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Brief Overview

I Motivating Problems

A Medical: Brain imaging for dementias &
pharmacogenomic molecular imaging

A Engineering: Semantic searcp & glata jntegration to
overcomecybersilods WY SSRf Sa Ay KI ¢
A Informatics: Automated metanalysis
I Design Solutions
A History/review of PORTADOORS Project
A Distributed systems & architectural styles
APORTADOORS vs IRI®S designs
A Semantic search & HDMM architectural style
I Implementation Goals
A PDRDREAM Software for web apps/services
A Repositories for open source software



Brain Imaging for Dementias &
PharmacoGenomi®lolecular Imaginc
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Brmodal (PET+MRI) Imaging
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Trrmodal (PET+MRI+MRS) Imaging
for Glioblastoma multiforme
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GeneBrainBehavior Relationships as ¢
GenotypePhenotype Correlation Proble

Gene - Brain - Behavior Relationships
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PET/SPECT Molecular Genetic Imagil
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Molecular Genetic Imaging (MGI)
Enables Early Detection

Genetic problem ==  Molecular-genetic imaging
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PharmacoGenomi®lolecular Imaging
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MGIvs PGMI

A MGl is not the same as PGMI (by definitions)

A MGI uses molecular genetic technigues to image
cells, but does not necessarily involve the study of
the pharmacological effects of a drug in relation to
0KS LI GASyYydQa 3ISy2ieé LS

A PGMI may use MGI within the overall study design,
but logical converse Is not meaningful



PharmacoGenomi®lolecular Imaging
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Genetic Testing - Drug Dosing Molecular Imaging

Gene-specific drug and dose selection individualized per
patient to optimize care and avoid undesirable outcomes
shown below for non-individualized treatment
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Genespecific drug and dose selection individualized per patient to optimize care and
avoid the undesirable outcomes of namdividualized treatment approaches



Data Integration/Fusion Problem

A Data with extracted feature sets exists at more than
three layers of scale and complexity

I Genome level with genetic tests for genotypes
I Brain level with imaging biomarker phenotypes

I Human level with behavioral syndrome
phenotypes

A GenotypePhenotype Correlation problem further
complicated by requirement to track and analyze
effectiveness of medical and surgical diagnostic and
therapeutic interventions



ManRayRegistry in NPDS

ManRay Registry

gthlE?L gg?lis Type Tag Name Nature
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> Valid Valid Organization AMI Academy of Molecular Imaging gig?gslg?ot%%rl]sf?r: %hoﬂzlgd?grsi%g%iﬂ?er
. . R— . organization for medical imaging research
> Valid Valid Organization ARR Academy of Radiology Research ecﬂlcation and advocacy
. . . . . Advance for Imaging & Radiation website for medical imaging and radiation
> Valid Valid OnlineVirtualEntity AIRO Oncology oncology news and information
. . — Allegheny General Hospital Division division of nuclear medicine at Allegheny
> Valid Valid Organization AGHDNM of Nuclear Medicine General Hospital
> Valid Valid Organization AAPM ﬁ‘.lrggirciicﬁg Association of Physicists in professional group for physicists in medicine
. - S American Board of Imaging organization for certification of professionals in
> Valid Valid Organization ABII Informatics imaging informatics
> Valid Valid Organization ABNM American Board of Nuclear Medicine ?r{ggirliiﬁaetigﬁyg?gigﬁ;tification of nuclear
. - S American Board of Science in Nuclear organization for certification of nuclear
> Valid Valid Organization ABSNM Medicine medicine scientists
> Valid Valid Organization ACMP American College of Medical Physics  organization for medical physicists
> Valid Valid Organization ACNM American College of Nuclear Medicine professional association for nuclear medicine
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PGMI Class iManRayOntology
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History & Review of
the PORTADOORS Project



NexusPORTADOORScribe (NPDS)

A A distributed cyberinfrastructure for data
repositories to manage online & offline entities

A Readonly API for NPDS services
I Lexical PORTAL reqgistries
I Semantic DOORS directories

I Combined Nexudiristrieswhere adiristry =
DIRéctory) +reg(ISTRY),

A Readwrite API for Scribe registrars
A Driving application: automated megnalysis



2006 Design for PORTRODORS
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DOORS to the Semantic Web and Grid With
a PORTAL for Biomedical Computing

Carl Taswell, Member, IEEE

Absiraci—The semantic web remains in the early stages of devel-
opment. It has not vet achieved the goals envisioned by its founders
as a pervasive web of distributed knowledge and intelligence. Suc-
cess will be attained when a dynamic synergism can be created
between people and a sufficient number of infrastructure systems
and tools for the semantic web in analogy with those for the orig-
inal weh, The domain name system (DNS), web browsers, and the
benefits of publishing web pages motivated many people to reg-
ister domain names and publish web sites on the original web.
An analogous resource label system, semantic search applications,
and the benefits of collaborative semantic networks will motivate
people to register resource labels and publish resource descrip-
tions on the semantic web. The Domain Ontology Oriented Re-
source System (DOORS) and Problem Oriented Registry of Tags
and Labels (PORTAL) are proposed as infrastructure systems for

registries are proposed with scientific problem-oriented designs
that avoid the engineering-technology-oriented restrictions of
existing registries.

Sections 1I-1V review the background and motivation for
DOORS, PORTAL. and BioPORT. Section I explains key con-
cepts of the current semantic web and grid, and summarizes
how they are driving the transformation of software architecture
from designs based on closed-world computing to those based
on open-world computing. Section I1I reviews the literature and
current state-of-the-art in the life sciences web and grid. and
summarizes the opinions of leading commentators in the bioin-
formatics community on existing barriers that impede develop-
ment. Section IV defines the meaning and scope of biomedical

Manuscript received 10/31/2006; online 8/3/2007; in print 3/5/2008



2009 Update of PORTBRIOORS
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Abstract: Both the IRIS-DNS System and the PORTAL-DOORS System share a common
architectural style for pervasive metadata networks that operate as distributed metadata man-
agement systems with hierarchical authorities for entity registering and attribute publishing.
Hierarchical control of metadata redistribution throughout the registry-directory networks
constitutes an essential characteristic of this architectural style called Hierarchically Dis-
tributed Mobile Metadata (HDMM) with its focus on moving the metadata for who whar
where as fast as possible from servers in response to requests from clients. The novel con-
cept of multilevel metadata about metadata has also been defined for the PORTAL-DOORS
System with the use of entity, record, infoset, representation and message metadata. Other
new features implemented include the use of aliases, priorities and metaresources.

2010 Future Internet 2(2):15689; doi:10.3390/fi2020156



2016 Update of PORTBRIOORS

Web Service APIs for Scribe Registrars,
Nexus Diristries, PORTAL Registries and
DOORS Directories in the NPD System
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Abstract. The Nexus-PORTAL-DOORS System (NPDS) has been de-
signed with the Hierarchically Distributed Mobile Metadata (HDMM)
architectural style to provide an infrastructure system for managing both
lexical and semantic metadata about both virtual and physical entities.
We describe version 0.8 of NPDS, including the separation of concerns be-
tween the original Problem-Oriented Registry of Tags And Labels (POR-
TAL) registries and the Domain Ontology Oriented Resource System
(DOORS) directories, the combined registry and directory functionality
of Nexus diristries, and the RESTful read-only web service API through
which resource representation metadata records can be retrieved from
these NPDS servers. We also introduce Scribe registrars with a corre-
sponding RESTTul read-write web service API for management of meta-
data records by both software agents accessing the web services directly
and human users accessing them indirectly via web applications.

SWAT4HCLS 2016 (ceur-ws.org/Vol-1795/paper4.pdf)
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