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Outline

ÅTraditional Approaches
ï The relational world: Rationales for success and failure

ÅSemantic Approaches
ï Readiness for semantics: why, what and how

ï Data-centric, dynamic, flexible solutions: Query by meaning 

ÅConsequences
ï Moving from relational to semantic systems: Strategy selection  

ï New possibilities for cross-domain integration

ÅThe new reality
ï Actionable inference and reasoning: Applicable knowledge

ï Use case examples: Predictive biology, real-time decision support

ÅFuture outlook
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Traditional Approaches

ÅRelational data warehouses, Object DBs

ïUpfront considerations

ÅSchema, data model 

ïOngoing considerations

ÅRigid / static structure

ÅExcellent for final datasets

ÅDemanding support
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Semantic Approaches

ÅResource Description Framework (RDF)

ïUpfront considerations

ÅNone; clear relationships

ïOngoing considerations

ÅDynamic, flexible, extensible structure

ÅExcellent for changing needs: reuse, repurpose

ÅEasy to adopt, adjust and maintain

ÅEfficient, disambiguous query

ÅPerformance can be challenging 
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Semantic Approaches (2)

ÅResource Description Framework (RDF)

ïA graph of values and their relations

ÅTriples: Data in context to others

ïClear relationships: subject, predicate, object

ïNo predefined schemas: one data model

ïDynamic, flexible, extensible
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ÅRDF graphs are collections of triples

ÅTriples are made up of a subject, a predicate, and an 

object

ÅResources and relationships (metadata)are stored

Resource Description Framework 

(RDF) isẋ

A labeled, directed graph of relations 

between resources and literal values.

subject object
predicate
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ÅẁTP53 encodes Human p53Ẃ

Åẁp53 is a tumor suppressor geneẂ

ÅẁTP53 gene is located on the short arm of   

chromosome 17Ẃ

Example RDF triples

TP53 p53
encodes

p53

tumor 
suppressor 

gene

is a

TP53
located

chromosome 17
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Triples Connect to Form Graphs

TP53p53
encodes

tumor 
suppressor 

gene 

is a
located

chromosome 17

part of

Human

part of
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WhatṾs Different?

ÅNo predefined schemas

ÅMeaningful connections

ïThe data itself is the core 

ÅReformat, repurpose, reuse information

ïInterconnect network graphs

ÅDiscover what you did not consider

ïInference and reasoning

ÅNavigate concept ontologies

ÅQuery by meaning
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ÅThe data structure makes merging data with 

shared identifiers trivial

ÅTriples act as a least common denominator

ÅMetadata removes ambiguity

ïThe same identifier means the same thing

Why RDF? WhatṾs the Benefit?
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Removing Ambiguity

ÅExample questions

ïẁHow fast is a Jaguar?Ẃ

ïẁWhat is the price of an Apple?Ẃ

Jaguar [the sportscar] is NOT the same as Jaguar [the wildcat] ï

Apple [the fruit] is NOT the same as Apple [the computer]
- that has big implications
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Strategies to Move to Semantics

ÅSemantic technology is built on W3C 

standards

ÅDifferent paths

1. Wholesale Transformation

2. Curated Transformation

3. Stored Procedures plus Web Services

4. SPARQL against RDBMS



Keynote at BITôs 2nd Annual World Congress of Biosoft -2010, June 23 -25, Dalian, China

RDBMS / 

Data Sources

Basic Transformation

Query-Based 

Transformation

Stored Procedures 

+ Web Services

SPARQL against RDBMS 
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From Relational to Semantics
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Relational DBs 

(RDBMS)

ETL Layer

Federated Access / Integrated Semantic 

Datastore(s) / Inference and Reasoning

Prediction and 

Simulation 

Query by 

Meaning

Rich 

Browsing

Other 

Data Sources
Public Data

API Layer

Other 

Applications

Technology Stack
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Chroma, Spectra, 

Arrays, ẋ

Lab DB - LIMS

Genes ṸNGS, GEP, ẋ 
Corp. Libraries , ẋ

*Renal SKB

*Cancer SKB/ASK

*Compound SKB

ẋ+ (n,000 

areas)

*Tox SKB/ASK

DICOM , MRI, ẋ

EMR / EHR

Research é

Knowledge é

Peer Review, 

Varied Quality 

for Curation

Legacy Data Layer

Semantic ñSKBò Layer -

persistent or virtual

High Level Architecture

Growing public resources

*Stability ASK

*PROOF SKB/ASK
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Introduction to Semantic Web

Semantic Web technologies to answers a complex question:

ñFind genes involved in signal transduction that are related to pyramidal 
neurons.ò

Semantic Approach: Integrate disparate databases
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Introduction to Semantic Web (2)
Semantic Approach: Spans Several Databases
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How Do We Get there? 

Knowledge Building and Exploration

ÅMerge data dynamically into an extensible & 

reconfigurable ontology

ÅApply thesauri  for classes, entities and relationships 

ẇUsing a specific thesaurus, columns in each result 
set are mapped to the same class. Equivalent 
entities are merged to their representative terms.

Entity Merging

ẇDuring data import, equivalent classes with 
equivalent superclasses are merged using a 
specified thesaurus

Ontology Merging

ẇUser specifies a relationship thesaurus at import. 
Upon import, relationships are converted to their 
respective groupsṾ representative terms

Relationship 
Merging
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Workflow

Apply Applied Semantic Knowledgebase (ASK)                
for predictive biology

Test hypotheses, qualify & validate model 

Capture combinatorial marker patterns in ṽSPARQL ArraysṾ

Create semantic networks to visualize and explore 
biomarkers

Unify & analyze  data
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Target 
Validation

Compound 
Efficacy

Toxicity 
Profiling

Compound 
Safety

Predictive 
Screening

Disease 
Signatures

Patient 
Stratification

Life Sciences /

Clinical Applications
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The Toolset

ÅTriples / RDF Stores

ÅRelational-to-RDF Mappers

ÅOntology Management tools

ÅNetwork Graph Visualizers
ïFaceted Browsing, Network layouts

ÅSPARQL Query Tools
ïCommand Line vs. Visual

ïInference and reasoning support

ïAdvanced SPARQL 1.1. functionality
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ÅShare, Browse & Search:

Semantic Data Integration & Ontology 

Merging 

Example 1
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1.1
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1.2
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1.3


