*62=86(6#8D*&5X"5*51'67385"
(83<<5<*0 1 #5$2<*: DMEU?2UN*
= &585)"?*=5$6%&<*#%*1%$2*3*#5$2*
* VH@RAV@Vd'Vaw'
= &585)"?*;D=;5"<*#%*1%$2*3*#5$2*
u KOG GHOH B HYGH- (KA IEHO+ H) Y- D U DEHO+ H) Yo",

14598 ()% *#%*!"+%$,) %"+ J#$0/1-2* | | Sec. 2.2.3

1" HS%& ()% H#Y%*"+%S,-) %" [#$0/1-2* | [Sec.2.2.3

"%$2386L.3)%"0*%#;5$*83"?'3?75<*

= "90$2386L3)%"*%1*#;6"?<*86A5*&3#5*1%$2<*
= 7D30 Ovs. 7/30
= Japanese use of kana vs. Chinese characters *

» C%A5"6L3)%"*3"&*"%$238613)%"*23D*&5=5"€*%"
83"2'375*3"&*<%*6<*6"#5$#N6"5&*N6#;*83"2'325*
&5H5()%"

Is this
Morgen will ich in Ml German OmitO7

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

"%$2386L.3)%"0*%#;5$*83"?'3?5<*

T((5"#<0*5U?UNQEBI)X *7<1$0,)$ @)

» C283'#<0*5U2UMVESZ BN TSPEYZMAYTS%
= :%'8&*:5*51'67385"#*
>0b<H*62=06$H3"H#*(S6#5$6%"0*

" J%N*3$5*D%'$*'<5$<*86AL*#U*NS6#5*#;56$*|'5$65<*1%
N%$&<P*

= O75"6"*83"?'3?75<*#3B"&3S&GBY 5*3((5"#<*'<5$<*
%_5"*23D*"%#*#D=5*#,52*
= M_5"*:5<#*#%*"%$2386L5*#%*3*&5a3((5"#5&*#5$2*
= Y SMH#% TSVEMH#Y TISYIMH% TEHY , M#%T$%

1"HS%8. (%" HY6 " +%$,) %" HS0/1-2* | Sec.2.2.3

+3<5*1%8&6"?*

» 458'(5*388*85W5$<*#%6*86N5$*(3<5*
» 5F(5=)%"0%==5$+(3<5*6"*268a<5"#5" (5P*
= 5U?U$%$"*4'G(-("0'
= [$&*T<I$&’
- @WITKDMA
* M_5"*5<#*#%*8%N5$*(3<5*575$D#;6'
'<5$<*N688*<5*8%N5S(3<5*$523$&85
Q(%$$5(H#e*(3=64386L3)%"s*

= V%%?85*5F32=850*
» {5$D*3HWHYH™

" UN$5<BH*6<*106$](34 YR EEBTH
+3#5$=6883%*!"(U




1"H$%8. ()% HY6" " +%8,) %" #S0/1-2* | [Sec.2.23

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

= T"*38#5%"3)75*#%*51'67385" (5*(83<<6" 7*6<*#%*&Y
3<D225#3$6(*5F=3"<6%"*
= T"*5F32=85*%1*N;5$5*#;6<*23D*:5*'<51'8*
» O"H5SOHY6&(9  *53$(;09HY6&(91'9H%6&(90"
» O"H5SBHY6&(90 *53$(;0%#%6&(901'94%&(901'9#%6&(9'
= O"#5$@968(90  *53$(;01#%&(90'
= @%#5")388D*2%$5*=%N5$1'8"*:"#*85<<*5v(65"#*

1"H$%8. ()% HY6" " +%8,) %" HS0/1-2* |

C;5<3'$6*3"&*<%"'&5F*

= G%*N5*;3"&85*<D"%"D2<*3"&*;%2%"D2<P*
= OU?UM:D*3"8a(%"<#$ (#5&*51'67385" (5+(83<<5<
RO (M#AS H(A (w4
= 05*(3"*$ENSEHEH06*1%$2*51'67385" (5a(83<<*#5$2<*
= 9;5"%#:5%&90('25" #*(%"#36"<*-()(M#4$ 6" &5F*6#*" &5 %*
*-()(M#4$ *Y3"8*76(5a75$<3Z*
= M$*N5*(3"*5F=3"§*3*'5$D*
= 9;5"%#:;5%|'5$D*(%"#36"<*-()(M#4$ N8%%A*" &5F3<*N588*
= 0:3#*3:%'#*<=5886"7*26<#3A5<P*
= M"5*3==$%3(;*6%" &5P*N;6(;*1%$2<*5'67385" (5+(83<<5
%1*NY6$&<*:3<58*%"*=;%"5)(*;5'$6<)(<*
= >0p$5%6"*85(#'$5<*b*3"&*m*

1"H#5%& ()% *#%*!"+%$,-) %"+ J#$0/1-2* | | Sec.2.2.4

B5223)L3)%"*

» 458&'(5*6"15()%"38R73$63" #* 1%$2<*#0%* 3<5+1%6$2
= OU?UM
= - 5%-$/5°03* 6/*
. (-$5%(-$35%(-STB3IA (B
" HA6%B73*(-$3*-$/*R09/S/ " (Vo 2HABBY6B*(-$+6/*
&O9/$/"H#*(%2%$*
» B5223)L3)%"*62=865<*&%6" ?*J=$%=5$K*$5& ()%"
&6()%"3$D*;53&N%$&*1%$2*

14598 ()% *#%*!"+%$,) %"+ J#$0/1-2* | | Sec.2.2.4

#5226"?*

= 458&'(5*#5$2<*#%*#;56$*I$% Y0 <K*:51%$5*6"&5F6)
= J#5226"?2K*<"2?25<#*($'&5*3vF*(;%==6"?*
= 83"7'375*85=5"85"#*
= SURHAO*-SNOPL™* -()*2+1% -()*2(%  *388*$5& (5&*#b*
*’_()*_ u*

for example compressed for exampl compress and
and compression are both |:> compress ar both accept
accepted as equivalent to as equival to compress

compress .

1"HS%8. (%" HY6 " +%S,) %" HS0/1-2* | Sec.2.2.4

@%$#5$e<*38?%$6#;2*

= +0022%"5<#*38?%$6#;2*1%$*<#5226"?*0"?86<;*
" A5 BH<< P IE<H B E<*BHBEI<H < P& 3t 5 <A
%=)%"<*
" +06"75") %" <*xH[*=;3<5<* % 1*$5& () %" <*
» =;3<5<*3==865&+*<5I'5")388D*
» 53(;*=;3<5H (" <B<H< U1 *B*<EH V61 *(%6223" &<
" <32=85%(%"75") %" @*HA/*$'2/30"*-*(%, %" &*(%, -"&5*
BI2I(HHHAI " 4 A~ 20/ 3 HY A 2%%" < 34+ 3 => 7

1" H$%& ()% H#Y%* " +%S,-) %" [#$0/1-2* | [Sec.2.2.4

CD=6(38*$'85<*6"*@%$#5%*

. 33/3 33

. 0/3 0

. )%"24 K
" )% 21 A"

= *0567;#*%1*N%$&*<5"<6)75*$'85<
= *@,ABC*DEDEG*

= $h2-(1 % K $2-(F

N e




1"H$%8. ()% HY6" " +%8,) %" #S0/1-2* | [Sec.2.2.4

M#;5$*<#5225%<*
* M#;5$*<#5225$<*5F6<H BEATEIA52255+*

= W=0RRNNNU(%2=U83"(<U3(U'AR(%2=")"?R$5<53$(;R<#5226"?R?5"5$38R8%76"<]
= 6"?785a=3<<*8%"?5<#*<'VF*$52%738*Y 3:%'#*-[d*$'85<7

= Q'88*2%%$=;%8%"7?6(38*3"38D<6<*y*3#*2%<#*2%&}
5"EX#<*1%$*$5#$65738*

= G%*<#5226"?*3"&*%#;5$*"%$2386L.3)%"<*;58=P*
= 0"?86<;0*753D*26F5&*$5<'8#<U*]58=<*$5(388*1%$*<%25*I']
;3$2<*=$5(6<6%"*%"*%o#;5$<*
= OU?UM%=5$3)75*Y&5<4PBZ*
= Definitely useful for Spanish, German, Finnish, ...
= 30% performance gains for Finnish!

1"H#5%& ()% *#%*!"+%$,-) %"+ J#$0/1-2* | | Sec. 2.2

G6()%"3$D*5" #B5< y* X S<h*('#*

ensemble.french

I japanese

MIT.english These may be
mit.german grouped by

i language (or
guaranteed.english notE).

More on this in
ranking/query
processing.

entries.english

sometimes.english

tokenization.english

1"H$%8. ()% HY6" " +%8,) %" HS0/1-2* | [Sec.2.2.4

B3"?'3?75a<=5(6X(6#D*

= >3"D*%1*#;5*3:%75*153#'$5<*52:%&D*#$3"<1%$2
#;3#*3$5*
= B3"?2'375a<=5(6X(*3"&*
= M_5""*3==86(3)%"a<=5(6X(*
= C;5<5*3$5*)=8'7a6"K*3&&5"&3*#%*#;5*6"&5F6" ?*7
= E%#;*%=5"*<%'$(5*3"&*(%225%(638*=8'?a6"<*3$5%
373683:85*1%%*;3"&86" ?*#;5<5*

IHSY& (% Hh "+ %S, )Y HS0I1-2 |

A6503*)B150!4C5)83*C35D)
521B)B1!403*5E52!B)F!505)

1"HS%8. (%" HY6 " +%S,) %" HS0/1-2* | Sec. 2.3

TS (%Y%) Yo #0112 [Sec.23

45(388*:3<6(*25$75*

= O38A*H;$%'?;*#; 5*#N%*=%<)"?<*<62'8#3"5%'<8D"
)25*86"53%$*6"*#;5*#%#38*"'2:5$*%1*=%<)"?<*5"#$(

“<j Brutus
E 31 Caesar

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

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

T ’?25"#*—%<)"’?<*N6#%A6‘*‘%6"#5$<
Y3#*6"&5F6"?*)252*

2 Ha e Har Has
2123 He it Har Ha Hat

* 9,DP*

" CU*<AB=*=06<)"2<*#;3#*NBBB* Yol *X 2'$5+6"*#;5+<]
$5<'8H<U*

* J%NP*

" 9;5$5+8%*N5*=83(5*<A6=*=0%6"#5$<P*




1"H$%8. ()% HY6" " +%8,) %" #S0/1-2* | [Sec.2.3

t'5$D*=$%(5<<6"?*NEAB=*=%6"#5$<

2 Ha {2 Hoi Has Hea [

Suppose weOve 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 listis 31, so
we can skip ahead past the intervening postings.

1"H#5%& ()% *#%*!"+%$,-) %"+ J#$0/1-2* | | Sec. 2.3

@83(6"?*<Ab=<*

= ,62=85*5'$6<)(0*1%$*=%<)"?<*% 1EBBLBA
575"8Da<=3(5&*<A6=*=%6"#5$<U*

= C;6<*67"%$5<*#,5*&6<#$6:") % "% 1*I'5$D*#5$2<U*

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

= C;6<*&5X"6#58D*' <5&*#%*;58=2*N6#;*2%&5%"*;3%
23D*"%#HES;855#*38U*-dd-Z*""85<<*D%'e$5*252%$
:3<6&*
= C;5HRM*(96<#*%1*8%63&6" 2*3*:6225$+=06<)"2<*BE<H*(3'
#:5+236"<*1$%62*|'6(A5$*6"+25206$D*25$26" 2f

1"H$%8. ()% HY6" " +%8,) %" HS0/1-2* | [Sec.2.3

9;58$5*&%*N5*=83(5*<A6=<P*

= C$3&5%S0*
" >0H$5*<ABELK; %SHES*<AB=*<L=328$5*86A58D*#%*<A67
E'#*8%#<*%1*(%2=3$6<%"<*#%*<A6=*=%6"#5$<U*
= Q5N5$*<AB=.FEN*=%6"#5$*(%2=3$6<%" *:'#*#,5"*8%"?
<=3"<* *]5N*<'((5<<1'8*<Ab=<U*

CH R R H R
CHH O H O H

IHSY& (% Hh "+ %S, )Y HS0I1-2 |

BG*653)HI3*135)647)B15!01146F)
1473J35)

1"HS%8. (%" HY6 " +%S,) %" HS0/1-2* | Sec. 2.4

1" H$%& ()% H#Y%* " +%S,-) %" [#$0/1-2* | [Sec.2.4.1

@;$3<5*'5$65<*

» O3"#*HU6*:5*3:85*#06*3"<NS$HI'5$65<+<' HBKH('&
VHSS O#-yF3<*3%=:$3<5
v C;'<HEBH<E 5" (G HHY6% "0 1/$30HB*-HKH-"#06$ &
B YbHIF23H(; U
= C;5%(%"(5=#*%1*=;$3<5*I'5$65<*;3<*=$%75"*53<68D*
"&5$<#%%&*:D*'<5$<7*%"5*%1*#;5*15N*I3& 73" (5&*<53
6853<*#;3#*NUPA<*
= >3"D*2%$5*'5$65<*38520(0#*;4%-3/*M'/$0/3
" QUOSHH BB Y68 25$+< v (5< B <HIL$5+%6" 8]
S * 0896(B5" H$65<*

T*X$<#*3W52=#0*E6N%$&*6"&5F5<

= I"&@5F*57538D*(%"<5(") 75*=36$*%1*#5$2<*6"*#;5*#5
=;$3<5*

= Q%$*5F32=85*#;5*#5F#*JQ$65"&<"*4%23"< *+0p"
N%'8&*?5"5$3#5*#;5*:6N%$&<*
= 1"H$%680"()*%0"
= "(*9%0+(,%-".)$%'

= O3(;*%1*#;5<5*:6N%$&<*6<*"%N*3*&6/()%"3SD*#5!

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




1"H$%8. ()% HY6" " +%8,) %" #S0/1-2* | [Sec.2.4.1

B%"?5%*=;$3<5*I'6$65<*

* B%"?5%*=;$3<5<*3$5*=$%(5<<5&*3<*N5*&6&*N6#
(3$&<0*

= 0-*061("&' YoHS$S O4-. 6*4(*AZ 5+ $YA5 6" #Uo*#;5*
E%%853"*I'5$D*%"*:6N%$&<0*

0-+9%!("&", Yo#S$"OMNEO, %6#S$ 0. 6*NF OB*4(*4-("

96#;% #*#;5* &% (<*N5*(3""%#* 7T5$6 1 D*#; 3#*#;5* &% (
23#(;6"?2*#,5*3:% 75*E%%853"*I'5$D*&%0* (%" #36"*#
=,$3<5U*

e
‘ Can have false positives! ‘

1"H#5%& ()% *#%*!"+%$,-) %"+ J#$0/1-2* | | Sec. 2.4.1

I<<'5<*1%$*:6N%$&*6"&5F5<*

= Q38<5*=06<6)75<M*3<*"%#5&*:51%$5*
= "&5F*:8%N'=*&'5*#%*:6??5%$*&6/()%"3$D*
= 1"153<6:85*1%$*2%$5:BABESLL62*575 *1%$ #;52*

= E6N%$B &5F5<*3$5*"%o#t*#;5*<#3"&3$&*<%8") %"V
(BENYOSER: #*(3"*: 5*=3$#*% 1*3*(%2=%""&*<#$3#5?[

1" HS%& ()% H#Y%*"+%S,-) %" [#$0/1-2* | [Sec.2.4.2

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

<be: 993427,

1:7,18, 33,72, 86, 231, Which of docsl,2,4,5
2: 3, 149; could contain £ be
4:17,191, 291, 430, 434; or not to beO?
5: 363, 367, E>

= Q%$*=;$3<5*I'5$65<*N5*'<5*3*25$?5*387%$6#,;2
$5('$<6758D*3#*#;5*&%('25"#*85758*
= E'#*N5*"%N*"558&*#%*&538*N6#;*2%$5*#;3"*~'<#
51'386#D*

1"H$%8. ()% HY6" " +%8,) %" HS0/1-2* | [Sec.2.4.1

OF#5"&5&*:6N%$&<*

" @3$<5*#;5+6"&5F5& #5F#*3"8&*=5$1%$2*=3%$#a% 1a<=55(;3
Y@M,CZU*
" E'(AGHESH5$2<*6" #06*Y <3DZH %" <Y Z*3"8*3$)(85<R
=$5=9%<6)%"<*Y\ZU*
" +388*3"D*<#$6" 206 1 H5$2<*00 1 5+ 1 VERABIRBEBN YL HE*
= O3(*<'(;*SF#5"&5&BNYSHB<"YoN* 23853 H5$2+6" 445+
&6()%"3$DU*
= OF32=856*+>$"#%'"->$".$'
A4
" {5$D*=$06(5<<6"20*=3$<5*6H*6"#06* e<*3"&*\e<*
* 5225"#*'58D*6" #o6*5";3" (58BN $&<
" BYOGOOAN=*6"46"@BFOSS™.$

14598 ()% *#%*!"+%$,) %"+ J#$0/1-2* | | Sec. 2.4.2

,%8")%"*-0* @%<6)%"38*6"&5F5<*

n 1" B*=06<)" ?< N <# % $5M 1%$ B 3, 5=%<6) % X6
N;6(;*#%A5"<*%1*6#*3==53%$0*

{-$") 5*2:5$*%61*8%6(<*(%"#36" Y+ 2*
&Yh(B*=%<6)%"h"*=06<6)0%"-*s*7*
BYb(B*=%<6)%"h"*=06<6)%%"-*s*7*
5#(U*

1" H$%& ()% H#Y%* " +%S,-) %" [#$0/1-2* | [Sec.2.4.2

@%$%(5<<6"?*3*=;$3<5*I'5$D*
» OF#$3(#*6"75$#58*6" &5F*5 " #$65<*106$*53(;*&6<)'
-('MS$L'("1'%(-H"

» >5$25%4:568%(Q;%30)BE<H#<*H#%6*5" 25$3#5+*388*
=06h<6)%"<*NGHREB' ("o (--(MSKU*
" Q™

= POh"h A eM---N[hz* ROENh/Ahmd/e-mA/stgihb-b*hmhz*UU
- M@***

= BOh.Ahnf@h.Ahmh”-mh”sbd?«ighe " hm hdhz*UUU*
,325%75"5$38*25#;%&* 1 %$*=$%6F626#D*<53$(;5<




1"H$%8. ()% HY6" " +%8,) %" #S0/1-2* | [Sec.2.4.2

@$%F626#D*I'5$65<*

= BI>ICf*Rb*,CTCcCO*Rb*QOGO4TB*R-*CM4C**
= T?36"*;5$5UR53"<*IN6#;8FN%S&<*%1KU*

= +853$8D"*=%<6)%"38*6"&5F5<*(3"*:5*'<5&*1%$*<’
I'5$65<z8N%$H"&5F5<*(3""%#U*

= OF5$(6<50*T&3=#*#;5*86"53%*25$75*% 1*=%<)"?<
;3"&85*=$%F626#D*|'5$65<U**+3"*D%*23A5*6#*N
3"D*738'5*%R*
" C;6<*6<*3*86W85*#$6(AD*#%*&%*(%$$5(#8D*3"&*5v(64
= ,55*Q6?'$5*-Uh-*%1*!14*
= C;5$5e<*86A58D*#%*:5*3*=$%:852*%"*6#f*

1"H#5%& ()% *#%*!"+%$,-) %"+ J#$0/1-2* | | Sec. 2.4.2

@%<6)%"38*6"&5F*<6L5*

= "55&*3"*5"#$D*1%%$*53(;*%(('$$5" (5" Yo#t*~'<#* %" (
&%('25"#*
. !"&5F*<6L5*&5:5"&<*%"*375$3?5*&%('25"#*@
= T75%$3?5*N5:*=3?5%;3<*{hddd*#5%2<*
= O+*X86"?2<"*:%%A<N575"* <% 25*5=6(*=%52<*s*53<68l]
#5$2<*
= +090"<6&5$*3*#552*N6#;*1$51'5"(D*dUhi*

Document size Postings Positional postings
1000 1 1
100,000 1 100
RS (%I 656 TASOIL 2 | Sec.243

+962:6"3)%"*<(;525<*

= C;5<5*#N%*3==$%3(;5<*(3"*:5*=$%X#3:8D*
(%2:6"5&*
= Q%$*=3%)('83$*=;$3LB#¥W>*$4"_*+=0(%]1'"NJ"#-%3."
@6$*" q*6#*6<*6"5V(65"#*#%*A55=*00"+25$76"?*=%<6
=%<)"?<*86<H<*
= 075" 2%$5*<%*1%$*=,$3<LS>BBAG*
= 9688632<*5#*38U*Y-ddsZ*5738'3#5*3*2%$5*
<%=;6<)(3#58*26F5&*6"&5F6"?*<(;525*
= T*#D=6(38*N5:*I'5$D*26F# $5*N3<*5F5(#58&*6™*«* % 1*#
)25%%1*'<6"?*~'<#*3*=%<6)%"38*6"&5F*
= 1#*$51'6$5&*-/*2%$5*<=3(5*#,3"*;376"?*3*=%<6)%"38*
6"&5F*38%"5*

1"H$%8. ()% HY6" " +%8,) %" HS0/1-2* | [Sec.2.4.2

@%<6)%"38*6"&5F*<6L5*

" PU6(3"H(%2=$5<<*=06<6)%"*738'5<R%S<5#<0*N5¢
3100 HA#; 3HA6" 85 (H $5H[*

» 575$#;585<< *3*=06<6)%"38*6" &5F5F=3"&<*=0<
<#Y%$3BHB3H-")-228*

» 575$#;585<< *3*=06<6)%"38*6" &SRB EIHIBD
'<5&*:5(3'<5*0b 15 =0bNE$*3" &' <51'8"5<<*0p1 %=
3"&*=$%F6264D*'5$65<*s*N; 54,58+ <5&*5F=86(6#
62=86(6#8D*6"*3*$3"AB"2*$5#$65738*<D<#52U*

14598 ()% *#%*!"+%$,) %"+ J#$0/1-2* | | Sec. 2.4.2

4'85<*%1*#;'2:*

» T*=06<6)%"38*6" &5F*6<*-y+*3<*83$75+3<*3*"0"a=Y
6"&5F*
» @%<6)%"38*6"&5F*<BL5*by[di*%1*7%8'25*%61*%64
HEF#
» +3753#0*388*%1*#;6<*%88&<*1%$*J0"?86<;a86A5

1" H$%& ()% H#Y%* " +%S,-) %" [#$0/1-2* | |

1 1
45<%'$(5<*1%$*#%&3De<*85(#'$5*
CR ViR
= SV*pU/A*eUbz*>14* U-*
= @%$#5$e<*<#52253$0*

\W=0RRNNNU#3$#3$'<U%$?R023$)"R@%$#5$,#5225$R

= AB=*B6<#<*#;5%3$D0*@'?;*YhmmdZ*
= >'8)85758*<A6=*86<#<*?6 NB¥BIBA*5V(65" (D*3<*#$55<*

* H.E. Williams, J. Zobel, and D. Bahle. 2004. OFast Phrase
Querying with Combined IndexesO, ACM Transactions on
Information Systems.

*W=0RRNNNU<5?U$26#U5& U3'R$5<53$(;R$5<53$(;U==P3'#;%$we

= GUE3;83*]U*9688632<"*3 % PFI*Ov(65"#*=;$3<5*'5$D6"?*N6#;*3"*

3'F6863$D*6"&5FU*,V14*-dd-"*==U*-h[a--hU*




