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 not affordable

 not traceable

 not evolvable

 not feasible

 not manageable



This outcome was anticipated right at the onset of the Web 
[recall Tim Berners-Lee “weaving the web”]

Desired key features of a web-based data management system:

1. Syntactic interoperability
Ability to get the data once told where it is.

2. Semantic interoperability
Ability to use the data for a different purpose than the one that 
dictated its generation.



The path backwards.

Model ID
Variable 
Selection

Discovery

Models, 

transfer functions

[ y= f(x) ]

Boosting, 

evolutionary algorithms, 

exhaustive search

[ x  X ]

Self-described structures,

Ontologies, RDF, 

Description Logic, S3DB.

[ x  [X,Z] ]

Models ----------------------- Tools ---------------------------------- Software Environment
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Model ID

Lesson learned: predictive 

independent variables are a 

needle in the haystack.
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Model ID
Variable 
Selection
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Lesson learned: critical co-variables are often found in other 

haystacks.
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Lesson learned: more than domain specific models or tools, integrative 

research requires a Knowledge Engineering environment.

The critical characteristic of that environment is semantic interoperability for 

both data and tools. Lack of syntactic interoperability is inexcusable.
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A brief history of data
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RDF - everything is a resourceRDF - everything is a resource

Wang X, R Gorlitsky, and JS Almeida (2005) From XML to 

RDF: How Semantic Web Technologies Will Change the 

Design of „Omic‟ Standards. Nature Biotechnology, 

Sep;23(9):1099-103 [PMID:16151403]. 

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=pubmed&dopt=Abstract&list_uids=16151403&query_hl=1
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S3DB – user and project tables 

Multiple project management

(Wang 2005)

www.s3db.org

Functional

considerations

Operational

considerations
S3DB – 3 table 

single project

Almeida et. al (2006) Data 
integration gets 'Sloppy'. 
Nature Biotechnology 
24(9):1070-1071.



S3DB:
Project: Shultz

Rules: 

<V2><Person><has><Name>

<V3><Dog><has><Name>

<V4><Person><has><Dog>

<V5><Person><has><Age>

Statements 

<S12><P1><R6><V2>”Charlie Brown”

<S13><P1><R6><V4><R7>

<S14><P1><R6><V5>”56 years old”

<S15><P1><R7><V3>”Snoopy”

Resources

<R6> “This is Charile Brown”

<R7> “This is Snoopy, Charlie‟s Dog”

N3:
<P#1><s3:project>”Shultz”.

<RC#8><s3:resource><P#1>,<s3:name>”Person”.

<RC#9><s3:resource><P#1>,<s3:name>”Dog”.

<V#2><s3:rule><P#1><s3:subject><RC#8>,<s3:verb>”has”,<s3:subject>”Name”.

<V#3><s3:rule><P#1><s3:subject><RC#9>,<s3:verb>”has”,<s3:subject>”Name”.

<V#4><s3:rule><P#1><s3:subject><RC#8>,<s3:verb>”has”,<s3:subject><RC#9>.

<V#5><s3:rule><P#1><s3:subject><RC#8>,<s3:verb>”has”,<s3:subject>”Age”.

<R#6><s3:rsrcInstance><RC#8>,<s3:notes>“This is Charlie Brown”.

<R#7><s3:rsrcInstance><RC#9>,<s3:notes>“This is Snoopy, Charlie‟s Dog”.

<S#12><V#2>[<R#6>,”Charlie Brown”].

<S#13><V#3>[<R#7>,”Snoopy”].

<S#14><V#4>[<R#6>,<#R7>].

<S#15><V#2>[<R#6>,”56 years old”].



Flat text file

XML structure

RDF triples

RDFXMLTXT

A brief history of data



rd
fs

:s
u
b
C
la

s
s
O

f

rdfs:subClassOf rdfs:subClassOf

CollectionrojectP Item

[Cid] [Iid] [Cid or L]

rd
f:o

b
je

c
t

rd
f:p

re
d
ic

a
te

rd
f:s

u
b
je

c
t

rojectP

Deployment

Deployment

Unique Identifiers of entities:

Durl rdf:type s3db:Deployment

Pid rdf:type s3db:Project

Cid rdf:type s3db:Collection

Rid rdf:type s3db:Rule

Sid rdf:type s3db:Statement

Iid rdf:type s3db:Item

Uid rdf:type s3db:User

Gid rdf:type s3db:Group

rdfs:subClassOf

rdf:predicate

rd
f:

s
u
b
je

c
t 

rd
f:

o
b
je

c
t

rd
f:

s
u
b
je

c
t 

rd
f:

o
b
je

c
t

[Iid] [Rid] [Iid or L]

User

Group

{Doublin Core:}

dc:created_by Uid

dc:created_on date

dc:service {term of cv}

etc … 

Collection Item

Rule Statement

User

Group

rd
f:o

b
je

c
t

rd
f:p

re
d
ic

a
te

rd
f:s

u
b
je

c
t

S3DB Entity (annotated using DC)

Relationship (defined using RDFS)

Permission (defined by s3db:permission)

Annotation of s3db entities:

Needed only if 
sharing with Project 
that is hosted 
by a distinct S3DB
Deployment.

Rule Statement

Attribute Value



Almeida JS et. al (2006) Nature Biotechnology 24(9):1070-1071.



A brief history of integrative architectures
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Snapshots of interfaces using S3DB‟s API 

(Application Programming Interface). These 

applications exemplify why the semantic web 

designs can be particularly effective at enabling 

generic tools to assist users in exploring data 

documenting very specific and very complex 

relationships. Snapshot A was taken from 

S3DB‟s web interface, which is included in the 

downloadable package. This interface was 

developed to assist in managing the database 

model and, therefore, is centered on the 

visualization and manipulation of the domain of 

discourse, its Collections of Items and Rules 

defining the documentation of their relations. 

The application depicted on snapshots B-D 

describe a document management tool 

S3DBdoc, freely available as a Bioinformatics 

Station module (see Figure 6). The navigation 

is performed starting from the Project (C), then 

to the Collection (B) and finally to the editing of 

the Statements about an Item (D). The 

snapshot B illustrates an intermediate step in 

the navigation where the list of Items (in this 

case samples assayed by tissue arrays, for 

which there is clinical information about the 

donor) is being trimmed according to the 

properties of a distant entity, Age at Diagnosis, 

which is a property of the Clinical Information 

Collection associated with the sample that 

originated the array results.  This interaction 

would have been difficult and computationally 

intensive to manage using a relational 

architecture. The RDF formatted query result 

produced by the API was also visualized using 

a commercial tool, Sentient Knowledge 

Explorer (IO-Informatics Inc), shown in 

snapshot E, and by Welkin, F, developed by the 

digital inter-operability SIMILE project at the 

Massachusetts Institute of Technology. See 

text for discussion of graphic representations by 

these tools. To protect patient confidentiality 

some values in snapshots B and D are 

scrambled and numeric sample and patient 

identifiers elsewhere are altered.
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Day 5

Day 17

Day 365

Ontology-centric web client

S3DB is equipped with REST application 
programming interface (API), that is, 
client applications can be easily weaved by 
composing URL calls with variable values.

A year A year 

in the life of in the life of 

a semantic a semantic 

databasedatabase

A year A year 

in the life of in the life of 

a semantic a semantic 

databasedatabase

• Seeding: The first stage of usage of the semantic database 
is characterized by a focus on the domain of discourse. In 
this seeding stage many Rules are inserted without validation 
by submission of actual data (Statements).

• Seeding: The first stage of usage of the semantic database 
is characterized by a focus on the domain of discourse. In 
this seeding stage many Rules are inserted without validation 
by submission of actual data (Statements).

Time (days)

Day 152

Growth: This third pattern of usage is much longer 
than the previous two and corresponds to a relative 
light activity editing the domain of discourse while, 
on the contrary, an intensification of the database 
access by the target community of users. This is 
distinct from the preceding Calibration state where 
data submission is frequently aided or even 
mediated by the database developers. 

• Maturation: The end of the data acquisition program that 
motivated the creation of the database is sometimes 
associated with a decrease in the insertion of new data 
(Statements) and a near stop in the editing of the domain 
of discourse (Rules). This period of maturation therefore 
produces a stable data service that remains useful and is 
accessed regularly. We found this period to be ideal for 
harvesting: exporting the database schema for analysis of 
the knowledge domain, including the designing of intuitive 
Graphic User Interfaces.

Document-centric clients

… and client side applications can be 
easily developed, relying only on the 

REST protocol to interoperate with the 
S3DB DBMS service.

S3DB is being used for a variety of 
molecular epidemiology domains, for 

example, for Cancer Research: 
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• Calibration: once the submission of data triples 
(Statements) intensifies, the seed data model is 
reconsidered and is significantly edited. This second 
stage is characterized by heavy activity both regarding 
expanding or updating the domain of discourse and also 
regarding submission of data. We found this to be the 
right time to engage the user community with training 
programs.

• Calibration: once the submission of data triples 
(Statements) intensifies, the seed data model is 
reconsidered and is significantly edited. This second 
stage is characterized by heavy activity both regarding 
expanding or updating the domain of discourse and also 
regarding submission of data. We found this to be the 
right time to engage the user community with training 
programs.



S3DB TCGA portal

Other 
sources

and usages

CaBIG 
interoperable
initiatives







a) Manual data 
input and retrieval

b) Automatic data submission by BiS 
applications at high throughput 

screening facilities.

c) Deamon application using 
S3DB as a web-service. These are 
typically BiS modules, open 
source bioinformatics 
applications or R scripts.

d) Public data and 
web services, 

for example, at 
NCBI, Cancer 

Genome Atlas, etc

Bioinformatics Station (BiS) 
Server

Semantic database 
(S3DB) server

Available for download at
http://bioinformaticstation.org Available for download at

http://S3DB.org

for the same functionality as web-applications see prototype at docs.s3db.org



Code Distribution

BiS

SAAS Data Service

Client App.

Distributed Semantic DBMS

S3DB

Ontology-driven web-service oriented architecture

Composite web-based applications



Desired key features of a web-based information management 
system:

1. Syntactic interoperability
Ability to get the data once told where it is.

2. Semantic interoperability
Ability to use the data for a different purpose than the one that 
dictated its generation.

RESTful WOA

SPARQL endpoints (reified to native API exposed through REST)
Separation of domain of discourse from its instatiation
Permission migration built-in core data model



http://ibl.mdanderson.org


