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Term

|

did
enact
julius
caesar
|

was
killed
i

the
capitol
brutus
killed
me

so

let

it

be
with
caesar
the
noble
brutus
hath
told
you
caesar
was
ambitious
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"#3%&"™

Term Doc # Term Doc #

| 1 ambitious 2

n n n 1 did 1 be 2

- ()& *$+,,$'./01 2&%$3+4 $5 2$ enact 1 brutus 1
julius 1 brutus 2

l+*%"'6$&3"$7 24"*&"-$) 7 . "$7%$ caesar 1 capitol 1
| 1 caesar 1

0/ * "_$ $ "¥10 $ was 1 caesar 2
/O' & 5# & 1/08 killed 1 caesar 2
i’ 1 did 1

the 1 enact 1

capitol 1 hath 1

_I/ \I_ brutus 1 | 1

killed 1 | 1

. me 1 i’ 1

We focus on this sort step . o : it 2
let 2 * julius 1

it 2 killed 1

be 2 killed 1

with 2 let 2

caesar 2 me 1

the 2 noble 2

noble 2 so 2

brutus 2 the 1

hath 2 the 2

told 2 told 2

you 2 you 2

caesar 2 was 1

was 2 was 2

ambitious 2 with 2
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"H$%&S! ("H)*+" -.%/$0&

REUTERS B

You are here: Home » News = SciEnce = Article

Gotoa Section: U.S.  International Business  Markets  Politics  Entertainment  Technology  Sports Oddly Enouc

Extreme conditions create rare Antarctic clouds

Tue Aug 1, 2006 3:20am ET

Email This Article  Print This Article  Reprints
» Text [+
SYDNEY (Reuters) - Rare, mother-of-pearl colored clouds
caused by extreme weather conditions above Antarctica are a

possible indication of global warming, Australian scientists said on
Tuesday.

Known as nacreous clouds, the spectacular formations showing delicate

wisps of colors were photographed in the sky over an Australian
meteorological base at Mawson Station on July 25.
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Reuters RCV1 statistics

symbol statistic

N documents
L avg. # tokens per doc
M terms (= word types)

| avg. # bytes per token

(incl. spaces/punct.)

| avg. # bytes per token

(without spaces/punct.)

| avg. # bytes per term
| non-positional postings

value
800,000
200
400,000
6

4.5

7.5
100,000,000

4.5 bytes per word token vs. 7.5 bytes per word type: why?
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Hardware assumptions (circa 2007)

symbol statistic

s average seek time

' b transfer time per byte
! processor’s clock rate

' p low-level operation

(e.g., compare & swap a word)

! size of main memory

! size of disk space

value
5ms=5x103s
0.02pus=2x103s
10° s71

0.01 us=10"%s

several GB
1 TB or more



I"HBY6& (#)%6"  H#06*1"+06$,-#) %" [#$)/0-1

"H$%& ()*%+(', %90 1

| 2-)%3/%& 1%$4%'-.1%()+/5%6") SH&ES(") Y- T+"#($4.
8"HUOT-H#*1H#%6"77/65(")'9%:&$%:0%8&'()*%-+(',%()'$/-
1."#01

| "<061"H#S()*%=%>%7@ @I@ @ @9I@ @ @YoH/6"H#+'%
7"398$"%.-)0%+(",%'//,'B

| Cl9%)//+%-)9R#/$S"-1 " #$()*%o-7*"#($4.B




Introduction to




I"HBY6& (#)%6"  H#06*1"+06$,-#) %" [#$)/0-1

"I#$%! &' ()*+%,'401,*+%#2+*3425%
6"'-.425%74.8%9*7*-%+4,)%,**),:
| 10<*0%-*(-+, B/$,!3 4&%(!B
| =8* *01-*%5*2*-1 *+%1,%7*%> -, *%
| 2@,.%2'7%,'-.%ABB?%,[@{8Y04(-+,%0<%$,! 3
| C*942*%8% |D%AB?%, @ (8%-*(-+,
I E12%*1,4&<9%094.%1%('EE0F8X%42.'%
| G4&&%81H*%ABY, @ (8%0&THYB.'%,.1-.%
| 11,4(%4+*1%'9%1&5'-4.8F$

| I((@F@&1.*%>",.425,%9'-%*1(8%08&'()1%, -. JHI )4 . *%.'%
| =8*296F*-5*06.8*%608&(),%42.'%' 2* %68 25%:*- *+%




I"HBY6& (#)%6"  H#06*1"+06$,-#) %" [#$)/0-1

BSBINDEXCONSTRUCTION()

1
2
3
4
5
6
7

n<+<—0

while (all documents have not been processed)

don—n+1

block < PARSENEXTBLOCK()
BSBI-INVERT(block)
WRITEBLOCKTODISK(block, f,)

MERGEBLOCKS(f1, . .

I fmerged)
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"H$96"$&' () $%*'$+" (%', $(-.+/

| 01.$,"$23.1(4%&'()'+5$#3%*$1$&'()'$%("$ 69 T)I$<$ 714" (+=
| >-(3.)$'17*$714'G3('1,$3.%"$&'&" (4$(-. +$3.$27" 2@ +$"6$9: A"

&'()'55#(3%'$21 2@
brutus d1,d3,d6,d7

brutus di,d3 brutus de6,d7 caesar d1,d2,d4,d8,d9
caesar di,d2,d 4 caesar d8,d9 julius d10
noble ds julius d10 ___ e d8
with d1,d2,d3,d 5 killed ds noble d5

_ _ with d1,d2,d3,d5
Postings lists
to be merge d \ / Merged

postings list

g >3+@ ?
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"HESHOBE ()*

SPIMI-INVERT(token_stream)
1 output_file = NEWFILE()
dictionary = NEWHASH()
while (free memory available)
do token <« next(token_stream)
if term(token) & dictionary
then postings_list = ADDTODICTIONARY(dictionary, term(token))
else postings_list = GETPOSTINGSLIST(dictionary, term(token))
if full(postings_list)
9 then postings_list = DOUBLEPOSTINGSLIST(dictionary, term(token))
10 ADDTOPOSTINGSLIST(postings_list, docID(token))
11 sorted_terms < SORTTERMS(dictionary)
12 WRITEBLOCKTODISK(sorted_terms, dictionary, output_file)
13 return output_file

| $()+,&+-./-01.234-,4-5851 +.64-* -T1T#8

O NO 1 B W
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"HSHY& Yo()* &+

Input token

Caesar d1
with d1
Brutus d1
Caesar d2
with d2
Brutus d3
with d3
Caesar d4
noble d5
with d5

Dictionary

brutus d1 d3

with d1 d2 d3 d5
noble d5

caesar d1 d2 d4

Sorted
dictionary
brutus d1 d3

caesar d1 d2 d4
noble d5
with d1 d2 d3 d5
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"HSHY& () +,-.(/

L O0*+,--.(/&)01,-&!"#5#&, 2,/ &) (+,&,33.4.,/56
L 'O+, --.(/&(3&5,+)-
L)%+, (/&(3&*(-5./7-

I $(+,&(/&58.-&905,+&:

Original publication on SPIMI: Heinz and Zobel (2003)
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"HS%"&' ()" +)(,"+-
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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

I Parsers
I 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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"#'$%&'(

a-f|g-p|qg-z

n
OEOOO

Map Segment files Reduce
phase phase
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"#$%6& (") +, *-("
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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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| O#HHI1<
| =$07',7%35%()$%-+#./'+01%' -$.%"',(3%()$%*+',%' -$.%"'%$55'9'$, (%

>$$:%%+96"$:+0+($%5'/$%530%$+9)%:3"(, 7"%/"(?

| =$07$%"%()$%"+*$%+"%+%"*:/$%+::$,-?
| @H#(%()$,%85%&3#1-%,$$-Yo+ %/ BUSB5BS (FEI0%AB?

e ('3,965309%()$%603" (%635%()$%/$9 (H0$<%C)$%',-$. %" %
5'7$7?

| 1,90$+/'(1<%D"$%+%"9)$*$%"3*$8)$0$%', %4$(85$, YES?7
G$01%/+07$%:3"(,7"%/"("F%93//$9(%:3" (", 7"%/" ("%35%/$,
5'/$%%$(97




I"HBY6& (#)%6"  H#06*1"+06$,-#) %" [#$)/0-1

"H$%& () &*+), Yo#,

| -$&.'$&.+$+/,%&,/+"0+&.1,2,/3+,$*(+'4&* ,+$/+5$%#, -
'(,+6%,7&"8/+".,
I 9'+$.:+'&),3+/"),+"0+'(,/,+6"4,%/+"0+;+$%,+&./'$.'&$', 1
| <,,6+)$55,/+=3@+&.1),)"%:
| 1$5%#,%+".,/[+3A+C@+".+1&/D
I AO##,'[+""+E&#+=FB3+4% &', +"'+1&/D+$/+A
| "00+),%%#,+4&' (8O $B%,$1:+,2&/' @ £$/+>
I G&'(,%+4%&',+), %, #1 &/D+$/=A0+.5
| H%+),%#,+4&§+A0"%)+>




"#3%&'()&*+),%#,+&-+3*'&"-

'n Ly Ly Ly Ly

n NN | | 1

2N b | 1 IR Thi _h :
an >
an
16n




Introduction to Information Retrieval Sec. 4.5

LMERGEADDTOKEN(indexes, Zy, token)
1 Zy < MERGE(Zp, {token})

2 if |4 =n
3 then for / — 0 to oo
4 do if /; € indexes
5 then Z; .1 — MERGE(/;, Z;)
6 (Zi+1 is a temporary index on disk.)
7 indexes < indexes — {l;}
8 else [ — Z; (Z; becomes the permanent index I;.)
9 indexes < indexes U {/;}
10 BREAK
11 Zo—
LOGARITHMICMERGE()

1 Zy<— 0 (4 is the in-memory index.)

2 indexes « ()

3  while true

4 do LMERGEADDTOKEN(indexes, Zy, GETNEXTTOKEN())



I"HBY6& (#)%6"  H#06*1"+06$,-#) %" [#$)/0-1

"H$%& () &*+), Yo#,

I - /&0&$%1+$23+)$&2+&23,/4+
| 562+),%#,7+8(,%,+5+&7+9+".+;"7'&2#T7+$23+2+&7+7 &< 4
| 23,/+27'%.*'&"2+'&),+& 7T5B2 B &2+'(,+8"%T$7, $+
T &2H#H+&TTH, 3+ 562+'&),7
| I"#$%&' () &*+),%#,4+BS*(+;" 7' &2RY [ 3+$'+)" 7'+
>?0"#356 2 AR/ C+7"+*");0,/&'1+& 7 +>7?5A9B ZAA
I D"+0"#3%&'()&*+),%#,+&7+).*(+)"%, +,.:&*&,2'+:" Yo+
27'%.7'&"2
I EVHF,%1+,%", 77 &2#+2"8+%,F.&%, 7+'(,+),Y%# &2#+
>?0"#1562/48828,/,7
I G(,%,$7+&'+&7+>?HA+&:+1" +1.7'+($I,+$+)$&2+$23+35./&




I"HBY6& (#)%6"  H#06*1"+06$,-#) %" [#$)/0-1

"H$%&H# ()" &) *($%'+", $(-,&'(/&O&)

| 12,,&3$(2(/&)$5$()$(3) 5HE Y5/ $2'+5(.$5(.
| 67879%%&.*§&5:" 2:')-&, BH##&3S(2.<*%(3%'2;"
)&=&H5,' 32##&3S&/'5,$&#.53(=8)'/2*&'-#&) &.$'$2'$Y
&>
| 28 +5@5.% $2-(3: $%&'2.8($%'$%E& +2)$'%($)

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

| C.&-2))(B(,($@<'(8.2#& ' &=8#@$%(.8'B"$'$%& ' +5(.'(./&0";
)"3%' 24/ &#(.8

L 2(,,))&&+2#8&")"3%")$55()B(3) )&/ (. #&)",$) #5.:(.8




I"HBY6& (#)%6"  H#06*1"+06$,-#) %" [#$)/0-1

"HSY & (&H)*+8&H, ($-(.*$/'O(*#, &H*.

1 122(-0*(2%/,*(.*$/'0(*#, &#*.(#34 () 3() "#$%&'(
&H)*+&#,

| 50*&/(&#)&"™*.(0$6*(7/*89*#-(&#'[*%o*#-$2('0S#,*.
| *4.(&*%.;(<23,.;(#*4(-3=&'$2(4*<(=$,*.

I >09-(2.3%*-&%*. @-"=&'$22"A(-0*"($2.3(=*/&3)&'$22"(
[*'3#.-19'-(-0*(&#)*+(7/3%(.'/$-'0
| BO*/"(=/3"..&%#,(&.(-0*#(.4&-"0%) (-3 (-0*(#*4(&#)*+:($#)(

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




I"HBY6& (#)%6"  H#06*1"+06$,-#) %" [#$)/0-1

"HSY& W+, "$.] 0, "H12*" *34" .. #

|+ 56'#,/,7.0*89#*#,"$."/ *0,"#12

04*$". 71%;*2'<2* 2#96<2=6.%56 #%* >"$6".'97
2<% 7< 0.97#", "T( (", (FS$'S %
@O716##,7"(0 "7(*4#'.,0 98.2, 'T(,A
BO/'7"71,*98*. /=9#"$*0'<7"$

CD



I"HBY6& (#)%6"  H#06*1"+06$,-#) %" [#$)/0-1

"HSY& W+, (- *I#0" 112,

= I"#3%&'HR/,4'424*/5*67$2'8%-*',(-.*4-06-,24
= 1"30%4-06-, 2 4*#-$"2":-$%*46"$$:*0/$ (', 0% 78*223--24
= 1"30 8/42'0", " 4-06-,2 '4" =<&2>[#() <?&'2%5/#20-
2>-2'("( @&'26/#29-8/4'2', ', 29-2>--2
= A, $%*,-*4-06-,2*3" *&-*>H'22- *2[*"2*" %*0'":-,*2'6-
= B6"$$*-,/709%2/*&-* *6-6/#%
= C->*8/42' 04*"#-*4'68$%*"88-,(-(*2/*29-*8/42' 04*$'42
= D72%29-*8/42' 04*$ 425 A* 24" -#A-(*&"SE>"H(4*2/*S#'[#'2'1-
->H#2>--24
= FO-*#-6" ' 0%4-06-,24*"#-*/82'6'1-(*5/#*#-"( B&$%
= H/42' 044/#2-(*, #--#4- 39#],/$/0'3"S [#(-# |,->-42*5'#42]




I"HBY6& (#)%6"  H#06*1"+06$,-#) %" [#$)/0-1

#5968 (%" &()&*+,$-$

L (""" (+/0&*+,5-F

| 1/2$&'(%"&() &' (%"*+3&4%(50$2&.6& 78 &R /NBY%
I 98*0,*+3&:#/%/:"$Y880f 2&*+,$-$'<

| ='&"$-"8&*'&A41%'$,>&$+82$YBRE2'?

| @(%8SIBYI2>8+$S, &A(F+"$%' 8" (&I00&, *:"*(+/%A&"$%:
("4 + 3 BRHSEA(" 43




Introduction to Information Retrieval Ch. 4

"HEV& " H()B&(*S+,- H(/"*%&"

| 01,2%"&(3($)(44!
| 56(01,2*"&(7

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

| 889:9:,/(2%</9',*9%$;($:(EF454=(G"9;H(,;+(1$<"/(ABC
| K,&/-<9&HL%# 1("*(,/M(40>K(BCNB




