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Search engine toolkit

Indexing

Relevance ranking

Spellchecking

Hit highlighting

Text processing tools

etc. etc.

Originally in Java

Ported to C#.NET, Python, C (Lucy)

Perl & Ruby bindings for Lucy

Not an off-the-shelf application — requires coding



Solr is a search server built on Lucene

Web admin interface

Configured via XML — no coding required

Controlled via HTTP — REST-like web services

Database-like schema — typed fields, unique keys

Extended query syntax

Caching, replication, clustering, delta indexing, sharding

Used by: AOL, news.com, Digg, Apple, Disney, MTV,

CiteSeerX, PubGet, NASA, the White House…



Indexing

‗documents‘

XML

CSV

HTTP request

Database query

Web crawling & PDF/Word/etc. extraction via other tools

indexing

Tokenization etc.

Term extraction

Frequency

calculations

index



Querying

query parsing indexusers index lookup

ranked hits:

database/document IDs

… and/or …

content stored in index



Query syntax example:

name:(kinase OR phosphotransferase)

AND species:Saccharomyces

AND description:phosphoryl*

AND createdate:[-1YEAR/DAY TO NOW]

―name contains kinase or phosphotransferase

and species contains Saccharomyces

and description contains word starting with phosphoryl

and createdate at any time between one year ago

(rounded to the nearest day) and now‖



Ranking based on tf.idf model…

tf = term frequency

idf = inverse document frequency

Query terms appearing frequently in this

document are up-weighted

… but …

Query terms appearing in many

documents are down-weighted

Highest ranked docs contain multiple instances of rare query terms



Case study: indexing the CATH protein 

domain database with Solr

http://cathdb.info/

http://lucene.apache.org/solr/


Whole protein



Whole protein

Chain



Whole protein

Chain
Domain



CLASS e.g. Mixed Alpha/Beta depth = 1

ARCHITECTURE e.g. Alpha/Beta Barrel depth = 2

TOPOLOGY

(fold family)

e.g. TIM Barrel depth = 3

HOMOLOGOUS

SUPERFAMILY

e.g. Aldolase class I depth = 4



Previous CATH search box used plain SQL –

lots of LIKE/equals matches against relevant fields

• Slow

• Poor coverage (exact string match needed)

• No relevance ordering

• Slow

• Hard to debug unexpected results

• Can‘t be exposed as a service

• Did we mention slow...?



Entities to index:

• CATH nodes, esp. superfamilies

• Proteins

• Chains

• Domains

CATHDB

(PostgreSQL)

UniProt

GO

EC
KEGG

PDB

CATH

website

Fetching/indexing data needs no coding –

just XML and a bit of SQL

fetch &

index

user 

query





Fun with indexes

• “Give me the 10 most similar domains to this one”

Based on term similarity.

Useful for quickly finding functional analogues.

• “Give me the top 10 keywords for this superfamily”

Can be used to generate tag clouds & summaries.

Useful for data mining too.



Some facts and figures

• Indexing takes ~ 6 hours (dedicated box)

• Index is currently 2.0GB

• 357,850 entities in index (some are 1-3MB)

• Typical single query time in Solr: 1ms – 200ms

• Total web query time: ~ 3s

Any questions?


