0 CaBIG™ ‘e aa

Introduction to Interoperability and
Compatibility

George A. Komatsoulis, Ph.D.
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Interoperability

ability of a system to
access and usesthe
parts or equipment.of
another system
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- Syntactic Semantic
Interoperabllity Interoperabllity
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Some data on the Grid

<Agent>
<name>Taxol</name>
<nSCNumber>007</nSCNumber>
</Agent>
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caBl

= cancer Biomedical
Informatics Grid ™~

Attribute

Value

NCI Metadata

CIA Metadata

Agent

A chemical compound
administered to a human
being to treat an existing
disease or condition, or
prevent the onset of a
disease or condition

A sworn intelligence agent; a spy

nSCNumber

007

Identifier given to a
chemical compound by the
US Food and Drug
Administration (FDA)
Nomenclature Standards
Committee (NSC)

Identifier given to an intelligence
agent by the National Security
Council

Name

Taxol

Name of a chemical
compound given by the NCI
Cancer Therapeutics
Evaluation Program (CTEP)

Code name given to intelligence
agents by the Central Intelligence
Agency (CIA)
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caBIG™ Compatibility Guidelines

 The caBIG™ compatibility guidelines are designed to insure that
systems designed in a Federated environment are still
interoperable on the caBIG™ Grid, both syntactically and
semantically

« Since achieving interoperability is a process, caBIG™
recognizes four levels of compatibility, startln? from Legacy (not
!nteroperableg through Bronze, Silver and Gold (fully
interoperable
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« caBIG™ compatibility is all about interfaces rather than the
scientific content of the system

« The analogy is to a city

— In cities architects are free to design buildings that perform myriad
functions and that take many distinct forms

— Nevertheless, all buildings in the city are required to conform to
cer_tlaln specifications in order to receive electricity, water, steam,
mail, etc.
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caBIG™

cancer Biomerdical
Informatics Grid ™~

Interface
Integration

- Na
Frogramming

inferfaces o fhe

available. Oy
Iocal data files in
a cusfom format
can be read

- Some ad hoo
iats fransfer
mechanizm such

- T
a3 il

- Frovide bassline®
progemmatic aceess fo
data. Dala can be read
from remofe elecironic
sowces or from commonly
weed file formats Dals can
be pushed ouf to from
applications fo other
external dafa souwrces

- Weil-deacnbed AFF'z that prowvide access lo
data ohyeciz

- Sy=fem archiiecture separsied info fiers
and infercperable componenis

- Diafa read in from standards-based
slectronic gources that support sfandard or
commonly used interchange formais

- Documented componsnt descripion of fhe
urdenying data sfructures that are
accesoibie

- Standand messagqing sysfems where
Sppropnate

- Al features of Silver, plus:

- Interoperabie with dafa gnd
archifeciurs fo be defined by
calBiG

- Fully componentized
mrovide access fo inahidua!
regources in the form of grid
SEFVWCES

Vocabularies !
Terminclogies

- Free fexf used
throwghout for
data colleckian

- Use of publicly
aocesaible siandarized
confrolled vocabulanes az

- Standard terminologies approved by public
sfandardz bodies ar the cabBlG

-

ViocabulansCOE Workspace are used for &

- Al features of Silver, plus:

- Fully compliant with caBIG

reprazent dafa

relatronship iz avaishie in
elecfonic format

& Ontologies well as local ferminclogies | relevant data caollechion falds. recommended sfandards for
vocabularny lerminslogy
zervices and confent sources

Data - No Strucfured - Some fype of metadata - Use common standsrd efectronic - All features af Silver, plus:

Elements melsdala is describing the informalion | ropnecenfation for COE's such as IS0 11179 - ——

T e Eoy = - Programmatic sceess to 2l
recorded in the sy=hem iz used for ar comparable sfandard ke
dsts collection and cEkrs = metadais, mcluding dafs
. . e ——
extermal reporting. - CDEz are harmonized and re-uzed from eSS GEICIIRIGNS, She and
: sowce informalion, snd any
Metadals iz refrieved from | across the Domain Workspace = A G-clefire.
2 r =l
external repazitory shared | _ . piner cabia-teined
by muitinls appfications - Comman Dafe Elements are built uaing meiadais requirements and
sfandard controlled terminalogies spproved e informaition models
- Common Dafs Elements | by public sfsndards bodies or the caBlG ) _
" ¢ Ly X PR - Uize the caBIG asfandard or
should be built using Vocabulane"COE Workspace - P
controlied temminclogy E.'e-h.rmn‘.-_, representalion of
metadata and Gomman Dats
El=ments
Information - No particular - Some fype of - Informaticn models defined in a standard - All features af Silver, plus:
Models informatian diagrammaiic mods! modeling language such as LML . .
maodel ig used fo | describing the dats - Informtion models ars

hamonized with other &
across the cabBlGE Domain
Wiorkspace
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Syntactic Interoperability

The solution for syntactic interoperability in caBIG is for all
systems to provide an Object Oriented Application
Programmer Interface.

Object Oriented Interfaces can be implemented in many
programming languages.

This interface can be connected to the caGrid so that the
local data repository is globally accessible in a language
independent way.

The interface is described by an information model, which
acts as the junction between the syntactic components
and the semantic components.
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28 Domain Information Modeling
_ cd Central Dogma
E — « An Domain Information Model is a
O G representation of our understanding of an
+ hugoGeneSymbol: String
- +_sequence: String area of knowledge.
CG +gene /|\1
O  Domain Information Models consist of
G ‘Classes’ that represent ‘things’ in the real
C +transcriptCollection \|/1..* World
O Transcript
'_I: + sequence: String . . . ,
oo + length: Sting » Classes contain ‘attributes’ that are
= rranscipt L characteristics of different instances of things
in the real world.
| * Relationships between the classes are
+protein \|/1 . . . ] ]
— described by ‘associations’ and indicated by
P lines with directionality and cardinality
+ aminoAcidSequence: String
+ molecularWeight: double

» Each class plus attribute creates one
Common Data Element (CDE)
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Cancer Data Standards Repository (caDSR)

Basic caDSR unit of metadata information to
describe a datum is a Common Data Element or
CDE

Enterprise-class system for storing metadata, with
APls that give runtime access to both metadata
and semantics

Implements the ISO 11179 standard, a flexible
model for describing arbitrary metadata

Used to describe metadata associated with clinical
case report forms and UML Models
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caDSR Implementation of ISO/IEC 11179 Model

Valid Values
Cyclooxygenase Inhibitor
Doxercalciferol
Eflornithine

Ursodiol
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Enterprise Vocabulary Services

« Controlled vocabulary resources for caCORE and the cancer research
community
» Vocabulary Products and Services
— NCI Thesaurus
— NCI Metathesaurus
— External vocabularies
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 NCI Thesaurus - controlled vocabulary source for metadata
— Has excellent coverage of cancer terminology
— Expands based on needs for additional terminology
— Based on concepts rather than terms

— Each concept has a unique identifier or CUI with definitions and
synonym
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NCI DTS Browser - Microsoft Internet Explorer

J File Edit ‘Wiew Faworites  Tools  Help

J d=Back -~ = - (&) at | @hsearch [G|Favorites GfMedia ¢4 | By S5 =l L]

Concept Code

J Address I-&_![ http: finciterms. nci.nih. gov/MNCIBrowser /PrintableRepart. jsprdictionary=NCI_The

Wrﬁ
i

0 Links (& |MIH Enal Ty Tahool e [ windows Media

Prostate Adenocarcinoma
Identifiers:
name
code
Relationships to other concepts:
Cisease_Has_abnormal_Cell
Cisease_Has_Associated_Anatomic_Site
Disease_Has_Associated_Anatomic_Site
Disease_Has_Marrmal_Cell_Origin
Disease_Has_Marrnal_Tissue_Origin
Disease_Has_Primary_Anatornic_Site
Information about this concept:
Preferred_MName
Semantic_Type
Unified Medical Language Systemn Concept Identifier

DEFIMITION

Synanym with source data
Synanym with source data

Synanym with source data

Relationships

Prostate_Adenocarcinoma

Cz2919 /

Adenocarcinoma Cell

Male Reproductive System

Preferred Name

Prostate Gland

Glandular Cell

Epitheliurm

Prostate Gland
Prostate Adenocarcinoma

Meoplastic Process
Conov11z

MNCI|Prostate adenocarcinoma is one of the most common malignant turmors afflicting
rmen. The majarity of adenocarcinormas arise in the peripheral zone and a minority ocour
in the central or the transitional zone of the prostate gland. Grading of prostatic
adenocarcinoma predicts disease progression and correlates with survival, Several
grading systems have been proposed, of which the Gleason system is the most
carnranly used, Gleasan sums of 2 to 4 represent well-differentiated disease, 5ta 7
moderately differentiated disease and & to 10 poorly differentiated disease, Prostatic-
specific antigen (PSA) serum test is widely used as a screening test for the early
detection of prostatic adenocarcinoma. Treatment options include radical prostatectorny,
radiation therapy, androgen ablation and cryotherapy. Wwatchful waiting or surveillance

alone is an option for alder patients with low-grade ] t
Adenocarcinoma of Prostate|SY|NCI Synonyms

Adenocarcinoma of the Prostate|SY|NCI

Prostate Adenocarcinorna|PTIMCI
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Semantic Integration in caBIG

« UML Class =ISO Object Class

— Example: Agent = C1708 (Agent) e
domain::Agent ' 7 e arcmty
: f ! P
 UML Class Attribute = ISO - flea
Property # mC:dIAPAgem_an:u!earl ]
— Example: nSCNumber = C41243 e
(NSC Code) W g
# name: String

e UML Class + UML Class Attribute
= ISO Data Element Concept

— Agent:nSCNumber =
C1708:C41243

+agentCollection o.*
+agentt
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« UML (Java) Datatype = I1SO Value

E

Domain (at least initially) =4 (7]
— Example: java.lang.Integer Valid Values
W Value Domain (where
- UML Class + UML Class Attribute AgentNSCNumper | | 1212 ano-Ineger ey
+ Datatype/Valid Values = 1SO '
Common Data Element property Representa
— Example: Agent:nSCNumber: vl I 2%

java.lang.Integer BE Data Element
Agent NSCNumber
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23 Utilizing CDEs for Interoperability | c170s agent
—
D
=3l |Agent (C1708) Drug (C1708)
qo]
O name id ®
C_CB CDE 2223866v3.0 NDCCode
Vo.
= NDCCode
)
oo CTEPName approvalDate ‘ a
pprovalDate
=
FDAIndID approver s
IUPACName fdaCode CDE 2223866v3.0 | cTEPName

FDAIndID

I[UPACName
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caBIG™

cancer Biomerdical
Informatics Grid ™~

Interface
Integration

- Na
Frogramming

inferfaces o fhe

available. Oy
Iocal data files in
a cusfom format
can be read

- Some ad hoo
iats fransfer
mechanizm such

- T
a3 il

- Frovide bassline®
progemmatic aceess fo
data. Dala can be read
from remofe elecironic
sowces or from commonly
weed file formats Dals can
be pushed ouf to from
applications fo other
external dafa souwrces

- Weil-deacnbed AFF'z that prowvide access lo
data ohyeciz

- Sy=fem archiiecture separsied info fiers
and infercperable componenis

- Diafa read in from standards-based
slectronic gources that support sfandard or
commonly used interchange formais

- Documented componsnt descripion of fhe
urdenying data sfructures that are
accesoibie

- Standand messagqing sysfems where
Sppropnate

- Al features of Silver, plus:

- Interoperabie with dafa gnd
archifeciurs fo be defined by
calBiG

- Fully componentized
mrovide access fo inahidua!
regources in the form of grid
SEFVWCES

Vocabularies !
Terminclogies

- Free fexf used
throwghout for
data colleckian

- Use of publicly
aocesaible siandarized
confrolled vocabulanes az

- Standard terminologies approved by public
sfandardz bodies ar the cabBlG

-

ViocabulansCOE Workspace are used for &

- Al features of Silver, plus:

- Fully compliant with caBIG

reprazent dafa

relatronship iz avaishie in
elecfonic format

& Ontologies well as local ferminclogies | relevant data caollechion falds. recommended sfandards for
vocabularny lerminslogy
zervices and confent sources

Data - No Strucfured - Some fype of metadata - Use common standsrd efectronic - All features af Silver, plus:

Elements melsdala is describing the informalion | ropnecenfation for COE's such as IS0 11179 - ——

T e Eoy = - Programmatic sceess to 2l
recorded in the sy=hem iz used for ar comparable sfandard ke
dsts collection and cEkrs = metadais, mcluding dafs
. . e ——
extermal reporting. - CDEz are harmonized and re-uzed from eSS GEICIIRIGNS, She and
: sowce informalion, snd any
Metadals iz refrieved from | across the Domain Workspace = A G-clefire.
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external repazitory shared | _ . piner cabia-teined
by muitinls appfications - Comman Dafe Elements are built uaing meiadais requirements and
sfandard controlled terminalogies spproved e informaition models
- Common Dafs Elements | by public sfsndards bodies or the caBlG ) _
" ¢ Ly X PR - Uize the caBIG asfandard or
should be built using Vocabulane"COE Workspace - P
controlied temminclogy E.'e-h.rmn‘.-_, representalion of
metadata and Gomman Dats
El=ments
Information - No particular - Some fype of - Informaticn models defined in a standard - All features af Silver, plus:
Models informatian diagrammaiic mods! modeling language such as LML . .
maodel ig used fo | describing the dats - Informtion models ars

hamonized with other &
across the cabBlGE Domain
Wiorkspace
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Architecture Workspace

» The Architecture workspace is charged with building
the caBIG™ Grid and ensuring syntactic
Interoperability

— Develop caBIG™ compatibility guidelines in the
area of interface integration.

— Provide mentors to caBIG™ funded development
projects in the area of interface integration

— Create caGrid, the caBIG™ Grid

— Perform interoperability reviews of caBIG™ funded
development projects to ensure compliance with
caBIG™ compatibility guidelines for interface
integration
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Vocabulary and Common Data Elements Workspace

« The VCDE workspace is charged with ensuring semantic
Interoperability

Develop caBIG™ compatibility guidelines in the areas
of information modeling, metadata and vocabularies

Provide mentors to caBIG™ funded development
projects in the area of information modeling, metadata
and vocabularies

Facilitate development of caBIG™ data standards,
both vocabularies and CDEs

Perform interoperability reviews of caBIG™ funded
development projects to ensure compliance with
caBIG™ compatibility guidelines
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Data Standards in caBIG™

 The V/CDE workspace is responsible for facilitating the
development and ratification of Data Standards for caBIG™

« Data Standards can be Vocabularies or Common Data Elements
(CDEs) with their associated controlled terminology

« A caBIG™ Data Standard is, in effect, a ‘pre-approved’ mechanism
for semantically modeling an attribute or series of attributes in a
data object. Ideally, having a standard available shortens
development time for other projects that need to present such data

 Whenever possible, caBIG™ adopts standards that are derived
from other standards bodies (HL7, ISO, USPS, UPU, W3C, etc.)
and in general use within our community

* Inthe last year, the V/CDE workspace has developed a consensus
driven mechanism for approving Data Standards and applied it to
an increasing number of CDEs
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28 Data Standards Process
D
Proposed
8 Standard SIEleE
G
O
©
% Review By Final Approval
= V/CDE Committee From V/CDE Workspace
48]
=
Acceptance by > caBIG-Wide

V/ICDE Workspace Comment Period




caBIG Development and Governance Model

CDE Submittal and Review O CDE Approval Standards Maintenance

Specific
Workflow can be
seen on V-CDE

caBIG NCICB Context

Space Context Admin Ve Process Tab * Propose Review of
Standard CDE
— r— Proposal Sent to
) V-CDE
Nominate Subject
Area for " Suggest existing
Standardization or C?ﬂiifsg;;‘:gsby CDE for potential BIG an ntex
External Standards P standard Admins
for Adoption Review and Comment
+ + 60 Day Clock Begins
Initiate Reweyv of Review existing CDESIn Update workflow
CDEs of Subject caDSR < status to allow for Need for a Change?
Area sharing
caBIG Review and No Further
J Comment Period Action
PRI el Review relevant external
Proposed Standard Stan.
CDEs
Propose the Change to
the Owning Context
A Review proposed CDEs Return for Promote to Standard?
Reg(lzsltjeésNew —’ for Quality and 1— Modif!gatiqn or .
Completeness Clarification
+ Owning Context —
Approve Change?
Curator Assigns v o
Qualified Registration Jlo Dgglsl:';;n:"thm
Status Y
Context Admins Review Proposer Creates
and Comment Period New CDE
Propose for s Goes to CDE
Standard? Submit and Review
No Further No Further
Action Action
Y CDE is Versioned
Assign Candidate Assign Standard

Registration Status Registration Status
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Enabling Technology

 The NCI provides freely available enabling technology for
caBIG™ compatibility

 These technologies are distributed under a ‘non-viral’ open
source license.

« caCORE
— Enterprise Vocabulary Services (EVS)

D
b
—
—
(0p)
-
| —
D
O
-
(qo]
@)
(qe]
-
o
(qo)
=

— Cancer Data Standards Repository (caDSR)

« caCORE Software Development Kit

— When complete process is followed, the outcome is a caBIG ‘Silver’
compliant data system.
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caBIG™

cancer Biomerdical
Informatics Grid ™~

Semantic Integration Process

UML Model

A
NO

——

XMl File

EVS

YES =i

Fixed XMl

2

Verified
EVSReport

-
i
Semantic
Integration
Workbench (SIW)
-

eeTerminology Serviceseesees

eee Metadata Services eosecees

Code Generator

Verified
Annotated
Fixed XMI

4%

3

Compatibility
Review

D

Approved

v

Public APIs

Annotated
Fixed XMl

Metadata

_>‘ UML Loader

Prod Stage

L LT < r = x A DL LT EE

trieva

caDSR

elosdocscsccscscscsccsccccs
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Grid Technology in caBIG™

What is a ‘Grid’

— “A Grid is a system that coordinates resources that are not subject to
centralized control using standard, open, general-purpose protocols and
interfaces to deliver nontrivial qualities of service.” - lan Foster Grid Today,
July 20, 2002

Grid Technology supplies two useful components to a network of
computers:

— Advertising: Inform the network about the capabilities of new systems
— Discovery: Allow users to find resources that meet their needs.

The caGrid project is the ‘Grid in caBIG™’; the actual infrastructure
that data and analytical services will use to interoperate.

The current caGrid is version 0.5; construction of caGrid 1.0 is
underway.

The combination of data and analytical service nodes in caBIG™
produced a design that utilizes a variety of standard Grid technologies
including the Globus Toolkit and OGSA-DAI, DQP, GRAM, etc.
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caGrid 0.5 Services

Data Services

— caBIO: Gene-centric bioinformatics objects
 NCICB-Rockville, MD

— caArray: MAGE-OM compliant microarray repository
 NCICB-Rockville, MD
» Lombardi Cancer Center-Georgetown, DC

— gridPIR: Protein Information Resource
» Lombardi Cancer Center-Georgetown, DC

— caTIES: Text Information Extraction System for pathology reports
« UPMC-Pittsburgh, PA

— SNP500: Polymorphism database with population frequencies
* NCI Core Genotyping Facility-Gaithersburg, MD

— caMOD II: Cancer Model Organism Database
* NCI Mouse Models of Human Cancer Consortium (MMHCC)

Analytical Service
— RProteomics: Statistical analysis of proteomics data
e Duke-Durham, NC
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HTTP

HTTP

NCI Core
Genotyping
Facility

Georgetown

HTTP

caBIO / caArray

HTTP

caTIES

caBIC H HTTP
caGrid 0.5

Firewall
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GME / EVS/ caDSR

caGrid Security

Reference Implementation caMOD |
% Deployment Diagram
Reference implementation and core Service
Reference Implementation caCrid Core Services caGRID 0.5
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Certification of Compliance

e Projects that are funded by caBIG are reviewed for
compliance with compatibility guidelines by the cross-
cutting architecture and VCDE workspaces.

* Projects that are not funded by caBIG can participate In
the new Bronze Compatibility Certification Program. The
Bronze Certification Program is a verified self test.
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e There will be a session on the Bronze Certification
Program on Tuesday at 10:15AM

« [Information about the Bronze program is available at
https://cabig.nci.nih.gov/guidelines compatibility/bronze/
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