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Reuters RCV1 statistics
! symbol statistic value
! N documents 800,000
! L avg. # tokens per doc 200
! M terms (= word types) 400,000
! avg. # bytes per token 6

(incl. spaces/punct.)

! avg. # bytes per token 4.5
(without spaces/punct.)

! avg. # bytes per term 7.5
! non-positional postings 100,000,000

4.5 bytes per word token vs. 7.5 bytes per word type: why?
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Scaling index construction
! In-memory index construction does not scale

! Can’t stuff entire collection into memory, sort, then write 
back

! How can we construct an index for very large 
collections?

! Taking into account hardware constraints. . .
! Memory, disk, speed, etc.

! Let’s review some hardware basics

Sec. 4.2
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Hardware assumptions (circa 2007)

! symbol statistic value
! s average seek time 5 ms = 5 x 10−3 s

! b transfer time per byte 0.02 μs = 2 x 10−8 s

! processor’s clock rate 109 s−1

! p low-level operation 0.01 μs = 10−8 s
(e.g., compare & swap a word)

! size of main memory several GB

! size of disk space 1 TB or more

Sec. 4.1
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Original publication on SPIMI: Heinz and Zobel (2003)
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Web search engine data centers
§ Web search data centers (Google, Bing, Baidu) 

mainly contain commodity machines.
§ Data centers are distributed around the world.
§ Estimate: Google ~1 million servers, 3 million 

processors/cores (Gartner 2007)
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Parallel tasks
! We will use two sets of parallel tasks

! Parsers
! Inverters

! Break the input document collection into 231)#2

! Each split is a subset of documents (corresponding to 
blocks in BSBI/SPIMI)
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Dynamic indexing
§ Up to now, we have assumed that collections are 

static.
§ They rarely are: 

§ Documents come in over time and need to be inserted.
§ Documents are deleted and modified.

§ This means that the dictionary and postings lists have 
to be modified:
§ Postings updates for terms already in dictionary
§ New terms added to dictionary
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§ ?"%(&+)3,-'),7($7(),0)*)'&*+-.)+&'7%()18)(."')"0<*%"3*(",0)

1"(=<&-(,+

§ @&+",3"-*%%89)+&="03&4)"0(,),0&)#*"0)"03&4

Sec. 4.5



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

!""#$"%&'()%*+',%+,-%+#.'/'+01%',-$.$"
! 2034/$*%35%50$6#$,(%*$07$"%8 13#%(3#9)%"(#55%+%/3(

! 2330%:$0530*+,9$%-#0',7%*$07$
! ;9(#+//1<

! =$07',7%35%()$%+#.'/'+01%',-$.%',(3%()$%*+',%',-$.%'"%$55'9'$,(%'5%&$%
>$$:%+%"$:+0+($%5'/$%530%$+9)%:3"(',7"%/'"(?

! =$07$%'"%()$%"+*$%+"%+%"'*:/$%+::$,-?
! @#(%()$,%&$%&3#/-%,$$-%+%/3(%35%5'/$"%8 ',$55'9'$,(%530%AB?

! ;""#*:('3,%530%()$%0$"(%35%()$%/$9(#0$<%C)$%',-$.%'"%3,$%4'7%
5'/$?

! !,%0$+/'(1<%D"$%+%"9)$*$%"3*$&)$0$%',%4$(&$$,%E$?7?F%":/'(%
G$01%/+07$%:3"(',7"%/'"("F%93//$9(%:3"(',7"%/'"("%35%/$,7()%H%',%3,$%
5'/$%$(9?I

Sec. 4.5



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

!"#$%&'()&*+),%#,
! -$&.'$&.+$+/,%&,/+"0+&.1,2,/3+,$*(+'4&*,+$/+5$%#,+$/+

'(,+6%,7&"8/+".,
! 9'+$.:+'&),3+/"),+"0+'(,/,+6"4,%/+"0+;+$%,+&./'$.'&$',1

! <,,6+/)$55,/'+=>?@+&.+),)"%:

! !$%#,%+".,/+=A?3+AB3+C@+".+1&/D
! A0+>? #,'/+'""+E&#+=F+" @3+4%&',+'"+1&/D+$/+A?

! "%+),%#,+4&'(+A? =&0+A? $5%,$1:+,2&/'/@+$/+>B

! G&'(,%+4%&',+),%#,+>B '"+1&/D+$/+AB =&0+."+AB@
! H%+),%#,+4&'(+AB '"+0"%)+>;

Sec. 4.5
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!"#$%&'()&*+),%#,+&-+$*'&"-

./

I1

Z0

I1

I0
I1
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I1
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8n

16n
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!"#$%&'(#)%"*#%*!"+%$,-#)%"*./#$)/0-1

!"#$%&'()&*+),%#,
! -./&0&$%1+$23+)$&2+&23,/4+

! 562+),%#,7+8(,%,+5+&7+9+":+;"7'&2#7+$23+2+&7+7&<,+":+$./&0&$%1
! =23,/+*"27'%.*'&"2+'&),+&7+>?5@62A+$7+&2+'(,+8"%7'*$7, $+

;"7'&2#+&7+'".*(,3+ 562+'&),7

! !"#$%&'()&*+),%#,4+B$*(+;"7'&2#+&7+),%#,3+$'+)"7'+
>?0"#+?562AA+'&),7C+7"+*");0,/&'1+&7+>?5+0"#+?562AA

! D"+0"#$%&'()&*+),%#,+&7+).*(+)"%,+,::&*&,2'+:"%+&23,/+
*"27'%.*'&"2

! E.'+F.,%1+;%"*,77&2#+2"8+%,F.&%,7+'(,+),%#&2#+":+
>?0"#+?562AA+&23,/,7
! G(,%,$7+&'+&7+>?HA+&:+1".+I.7'+($J,+$+)$&2+$23+$./&0&$%1+&23,/

Sec. 4.5



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

!"#$%&#'())"&)'*($%'+",$(-,&'(./&0&)
! 12,,&3$(2.4*(/&')$5$()$(3)'5#&'%5#/'$2'+5(.$5(.

! 67879'*%&.'*&')-&5:' 2;')-&,,432##&3$(2.<'*%(3%'2;'
)&=&#5,'32##&3$&/'5,$&#.5$(=&)'/2'*&'-#&)&.$'$2'$%&'
")&#>
! ?&' +5@*5.$ $2-(3:' $%&'2.&'*($%'$%&'+2)$'%($)

! A2*'/2'*&'+5(.$5(.'$%&'$2-'2.&)'*($%'+",$(-,&'(./&0&)'
5./'(.=5,(/5$(2.'B($'=&3$2#)>

! C.&'-2))(B(,($@<'(8.2#&'&=&#@$%(.8'B"$'$%&'+5(.'(./&0';2#'
)"3%'2#/&#(.8

! ?(,,')&&'+2#&')"3%')$5$()$(3)'")&/'(.'#&)",$)'#5.:(.8

Sec. 4.5



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

!"#$%&'(&#)*+&#,($-(.*$/'0(*#,&#*.
! 122(-0*(2$/,*(.*$/'0(*#,&#*.(#34()3()"#$%&'(

&#)*+&#,
! 50*&/(&#)&'*.(0$6*(7/*89*#-(&#'/*%*#-$2('0$#,*.

! :*4.(&-*%.;(<23,.;(#*4(-3=&'$2(4*<(=$,*.

! >9-(?.3%*-&%*.@-"=&'$22"A(-0*"($2.3(=*/&3)&'$22"(
/*'3#.-/9'-(-0*(&#)*+(7/3%(.'/$-'0
! B9*/"(=/3'*..&#,(&.(-0*#(.4&-'0*)(-3(-0*(#*4(&#)*+;($#)(

-0*(32)(&#)*+(&.()*2*-*)

Sec. 4.5



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

!"#$%&'#()*+,"$-.'/,*0,"#12*".*34'..,#
! +,56'#,/,7.0*89#*#,"$-.'/,*0,"#12

! :94*$".,71%;*2'<2*.2#96<2=6.*56,#%*,>"$6".'97
! ?'<2*'7<,0.'97#"., "7( '//,('"., ("."*">"'$"&'$'.%

! @9716##,7.#,"(0 "7(*4#'.,0 98.2, '7(,A
! B9/'7"71,*98*.,/=9#"$*0'<7"$

CD



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

!"#$%&'#()*+,(-.*/#0",'1"2'/,
§ !"#$%&'#(3/,4'424*/5*67$2'8$-*',(-.*4-06-,24

§ !"39*4-06-,2*'4*#-$"2':-$%*46"$$;*9/$(',0*78*2/*<<= 2>--24
§ !"39 8/42',0 ', " 4-06-,2 '4" =<&'2>/#() <?&'245/#29-

2>--2 '( ",( @&'245/#29-8/4'2'/, ', 29-2>-- 2

§ A,$%*/,-*4-06-,2*3",*&-*>#'22-,*2/*"2*",%*0':-,*2'6-
§ B6"$$*-,/709*2/*&-*',*6-6/#%
§ C->*8/42',04*"#-*4'68$%*"88-,(-(*2/*29-*8/42',04*$'42

§ D72*29-*8/42',04*$'42*'4*2#":-#4-(*&"3E>"#(4*2/*8#'/#'2'1-*
,->-#*2>--24

§ F9-*#-6"',',0*4-06-,24*"#-*/82'6'1-(*5/#*#-"( G/,$%
§ H/42',044/#2-(*', #-:-#4- 39#/,/$/0'3"$ /#(-# I,->-42*5'#42J

?K



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

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

! 1/2$&'(%"&()&'(%"*+3&4%(50$2&6&78'"&0/%3$%

! 98*0,*+3&:#/%/:"$%&+;3%/2&*+,$-$'<
! ='&"$-"&*'&4/%'$,>&$+82$%/"$&" 23%/2'?

! @(%&$/:#&" 23%/2>&+$$,&4(*+"$%'&"(&/00&,*:"*(+/%A&"$%2'&
:(+"/*+*+3&*"&B"#$&��4('"*+3' ��

Why?

Sec. 4.5
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!"#$%&'"#()$&(*$+,-.#(/"'*%&"
! 01,2*"&(3($)(44!

! 56(01,2*"&(7

! 8&9:9;,/(2%</9',*9$;($;(5,2!"+%'"=(>",;(,;+(
61"?,@,*(ABCC3D

! 8&9:9;,/(2%</9',*9$;($;(EF454=(G"9;H(,;+(I$<"/(ABCCJD

! K,&/-<9&+=(L%#'1("*(,/M(40>K(BCNB

Ch. 4


