Search — indexing the web

Find documents in response to the user’s quer
gocuments query

‘ I o 10 of ahout 6,350,000 for homet simpson. ©.7 soconds)
' o |
"

information
retrieval

* find documents
* find documents in response to user query

* find relevant documents in response to user
query

* quickly find relevant documents in response to
user query




Key steps

* Collect and index documents
* Interpret user query
* Find documents that may be relevant

* Present most relevant documents first

Indexing Process

what can you store?
disk space? rights?

web-crawling < /\ compression?
provider feeds Document data store
RSS “feeds” &\
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desktop/email
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what data a lookup table for
do we want Text Transformation quicKly finding all
to search? docs containing

format conversion. international?
which part contains “meaning"?
word units? stopping? stemming?

a word
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Key Steps
. index documents

* Find documents that may be relevant

What makes search engines fast?
The index!

* in a book : words — pages
hundreds of words
hundreds of pages

* in a library : topics/author/title = books
tens of thousands of topics
millions of books

* on the web : words = documents
hundreds of thousands of words
billions of documents




indexing the web

with thanks to Victor Lavrenko (& Dr. Seuss)

‘ documents
D 1:He likes to wink, he likes to drink.

D2: He likes to drink and drink and drink.

D3: The thing he likes to drink is ink.
D4: The ink he likes to drink is pink.

D5: He likes to wink and drink pink ink.

vocabulary
he

drink

ink

likes

pink

thing

wink

remove stop words

Some words are so common they aren’t useful
for indexing. In this example, we remove the

‘stop words’
»to’ ‘and’ ‘the’ s’

Then we just count the words in each

document




a did herself not the we've

about didn't him of their were
above do himself off theirs weren't
after does his on them what
again doesn't how once themselves what's
against doing how's only then when
all don't i or there when's
am down id other there's where
an during il ought these where's
and each i'm our they which
any few i've ours they'd while
are for if ourselves they'll who
aren't from in out they're who's
as further into over they've whom
at had is own this why

be hadn't isn't same those why's
because has it shan't through with
been hasn't it's she to won't
before have its she'd too would
being haven't itself she'll under wouldn't
below having let's she's until you
between he me should up you'd
both he'd more shouldn't very you'll
but he'll most £ was you're
by he's mustn't some wasn't you've
can't her my such we your
cannot here myself than we'd yours
could here's no that we'll yourself
couldn't hers nor that's we're yourselves

Bag-of-words

* We ignore the linguistic structure and just
count words. This is very simplistic — but it
works!

* 355 another beating Dow falls points takes
» Dow takes another beating, falls 355 points.

* fat fries French MacDonalds obesity said

» does ‘French’ refer to France here?




indexing

the web

one entry per word
number times word in document
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2(1][0|2]|0]|0] I |<DI:[He likes to wink, he likes to drink.
113[0]|1[0]|0/|O|«<D2|He likes to drink and drink and drink.
I{ 1] 1] 1]0] 1|0 |«D3:[The thing he likes to drink is ink.
1| 1] 1] 1]|1]0]|O |<D4|Theink he likes to drink is pink.
{1 {1] 1|1 |O]|]I [«D5:[Helikesto wink and drink pink ink.
¢ “Inverted Index”: for each word,
~ ives set of documents where it
ol £~ § é g E iccurred
clo|lE|l=|a|lS5]3
2(110[2|0([0][ I |+<DI:|He likes to wink, he likes to drink.
I {3101 [0]|O0]| 0 |«D2|Helikes to drink and drink and drink.
| 1[0 [1[0][]1|O«D3:|The thing he likes to drink is ink.
I {1 {0l [1]1]O0][O |¢D4|Theinkhe likes to drink is pink.
I {111 [O] ]I |«<DS:[He likes to wink and drink pink ink.




indexing the web

* millions of words
* billions of documents

¥ gl 2ol Most entries are 0!
HEIEEIREEE
2(1[0]2]|0]|0 || |«DI:|He likes to wink, he likes to drink.
I1{3[0|1]0]|0/|O [<D2:|He likes to drink and drink and drink.
[ 0 [ | | O |«<D3:[The thing he likes to drink is ink.

I{ 1| 1] 1]1]0]|O [«D4:|Theink he likes to drink is pink.

I {1{ L]0l [1][O0] ] |<D5:[Helikes to wink and drink pink ink.

But we’re wasting A LOT of space!

Inverted lists are very sparse. Look at the entry for “thing”. It’s only in ONE
document!

indexing the web

bag of words

he
— |drink

o link

N |likes

o |[pink
© [thing
— [wink

«Dl:

[he:2][drink: I][likes:2][wink:1]

I1{3(0|1]0]|0|O0 D2

b

[he: 1][drink:3][likes: 1]

I{1|1]1[{0]|]|O]|«D3:

w

[he: 1][drink: I][ink: I ][likes: I ][thing: 1]

I L[ 1| 1[1[O0]|O [«D4|[he:l][drink:I][ink:1][likes:|][pink:1]

L {L]0f]l|<Ds:

[V

[he: 1][drink: I][ink: I][likes: I ][pink: I J[wink:|]

Remember, documents are just bags of words

Use a sparse representation:
For each word, make a list of tuples containing (document ID, Frequency of word)
Sorted by words

Advantages:
compact
easy to use to find documents that contain specific words



indexing the web
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21110]/2]0|0]|1|<Di:|he |[I1:2][2:1][3:1][4:1][5:1]
drink |[1:17[2:3][3: 1[4:1][5:1]

{3]0] 11010002 lin[[3:1][4:1][5:1]

T To o To [cos llikes [[1:2302:17[3:1374:175:1]
pink |[4:1][5:1]

L[] 1)1 0]0|<0| |thing [[3:1]

T T o T e bwink Jrgs:1]

The sparse representation is much more compact

look at the entry for “thing”

using the index

ink

[3:17[4:17[5:1]

wink

[1:21[5:1]

l

|inkAND wink |[5: (1L,N] |

|ink ORIINR |[| - (0.2)113: (1,0)]14: (1,0)1[5: (1,1)]

such information can be used to calculate relevance




building the index

ofE|x 82 2E| e
2(1(0({2]|0[0 || |<Dl:|[he:2][drink:I][likes:2][wink:I]
1{3{0|1|0]|0]O0 [<D2|[he:l][drink:3][likes:I]

11 [1]|1]0]!I|O [~D3:|[he:l][drink:I][ink:][lies:][thing:1]
I[1{1[1]1]0 O <D4]he:][drink:I]fink:1][likes: ][pink:1]

I T 1 I O I I oL

(vl

[he:1][drink: 1 ][ink: I][likes: 1] [pink: | J[wink: 1]

building the index

2(1(0{2({0({0]|!I |<D

:[[he:2][drink: I ][likes:2][wink:1]

he [1:2]
drink [[1:1]
ink

likes [[1:2]
pink

thing

wink |[I:1]




building the index

MAP : different computers can do this for
different documents

Dl D2 D3 D4 D5
he [[1:2]|lhe [[2:1]|lhe [[3:1]|lhe |[4:1]|lhe |[5:1]
drink |[1:17||drink |[2:3] ||drink [[3:1] ||drink [[4:1] ||drink |[5:1]
ink ink ink |[3:1]|link  [[4:1]|[ink [[5:1]
likes |[[1:2] |likes [[2:1]|likes |[3:1]|[likes [[4:1]||likes |[5:I]
pink pink pink pink |[4:1] |[pink |[5:1]
thing thing thing |[3:1] ||thing thing
wink [[1:1] ||wink wink wink wink |[[5:1]

building the index

MAP : different computers can do this for
different collections of documents

Dl D3 D2 D4 D5
he |[I:2]lhe |[3:1]] |he [[2:1]|he  [[4:1]|lhe |[5:1]
drink |[I:1]|drink |[3:1]]| |drink [[2:3] ||drink {[4:1] ||drink |[5:1]
ink ink [[3:1]] [ink ink |[4:1]|link |[5:1]
likes |[I:2]|likes |[3:1]] [likes [[2:1] |{likes ([4:1]||likes |[5:1]
pink pink pink pink |[4:1] |[pink |[5:1]
thing thing [[3:1]| [thing thing thing
wink [[1:1][wink wink wink wink [[5:1]




building the index

REDUCE : different computers share the work
of merging the index one word at a time

DI D3 D2 D4

DI + D3 \&\/ D2 + D4
he |[1:2] [3:1] < D5 |he [2:17[4:1]
v

h
drink |[1:17 [3:1] drink [2:3][4:1]
ink [[3:1] ink [4:1]
likes |[1:2] [3:1] likes [2:17[4:1]
pink pink [4:1]
thing |[3:1] thing
wink [[1:1] wink

building the index

REDUCE : different computers can share the
work of merging the index one word at a time

wink |[1:1]

DI + D3 D2 + D4
he |[1:2] [3:|]\ + /he [2:1][4:1]
drink [[1:1] [3:11{(D1 + D3) + (D2 + D4)|drink [2:3][4:1]
ink _|[3:1] he  |[1:2][2:1][3:1] [4:1] |ink [4:1]
likes |[1:2] [3:1]{drink |[1:17[2:3][3:1] [4:1] |likes [2:17[4:1]
pink ink  [[3:17[4:1] pink [41]
thing |[3:1] likes |[[1:2][2:11[3:1] [4:1] [thing

wink [[1:1] pink |[4:1] wink

thing |[3:1]




building the index

REDUCE : different computers can share the
work of merging the index one word at a time

©+DY+ @D~ + 1 o
e JIR B  a 57 D)) b5 :e' 511
f:lrlnk [1:17[2:3][3:1] [4:1] . [|:2][2:|][3:|] [4:|][5:|] ' ink [Sil]
| (PRl drink|[1: 12310311 51| e
likes |[121[2:173:1] [4:17| - e likes |[5:1]
pink |[4:1] '_nk AN EEED] pink [[5:1]
e lkes (1223 1M |1
il [|;|] EnE =] wink |[5:1]

thing [[3:1]

wink [[1:17 [5:1]

Making it efficient

Divide and Conquer

REDUCE : different computers can share the
work of merging the index — and different

computers can work on different words




using the index

ink

[3:17[4:1][5:1]

wink

[1:2]5:1]

|

|inkAND wink |[5: (1,N] |

|ink OR wink |[I :(0,2)][3: (1,0)1[4: (1,0)1[5: (1,1)]

« different computers can provide information for
different query words

« this information can be combined to calculate
relevance




