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Web Information Retrieval vs Classic | nformation
Retrieval

e Bulk: the 3ze of Internet is over 350M documents asof
July 1998

 Dynamic Internet: changing everyday
 Heterogeneity: pictures audio, text and saipts dc.
e Variety of Languages. more than 100types

* Duplication: nearly 30% are dugdicates

* High Linkage: more than 8links per page
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Web Information Retrieval vs Classic | nformation
Retrieval (cont’ d)

* |ll-formed queries single word, imprecise word, low
efforts

 WideVariancein Users: Web usasvariesin their needs,
expectations and knavledge

o Specific Behavior: 85% usasonly look at thefirst sareen
of the returned results from search engines, 78% never
modify their queries
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The Goa

e ClassicIR e Web IR
— recall C/A — Both high-relevance
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General-Purpose Search Engines

Current Status of Search Engines
Architecture

Engineaing Detalls

— Crawlingthe Web

— Caching Query Results
— Incremental Updatesto Inverted I ndex

Algorithmic I'ssues
— Ranking (PageRank, HITYS)
— Duplicate Elimination
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Current Status of Sear ch Enginesasof Nov. 1998)

 Goode: 90-100M pages Excell ent page ranking.
o AltaVista: 275M pages. Advanced Search is powerful.

 Northern Light: 250M pages Goodat academic and
businessdomains.

e Infosesk: 90 M pages Nice Search within results features
o FastSearch: 250M pages. Fastest Engine.
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Data Structure of Google

Repository: it contains ompresseé full HTML texts of
every web page.

Document I ndex: various information for a document--
pointers, checksum, statistics.

L exicon: 14 millionwords.

Hit Lists: alist of occurrences of a particular word in a
particular document.

Forward Index: it holds anumber of barrels which hdds
arange of wordlD’swith ht listsfoll owed.

|nverted I ndex: alist of sorted barrels.
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Forward, Inverse Index, L exicon

Hit: 2 bytes

plain:[cap:1 | Imp:3 position; 12
fancy:[cap:1 [Imp =7 |type: 4 | position: 8
anchor:[cap:1 [ Imp =7 [type: 4 [hash:4 |pos: 4

Forward Barrels: total 43 GB

| docid] wordid: 24| nhits: 8] hit hit hit hit
wordid: 24| nhits: 8] hit hit hit hit
null wordid|
[ docid| wordid: 24| nhits: 8] hit hit hit hit
wordid: 24| nhits: 8] hit hit hit hit
wordid: 24| nhits: 8] hit hit hit hit
null wordid|

Lexicon: 293MB  Inverted Barrels: 41 GB

v wordidl ndocs] =] docid: 27] nhits:5] hit hit hit hit]

» wordid| ndocs| docid: 27| nhits:5[ hit hit hit|

: wordid| hdocs [ —&"docid: 27| nhits:5[_hit hit hit hif]
\ docid: 27] nhits:5| hit hit
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Engineenng I saues
« CrawlingtheWeb

e Cachingthe Query Results
e |ncremental Updatesto Inverted I ndex
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Crawling the Web

e |nwhat order to scan the URLsIn the queue
e Asynchronous I/O to manage events

 Multiple queues (500) : all URLsfrom same
server goesto the same queue.
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Caching Query Results

e LRU-2S
— Theblocksin the cache are ordered in the same
fashion as a cache using LR U replacement policy.

— Thecacheisdivided into two parts. primary section,
and secondary section

— On amiss thelast block of the secondary section is
replaced, and the new block is put on the head of the
secondary section.

— On a hit, theblock ismoved to the head of the
primary section .
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Caching Query Results (cont’ d)

On a hit, the block
ismoved to the head

of the Primary Sedion On amiss, last block

of SSisdiscarded

Semndary Sedion
__——

On amiss, new
block isinserted here
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Conclusions for Caching

« Medium-sized caches (hundred Mbytes) can
easlly exploit the locality and serve a significant
percentage of the submitted queries

» Effective Cache Replacement Poalicies should
takeinto account both recency and frequency.

2/8/00 Engineaing Issuesin Seach Engines 15



Incremental Updatesto Inverted I ndex

e Solution usd in existing search engines -- double sés of
Inverted indices

e Incremental updates resarch:

— HYBRID Scheme: chainstogether chunks of theinverted lists
and provides a number of parametersto control the sizeof the
chunksand the length of the dhains.

— Disadvantages. extra storage and long freezang period
e Our System and Proposal: Codir

— Updates and Queries are serviced simultaneoudy on the same
set of inverted lists by using shared memory

2/8/00 Engineaing Issuesin Seach Engines 16



Codir System

Query Thread Update Thread

[Append Table]
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Data Structurein Codir
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How does Codir work...

« On addetion request: thedoclD isinserted into
the Deletion Table;

 On an insertion request: the inverted index lists
are inserted into Append Table;

« On aqueryreguest: query enginewill return the
results based onAppend, Deletion, | ndex Cache
tables,;
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Algorithmsin Search Engines

* Ranking
— content-based (vector model)
— human annotations

— connedivity-based
* Query independent: PageRank from Stanford
* Query dependent: HITS by JonKleinberg

e Duplicates Elimination
— Growth Strategy from Stanford

2/8/00 Algorithmsin Seach Engines
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PageRank Algorithm (Page and Brin, Goode)

 Asaimptions.
— links often conneds related pages
— alink suggests recommendation

 Page A haspagesT1... Tnwhich pant toit. Damping
factor dis sé to 0.85.C(A) is defined as the number of
links going ou of page A. PageRank of apage A is
defined asfollows:

PR(A) = (1-d) + d* (PR(T1)/C(T1) + ... +PR(Tn)/C(Tn))
P=(1d*U+(d)*A
where A is the adjacency matrix, U isunit matrix
e Static ranking
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HITS Algorithm (J. Kleinberger)

« Authorities goad sourcesof content
e Hubs: goad sourcesof links
 Mutually reinforcing relationship: A good huhlis apage

that paints to many goodauthorities; agoodauthority is a
page that is pointed to by many good hub.

®
o ey
o— o

P @ S

hubs

authorities

2/8/00 Algorithmsin Seach Engines 22



HITS Algorithm (cont’ d)

 Wewould liketo focus onacollection S of pageswhichis

small, rich in relevant pages and contains many of the significant
authorities.

e The procedureto find such a st of pages:

g. aquery string

€. atext-based search engine

t,d: natural numbers

Let R g denotethetop t resultsof € on o

SStSo=Ro

For eachpagepUR®O
Let I'(p)+ denote the set of all pagesp pointsto.
Let "'(p)- denote the set of all pages pointing to p.
Add all pagesin I'(p)+to So
if | F(p)- | <d then Add pagesin|I(p)-|toSo
Else Add an arbitrary set of d pagesfrom | '(p)- |to So

End
Return So
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Back set

HITS Algorithm (cont’ d)

Result set Forward set

Algorithmsin Seach Engines
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HITS Algorithm (cont’ d)

« TheBasic Operation:
authority weight x<P> — > ..o Y9 -- | operation

hub weight y<P> « Y . o0 X% -- O operation

qIO
Page p
q2 O *:j X[p] = =wm of ¥[q], for all g pointing top
q3{ ) 1 gl
{Jq
Pagep O
B

Y[p] = sum of x[g] for allq pointed to by p
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HITS Algorithm (cont’ d)
e |terate(G,k)

G: acolleaion of n linked pages

k: anatural number

Let zdenotethevedor(1,1,1,...1) OR"

Set x,:=2,y,:=2

Fori=1,2, ...k
Apply thel operation to (x; ;, y;.,), Obtaining new x-weights x;’
Apply the O operation to (X 4, Y;.;), obtaining new x-weights x;
Normalizex;’, obtaining x;.
Normalizey;’, obtainingy;

End

Return(x,, Y,)-

2/8/00 Algorithmsin Seach Engines
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HITS Algorithm (cont’ d)

e Problemswith HITS

— Mutually Reinforcing Relationships: undue weight to one
single author

— Automatically Generated Links: Web authoring todsinsert
unrelated linksinto Web pages

— Non-related Nodes: topic drift e.g. Mango Fruit will find result
In fruit instead of Mango
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Improved HITS Algorithm

 Fractional weight to edgesto avad undue weight to
single author (Weight)
e Eliminate non-relevant nodes from graph

* Regulating theinfluence of a node based on its
relevance ( TopicScore)
HUBJ[V] = Y AUTH][u;]TopicScore[u,]Weight[v,u]
for al u; with edge(v,u))
AUTHI[v] = YHUB[w] TopciScore[w;|Weight[w,,V]
for all w; with edge(w;,v)
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Duplicate Elimination

e Around 30% of the Web pages are duplicates
— unhappy users, extra RAM, storage cost...

« Difficultiesin detecting replicated coll ections:
— Update Frequency
— Mirror Partial Coverage
— Different Formats
— Partial Crawls

e Growth Strategy (omitted here)

2/8/00 Algorithmsin Seach Engines
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Hierarchical Directories

 Yahoo!: 1million pages Bigges and most famous
directoriesaround.

e Infomine: 16,000 @ges Compiled by academic librarians.

e Britannica Web’sBest: 150,000 pges Hand pcked
Sites.

e Librarian’slndex: 5000 mges Highed quality sites only.
Goodannaations.

e Galaxy: 300,000 pges. Goodannaations.

e Problem: Cannot keep up with thefast growth of the
Web.
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Automatic Categorization-- Taper

e Goal istoscalewith the growth of the Web

e Featureisafunction of context and document itself
« Utilizing the known infor mation of the neighbors

« Bed reported error rateisashigh as21%
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Automatic Categorization -- ODP

 Volunteers manually categorizing the web pages
e Size:1,450,725 sites - 21,821 editors - 211,771 categories

e Sitesusing ODP data: Altavista, Lycos, Hotbot ...
e Ranking: cod pagesand others

e A centralized system

e Cannot keep up with the growth of Web either??

2/8/00 Hierarchicd Directories
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Automatic Categorization -- OpenGrid

 ExtensiontotheHTML standard: tags enabling

categorization and ranking-- cat, rank ...
<a href=" http://www.somenews.foo/” cat="News/Business' rank =*-30%" >

« Rank/Categorization computation isdone by a central
sar ch engine system. Variousranking agorithms can
be applied to the computation.

A distributed system: commentators, storage are
world-wide

2/8/00 Hierarchicd Directories



Measuring the Web

« How bigistheweb?
 How fast doesthe Web grow?
« How do various garch engines compare?

2/8/00 Measuring the Web
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Measuring the Web

e« Simple %t comparison
Pr(An B|A) =sizg(A n B)/size(A)
Pr(A n B|B) =size(A n B)/size(B)
size(A)/size(B) = Pr(A n B|B) / Pr(A n BJA)

(s =

2/8/00 Measuring the Web
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Measuring the Web

e Sampling
— randomly picking one from the all the indexes

— firing arandom query to asearch engine, then seled a random
URL from the result set

e Checking
— Full URL comparison
— High smilarity
— Weak URL Comparison
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Measuring the Web: Query Log Statistics

* request = new queriesor new result screen of old query
e session = a series of requests by one user closetogether in time
e analyzed ~1B AltaVista requests consisting of:
— 840 0 000 nonempty requests
— 575 0 000 nonempty queries
— 153 0 000 unique nonempty queries
— 285 000 000 user sesgons
e average number of terms: 2.35 (max 393)
e average number of operators. 0.41
e 78% of sessonsonly 1 query asked
* 64% of queriesoccur only once

2/8/00 Measuring the Web
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Measuring the Web: (ov. 1997
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Measuring the Web: nov. 1997)

Size of the Static Web

Total URLS Indexed
by the Engines

AltaVista

HotBot

Excite

Infoseek

Intersection of all 4
Engines

a an 100 150 200

Size in Millions of Documents

Figure: Absolute size estimatesfor Nov. 1997
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Conclusion

« Welook at two major Web IR todls. search engine and
hierarchical diredories

 Wecover algorithmsand implementation details:
— datastructures, caching, incremental update
— ranking(PageRank, HITYS) , duplicate dimination
— measuring the Web

 Weproposean incremental update £heme (codir)
supporting immediate update visible to users.

« Wedid not touch:
— tools -- speaal robots, collaborative system,
— agos-- query refinement, clustering...
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