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Index parameters vs. what we index 
(details !!.*Table 5.1, p.80)

size of word types (terms) non-positional
postings

positional postings

dictionary non-positional index positional index

Size 
(K)

∆% cumul 
%

Size (K) ∆ 
%

cumul 
%

Size (K) ∆ 
%

cumul 
%

Unfiltered 484 109,971 197,879
No numbers 474 -2 -2 100,680 -8 -8 179,158 -9 -9
Case folding 392 -17 -19 96,969 -3 -12 179,158 0 -9
30 stopwords 391 -0 -19 83,390 -14 -24 121,858 -31 -38
150 stopwords 391 -0 -19 67,002 -30 -39 94,517 -47 -52
stemming 322 -17 -33 63,812 -4 -42 94,517 0 -52

Exercise: give intuitions for all the Ô0Õ entries. Why do some 
zero entries correspond to big deltas in other columns? 

Sec. 5.1
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Introduction to Information Retrieval

Vocabulary size vs. collection size
§ Heaps’ law: M = kTb

§ M is the size of the vocabulary, T is the number of 
tokens in the collection

§ Typical values: 30 ≤ k ≤ 100 and b ≈ 0.5
§ In a log-log plot of vocabulary size M vs. T, Heaps’ 

law predicts a line with slope about ½
§ It is the simplest possible (linear) relationship between the 

two in log-log space
§ log M = log k + b log T

§ An empirical finding (“empirical law”)

Sec. 5.1
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Introduction to Information Retrieval

Heaps’ Law

For RCV1, the dashed line

log10M = 0.49 log10T + 1.64

is the best least squares fit.

Thus, M = 101.64T0.49 so k = 

101.64 ≈ 44 and b = 0.49.

Good empirical fit for 

Reuters RCV1 !

For first 1,000,020 tokens,

law predicts 38,323 terms;

actually, 38,365 terms

Fig 5.1 p81

Sec. 5.1
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Introduction to Information Retrieval

Zipf consequences
§ If the most frequent term (the) occurs cf1 times 

§ then the second most frequent term (of) occurs cf1/2 times
§ the third most frequent term (and) occurs cf1/3 times … 

§ Equivalent: cfi = K/i where K is a normalizing factor, 
so
§ log cfi = log K - log i
§ Linear relationship between log cfi and log i

§ Another power law relationship

Sec. 5.1

14



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

!"#$%&'()*'$+,'-./0.,&'-123

34

Sec. 5.1



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

Compression
! Now, we will consider compressing the space 

for the dictionary and postings. We’ll do:
! Basic Boolean index only
! No study of positional indexes, etc.

! But these ideas can be extended

! We will consider compression schemes

Ch. 5
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Introduction to Information Retrieval

Dictionary storage – naïve version
§ Array of fixed-width entries

§ ~400,000 terms; 28 bytes/term = 11.2 MB.

Terms Freq!" Postings ptr. 

#" $%$&'$%" "

##()*+" $%" "

,! " ,! " "

-./. " ''0 " "
"

"

Dictionary search
structure

20 bytes 4 bytes each

Sec. 5.2
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Introduction to Information Retrieval

Blocking
§ Store pointers to every kth term string.

§ Example below: k=4.

§ Need to store term lengths (1 extra byte)

….! !"!#$%&9!"'"(&#$)8!"'"($*%6!"'"(" 11!'*$+&%"$#&8!')'&)$, 9!'-.- ….

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

!! " " "

#$" " "

%%" " "

&#'" " "

( " " "
"

"

! Save 9 bytes
" on 3
# pointers.

Lose 4 bytes on
term lengths.

Sec. 5.2
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Blocking Net Gains
§ Example for block size 2 = 4
§ Where we used 3 bytes/pointer without blocking

§ 3 x 4 = 12 bytes,

now we use 3 + 4 = 7 bytes.

Question: Why not go with larger 2?

Shaved another ~0.5MB. This reduces the size of the 
dictionary from 7.6 MB to 7.1 MB.
We can save more with larger 2.

Sec. 5.2
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! !'(&)*(#+(,#+'-*%#+.'*/#+0*12+'*3&1/'+%4)-*$#2+(4+
567+89:+;&(,+<=4%>&1/?+@4$+<=4%>+'&A#'+4@+2*3*45*6**12
789

! !'(&)*(#+(,#+&)-*%(+41+'#*$%,+-#$@4$)*1%#+0*12+
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!"#$%&'#()$*

! !"#$%+'#()$* ,
! -#"%.(&/#"(0&'#11#$23&456.&2#$*&'#11#$&7".8)9&: 0%#".&

()88.".$'.0&#$23
! ;8#"&250%&234 )$&5&<2#'=&#8&2>

?!"#$%!#! ?!"#$%!#&@!"#$%!#'( AB!"#$%!#'$)

! 8automat *a1" e2" ic3" ion

Encodes prefix automat Extra length
beyond automat.

!"#$%&'()'*"&"+,-"'#"%"*.-'&(*$%#'/)+0*"&&$)%1
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!"#$%&'()'*+,-.%(*/0-122'*+%23//,-.

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

4'51&%6'&)7 $$89

:'()'*+,-. ;,2;<)-'+=%6')7%0*'+)1-2%)*%1>1-.%)1-/ ?8@

A%BC*(D'+=E%2*F%G ?8$

A%BC*(D'+=%A%H-*+)%(*&'+= I8J
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!"#$%&'#()"*!+,##%"&
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Postings compression
§ The postings file is much larger than the dictionary, 

factor of at least 10, often over 100 times larger
§ Key desideratum: store each posting compactly.
§ A posting for our purposes is a docID.
§ For Reuters (800,000 documents), we would use 32 

bits per docID when using 4-byte integers.
§ Alternatively, we can use log2 800,000 ≈ 20 bits per 

docID.
§ Our goal: use far fewer than 20 bits per docID.

Sec. 5.3
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!"#$%&'#()$*")+"&,-%+$%&'),".+/#

! 0)$/.1)-%2/)arachnocentric "++3.#)%&)1456/)"&/)7"+)
"3$)",)4)1%--%"&)8 */)*"3-7)-%2/)$")#$"./)$9%#):"#$%&')
3#%&')-"'; <=)>);?)6%$#@

! 0)$/.1)-%2/)the "++3.#)%&)A%.$34--5)/A/.5)7"+B)#");?)
6%$#C:"#$%&')>);=D)%#)$"")/E:/&#%A/@
! !./,/.)?C<)6%$14:)A/+$".)%&)$9%#)+4#/)F><??GH

Sec. 5.3

I;



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

Gap encoding of postings file entries

§ We store the list of docs containing a term in 
increasing order of docID.
§ computer: 33,47,154,159,202 …

§ Consequence: it suffices to store 2-34.
§ 33,14,107,5,43 …

§ Hope: most gaps can be encoded/stored with far 
fewer than 20 bits.
§ Especially for common words

Sec. 5.3
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!"#$"%&'(&')*+,(')-./$)*

! 0$12
! 3.#(!"!#$%&#'%(")#4(5'(5$&&(67'(89:(%$+7;*"<(')+#=>

! 3.#(($' 4(5'(5$&&(67'(8?(%$+;*"<(')+#=>

! @A(+,'("B'#"*'(*"<(A.#("(+'#1($7(24(5'(5")+(+.(67'(
8&.*92 %$+7;*"<(')+#=>

! C'=(-,"&&')*' 2(')-./'('B'#=($)+'*'#(D*"<E(5$+,("%.6+(
"7(A'5(%$+7("7()''/'/(A.#(+,"+($)+'*'#>

! F,$7(#'G6$#'7("(0-$)-31/*1/"4#5*/"(%&)"4

! !"#$"%&'(&')*+,(-./'7("-,$'B'(+,$7(%=(67$)*(7,.#+(
-./'7(A.#(71"&&()61%'#7
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!"#$%&'()*

! +*,$*-*".& " #-&" /-&01.2&#&31"#4&56

! !"#$%&'()*&3($&7&1-&///56

! !"#$%&'()*&3($&85&1-

////////////////////////////////////////5&6

! !"#$%&'()*&3($&95&1-:

////////////////////////////////////////////
////////////////////////////////////5

! ;21-&)(*-"<.&4((=&,$(>1-1"?@&AB.C6
! D,.1>#4&13&EF" G&H&I J"

! K*&'#"&B-*&1.&#-&,#$.&(3&(B$&-(4B.1(" 7L
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!"##"$%&'()

! *($%"+$%&#,-())$.(//(-$01/2$.1/34(5(4%&'()
! 62($!"##"$%&'($1)$/2($.()/$7+&0+$&8$/2()(9

! :(,-()(+/$"$;",$ G ")$"$,"1-$length "+'$offset
! offset 1)$G 1+$.1+"-<=$01/2$/2($4("'1+;$.1/$%>/$&88

! ?&-$(@"#,4($AB$C$AADA$C$ADA

! length 1)$/2($4(+;/2$&8$&88)(/
! ?&-$AB$E&88)(/$ADAF=$/21)$1)$B9

! *($(+%&'($length 01/2$unary codeG$AAAD9

! !"##"$%&'($&8$AB$1)$/2($%&+%"/(+"/1&+$&8$length
"+'$offsetG$AAADADA

Sec. 5.3
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!"#$%&'(#)%"*#%*!"+%$,-#)%"*./#$)/0-1

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

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

! "#"$

% ! !

& %! ! %!'!

( %! % %!'%

) %%!* !! %%!'!!

+ %%%! !!% %%%!'!!%

%( %%%! %!% %%%!'%!%

&) %%%%! %!!! %%%%!'%!!!

,%% %%%%%%%%! %%%%%%%% %%%%%%%%!'%%%%%%%%

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

!"#$%&"'()*$+,$-")./"'0+$.%-
! 1.')2.#/'"--$.%3)4.5)%""&)+.)5-")*$+,$-")./"'0+.'-

! 64+7.%)80%&)#.-+)"9"'4+7$%:)";-"<(

! =)*$+,$-")0%&>)?)*$+,$-").'>)@)*$+,$-")A.' >)B).%"-)2.#/;"#"%+
! CC);"D+)-7$D+)*$+-3)EE)'$:7+)-7$D+>)FGHIJ)EEE)K"'.)D$;;)'$:7+)-7$D+

! !"2$/"-(
! LA+'02+)M)*$+-()))0)=)NAMDNN)EE)O)>)$D)+0P")7$:7Q.'&"')*$+)0&&()=)NAMD
! H.#*$%")R)SQ*$+)%5#*"'-()))0)?)8*)CC)S<)?)82)CC)TN<

! F..P5/)+0*;"-)'0+7"')+70%)&"2.&$%:)20%)*")D0-+"'3)4"+)-+$;;)-#0;;RU



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

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

! 2 ,-$(.%&'('$/-,.0$1$!2&0$2" 3$4$5,+-
! 6(.0+7$&8$&88-(+$,-$!2&0$2" 5,+-
! 6(.0+7$&8$2(.0+7$,-$!2&0$2" 3$4$5,+-

! 922$0"##"$%&'(-$7":($".$&''$./#5(*$&8$5,+-

! 92#&-+$;,+7,.$"$8"%+&*$&8$1$&8$5(-+$)&--,52(<$2&01 2

! !"##"$%&'($,-$/.,=/(2>$)*(8,?@'(%&'"52(<$2,A($BC

! !"##"$%&'($%".$5($/-('$8&*$".>$',-+*,5/+,&.
! D)+,#"2$8&*$EF" G$# 4HF1" 1G

! !"##"$%&'($,-$)"*"#(+(* @8*((

Sec. 5.3
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!"#$%&'(#)%"*#%*!"+%$,-#)%"*./#$)/0-1

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

! 1"/2+,&%$2"3&$4).($5)*,(".+&%$6 78$9:8$;<8$:=$5+0%
! >-&."0+),%$02"0$/.)%%$4).($5)*,(".+&%$".&$%')4&.

! ?)#-.&%%+,@$",($#",+-*'"0+,@$"0$02&$@.",*'".+0A$)B$
5+0%$/",$5&$0))$%')4

! C''$#)(&.,$-."/0+/&$+%$0)$*%&$5A0&$).$4).($"'+@,&($
/)(&%
! D".+"5'&$5A0&$&,/)(+,@$+%$"$B"%0&.8$/),/&-0*"''A$%+#-'&.$

/)#-.&%%+),$%/2&#&8$4+02$(&/&,0$/)#-.&%%+),

Sec. 5.3
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!"#$%&'(#)%"*#%*!"+%$,-#)%"*./#$)/0-1

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

! 2/#("(3"4(5"&6'(23*7'(7"8+(+/(61'(.&/1'(+/(+9'(:'7'1+(
%*+'1(8''0'0(+/(9/&0(&/3;(2 %$+1

! )'3$8(7$+9(/8'(%*+'(+/(1+/#'(2 "80(0'0$."+'(<(%$+($8($+(
+/(%'("(./8+$86"+$/8(%$+((

! =:(2 ><;?@(%$8"#*A'8./0'($+($8(+9'(?("5"$&"%&'(%$+1("80(
1'+((*B<

! C&1'('8./0'( 2D1(&/7'#A/#0'#(?(%$+1("80(+9'8(61'(
"00$+$/8"&(%*+'1(+/('8./0'(+9'(9$39'#(/#0'#(%$+1(
61$83(+9'(1"E'("&3/#$+9E

! F+(+9'('80(1'+(+9'(./8+$86"+$/8(%$+(/:(+9'(&"1+(%*+'(+/(
<(,( B<-(G"80(:/#(+9'(/+9'#(%*+'1(( B(HI

Sec. 5.3
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!"#$%&'(#)%"*#%*!"+%$,-#)%"*./#$)/0-1

!"#$%&'

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

!"#$ % &'(%))

*+,-./0 11111''1,
'1'''111,

'1111'1', 1111''1',
1111''11,
'1''111'

Postings stored as the byte concatenation
000001101011100010000101000011010000110010110001

Key property: VB -encoded postings are
uniquely prefix -decodable.

For a small gap (5), VB
uses a whole byte.

Sec. 5.3
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!"#$%&'(#)%"*#%*!"+%$,-#)%"*./#$)/0-1

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

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

!"#$"%&'()*+,"-.!/0"!$1 2234

!"#$"%&'()*+$.(5+6%"&$.(7+"&$%+7$("&8 93:

0"$1+;<%#="&8*+=+>+? 932

0"$1+;<%#="&8+@+,(%&$+#%!"&8 A3B

#%<<.#$"%&+C$.-$*+-5<+5'(=D6+.$#E F*:GG3G

#%<<.#$"%&+C$.-$E B:G3G

H.(5 /!%#+"&#"!.&#.+5'$("- ?G*GGG3G

6%7$"&87*+D&#%56(.77.!+CF4/;"$+0%(!7E ?GG3G

6%7$"&87*+D&#%56(.77.!+C4G+;"$7E 4AG3G

6%7$"&87*+I'("';<.+;)$.+.&#%!.! 22:3G

6%7$"&87*+! " .&#%!.! 2G23G

Sec. 5.3
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!"#$%&'(#)%"*#%*!"+%$,-#)%"*./#$)/0-1

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

! 2(%)(*+$&*3"$&./0$1&(%$&,1$0&*3&4(-3&%$(+&131"$41
! 5//0&+/67"$.#&*+$-0&/8&'(%)(*+$7+$-9"#&./0)-9&(-0&

1$-1)")')"3&"/&./4:,"$%&4$4/%3&(+)9-4$-"&4(".#$1

! ;3"$&(+)9-4$-"&6(1"$1&1:(.$&)8&3/,&#('$&4(-3&14(++&
9(:1&< (1&9(:&$-./0)-9&/8"$-&4(=$1

! >/%$&4/0$%-&6/%=&4()-+3&,1$1&"#$&)0$(1?
! ;$&6/%0&(+)9-$0&@AB&/%&CD&*)"1E&$'$-&8(1"$%F
! G-./0$&1$'$%(+&9(:1&("&"#$&1(4$&")4$

! !8"$-&(11,4$&(&4(H)4,4&9(:&1)I$J&:$%#(:1&6)"#&(-&
$1.(:$

Sec. 5.3
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!"#$%&'(#)%"*#%*!"+%$,-#)%"*./#$)/0-1

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

! 34,2&*5&!##0+,&("#$.2&/$".&#6&7)++,..)$789
! :,66&;,(.<&=,5.#/,&(/&>?;@&ABBC&(.2&%",4,./(/)#.4&(/&D?AEF

! G.1#2,4&H&)./,0,"4&).&*+#1=4&#6&4)I,&JKLE&*5/,4
! M)"4/&*5/,N&6#$"&AO*)/&*).("5&+,.0/P&6),+24

! <&QR! SL<A<T<HU
! VP,.<&QLWQAWQTWQH&*5/,4&X*,/Y,,.&HKLFZ&P#+2&H&.$7*,"4

! G(1P&.$7*,"&1(.&$4,&[\LF\AH\TA&*)/49&&@(]&0(%&+,.0/P&^H&*)++)#.

! -/&Y(4&4$00,4/,2&/P(/&/P)4&Y(4&(*#$/&/Y)1,&(4&6(4/&(4&'_&
,.1#2).0
! ;,1#2).0&0(%4&)4&7$1P&4)7%+,"&K.#&*)/&7(4=).0
! M)"4/&*5/,&1(.&*,&2,1#2,2&Y)/P&+##=$%&/(*+,&#"&4Y)/1P

!"

! " ! # ! $ ! %



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

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

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

0#1%&'(#)*+&,-.

2#/%&'(#)*+&,-.

30#(4(56#758.9

:.,6,;(4-.<

A word -aligned, multiple number encoding scheme
=47#;5)#7,#.(4-,#.,>,-56#)*+&,-.#')#1!#&'(.#7'(?#5#@4-+5(#.,6,;(4-A#

Simple-9 BC)?#D#E4@@5(F#!GG/H



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

!"#$%&'()*+,-"*.(!+/&#&(01*/(2(3,44567(899:;

! )*+,-"*.(<%,+=>(:(<?6&@(AB8(<"6@C
! 3,@6(@".*"4"+5*6(*"<<%&(A:(<"6@C(-&@+D"<&(6/&(%5?,E6(,4(6/&(8F(

,6/&D(<"6@(5@(4,%%,G@>
! 9>(5(@"*.%&(8FH<"6(*E#<&D
! I>(6G,(I:H<"6(*E#<&D@
! 8>(6/D&&('H<"6(*E#<&D@(A5*-(,*&(@$5D&(<"6C
! B>(4,ED(JH<"6(*E#<&D@
! :>(4"K&(LH<"6(*E#<&D@(A5*-(6/D&&(@$5D&(<"6@C
! L>(@&K&*(:H<"6(*E#<&D@
! M>(*"*&(BH<"6(*E#<&D@(A5*-(,*&(@$5D&(<"6C
! J>(4,ED6&&*(6G,H<"6(*E#<&D@
! F>(6G&*6?H&"./6(,*&H<"6(*E#<&D@

! !"#$%&IM("@(5(K5D"5*6(G"6/(L(5--"6",*5%(AE*&K&*C(+,*4".ED56",*@
! )44"+"&*6%?(-&+,-&-(G"6/(/5*-H+,-&-(-&+,-&D7(E@"*.(<"6(#5@=@
! )N6&*-&-(!"#$%&(O5#"%?(P"-&5(5$$%"&@(6,(M:H<"6(G,D-@7(&6+Q

!"

!"#$%&

'()*+&,-

.).%/*01,)$2)*)*+&,)0"34

.)5)*) ! 67



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

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

! 1$&'/"&"(2&'+$/3$&/"&-"#$%&4(+&5-6570&$44-'-$"3&
8((7$/"&+$3+-$9/7&35/3&-,&9$+0&,*/'$&$44-'-$"3

! :"70&;<&(4&35$&3(3/7&,-=$&(4&35$&'(77$'3-("

! :"70&>?@>A<&(4&35$&3(3/7&,-=$&(4&35$&3$%3-"&35$&
'(77$'3-("

! 1$B9$&-6"(+$#&*(,-3-("/7&-"4(+)/3-("

! C$"'$D&,*/'$&,/9-"6,&/+$&7$,,&4(+&-"#$%$,&.,$#&-"&
*+/'3-'$
! 8.3&3$'5"-E.$,&,.F,3/"3-/770&35$&,/)$

Sec. 5.3
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!"#$%&'(#)%"*#%*!"+%$,-#)%"*./#$)/0-1

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

! !!. 0

! 23 1213(1242

! 52(6'7$/"&3(8292(:;//;,<#(,=+(>2(?$@"/2(ABBA2(
C$<D&"##;$=($)(E=F"&*"+(E=+"G"#(5$&(5,#*(H%"&-(
9F,/%,*;$=2(4$%(5*67289!3!.*:;;: 2
! I,&;,@/"(@-*"('$+"#

! I2(J2(K=7(,=+(K2(L$)),*2(ABB02(E=F"&*"+(E=+"G(
C$<D&"##;$=(M#;=N(:$&+OK/;N="+(P;=,&-(C$+"#2(
!"+%$,-#)%"*./#$)/0-1*QR(S0STSUU2((
! :$&+(,/;N="+('$+"#

Ch. 5
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