Web Searching & Indexing

CPs 116

Introduction to Database Systems

Announcements (December 6)

4+ Homework #4 due on today (will be graded by this

weekend)

4 Course project demo

4 Final exam on Tuesday, Dec. 13, 7-10pm
" Apgain. open bock, open notes
® Forus on the second half of the course

Keyword search
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What are the doruments containing both “databaze”™ and “search™?

| Search |
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% Inverted lists: store the matrix by rows

4+ Signature files: store the matox by columns

Inverted lists

4 Store the matnx by rows

4 For each keyword, store an inverted list
" (keyevond, doc-id-Jire)

" {“database”,

3, 7. 142, 857, ...}

* (“search”, {3. 9. 192, 512, ...})
= It helps to sort dac-ad-Jist (why?)
4 Vocabulary index on keywords
" B+_tree or hash-based

4+ How large is an inverted list index?

Using inverted lists

4+ Documents containing “database”

" Use the vocabulary index to find the inverred list for
“database”

" Return documents in the inverted list

4+ Documents containing “database™ AND “search”
" Return documents in the intersection of the two inverted
lists
+ QR NOT?

" Union and difference, respectively




What are “all” the keywords?

4 All sequences of letrers (up to a given length)?
= .. thar actually appear in documents!
4 All words in English?

4 Plus all phrases?
» Alternative: approxirnats phrase ssacch by prosdmity
4 Minus all stop words
® They app=ar in nearly every dotument, ez, a, of, the, it
» Mot useful in search
& Combine words with common stems
= Exnmegler darsbacef deralioces
= Thegicnn Tue trearddis the ERERSIaE the fabmocs o ceaoch

Frequency and proximity

+ Frequency
n (Beyword, {  {dar-id, mawsber—st scravvences),
\dlor-id, mamsber—af- socsvvences),

4 Proximity {and frequency)
» (Geyword, {  {dac-id, (porition-sfscrurvence

Porition-of-sccuvvence., -
\dac-id, (porition-of-sccurvnece,, .. })

. }:I- 44
® When doing AWND, check for positions that are near

Signature files

4 Store the matrix by columns and compress them

4 For each document, store a w-bit signature

# Each word is hashed into a w-bit value, with only s
< 1 bits turned on

% Signature 1= computed by taking the bit-wise OR of
the hash values of all words on the document

Diom dor, contain

darb“databazec™) = D110 gy cootains “databasc™: 0110 “databasc™?
Aashb{"cag™) = 1100 &y cootains “dog™: 1100
darB" ™y = D010 o, cantains “cat” and “dog™: 1110

= Some false positives; no false negatives

Bit-sliced signature files

& Motivation

» To chack if 2 docoment coatains a [ = |
word, we only ased to check the 1 | dokleREEE
bits that are set in the word s hash P doblek BB
value | & | doolkERE |

» So why bother retrieving all w bits 4 | qulafobkbp |
of the sisnatnra’? -+ |
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# Instead -:-fﬁtur:!'.ng " signature EJ:'!-: o EJ:i!:_EI
files, store a bit slices R —
% Only check the slices thar W ik

correspond to the set bits in the
word's hash value

4% Start from the sparse slices

Starting to look like
an imvected list again!

Inverted lists versus signatures

4 Inverted lists better for most purpeses (TODS, 1998)

# Problems of signarure files
» False positives
» Hard to use because ;, &, and the hash function n=ed tuning to
work well

* Long documents will likely have mostly 1%s in siznatures

» Common words will creats mostly 1's for theic clices

» Diffcualt to extend with features such as frequency, proximity
4 Saving grace of signature files

» Sizes are tunable

= zood for lots of s=arch tecms

» (zood for computing similarity of documents

Ranking result pages

% A single search may return many pages
= A ozer will ot look at all cesult pas=s
" Complate result may be unnecessary
T Basult pages ne=ed to be ranked
% Possible ranking criteria
» Bazed on content
* Mumber of oooeeronoos af the scarch tonms
* Similanty ba the goory boxt
» Based on link structors
* Backlink count
* PagcRank
» And more. ..

13




Textual similarity

4 Vocabulary: {w), ..., w ]
4 IDF (Inverse Document Frequency): [f:, o fn}
= £ = 1/ the number of times w, appears on the Web
+ Significance of words on page p: {f, f1. --.. fo [l
" 5 is the number of times w, appears on §
4 Textual similarity between two pages # and g is
defined to be {p, fy, ... B fol - {1 f1s - 0ol =

.F"'. "".i-!r'...f-'.E - +:*"'u 'fufuz
= g could be the guery text
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W hy weight significance by IDF?

4 Without IDF weighting, the similarity measure
would be dominated by the stop words

+ “the” occurs frequently on the Web, so its
occurrence on a particular page should be considered

less significant

4+ “engine” occurs infrequently on the Web, so its
occurrence on a particular page should be considered
more significant

LE

Problems with content-based ranking

4 Many pages containing search terms may be of poor
quality or irrelevant
" Example: a page with just a line “search engine”
4+ Many high-quality or relevant pages do not even
contain the search terms
= Example: Google homepage
% Page containing more occurrences of the search
terms are ranked higher; spamming is easy
= Example: a page with line "search engine”™ repeated

MANY times

Backlink

4+ A page with more backlinks is ranked higher

% Intuition: Each backlink is a “vote” for the page’s
IMportance

4 Based on local link structure; still easy to spam

" Create lots of pages thar point to a particular page
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Google's PageRank

4 Main idea: Pages pointed by high-ranking pages are
ranked higher
" Definition is recursive by design
" Based on global link structure; hard to spam
4 MNatve PageRank
= MNigh: number of outgoing links from page= 2
= s} set of pages that point to &
» Pag=Ranlkis) = E?= L (PageRankig) Nigh
T Each page » gets a boost of its importance from =ach pags that
points bo £

T Each page 5 avenly distributas its importance to all pages thar &
poinks ko

Calculating naive PageRank

4 Irutially, set all PageRank's to 1; then evaluate
PageRank(#) + E& o (PageRankig)/ Nig)
repeatedly unal the values converge (ie. a fixed
point is reached)
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