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Interoperability issues …Interoperability issues …

Wh j t t tWh j t t tWhen a project starts:When a project starts: ••“Should we “Should we adoptadopt a a 
schema or schema or createcreate
one?”one?”one?  one?  
••“Which metadata “Which metadata 
standard should we standard should we 
follow?”follow?”follow?  follow?  
••“Do we need to “Do we need to modify modify 
the schema?” the schema?” 
“C“C••“Can we “Can we reusereuse

existing catalog existing catalog 
records in a new digital records in a new digital 
collection?”collection?”
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(cont.) Interoperability issues …(cont.) Interoperability issues …

In building In building 
a digital collection:a digital collection:

“We would like to 
merge our records 
with those from 
another collection, 
but they have used 
a different schema.a different schema. 
What should we 
do?”
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(cont.) Interoperability issues …(cont.) Interoperability issues …( ) p y( ) p y

Toward integration:

“A large digital library project “A large digital library project 
has requested that wehas requested that wehas requested that we has requested that we 
provide our metadata for its provide our metadata for its 
repository. How can we repository. How can we 
convertconvert our data to theirour data to theirconvert convert our data to their our data to their 
format?” format?” 
“All members employ different “All members employ different 
metadata standards Howmetadata standards Howmetadata standards. How metadata standards. How 
might we might we provideprovide data for data for 
federated searchingfederated searching?”?”
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Overview: Ensuring interoperability at different levelsOverview: Ensuring interoperability at different levels

Records
Schema A

Records

Schema B Repository
Records

Application 
Profile

Repository

Schema C

Records
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Overview: Overview: Ensuring interoperability Ensuring interoperability 
at different levelsat different levels

1. 1. schema levelschema level
d i tid i ti

2. 2. record levelrecord level
d t id t i–– derivationderivation

–– application profileapplication profile
lklk

–– data conversiondata conversion
–– data reuse, integration data reuse, integration 

33 repository levelrepository level–– crosswalkscrosswalks
–– switchingswitching--crosscross

f kf k

3. 3. repository levelrepository level
–– OAI protocolOAI protocol

subject authority filesubject authority file–– frameworkframework
–– schema registryschema registry

–– subject authority file subject authority file 
mappingmapping

–– value covalue co--occurrenceoccurrencevalue covalue co occurrence occurrence 
mappingmapping

–– enriched recordsenriched records
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1 Schema level1 Schema level1. Schema level1. Schema level
Efforts foc s on the

Schema A
• Efforts focus on the 

elements of the schemas 
that are independent ofthat are independent of 
any applications. 

• The results usually Schema B
appear as:
– derived element sets, 

application profile
Application 
Profile

– application profile
– crosswalks
– switching-crossSchema C switching cross
– framework
– schema registries
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1. Schema level

Source schema

1.1 Derivation
Adaptation modification expansionSource schema

e.g.：DC,

VRA Core

New 
schem
a

Adaptation, modification, expansion, 
partial adaptation, translation, etc.

New schema depends on the source VRA Core a p
schema



Sh t i t l t d

1. Schema level

MODS

Shorter version, translated 
version

MARC

MODS

MARC XML

TEI TEI Lite

LOM CanCore

MARCLite DC
DC in 
Various

LOM CanCore

DC Various 
languages

1.1 Derivation
•Adaptation modification expansion•Adaptation, modification, expansion, 
partial adaptation, translation, etc.

•New schema depends on the source p
schema



1. Schema level
Electronic Theses and Dissertations Metadata Set 

Dublin Core
ETD-MS

Expansion[13 DC elements]
+
thesis.degree  

Expansion

-- name
-- level
-- discipline
-- grantor 

1.1 Derivation
•Adaptation modification expansion•Adaptation, modification, expansion, 
partial adaptation, translation, etc.

•New schema depends on the source p
schema



Examples from NLM Metadata Schema
National Library of Medicine

The key used for "Identifier" is:
DC = Approved Dublin Core elements 
and qualifiers Element: Subject, Class Number
NLMDC = Approved Dublin Core 
elements with NLM-defined qualifiers
NLM = NLM-defined elements

j ,
Name: Subject, Class Number 
Identifier: NLMDC.Subject.NLMClass
Definition: An NLM classification 
number which represents the topic of 
the content of the resource 
Required: O 

Element: Permanence Level
Name: Permanence Level 

Repeatable: N 
Comments: N/A 

Identifier: NLM.Permanence.Level
Definition: The extent to which a 
user can be assured that the 
resource will remain stable and 
available 
Required: R 
R t bl NRepeatable: N 
Comments: N/A 

©Marcia Zeng, 2009
NLM Metadata Schema http://www.nlm.nih.gov/tsd/cataloging/metafilenew.html
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1. Schema level

Schema A

A li ti  

1.2 Application profiles
• Consisting of data elements drawn from 
one or more namespaces

Schema B
Application 
Profile

one or more namespaces

•combined together by implementers

• optimized for a particular local 
application. 

Schema C



©Marcia Zeng, 2009
http://avel.library.uq.edu.au/technical.html



Dublin Core Application ProfilesDublin Core Application Profiles

•• DCDC--Library Application Profile (DCLibrary Application Profile (DC--Lib) Lib) 
clarifies the use of the DC metadata element set in libraries andclarifies the use of the DC metadata element set in libraries and–– clarifies the use of the DC metadata element set in libraries and clarifies the use of the DC metadata element set in libraries and 
librarylibrary--related applications and projects  related applications and projects  

•• DC Government Application Profile DC Government Application Profile C Go e e t pp cat o o eC Go e e t pp cat o o e
–– clarifies the use of DC in a government contextclarifies the use of DC in a government context

•• DC Collection Description Application Profile DC Collection Description Application Profile p ppp pp
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1. Schema level

S T

Schema A

Source
definition

Target
definition

Mapping definitionMapping definition

Mapping templateSource
M d

Target
Metadata

Mapping template language

Metadata Metadata

1.3 Crosswalks
• Crosswalking betweenSchema B • Crosswalking between 
elements

• Schemas are independent• Schemas are independent



Common Common 
Crosswalking ApproachesCrosswalking Approaches

Relative Absolute Relative Absolutet t Relative 
crosswalking

Absolute
crosswalking

Relative 
crosswalking

Absolute
crosswalking

target

source

FormatTechnique

Dublin CoreDublin CoreVAR Core (3.0)

FormatTechnique

Dublin CoreDublin CoreVAR Core (3.0)

Contributor----------Location.Current

Format----------Technique

Contributor----------Location.Current

Format----------Technique

Contributor
Coverage

Location.Current
Repository

Contributor
Coverage

Location.Current
Repository
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e.g., VRA Core DC

• VRA: hierarchical; DC:

e.g., VRA Core DC

• VRA: hierarchical; DC:VRA: hierarchical; DC: 
flat structure

• VRA: many more

VRA: hierarchical; DC: 
flat structure

• VRA: many more• VRA: many more 
elements than DC

VRA: several

• VRA: many more 
elements than DC

VRA: several• VRA: several 
elements correspond 
to one DC element

• VRA: several 
elements correspond 
to one DC elementto one DC elementto one DC element

©Marcia Zeng, 2009



Crosswalk issues Crosswalk issues 

M k bl h i f l t i lM k bl h i f l t i l•• More workable when mapping from complex to simpler More workable when mapping from complex to simpler 
schema schema –– “one way street”“one way street”

•• Different degrees of equivalency:Different degrees of equivalency:
–– OneOne--toto--one, oneone, one--toto--many, manymany, many--toto--one, oneone, one--zerozeroy yy y

•• Works well when the number of schemas involved is Works well when the number of schemas involved is 
smallsmall
M l i l h i l l b i iM l i l h i l l b i i•• Multiple schema mapping extremely labor intensive, Multiple schema mapping extremely labor intensive, 
requiring enormous intellectual effortrequiring enormous intellectual effort
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1. Schema level

Schema A Schema C

Switch

1.4 Cross-switching
• One of the schemes is used Schema B Schema D

as the switching mechanism 
between the multiple 
schemes.



Getty’s Crosswalk from CDWA to multiple schemas

http://www.getty.edu/research/conducting_research/standards/intrometadata/crosswalks.html



1. Schema level

1 5 Framework1.5 Framework

• Building a framework based 
SchemaA

g
on existing schemas
• Or establishing a
f k fi t t id th

SchemaB
SchemaC

framework first to guide the 
schema development



ADN (ADEPT/DLESE/NASA)ADN (ADEPT/DLESE/NASA)

http://www.dlese.org/Metadata/adn-item/



1. Schema level

Functionalities of MR

• registration and g
publishing of schemas 
and application profiles

Metadata Registry

• management 

• search and 

Schema A

• search and 
retrieval

• crosslinking and 
Schema B

• crosslinking and 
crosswalking

1.6 Metadata RegistriesSchema C



2.1 Schema level

Fundamental components of MR

•Data models
•Element identification
•Element set identification

Metadata Registry
Element set identification

•Encoding scheme identification
•Application profile identification
•Element usage identification

Schema A

•Element usage identification
•Element crosswalking identification

Schema B

1.6 Metadata RegistriesSchema C



Metadata Registry Examples 

• Cross-domain and cross-schema registries, 
– e.g., UKOLN’s SCHEMAS Registry CORES Registrye.g., UKOLN s SCHEMAS Registry CORES Registry 
– JISC IE Metadata Schema Registry (IEMSR) 

• Domain-specific cross-schema registriesDomain specific, cross schema registries, 
– e.g., UKOLN’s MEG (Metadata for Education Group) 

Registry
– Australian Institute of Health and Welfare - Metadata Online– Australian Institute of Health and Welfare - Metadata Online 

Registry (METeOR)

• Project-specific registriesProject specific registries, 
– e.g. The European Library (TEL) metadata registry, 

whose purpose is recording all metadata activities 
associated with TEL

• Standard-specific registries 
– e g DCMI Metadata Registry

©Marcia Zeng, 2009

e.g., DCMI Metadata Registry



http://www.cores-eu.net/registry/http://www.cores-eu.net/registry/p g yp g y
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2. Record level 2. Record level 

Eff t tt t tEff t tt t tRecords
Schema A

•• Efforts attempt to Efforts attempt to 
integrate metadata integrate metadata 
records throughrecords through

Records

records through records through 
mapping  mapping  

Schema B

•• Common results Common results 
include:include:

Records
Application 
Profile

include:include:
–– converted records, converted records, 

new records thatnew records thatSchema C –– new records that new records that 
combine the values combine the values 
of existing records.of existing records.

Records

©Marcia Zeng, 2009



2. Record level

2.1  Conversion of records

Records RecordsRecordsRecords RecordsRecords

e.g.:

MARC record MODS record RecordsRecordsRecords

MARC record DC record 

LOM record DC record 

RecordsRecordsRecords

。。。



Data Conversion ChallengesData Conversion ChallengesData Conversion ChallengesData Conversion Challenges

How they are mapped How they may exist in real schemas:How they are mapped 
in crosswalks: 

How they may exist in real schemas: 

B1A1 B1

A1

A1=B1
A1

B1

Complicated mapping relationshipsComplicated mapping relationships
•One-to-One
•One-to-Many
•Many to One•Many-to-One
•One-to-Zero
•Overlapping horizontally or vertically
•Controlled vs. uncontrolled value spaces



Examples of Incorrect element mapping
before …

OPTIONS mapped to SUBJECT, missing all KEYWORDS

afterafter …

©Marcia Zeng, 2009
missed?! missed?! missing keywords



AUTHOR mapped to DESCRIPTIONbefore …
Examples of Incorrect element mapping

AUTHOR mapped to DESCRIPTION

after …

no CREATORno CREATOR

©Marcia Zeng, 2009
3357 records !



Inappropriate mapping
before …

Examples of Inappropriate element mapping

Inappropriate mapping

missed?missed?

after …

©Marcia Zeng, 2009
CLASSIFICATION mapped to SUBJECT and missed all the KEYWORDs.



Problems exist in direct mapping Problems exist in direct mapping gg
when:when:

•• converting from aconverting from a less inclusiveless inclusive to ato a more inclusivemore inclusive•• converting from a converting from a less inclusiveless inclusive to a to a more inclusivemore inclusive
formatformat

•• Converting between flat and hierarchical structuresConverting between flat and hierarchical structuresConverting between flat and hierarchical structuresConverting between flat and hierarchical structures
•• converting from an converting from an uncontrolleduncontrolled vocabulary content vocabulary content 

to a to a controlledcontrolled vocabulary content  vocabulary content  yy
•• converting to fields where there are indirect impacts converting to fields where there are indirect impacts 

on the on the correspondingcorresponding fields and values, (e.g., 043 fields and values, (e.g., 043 
and 6xx #z)and 6xx #z)

•• data contents use data contents use differentdifferent controlled vocabularies  controlled vocabularies  
•• data being converted into data being converted into nonnon--searchablesearchable fields  fields  

©Marcia Zeng, 2009



Examples of Missed Data Values 

during converting

•• When a group of elements map to a singleWhen a group of elements map to a single

during converting

When a group of elements map to a single When a group of elements map to a single 
one, there could be missed data values.one, there could be missed data values.

dc:rights

©Marcia Zeng, 2009



From a LOM record:

threethree 
identifiers

dc:identifier

©Marcia Zeng, 2009

•multiple elements should map to dc:identifier element
dc:identifier



Examples of Missed Data Values

Converted Record

missed?missed?

• These records’ TYPE values 
were not converted to the 
repository.  

• These resources are 
excluded when users search 
by resource type.

©Marcia Zeng, 2009



• Collections which did not provide FORMAT information are

Avoid Missing Data Values in Conversion !

S h b f

• Collections which did not provide FORMAT information are 
excluded from being searched      

Search by format

Ad anced SearchAd anced SearchAdvanced Search Advanced Search 

What is actually 
searched. What should be 

h d

What is actually 
searched. What should be 

h d

©Marcia Zeng, 2009

searched.searched.



2. Record level

record
2.2 Data-reuse 
-- creating new g
metadata records 
based on existing 

New 
record

records

record

record



CombiningCombining and and recombiningrecombining (the twin (the twin gg gg ((
aspects of reuse) metadata aspects of reuse) metadata 
descriptionsdescriptions

1) C ti b i t d t1) C ti b i t d t

2.2 Data-reuse 

1) Creating basic metadata 1) Creating basic metadata 
descriptions can be a combined descriptions can be a combined 
effort of machine and human effort of machine and human 
processingprocessing

2) Existing metadata descriptions can 2) Existing metadata descriptions can 
b d f i tb d f i tbe reused for any appropriate be reused for any appropriate 
projectsprojects

3) Quality of metadata can be3) Quality of metadata can be3) Quality of metadata can be 3) Quality of metadata can be 
enhanced through recombinant enhanced through recombinant 
metadatametadata

4) Integrated records can be 4) Integrated records can be 
generated for better access and generated for better access and 
sharingsharing

©Marcia Zeng, 2009

sharing.   sharing.   



Metadata Principles revisitedMetadata Principles revisitedMetadata Principles revisitedMetadata Principles revisited

SimplicitySimplicity
ModularitModularityy

Administrative 
t d t

Technical ModularitModularityy
ReusabilityReusability
E t ibilitE t ibilit

metadata metadata

ExtensibilityExtensibility
InteroperabilityInteroperability

Descriptive 
metadata

Use 
metadata

Preservation 
dmetadata metadata

©Marcia Zeng, 2009



METSMETS
(Metadata Encoding and Transmission Standard)

•• A standard for packaging descriptive, A standard for packaging descriptive, 
administrative, and structural metadata into administrative, and structural metadata into 

XML d tXML d tone XML document one XML document 
•• A framework for combining several internal A framework for combining several internal 

t d t t t ith t l ht d t t t ith t l hmetadata structures with external schemas metadata structures with external schemas 
(such as MODS or MIX)(such as MODS or MIX)
Th d i ti t d t ti i t tTh d i ti t d t ti i t t•• The descriptive metadata section may point to The descriptive metadata section may point to 
descriptive metadata external to the METS descriptive metadata external to the METS 
documentdocumentdocument document 

http://www.loc.gov/standards/mets/

©Marcia Zeng, 2009



Using METS a ‘gl e’ or ‘h b’ of metadata

2. Record level

Using METS – a ‘glue’ or ‘hub’ of metadata

Header metadata about the METS fileHeader metadata about the METS fileHeader

Structural map

metadata about the METS file 

a hierarchical description of the object’s 
physical and/or logical structure

Header

Structural map

metadata about the METS file 

a hierarchical description of the object’s 
physical and/or logical structure

METS D t

Administrative 
metadata

technical, IP rights, 
analog source, digital 
provenanceMETS D t

Administrative 
metadata

technical, IP rights, 
analog source, digital 
provenanceMETS Document

one or more descriptive 
metadata records 

provenance … …

Descriptive 
metadata

METS Document
one or more descriptive 
metadata records 

provenance … …

Descriptive 
metadata

Link Structure structural metadata recording 
the existence of hyperlinks 
within the object

Link Structure structural metadata recording 
the existence of hyperlinks 
within the object

File Section an inventory of 
the content files 

API A hi l I f ti P k ) d l ti i f ti

Behaviors

File Section an inventory of 
the content files 

API A hi l I f ti P k ) d l ti i f ti

Behaviors

API (Archival Information Package) and location information 
for any software behaviors needed to work with the object’s 
content or metadata 

API (Archival Information Package) and location information 
for any software behaviors needed to work with the object’s 
content or metadata 



Review: Ensuring interoperability at different levelsReview: Ensuring interoperability at different levels

Records
Schema A

Records

RepositorySchema B Repository
Records

Application 
Profile

Schema C

Records
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Europeana 
Heterogeneity: records grouped by metadata formatHeterogeneity: records grouped by metadata format

©Marcia Zeng, 2009
Source: Concordia: Integration of Heterogeneous Metadata in Europeana
http://dublincore.org/groups/tools/docs/LIDA09WorkshopC_1.pdf



3 Repository level3 Repository level3. Repository level3. Repository level
With har ested or• With harvested or 
integrated records from 
varying sources, effortsvarying sources, efforts 
at metadata repository 
level focus on mapping 
value strings associated Repositoryvalue strings associated 
with particular elements
(e.g., terms associated

Repository

(e.g., terms associated 
with subject or format
elements). 

• This enables cross-
collection searching. 

©Marcia Zeng, 2009



3.1 Open Archives Initiative (OAI)3.1 Open Archives Initiative (OAI)
3. Repository level

3.1 Open Archives Initiative  (OAI)3.1 Open Archives Initiative  (OAI)

©Marcia Zeng, 2009



Benefits of the 
OAI approach 

•• Material can be accessed more widely; Material can be accessed more widely; 
•• Material can be exploited for purposes different from Material can be exploited for purposes different from 

th th t i i ll ti t d th ti f thth th t i i ll ti t d th ti f ththose that originally motivated the creation of the those that originally motivated the creation of the 
repositories; repositories; 

•• New and improved services can be constructed becauseNew and improved services can be constructed because•• New and improved services can be constructed because New and improved services can be constructed because 
of the possibility of accessing multiple repositories; and of the possibility of accessing multiple repositories; and 

•• There is potential for costThere is potential for cost--saving inherent in new models saving inherent in new models pp gg
of the scholarly communication process that could be of the scholarly communication process that could be 
realized through an open archives approach. realized through an open archives approach. 

Summarized by Carpenter (2003) 

©Marcia Zeng, 2009



3.2  Value3.2  Value--Based Mapping for CrossBased Mapping for Cross--Database SearchingDatabase Searching
3. Repository level

gg gg

e.g., mapping between values 
of subject authority filesof subject authority files
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3.33.3 ValueValue--Based CoBased Co--Occurrence MappingOccurrence Mapping

3. Repository level

In metadata records, where the group of 

3.3 3.3 ValueValue Based CoBased Co Occurrence MappingOccurrence Mapping

In metadata records, where the group of 
subject terms can actually result in 
loosely-mapped terms.

Metadata
Terms from thesaurus 1S1 S2Metadata

T f th 1MetadataM t d tTerms from thesaurus 2Terms from thesaurus 1
Terms from thesaurus 2Terms from thesaurus 1

Terms from thesaurus 2

Metadata
Terms from thesaurus 1
Terms from thesaurus 2

Metadata
Terms from thesaurus 1
Terms from thesaurus 2



Gazetteer Standard Report  
Alexandria Digital Library 

R t    Reports: Standard Report | Standard XML |  

Feature Name: 
Display name:  
Cold Boiling Lake - Shasta County - California - United States  g y
Geographic name:  
Cold Boiling Lake  
Variant name:  
Soda Lake  ADL Feature Thesaurus term: lakes
Feature Class: 
lakes from ADL Feature Type Thesaurus  
LAKE from GNIS Feature Classes  
Spatial Refe ence   

GNIS GNS Feature Class：LAKE

Spatial Reference:  
Bounding Coordinates: 
Long: -121.4825 Lat: 40.4561 
Long: -121.4825 Lat: 40.4561 
F t i t  Footprints: 

 
Geometry Type: Point  
Long: -121.4825 Lat: 40.4561 Long: 121.4825 Lat: 40.4561 

Identification Code: adlgaz-1-6202475-58  

Reference Codes: 
GNIS Feature ID Number: 254759 



3.4 Aggregation and Enriched Records in a Repository
3. Repository level

gg g y

record

Enriched 
record

Metadata 
Repository

drecord



3.4 Aggregation and Enriched Records in a Repository

Hillmann, et.al. (2005) identified four categories of 
problems that limit metadata usefulness:

gg g y

problems that limit metadata usefulness:
– Missing data: elements not present
– Incorrect data: values not conforming to proper usage

Conf sing data embedded html tags improper separation of– Confusing data: embedded html tags, improper separation of 
multiple elements, etc.

– Insufficient data: no indication of controlled vocabularies, formats, 
etcetc.

It is possible that these problems be eliminated to certain It is possible that these problems be eliminated to certain 
level through a process called ‘aggregation’ in a level through a process called ‘aggregation’ in a 
metadata repositorymetadata repositorymetadata repository.   metadata repository.   

The notion behind this process is that a metadata record,  The notion behind this process is that a metadata record,  
“a series of statements about resources,” can be “a series of statements about resources,” can be 
aggregated to build a more complete profile of a aggregated to build a more complete profile of a 
resource. resource. 

©Marcia Zeng, 2009



Summary: Summary: 
Ensuring interoperability at different levelsEnsuring interoperability at different levels

Records
Schema A

Records

Schema B Repository
Records

Application 
Profile

Repository

Schema C

Records
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Summary: Summary: 
Ensuring interoperability at different levelsEnsuring interoperability at different levels

1. schema level1. schema level
d i tid i ti

2. record level2. record level
d t id t i–– derivationderivation

–– application profileapplication profile
lklk

–– data conversiondata conversion
–– data reuse, integration data reuse, integration 

3 repository level3 repository level–– crosswalkscrosswalks
–– switchingswitching--crosscross

f kf k

3. repository level3. repository level
–– OAI protocolOAI protocol

subject authority filesubject authority file–– frameworkframework
–– schema registryschema registry

–– subject authority file subject authority file 
mappingmapping

–– value covalue co--occurrenceoccurrencevalue covalue co occurrence occurrence 
mappingmapping

–– aggregation and aggregation and 
i h d di h d d

©Marcia Zeng, 2009
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ConclusionConclusionConclusionConclusion

•• Interoperability Interoperability –– an overan over--riding issue in the riding issue in the 
digital, networked environmentdigital, networked environmentg ,g ,

•• Requiring enormous effort both humanRequiring enormous effort both humanRequiring enormous effort, both human Requiring enormous effort, both human 
and mechanicaland mechanical

•• Need for the highest feasible level of Need for the highest feasible level of 
interoperability among metadata schemasinteroperability among metadata schemasinteroperability among metadata schemas interoperability among metadata schemas 
in order to facilitate and improve federated in order to facilitate and improve federated 
searchessearches

©Marcia Zeng, 2009



Q ti ?Q ti ?Questions?Questions?
mzeng@kent.edumzeng@kent.edug@g@

Thank You!Thank You!

This tutorial is based on the full paper (with Prof. Lois Chan), published in 

D-Lib Magazine, June, 2006. http://www.dlib.org/dlib/june06/06contents.html

&

Textbook Metadata (with Jian Qin) published in 2008. 
ISBN 9781555706357 (US)| 9781856046558 (UK)

©Marcia Zeng, 2009
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