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Overview

BHL Architecture
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Goals of BHL

� Scan public domain biodiversity literature.

� Negotiate rights to digitize copyrighted materials.

� Ingest content digitized by others.

� Provide interfaces & APIs for repository.

�GUIs

� Services for data mining & citation resolution



Biodiversity Heritage Library: http://biodiversitylibrary.org

BHL is purpose-driven

� BHL database was created to provide access to 
digitized books made available through multiple, 
active digitization projects

� BHL partners

� Botanicus from MOBOT

�Gallica from BnF

� Initial focus on representing bound materials held on 
library shelves



Workflow

Selection Preparation

Post Production(Re)publication

Digitization

Conservation
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History

� Preliminary work: MOBOT’s Botanicus

� http://www.botanicus.org

� Funded by Keck Foundation & IMLS

� Working demonstration of how 
nomenclators/databases (like Tropicos) can link into 
digitized scientific literature

� Codebase reused for BHL, then changed to fit 
requirements
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Distributed (Somewhat)

Internet Archive:
Digitized content / files

MOBOT:
Database & web application

MBL:
Redundant cluster &
image server
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Size of BHL

� 24TB 
& growing!
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Scan & Store: Internet Archive

Scanning on Scribes

Storage in Petaboxes
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Scanning & Derivatives

� XML

� JP2

� PDF

� JPG

� TXT

� DJVu

Master Derivatives

PDF

OCR

XML

JP2
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MOBOT

Petabox cluster

Internet Archive

Image Server

MBL

Cluster
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Stats: Usage

� Daily average

�1,026 visitors

�1,680 visits / day

�8,200 pageviews / day
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Referrers 

Jan 1, 2008 – Jan 31, 2010



Software

Systems

BHL Development Methodology
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Technical Staff

� Chris Freeland, Technical Director

� chris.freeland@mobot.org

� Mike Lichtenberg, Application Developer

� mike.lichtenberg@mobot.org

� Phil Cryer, Systems Developer

� phil.cryer@mobot.org

� http://twitter.com/fak3r
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BHL Architecture Meetings

Phil ->

<- Mike
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Global, coordinated development

� New functionality from BHL-Europe

� Improved deduplication tools

� Semantic interface

� OAIS-compliant preservation infrastructure

� Building a community of developers

� Funded & volunteer

� RubyBHL: http://github.com/mjy/rubyBHL

� PyBHL: http://linux.softpedia.com/get/Programming/Libraries/pybhl-
51612.shtml

� New partners, new content
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Open Software & Development

� BHL Bits:

� Portal code, utilities, services

� http://code.google.com/p/bhl-bits/

� Taxonomic Literature Group

�Google Group for discussion of “taxonomic literature & 
the services required to make literature interoperable 
within biodiversity research and biodiversity 
informatics.”

� http://groups.google.com/group/taxonlit
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Open Data

� Downloads

� Simple tab-delimited exports of core data

� http://www.biodiversitylibrary.org/data/BHLExportSchema.pdf

� Data model

� DB schema as ERD

� http://bhl-bits.googlecode.com/files/20090930_BHLDataModel.pdf
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Open = available
http://bhl-china.org



Purpose-driven

Standards

Data Models





BHL Data Flow – Sep 2009

CiteBank
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CiteBank boundaries

Book

Citation

Pageturning UI
PDF
OCR
eBook/Kindle

Stored *somewhere* & retrievable 
via HTTP URI

Citation Citation Citation

Bibliography

CiteBank



BHL Portal: User Interface(s)



http://www.biodiversitylibrary.org/item/54491
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UI Features

� Blog integration

� Open Source Page Turning application

� OCR text behind the image

� Subject heading tag cloud

� Geocoding subject headings for map-based inquiry

� Taxonomic Name Finding

� Links to EOL

� Discovered Bibliographies



Deduplication & Bidding

Admin Interfaces

“Paginator”

“Articlizing”

Tools
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Complexities of distributed, mass scanning

from NYBG

from Smithsonian
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Articles

http://www.biodiversitylibrary.org/item/17298
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PDF Generation Stats



Internet Archive

BHL clusters

Cloud

Slides courtesy Phil Cryer, BHL Developer

http://twitter.com/fak3r

Storage
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> BHL hardware architecture

• storage issues and solutions

• hardware risks and configuration

• cloud computing possibilities

• code and communication
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> Storage issues

• more data being created and saved

• expanding SANs can be expensive

• storage has not kept up with 
Moore’s Law

• backups are usually for disaster 
recovery, not redundancy or 
failover



Biodiversity Heritage Library: http://biodiversitylibrary.org

> Storage solutions: distributed storage

• write once, read anywhere

• replication and fault tolerance

• error correction

• automatic redundancy

• scalable horizontally
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> Distributed storage - Options

• hosted storage (cloud, Amazon S3)

• self hosted with proprietary hardware and 
software (Sun Thumper)

• self hosted with commodity hardware and 
open source distributed filesystem 
(GlusterFS, Lustre)
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> Distributed storage - GlusterFS

• GlusterFS: a cluster file-system 
capable of scaling to several   
petabytes*

• open source software on commodity 
hardware

• simple to install and manage

• very customizable 

• offers seamless expansion

*(1,024 terabytes = 1 petabyte)
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> Distributed storage - Archival

• Fedora-commons is an open source 
repository (not a Linux distribution)

• accounts for all changes, so it provides 
built-in version control

• provides disaster recover

• open standards to mesh with future file 
formats

• provides open sharing services such as 
OAI-PMH
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> Distributed storage - Mirrored data

• now we have redundancy

• in fact, multiple redundant
copies

• provides fault tolerance

• offers load balancing

• gives us future geographical 
distribution
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> Distributed processing

• more abilities available than just storing 
data

• with distributed storage comes 
distributed processing 

• distributed processing means faster 
answers

• faster answers mean new questions

• lather, rinse, repeat
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> Distributed processing

• make existing data more useful

• image and OCR re-processing

• distributed web services

• identifier resolution pools

• map/reduce frameworks

• generate new visualizations, text 
mining, NLP and ???
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TaxonFinder TaxonFinder TaxonFinder TaxonFinder

WebService WebService

Load Balancer

Cluster Node

Cluster

Site

Request

TaxonFinder TaxonFinder
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> Hardware configuration: risks

• computers crash

• hard drives die

• networks fail

• natural disasters occur

but...



Biodiversity Heritage Library: http://biodiversitylibrary.org

...so plan for it.
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> Hardware configurations

• six 5U sized servers hosted at 
MBL in Woods Hole

• 8 Gigs RAM in each server

• 24 / 1.5 TB drives in each server

• 100 TB storage overall

• fast connection, far greater 
bandwidth than ever before

• mirror sets (3 and 3) will be 
stored in different locations

but...
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> Some assembly required (optional)

• while our example uses new, 
faster commodity hardware...

• it could run on any hardware that 
can run Linux

• you could chain together old 
"out dated" computers

• build your own cluster for next to 
nothing (host it in your basement)

• solves some infrastructure funding 
issues and provides a working proof 
of concept

• hardware vendor neutrality
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> Our proof of concept

• we ran a six box cluster to demonstrate 
GlusterFS clustered filesystem

• ran Debian/GNU Linux

• simulated hardware failures

• synced data with a remote cluster (STL to 
MBL/WH)

• ran map/reduce jobs (distributed computing)

• defined procedures, configurations and build 
scripts
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> Distributed storage - Projected costs

Graph from Backblaze (http://www.backblaze.com)

$246,000
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> Cloud computing

• BHL is participating in a pilot for 
Duraspace with The New York Public 
Library

• Duraspace would provide a link to 
cloud providers

• pilot to show feasibility of hosting

• testing use of image server, other 
services in the cloud

• cloud could seed new clusters
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> Code (63 6f 64 65)

• our code and configurations are open source, hosted on Google Code

http://code.google.com/p/bhl-bits/
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> Communication

• our Projects server is a portal for various projects 

http://projects.biodiversitylibrary.org/
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60

> Communication

• each project has its own wiki, with detailed, how-to instructions 

60

http://projects.biodiversitylibrary.org/wiki/clusteredfilesystem/
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> Code (63 6f 64 65)

• our code and configurations are open 
source and hosted on Google Code

• our projects server shares detailed 
instructions to get you get started

• get involved

• join our mailing-lists (bhl-tech, bhl-bits)

• ask us questions

• you can do it, and we will help 
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Phil Cryer, Open Source Development Lead

code http://code.google.com/p/bhl-bits
projects http://projects.biodiversitylibrary.org

questions phil.cryer@mobot.org



Workflow / Ingest
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Harvest from IA

Extract, Transform, Load 
(ETL)

� Custom scripts to extract 
content via IA’s APIs

� Database scripts to 
transform to relational 
data structure

� Load into database
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Ingest from other IA Partners

� Used mixture of subject analysis & other 
bibliographic metadata to identify content for 
inclusion in BHL



Data Mining: Taxon Name 
Finding 
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Name Finding via TaxonFinder



Image from ScannerConverted to text via OCR
Name finding via TaxonFinder Extract namesSubmit to NameBankSOAP response

Name Finding in action

with Taxonomic Intelligence…
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Name Finding Evaluation

� Structured and performed by Qin Wei
� Ph.D. student at UIUC, working with Bryan Heidorn

� Methodology
� Scholarly volunteers manually identified scientific names on 
random sample of 392 pages in BHL corpus

� Compared those against OCR,then two name finding 
algorithms (TaxonFinder & FAT)

� Goals
� Spark discussion, set baseline for future work
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Characteristics of sample

Number of Pages 392

Average Number of Words per Page 446.8

Average Number of Names per Page 7.7

Total Number of Names 3003

Total Number of Unique Names 2610
= 86.91%
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OCR error rate for names only

1 Insert Space 8 n->v

2 Omit Space 9 l->i

3 e->c 10 r->i

4 u->I 11 u->ii

5 u->n 12 h->l

6 i->l 13 h->ii

7 c->e 14 e->o

Top OCR errors

35.16%

Of the 3,003 names, 1,056 were incorrectly transcribed by OCR.
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Performances of algorithms

Precision 40.32% 28.20%

Recall 36.62% 23.34%

F-score 38.47% 25.77%

TaxonFinder FAT

Precision 43.77% 32.25%

Recall 25.82% 17.21%

F-score 34.80% 24.73%

Excluding names
with OCR errors

Including names
with OCR errors
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Considerations

� Improving OCR software is out of scope

�Google’s Tesseract is only viable open source option

� Flurry of activity in 2006-2007, quiet since

� Rekeying is expensive given size of corpus

�Will not scale 
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Recommendations

� Enhance “fuzzy” retrieval in algorithms

� Exception rules to overcome OCR errors

� More work needed in this space

�More evaluations & experiments

� Robust training sets

� reCAPTCHA for names?
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Name finding statistics

� 27.7 million pages scanned

� 70.4 million name strings found

� 56.2 million names verified with a NameBankID

� 1.4 million unique names with a NameBankID

� 3.3 million unique names *without* a NameBankID

� This is where the interesting data live!!!
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http://www.biodiversitylibrary.org/name/Physeter_catodon



http://bioguid.info/bhl/compare.php?name1=Physeter+catodon&name2=Physeter+macrocephalus



OpenURL & Other Services
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Services

� OpenURL
� Facilitate links to citations: protologues, articles, references

� Documentation: http://www.biodiversitylibrary.org/openurlhelp.aspx

� Useful to Nomenclators, Reference Systems

� IPNI

� Tropicos

� Names Service
� Return all occurrences of a name throughout BHL digitized corpus

� Documentation: http://bit.ly/2e6sg9

� Access to 51million name strings using TaxonFinder
� 1.4million unique names

� Working out a strategy for obscure species

� Algorithm improvements to detect nomenclatural & taxonomic acts
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Services: OpenURL

http://www.biodiversitylibrary.org/openurl?
pid=title:3934&volume=14&issue=&spage=301&date=1879

http://www.biodiversitylibrary.org/openurl?
pid=title:3934&volume=14&issue=&spage=301&date=1879

http://www.tropicos.org/Name/1200408
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Services: OpenURL Disambiguation

� Looking for:

� BHL returns:
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Services: OpenURL Results
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How?

� Tropicos maintains internal authority list of 
publications:

� Each protologue/reference tied to authority:

� Matched Tropicos TitleIDs to BHL TitleIDs:

� Throw citations at resolver at regular intervals & 
cache data in Tropicos

http://www.tropicos.org/Publication/775

http://www.biodiversitylibrary.org/title/3934http://www.tropicos.org/Publication/775 =

http://www.biodiversitylibrary.org/openurl?
pid=title:3934&volume=14&issue=&spage=301&date=1879

http://www.biodiversitylibrary.org/openurl?
pid=title:3934&volume=14&issue=&spage=301&date=1879
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BHL Name Services
http://www.biodiversitylibrary.org/services/name/NameService.asmx

http://www.biodiversitylibrary.org/services/n
ame/NameService.asmx



Overview

Codebase:
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Mandate for new development

� display / manage articles

� meet community demands for bibliography / 
citation management

� build from more open source tools
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Development goals re: citations

� Create a repository for community-vetted 
taxonomic bibliographies.

� Ability to ingest, display, download, and index 
articles so that the BHL can operate as an article 
repository.

� Build from existing community of work around 
Drupal / Biblio.

� In use by collaborators
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http://citebank.biodiversitylibrary.org/
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CiteBank boundaries

Book

Citation

Pageturning UI
PDF
OCR
eBook/Kindle

Stored *somewhere* & retrievable 
via HTTP URI

Citation Citation Citation

Bibliography

CiteBank
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New devices & hardware

� Content now available in EPUB & Kindle format

� Used by Stanza, Kindle

� Blog post by John Mignault (NYBG):
� http://john.mignault.net/blog/2009/10/28/first-bhl-e-book-experiments/
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Links & such

Biodiversity Heritage Library
http://biodiversitylibrary.org

CiteBank beta
http://citebank.biodiversitylibrary.org

CiteBank sandbox
http://sandcite.biodiversitylibrary.org Go play!

http://twitter.com/BioDivLibrary

Follow BHL on
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Obrigado!

Chris Freeland
Technical Director, BHL

Director, Center for Biodiversity Informatics, Missouri Botanical 
Garden

chris.freeland@mobot.org

http://twitter.com/chrisfreeland


