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!"+%$,-#)%"*./#$)/0-17*!.

n !"#$"#%&'()*+"(,&-./.(,,0&$12.'*#)3&14&(#&
.#/)+.2).+*$&#().+*&-./.(,,0&)*5)3&)6()&/()"/4"*/&(#&
"#41+'()"1#&#**$&4+1'&7")6"#&,(+%*&21,,*2)"1#/

n 8)(+)*$&"#&)6*&9:’/;&8<=<>&-?:3@&A>BC&-DE3
n A6*&4"*,$&14&<>&(,/1&21F*+/&/.GG1+)"#%&./*+/&"#&
H+17/"#%&1+&4",)*+"#%&$12.'*#)&21,,*2)"1#/&1+&
4.+)6*+&G+12*//"#%&(&/*)&14&+*)+"*F*$&$12.'*#)/
n !"#$%&'()*
n !"+$$(,(!+%(-)

n 82(,*I&4+1'&7*H&/*(+26&)1&G*+/1#(,&"#41+'()"1#&
+*)+"*F(, !



8%9*:%%&*-$/*#3/*$/#$)/0/&*&%(;<

n J+*2"/"1# I&!+(2)"1#&14&+*)+"*F*$&$12/&)6()&(+*&
+*,*F(#)&)1&./*+’/&"#41+'()"1#&#**$

n >*2(,, I&!+(2)"1#&14&+*,*F(#)&$12/&"#&21,,*2)"1#&
)6()&(+*&+*)+"*F*$

n K1+*&G+*2"/*&$*4"#")"1#/&(#$&'*(/.+*'*#)/&)1&
41,,17&"#&,()*+&,*2).+*/

"



6%%1/-"*$/#$)/0-1

n L.*+"*/&(+*&M11,*(#&*5G+*//"1#/
n &.*./01'#%#$ 234 5+&$+'
n 67+8&$9&+'&:$05-""&!%&;0<-'8$
n <7(!709"+=$0-,067+8&$9&+'&0!-)%+()0
%7&0>-';$01'#%#$ 234 5+&$+' ?

n A6*&/*(+26&*#%"#*&+*).+#/&(,,&$12.'*#)/&
/()"/40"#%&)6*&M11,*(#&*5G+*//"1#;
n 4-&$0@--*"&0#$&0%7&01--"&+)0A-;&"?

n 6))GINN777;+60'*O1#*;21'N/6(P*/G*(+*N #

http://www.rhymezone.com/shakespeare/


=>-,41/

n Q6"26&G,(0/&14&86(P*/G*(+*&21#)("#&)6*&71+$/&
M+.)./ RST C(*/(+ H.)&SUA C(,G.+#"(V

n One could grep (,,&14&86(P*/G*(+*’/&G,(0/&41+&
M+.)./ (#$&C(*/(+@ )6*#&/)+"G&1.)&,"#*/&21#)("#"#%&
C(,G.+#"(V

n Q60&"/&%+*G&#1)&)6*&/1,.)"1#V
n 6"->0B,-'0"+'*&0!-'9-'+C
n D3-%05+"9#'A(+E ($0)-)F%'(G(+"
n H%7&'0-9&'+%(-)$0B&.*./0,();0%7&0>-';0I-A+)$0)&+'
!-#)%'=A&)C0)-%0,&+$(J"&

n I+)8&;0'&%'(&G+"0BJ&$%0;-!#A&)%$0%-0'&%#')C $



?/$,@&%(',/"#*)"()&/"(/

1 if play contains 
word, 0 otherwise

Antony and Cleopatra Julius Caesar The Tempest Hamlet Othello Macbeth

Antony 1 1 0 0 0 1
Brutus 1 1 0 1 0 0
Caesar 1 1 0 1 1 1

Calpurnia 0 1 0 0 0 0
Cleopatra 1 0 0 0 0 0

mercy 1 0 1 1 1 1

worser 1 0 1 1 1 0

Brutus AND Caesar but NOT
Calpurnia

%



!"()&/"(/*0/(#%$;

n 81 7*&6(F*&(&:NW&F*2)1+&41+&*(26&)*+';
n A1&(#/7*+&X.*+0I&)(P*&)6*&F*2)1+/&41+&M+.)./@&
C(*/(+ (#$&C(,G.+#"( -21'G,*'*#)*$3&è
H")7"/*&RST;

n WW:W::&RST WW:WWW&RST W:WWWW&Y&W::W::;&

&



A";9/$;*#%*B'/$C

n Antony and Cleopatra, Act III, Scene ii
n Agrippa [Aside to DOMITIUS ENOBARBUS]: Why, Enobarbus,
n When Antony found Julius Caesar dead,
n He cried almost to roaring; and he wept
n When at Philippi he found Brutus slain.

n Hamlet, Act III, Scene ii
n Lord Polonius: I did enact Julius Caesar I was killed i' the
n Capitol; Brutus killed me.

'



6):*(%11/(#)%";7*(-""%#*D')1&*#3/*,-#$)>

n C1#/"$*+&S&Y&WK&$12.'*#)/@&*(26&7")6&(H1.)&WZ&)*+'/
n RF%&[&H0)*/N)*+'&"#2,.$"#%&/G(2*/NG.#2).()"1#&

n 6(K&0-,0;-!#A&)%0!-""&!%(-)0($0+J-#%0L@1
n 8(0&)6*+*&(+*&'&Y&9::Z&$"/)"#2) )*+'/&('1#%&)6*/*;

n 9::Z&5&WK&'()+"5&6(/&6(,4\(\)+",,"1#&:’/&(#$&W’/;
n M.)&")&6(/&#1&'1+*&)6(#&1#*&H",,"1#&W’/;

n A+%'(M0($0&M%'&A&"=0$9+'$&.
n Q6()’/&(&H*))*+&+*G+*/*#)()"1#V

n <&0-)"=0'&!-';0%7&0N$
(



!"0/$#/&*)"&/>

n !1+&*(26&)*+'&A@&7*&'./)&/)1+*&(&,"/)&14&(,,&
$12.'*#)/&)6()&21#)("#&A;

Brutus

Calpurnia

Caesar

2 4 8 16 32 64 128

2 3 5 8 13 21 34

13 16

1

Dictionary Postings lists
Sorted by docID

Posting

)*



!"0/$#/&*)"&/>*(%";#$'(#)%"

Tokenizer

Token stream. Friends Romans Countrymen
Linguistic 
modules

Modified tokens. friend roman countryman

Indexer

Inverted index.

friend

roman

countryman

2 4

2

13 16

1

Documents to
be indexed.

Friends, Romans, countrymen.

))



n !"#$"%&"'()'*+(,-)-",'.(/"%0'1(&$2"%.'314'56-789

I did enact Julius
Caesar I was killed 

i' the Capitol; 
Brutus killed me.

Doc 1

So let it be with
Caesar. The noble

Brutus hath told you
Caesar was ambitious

Doc 2

Term Doc #
I 1
did 1
enact 1
julius 1
caesar 1
I 1
was 1
killed 1
i' 1
the 1
capitol 1
brutus 1
killed 1
me 1
so 2
let 2
it 2
be 2
with 2
caesar 2
the 2
noble 2
brutus 2
hath 2
told 2
you 2
caesar 2
was 2
ambitious 2

!"&/>/$*;#/4;

)!



n !"#$%&'%$(#)*+
Term Doc #
ambitious 2
be 2
brutus 1
brutus 2
capitol 1
caesar 1
caesar 2
caesar 2
did 1
enact 1
hath 1
I 1
I 1
i' 1
it 2
julius 1
killed 1
killed 1
let 2
me 1
noble 2
so 2
the 1
the 2
told 2
you 2
was 1
was 2
with 2

Term Doc #
I 1
did 1
enact 1
julius 1
caesar 1
I 1
was 1
killed 1
i' 1
the 1
capitol 1
brutus 1
killed 1
me 1
so 2
let 2
it 2
be 2
with 2
caesar 2
the 2
noble 2
brutus 2
hath 2
told 2
you 2
caesar 2
was 2
ambitious 2

Core indexing step.

)"



n K.,)"G,*&)*+'&*#)+"*/&"#&(&
/"#%,*&$12.'*#)&(+*&
'*+%*$;

n !+*X.*#20&"#41+'()"1#&"/&
($$*$;

Term Doc # Term freq
ambitious 2 1
be 2 1
brutus 1 1
brutus 2 1
capitol 1 1
caesar 1 1
caesar 2 2
did 1 1
enact 1 1
hath 2 1
I 1 2
i' 1 1
it 2 1
julius 1 1
killed 1 2
let 2 1
me 1 1
noble 2 1
so 2 1
the 1 1
the 2 1
told 2 1
you 2 1
was 1 1
was 2 1
with 2 1

Term Doc #
ambitious 2
be 2
brutus 1
brutus 2
capitol 1
caesar 1
caesar 2
caesar 2
did 1
enact 1
hath 1
I 1
I 1
i' 1
it 2
julius 1
killed 1
killed 1
let 2
me 1
noble 2
so 2
the 1
the 2
told 2
you 2
was 1
was 2
with 2

Why frequency?

)#



n A6*&+*/.,)&"/&/G,")&"#)1&(&T"2)"1#(+0 4",*&(#$&(&
J1/)"#%/ 4",*;

Doc # Freq
2 1
2 1
1 1
2 1
1 1
1 1
2 2
1 1
1 1
2 1
1 2
1 1
2 1
1 1
1 2
2 1
1 1
2 1
2 1
1 1
2 1
2 1
2 1
1 1
2 1
2 1

   
  

Term N docs Coll freq
ambitious 1 1
be 1 1
brutus 2 2
capitol 1 1
caesar 2 3
did 1 1
enact 1 1
hath 1 1
I 1 2
i' 1 1
it 1 1
julius 1 1
killed 1 2
let 1 1
me 1 1
noble 1 1
so 1 1
the 2 2
told 1 1
you 1 1
was 2 2
with 1 1

Term Doc # Freq
ambitious 2 1
be 2 1
brutus 1 1
brutus 2 1
capitol 1 1
caesar 1 1
caesar 2 2
did 1 1
enact 1 1
hath 2 1
I 1 2
i' 1 1
it 2 1
julius 1 1
killed 1 2
let 2 1
me 1 1
noble 2 1
so 2 1
the 1 1
the 2 1
told 2 1
you 2 1
was 1 1
was 2 1
with 2 1

)$



n Q6*+*&$1&7*&G(0&"#&/)1+(%*V

Doc # Freq
2 1
2 1
1 1
2 1
1 1
1 1
2 2
1 1
1 1
2 1
1 2
1 1
2 1
1 1
1 2
2 1
1 1
2 1
2 1
1 1
2 1
2 1
2 1
1 1
2 1
2 1

   
  

Term N docs Coll freq
ambitious 1 1
be 1 1
brutus 2 2
capitol 1 1
caesar 2 3
did 1 1
enact 1 1
hath 1 1
I 1 2
i' 1 1
it 1 1
julius 1 1
killed 1 2
let 1 1
me 1 1
noble 1 1
so 1 1
the 2 2
told 1 1
you 1 1
was 2 2
with 1 1

Pointers

Terms

)%

Document 
frequency

Collection 
frequency

Term 
frequency 



6%%1/-"*B'/$C*4$%(/;;)":7*AEF

n C1#/"$*+&G+12*//"#%&)6*&X.*+0I
1'#%#$ 234 5+&$+'
n O-!+%&01'#%#$ ()0%7&04(!%(-)+'=P

n !"#$%"&"'%#(')*(#%+,(-
n O-!+%&05+&$+' ()0%7&04(!%(-)+'=P

n !"#$%"&"'%#(')*(#%+,(-
n DQ&'*&E %7&0%>-09-$%()*$R

NST
UV

S V T NL US LV
N S U W T NU SN

1'#%#$
5+&$+'

)&



UV
NSTS V T NL US LV

N S U W T NU SN

?3/*,/$:/

n Q(,P&)6+1.%6&)6*&)71&G1/)"#%/&/"'.,)(#*1./,0@&"#&
)"'*&,"#*(+&"#&)6*&)1)(,&#.'H*+&14&G1/)"#%/&*#)+"*/

NST
UV

S V T NL US LV
N S U W T NU SN

1'#%#$
5+&$+'S T

If the list lengths are x and y, the merge takes O(x+y)
operations.
Crucial: postings sorted by docID.

)'



6%%1/-"*B'/$)/;7*=>-(#*,-#(3

n A6*&M11,*(#&>*)+"*F(,&'1$*,&"/&H*"#%&(H,*&)1&(/P&(&
X.*+0&)6()&"/&(&M11,*(#&*5G+*//"1#I
n 1--"&+)0X#&'(&$0+'&0Y#&'(&$0#$()*0234/0HI +);0
3HZ %-0[-()0Y#&'=0%&'A$

n .%"/('"012'3*145"+#'0('0'("# *6'/*$3(
n 7(')$"1%("8'3*145"+#'50#12"('1*+3%#%*+'*$'+*#-

n J+"'(+0&21''*+2"(,&+*)+"*F(,&)11,&41+&]&$*2($*/;&
n J+14*//"1#(,&/*(+26*+/&-*;%;@&,(70*+/3&/)",,&,"P*&
M11,*(#&X.*+"*/I
n \-#08)->0&M+!%"=0>7+%0=-#:'&0*&%%()*.

n K(#0&/*(+26&/0/)*'/&01.&./*&(+*&M11,*(#
n ]A+("/0^)%'+)&%0&%!.

)(



=>-,41/7*G/;#H-9***http://www.westlaw.com/

n Commercially successful Boolean retrieval
n Largest commercial (paying subscribers) legal 

search service (started 1975; ranking added 1992)
n Tens of terabytes of data; 700,000 users
n Majority of users still use boolean queries
n Example query:

n What is the statute of limitations in cases involving 
the federal tort claims act?

n LIMIT! /3 STATUTE ACTION /S FEDERAL /2 TORT 
/3 CLAIM

n /3 = within 3 words, /S = in same sentence !*



=>-,41/7*G/;#H-9***http://www.westlaw.com/

n Another example query:
n Requirements for disabled people to be able to 

access a workplace
n disabl! /p access! /s work-site work-place 

(employment /3 place
n S1)*&)6()&8JRCB&"/&$"/^.#2)"1#@&#1)&21#^.#2)"1#_
n `1#%@&G+*2"/*&X.*+"*/a&G+15"'")0&1G*+()1+/a&
"#2+*'*#)(,,0&$*F*,1G*$a&#1)&,"P*&7*H&/*(+26

n J+14*//"1#(,&/*(+26*+/&14)*#&,"P*&M11,*(#&/*(+26I
n _'&!($(-)/0%'+)$9+'&)!=0+);0!-)%'-"

n M.)&)6()&$1*/#’)&'*(#&)6*0&(2).(,,0&71+P H*))*+b;
!)



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

n !"#$%&'#()*+,-.)./#)0#$1#)23$)./#)45#$&#'(
6,78$5.5' *9:)9;< =,#',$
6>78$5.5' ;?)9;< =,#',$

C(#&7*&/)",,&+.#&)6+1.%6&)6*&'*+%*&"#&)"'*&U-5c03V
Q6()&2(#&7*&(26"*F*V

!!



I/$:)":

Q6()&(H1.)&(#&(+H")+(+0&M11,*(#&41+'.,(V
-M+.)./ U>&C(*/(+3&RST&SUA
-R#)1#0&U>&C,*1G()+(3
n C(#&7*&(,7(0/&'*+%*&"#&“,"#*(+” )"'*V

n O()&+'0()0>7+%?
n C(#&7*&$1&H*))*+V

!"



J'/$C*%4#),)K-#)%"

n Q6()&"/&)6*&H*/)&1+$*+&41+&X.*+0&G+12*//"#%V
n C1#/"$*+&(&X.*+0&)6()&"/&(#&RST 14&) )*+'/;
n !1+&*(26&14&)6*&) )*+'/@&%*)&")/&G1/)"#%/@&)6*#&
RST )6*'&)1%*)6*+;

Brutus

Calpurnia

Caesar

1 2 3 5 8 16 21 34

2 4 8 16 32 64128

13 16

Query: Brutus AND Calpurnia AND Caesar
!#!#



J'/$C*%4#),)K-#)%"*/>-,41/

n J+12*//&"#&1+$*+&14&"#2+*(/"#%&4+*XI
n $%+'%0>(%70$A+""&$%0$&%/0%7&)08&&9 !#%%()*0,#'%7&'.

Brutus

Calpurnia

Caesar

1 2 3 5 8 13 21 34

2 4 8 16 32 64128

13 16

This is why we kept
freq in dictionary

]M&!#%&0%7&0Y#&'=0+$0B5+&$+' 234 1'#%#$C 234 5+"9#')(+.
!$



I%$/*:/"/$-1*%4#),)K-#)%"

n #@1@A)60,++&B1 ;?)%$3C+7)*9:)6&1B3>D#
;?)'.$&2#7

n E#.)2$#4’')23$),DD).#$0'@
n !'.&0,.#)./#)'&F#)32)#,%/);? >G)./#)'50)
32)&.')2$#4’')6%3B'#$H,.&H#7@

n I$3%#'')&B)&B%$#,'&B1)3$+#$)32);? '&F#'@

!%



=>/$();/
n :"&(22"%,'6'#$"7;'
57(&"88-%<'(7,"7')(7

(tangerine OR trees) AND
(marmalade OR skies) AND
(kaleidoscope OR eyes)

Kaleidoscope OR eyes (300,321)
Tangerine OR trees (363,465)
Marmalade OR skies (379,571)

 Term Freq  
  eyes 213312
  kaleidoscope 87009
  marmalade 107913
  skies 271658
  tangerine 46653
  trees 316812

!&



2%0/$-:/

WI&<#)+1$.2)"1#
EI&A*+'&F12(H.,(+0&(#$&G1/)"#%/&,"/)/
]I&T"2)"1#(+"*/&-H+"*4,03
dI&<#$*5&21#/)+.2)"1#&-H+"*4,03
9I&<#$*5&21'G+*//"1#&-H+"*4,03
[I&A*+'&7*"%6)"#%&(#$&F*2)1+&/G(2*&'1$*,
eI&C1'G.)"#%&/21+*/&-H+"*4,03
?I&BF(,.()"1#&(#$&+*/.,)&/.''(+"*/
WDI&Q*H&/*(+26&H(/"2/
EWI&`"#P&(#(,0/"/ !'


