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Med Informatics LO4

= 4. Biomedical Databases: Acquisition, Storage, Information Retrieval and Use
= 5. Semi structured and weakly structured data (structural homologies)

= 6. Multimedia Data Mining and Knowledge Discovery

= 7.Knowledge and Decision: Cognitive Science & Human-Computer Interaction
= 8. Biomedical Decision Making: Reasoning and Decision Support

= 9. Intelligent Information Visualization and Visual Analytics

= 10. Biomedical Information Systems and Medical Knowledge Management

= 11.Biomedical Data: Privacy, Safety and Security

= 12. Methodology for Info Systems: System Design, Usability & Evaluation
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Keywords of the 4t Lecture Ty Advance Organizer (1/4) Ty

= Bayes’ Rule

= Biomedical data warehouse

= Business hospital information system
= Clinical workflow

= Data integration

= Enterprise data modeling

= |nformation retrieval (IR)

= Probabilistic Model

= Quality of information retrieval
= Set theoretic model

= Vector Space Model (VSM)

= Business intelligence (BI) = a type of application software designed to report, analyze,
and present information on real-time management dashboards, i.e., integrated displays
of metrics that measure the performance of a system;

= Cassandra = an open source and free database management system designed to
handle huge amounts of data on a distributed system. This system was developed at
Facebook and is now managed as a project of the Apache Software foundation.

= Cladogram = a phylogenetic tree to show evolutionary relationships with species
represented by nodes and lines of descent represented by links (unrooted or rooted);

= (Classification system = arbitrary in nature, there is no standard measure of difference
that defines a species, genus, family, or order;

= Cloud computing = a computing paradigm in which highly scalable computing
resources, often configured as a distributed system, are provided as a service

= CPOE (Computerized physician order entry) = a process of electronic entry of medical
practitioner instructions for the treatment of patients (particularly hospitalized
patients) under his or her care;

= Data Mart (DM) = access layer of a data warehouse environment that is used to get
data to the users. The DM is a subset of the DW, usually oriented to a specific business
line or team to provide data to users usually through business intelligence tools;

= DBGET = a data retrieval tool (simpler than ENTREZ) from the Kyoto University, which
covers more than 20 databases, related to the Kyoto Encylopedia of Genes and
Genomes

= Distance matrix method = work by two most closely related taxa in a distance matrix
and clustering them;
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Advance Organizer (2/4) Ty Advance Organizer (3/4) Ty

= EnsEMBL = database format;

= ENTREZ = a dedicated data retrieval tool;

= Extract, transform, and load (ETL) = Software tools used to extract data from outside
sources, transform them to fit operational needs, and load them into a database or
data warehouse;

= Federated data base system = type of meta-database management system, which
integrates multiple autonomous database systems into a single federated database;

= Genetic algorithm = a technique used for optimization inspired by the process of
natural evolution or “survival of the fittest.” Often described as a type of “evolutionary
algorithm,” these algorithms are well-suited for solving nonlinear problems;

= Genomes OnLine Databases (GOLD) = a general genomics gateway;

= Hadoop = An open source (free) software framework for processing huge datasets on
certain kinds of problems on a distributed system. Its development was inspired by
Google’s MapReduce and Google File System.

= Hbase = An open source (free), distributed, non-relational database modeled on
Google’s Big Table. It was originally developed by Powerset and is now managed as a
project of the Apache Software foundation as part of the Hadoop.

= Information Extraction (IE) = automatic assignment of meaning to elementary textual
entities and complex structured information objects;

= Information Retrieval (IR) = indexing and retrieval of information in documents;

= KEGG = Kyoto Encyclopedia of Genes & Genomes, a combined database containing
information on types of proteins (receptors, signal transduction components, enzymes)
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= MapReduce = A software framework introduced by Google for processing huge
datasets on certain kinds of problems on a distributed system.32 Also implemented in
Hadoop;

= Mashup = An application that uses and combines data presentation or functionality
from two or more sources to create new services. These applications are often made
available on the Web, and frequently use data accessed through open application
programming interfaces or from open data sources;

= MEDLINE = Literature data bank;

= Metadata = Data that describes the content and context of data files, e.g., means of
creation, purpose, time and date of creation, and author;

= MMMDB = Molecular Modeling Database, can be accessed at the NCBI (National
Center for Biotechnology information) using ENTREZ;

= Natural language processing (NLP) = a set of machine learning techniques from
computer science and linguistics that uses computer algorithms to analyze human
(natural) language;

= Neural networks = computational models, inspired by the structure and workings of
biological neural networks (i.e., the cells and connections within a brain), that find non
linear patterns in data;

= Non-relational database = A database that does not store data in tables (rows and
columns). (In contrast to relational database);

= Online Mendelian Inheritance in Man (OMIM) = a database as resource for the study
of human genetics and human molecular medicine;

= PDB = Protein Data Bank contains data derived from X-ray crystallography and NMR
(nuclear magnetic resonance) studies;
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Advance Organizer (4/4) ﬂIU

Glossary ﬂ'[u

= Phylogenetics = similarities and differences among species can be used to infer
evolutionary relationships (=phylogenies); Examples for phylogenetic software: PAUP,
PHYLIP;

= PROSITE = database containing sequence patterns associated with protein family
membership, specific protein functions an post-translational modifications;

= R=Anopen source (free) programming language and software environment for
statistical computing and graphics;

= Relational database = a database made up of a collection of tables (relations), i.e., data
are stored in rows and columns. Relational database management systems (RDBMS)
store a type of structured data. SQL is the most widely used language for managing
relational databases (see there);

= Semi-structured data = Data that do not conform to fixed fields but contain tags and
other markers to separate data elements. Examples of semi-structured data include
XML or HTML-tagged text. Contrast with structured data and unstructured data.

= Similarity table = distance table;

= SQL = Originally an acronym for structured query language, SQL is a computer language
designed for managing data in relational databases. This technique includes the ability
to insert, query, update, and delete data, as well as manage data schema (database
structures) and control access to data in the database;

= SRS = Sequence Retrieval System, a data retrieval tool based on open source software

= SWISS-PROT = is a databank containing a collection of confirmed protein sequences
with annotations relating to structure, function and protein family assignment;

= UniGene = experimental facility for the clustering of GenBank sequences and is related
to EST (expressed sequence tag) data;

- A. Holzinger 709.049 7192 Med Informatics LO4

= ACeDB = A Celegans Data Base

= ADE =adverse drug events

= CDSS = clinical decision support system

= CPOE = computerized physician order entry

= DBMS = Data Base Management System

= EMAC = electronic medication administration chart
= EO = electronic order

= ERT = error registration table

= GFR = glomerular filtration rate

= HIS = Hospital Information System (DE: KIS = Krankenhaus Informations System)
= HWO = handwritten order

= NICU = neonatal intensive care unit

= NOE = nurse order entry (followed by physician's verification and
countersignature)

= PBMAC = paper-based medication administration chart
= POE = physician order entry

= RR=rate ratio

= UniProt = Universal Protein Ressource
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Learning Goals ... at the end of the 4th lecture you ... Ty

Key Challenges Ty,

= ... have an overview about the general
architecture of an Hospital Information System

= (Details in lecture 10: Medical Information Systems
and Biomedical Knowledge Management!);

= |ncreasingly large and complex data sets due to
data intensive biomedicine [1]

= Increasing amounts of non-standardized and
un-structured information (e.g. “free text”)

® ... know some principles of hospital databases; = Data quality, data integration, universal access

= ... have an overview on some important

= Privacy, security, safety, data protection, data
biomedical databases;

ownership, fair use of data (see - Lecture 11) [2]
= .. are familiar with some basic methods of

= Time aspects in databases [3]
information retrieval;

[1] Shah, N. H. & Tenenbaum, J. D. 2012. The coming age of data-driven medicine: translational
bioinformatics' next frontier. Journal of the American Medical Informatics Association, 19, (E1), E2-E4.

[2] Kieseberg, P., Hobel, H., Schrittwieser, S., Weippl, E. & Holzinger, A. 2014. Protecting Anonymity in
Data-Driven Biomedical Science. In: LNCS 8401. Berlin Heidelberg: Springer pp. 301-316..

[3] Gschwandtner, T., Gértner, J., Aigner, W. & Miksch, S. 2012. A taxonomy of dirty time-oriented data. In:
LNCS 7465. Heidelberg, Berlin: Springer, pp. 58-72.
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Ty Slide 4-1 Hospital Information System: Typical Scenario Ty

Let us start with a look
into the Hospital ...

G’sund Net, Ausgabe 45, Mirz 2005
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Slide 4-2 HIS: Typical View on the Clinical Workplace ﬂTU Slide 4-3: Much of hospital work is teamwork ... ﬂTU
= ... and requires a lot of comm
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Holzinger, A., Geierhofer, R., Ackerl, S. & Searle, G. (2005). CARDIAC@VIEW: The User
Centered Development of a new Medical Image Viewer. Central European Multimedia and
G'sund Net, Ausgabe 70, Juni 2011 Virtual Reality Conference, Prague, Czech Technical University (CTU), 63-68.
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Untersuchung:  Thorax eine Ebene liegend

Special Words
SB
Bewegungsartefakte. Zustand nach Scnédelmmtrauma. La n g ua ge ix

Das Cor in der keine akuten Stau
i

Fragliches Infiltrat parahilar li. im UF, RW-Erguss Ii bb H H
poreyiations

Zustand nach Anlage eines ET, die Spitze ca. 5cm cranial der Bif , orthotop
positioniert. ZVK tber re., die Spitze in Proj. auf die VCS. Kein Hinweis auf Pneumothorax.

Der re. Rezessus frei. rro rs .

Mit kollegialen Grifen

** Elektonische Froigabe durch am 09.05.2006 ***

Holzinger, A., Geierhofer, R. & Errath, M. 2007. Semantische Informationsextraktion in

medizinischen Informationssystemen. Informatik Spektrum, 30, (2), 69-78. http://stanford.edu/~cpiech/cs221/apps/deepBlue.html
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German Example: Synonymity and Ambiguity Ty Ty

»die Antrumschleimhaut ist durch Lymphozyten infiltriert”
»lymphozytére Infiltration der Antrummukosa“

»Lymphoyteninfiltration der Magenschleimhaut im H oS p ita I woOo rkfl OWS are

Antrumbereich”

HWI = Harnwegsinfekt, Hinterwandinfarkt, a ISO co m p I EX see

Hakenwurminfektion, Halswirbelimmobilisation,
Hinterwandischamie, Hip Waist Index, Height-Width
Index, Haufig wechselnder Intimpartner,

Hepatitic weight index ...

Leitung = Nervenleitung, Abteilungsleitung, Stromleitung,
Wasserleitung, Harnleitung, ...

http://www.medizinische-abkuerzungen.de/suche.html
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Slide 4-6 Typ. Workflow: order entry and result reporting ﬂTU
I START WARD /
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Lenz, R. & Reichert, M. (2007) IT support for healthcare processes-premises,
challenges, perspectives. Data & Knowledge Engineering, 61, 1, 39-58.

medical order ack
reject ack.

radiology enrance

acknowledge
reject

indication
check
prr——

scheduling

radiology entrance
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Slide 4-7: Remember the diagnostic-therapeutic cycle Ty Ty

patient ——__y, (uncertain)

patient-related
information

What is the architecture
= of an hospital
NGNS information system?

Lenz, R. & Reichert, M. 2007. IT support for healthcare processes-premises, challenges,
perspectives. Data & Knowledge Engineering, 61, (1), 39-58.
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Slide 4-8 HIS: Classic Conceptual Model (in use since 1984) Ty Slide 4-9: Modern Enterprise HIS: Sample Architecture Ty
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Reichertz, P. L. (2006) Hospital information systems - Past, present, future. bt %
International Journal of Medical Informatics, 75, 3-4, 282-299. w Source: http://www.imd-soft.com e eor
, 75, 3-4,
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Slide 4-10: HIS Central components: Databases ﬂTU Slide 4-11 Historical Example: The HELP System (1967) ﬂTU
Order Data Entry Event Transcribed .
| | Dictati Nursing ICUISURGERY
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-~ iy
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(h
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Gardner, R. M., Pryor, T. A. & Warner, H. R. (1999) The HELP hospital information

Shortliffe, E. H., Perrault, L. E., Wiederhold, G. & Fagan, L. M. (2001) Medical Informatics: system: update 1998. International Journal of Medical Informatics, 54, 3, 169-182.

Computer Applications in Health Care and Biomedicine. Second Edition. New York, Springer.
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Key issues are ... Ty Slide 4-12 Database - fundamental terms and definitions  IgTy.

= Database (DB) is the organized collection of data through a
certain data structure (e.g. hash-table, adjacency matrix, graph
structure, etc.).

° = Database management system (DBMS) is software which
Data I nteg ratlo n operates the DB. Well known DBMSs include: Oracle, IBM DB2,
Microsoft SQL Server, Microsoft Access, MySQL, SQLite.
Examples for Graph Databases include InfoGrid, Neo4j, or

Data Fusion Pl o

= The used DB is not generally portable, but different DBMSs can
. inter-operate by using standards such as SQL and ODBC.
Data cu rat | O n = Database system (DBS) = DB + DBMS. The term database

system emphasizes that data is managed in terms of accuracy,
availability, resilience, and usability.

= Data warehouse (DWH) is an integrated repository used for
reporting and long term storage of analysis data.

= Data Marts (DM) are access layers of a DWH and are used as
temporary repositories for data analysis.
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Slide 4-13: Example Hospital data warehouse Ty Slide 4-14 Example: Mayo Clinics Data Warehouse Ty

Zhang, M., %%g"uﬁ; =
Zhang, H. et
Tian dl:a, D. & anscmaton earsing, s sy
Wong, S. T. C.
(2004) DBMap: a
space-conscious
data visualization
and knowledge
discovery

framework for
——

El
=)

Data Warehouse
Target Technical Architecturg
Data Architecture Reference
Maren 13,2000

St
Relatonal

Intranet/Secured Internet

00S. Relatonal

Business Service Layer

Tz ==
. R.‘E:v.l
Data Staging

Source Systems  ared Servers Data Warshouse Servers

biomedical data
warehouse.
Information
Technology in
Biomedicine,
IEEE Transactions
on, 8, 3, 343- mege
353.

Ropresentaive
Of Source.

- A. Holzinger 709.049 20192 Med Informatics LO4 - A. Holzinger 709.049 3092 Med Informatics LO4

WS 2015 5



A. Holzinger LV 709.049 11/4/2015
Mi, 04.11.2015

What about cloud- T s
based Information I

Systems? w
b

Power user|

Stein, L. D. (2010) The case for cloud computing in
genome informatics. Genome Biology, 11, 5.

Casual user
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Slide 4-16: Genome Info Ecosystem cloud computing Ty Slide 4-17: Example Clinical Cloud Computing: PACS Cloud ity
Master Index
| ™ PACS Cloud Core System
.
x
3 S
Sequencing labs Hospital A ~
Stein, L. D. M
lodality
(2010) The . HTTP Trustable provider or on-house
case for cloud REST
computing in -~
DICOM
genome \{)-STORE
informatics. Sequence archives w
DICOM
Gl€ﬂ0m€ UCsC Workstalions G GEIND  Gateway
Biology, 11, 5. A/' il
Value-added REST
integrators
Virtual cluster -
; \ Bastiao-Silva, L. A., Costa, C., Silva, A. & Oliveira, J. L.
g (2011) A PACS Gateway to the Cloud. 6th Iberian Slave DB BLOBSTORE
2,' Conference on Information Systems and
Power user Casual user Technologies (CISTI). 1-6.
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Slide 4-18: Federated Data vs. Warehoused Data Ty Ty
Warehoused

Biobanks

Human Genetics

What is the difference

between hospital

. databases and
Biomedical databases?

Data Storage
(Tractability of Queries & Data Cleansing ->)

Microarrays
Federated
Data

Relational Semi-Structured  Mediated Schema Ontologies
Knowledge Representation
(Expressiveness ->)
Louie, B., Mork, P., Martin-Sanchez, F., Halevy, A. & Tarczy-Hornoch, P. (2007) Data integration
and genomic medicine. Journal of Biomedical Informatics, 40, 1, 5-16.
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Slide 4-19: Biomedical databases ... ﬂ'[

Slide 4-20 Example Database: PDB

= .. are libraries of life science data, collected from
scientific experiments and computational analyses.

= ... contain (clinical, biological, ...) data from clinical
work, genomics, proteomics, metabolomics,
microarray gene expression, phylogenetics, etc.

= Examples:

= Text: e.g. PubMed, OMIM (Online Mendelian Inheritance
in Man);

= Sequence data: e.g. Entrez, GenBank (DNA), UniProt
(protein).

= Protein structures: e.g. PDB, Structural Classification of
Proteins (SCOP), CATH (Protein Structure Classification);

- A. Holzinger 709.049 37192 Med Informatics LO4

RCSBPDB  Deposit~ Search~ Visualize ~ Analyze ~ Download ~

2] = » 9 An information Portal to
8] ! ) 113331 Biological

PROTEIN DATA BANK Macromolecular Structures

i PDB-101

Advand

[EMDataBank T sesecn Structs
! womtens D ovesetase |

ca e
@
"

Wiltgen, M. & Holzinger, A. (2005) Visualization in Bioinformatics: Protein Structures with
Physicochemical and Biological Annotations. In: Central European Multimedia and Virtual
Reality Conference. Prague, Czech Technical University (CTU), 69-74
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PDB  Deposit~ Search~ Visualize - Analyze » Download ~ Leam + More =

NOTE: Use your mouseto dra oate, and zoom n and outof he stncture el

Structure Details

stucture [reyeemrge|
Symmotry PO G symey |+
Symmetry c2 .
Stolchiometry  A282

l Front C2 axis »

Subunlt | Symmetry

Ty,

Slide 4-21 Databases: From Molecules to Systems

Literature and ontologies
CitExplore, GO

Nucleotide sequence
EMBL-Bank

Genomes
Ensembl, Ensembl
Genomes, EGA

Proteomes
UniProt, PRIDE

Gene expression
ArrayExpress

Protein structure
PDBe

Protein families,
motifs and domains
InterPro

Protein interactions
IntAct

van Kampen (2012),

svie Gatomn 7
Color S %‘ Bioinformatics
Surfaca " :‘ Laboratory,
] Academic Medical S_ystems
Bk assembly 1 assigned by auhors andgenerted by PSA Center, NL BioModels
HeBonds. s38onds
Seectavens: Rotation  Black Background
st poaseron 2] Paiyhedron ves - A Helinger 705088 o e

Slide 4-22: Example Genome Database: Ensembl

Ty,

Slide 4-23 Ex. Gene Expression Database: ArrayExpress

3 BRCAZ e 18t X100000 20000 o coronay hear disonse

encooe

Popular ganoms

[~ e e

S

«

o
S—— e

Loam about a diseaes or phanctype

taom >

http://www.ensembl.org/index.html

Med Informatics LO4
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Exampls: EMEXP-31, cancer, 53, Goveds

xperiments | Arrays = Submit Help About ArrayExpress.

# Feedback /# Logit

ArrayExpress - functional genomics data

[ArrayExpress s a database of functional genomics experiments that can be queried and the data downloaded. 1t UPdated today at 06:00
includes gene expression data from microarray and high throughput sequencing studies. Data is collected to MIAME © 43495 experiments
and MINSEQE standards. Experiments are submitted directly to ArrayExpress or are imported from the NCBI GEO © 1233850 assays
atabose © 1851 T8 of archived data
1 November 2013 - Need to keep your unpublished ArrayExpress microarray data private for longer?
Microarray experiment submiters, have you if you could unpublished data by ¥ curators?
[Now you can! Use our new release date changing tool (more details on this help page). Submitters of hig i  pl to email us.
[miamexpress @ebi.ac.uk for release date changes so we can make sure the sequence read records at the European Nucleotide Archive are kept in sync.
http://www.ebi.ac.uk/arrayexpress/
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| Slide 4-24: Example Protein Interaction Database: IntAct ﬂ'[u | Slide 4-25: Example for Systems Database: BioModels ﬂ'[u

EMBL-EBI Serices Research Training Industry About us

M BioModels Database

Searen: Seacn  Giear

McAuley et al., (2012). A whole-body model of
 Fro 1o o ook by dtau o maracto o, 006, marscton , tocton >
e maracion o, pubkcaton s ofauhat ieactr Kt mracion el & G 01l bmors b sk
+ Fora more spooie setc, o o sancasomen

‘Orginal model; BIOMD000000<:

. - und amet ‘Suport
= Soarch for sofoms of P12345'by using ‘P12345" + Pubmed 10 0. 10551811 and feadback

Carsoissciss esss s by tr e st provlent ke n ageng gt
ateratons in

o o
. e S e
I e T [ o | o il

‘Besites s el pubicized detimental sffcts. cholestro i aiso an important companent of al call

the InAct database use the search box above.

8 MINT Uniprot
)

(erylow

. - S ot osn L LS s o 1 o o s Sy o ot o e |
ki LDLs. the main cholesterol camier in the blood. LDLs may aiso be taken up thiough the LDL-receptor

(LDLR).
—— 0} @ 0) 10) = e T
= o L |

Publications Experiments Interactions Interactors

sicauic Bocondctor 2131 s1am2 o Touos Sccd au vl 8 3 decrease I e moer of nepetc LOLR, 5 Iesinal chostrl sosopon
o ncresses vin 3 b e specr.
s w —
e oot Jears e
Citing IntAct Em a1 8
http://www.ebi.ac.uk/intact/ http://www.ebi.ac.uk/biomodels-main/
- A. Holzinger 709.049 43192 Med Informatics LO4 - A. Holzinger 709.049 44/92 Med Informatics LO4
| What is this animal doing? Ty | Ty,

What is the difference
between retrieval and
discovery?

A. Holzinger 709.049 asi02 Med Informatics 104 _| - A. Holzinger 709.049 46192 Med Informatics L04
1

Slide 4-26: Data Mining/KDD versus Information Retrieval BTy Ty

sl f M Interpretation/
election ﬁ processlng o |n|ng Evaluation
= LS e, . .
Target Preprocessed Transformed Patterns Knowledge
Bt Data at Is e airrerence
Data

Fayyad, U., Piatetsky-Shapiro, G. & Smyth, P. 1996. The KDD process for extracting useful

knowledge from volumes of data. Communications of the ACM, 39, (11), 27-34. b etwe e n

- data retrieval and

e G information retrieval?

Baeza-Yates, R. & Ribeiro-Neto, B. 2011. Modern Information Retrieval: The Concepts
and Technology behind Search, Harlow et al., Pearson.

- A. Holzinger 709.049 47192 Med Informatics LO4 - A. Holzinger 709.049 48192 Med Informatics LO4
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Slide 4-27: Data retrieval (DR) vs. Information retrieval (IR) ﬂTU Slide 4-28 Information Retrieval on the example of Text ﬂTU
= |Ris used to satisfy the end-users’ information needs.
. . Document
= Def.: IR deals with the representation, storage, [ ]
organization of and access to information objects.
m Information Retrieval (IR)
Model Deterministic Probabilistic Text .
Matching Exact match Partial (best match) Syntax 9 <St|"ucture> 9 Semantlcs
Inference Deduction Induction
Classification Metadata
Query language Artificial (abstract) Natural
Query specification Must be complete Can be incomplete
Items wanted matching relevant
Error response sensitive insensitive Baeza-Yates, R. & Ribeiro-Neto,
B. (2011) Modern Information
*Monothetic = type in which all members are identical on all characteristics; Retrieval: The Concepts and
**Ppolythetic = type in which all members are similar, but not identical; Technology behind Search. Que ry
" . . . Harlow et al., Pearson.
Van Rijsbergen, C. J. (1979) Information Retrieval (Second Edition). London, Butterworths.
- A. Holzinger 709.049 2092 Med Informatics LO4 - A. Holzinger 709.049 5092 Med Informatics LO4
Slide 4-29: IR Process principle Ty Slide 4:30: Formal Description of IR Models Ty
-

Definition: Let the IR Model be a quadruple {D, Q, & R (g, d,) }

* Dis a set composed of logical views (representation component)
of the documents within a collection;

e Qis a set of logical views (representation component) of the
user information needs (these are called “queries”);

* &is aframework for modeling document representations,
queries and their relationships (reasoning component);

T Tpeapesjresn

N

L op?:tgns - This includes sets and Boolean relations, vectors and linear algebra operations,
- ) query sample spaces and probability distributions;
naex
' * R (g, d)is a ranking function that associates a real number with
A A

a query representation ¢; € Q and a document representation

d; eD.

Such ranking defines an ordering among the docs with regard to the query g;

Text
Datab: - ibeiro- i i .
atabase Baeza-Yates, R. & Ribeiro-Neto, B. (2011) Baeza-Yates, R. & Ribeiro-Neto, B. (2011) Modern Information Retrieval: The Concepts and
. Technology behind Search. Harlow et al., Pearson.

- A. Holzinger 709.049 5192 Med Informatics L0O4 - A. Holzinger 709.049 5292 Med Informatics L04
Slide 4-31 Logical view (query Q and document D) Ty Slide 4-32 A famous Example Ty
U.S. Patent Sep. 4, 2001 Sheet 3 of 3 US 6,285,999 B1
START

SELECT AN INITIAL N-DIMENSIONAL VECTOR p,
document logical view

d I

R(d ) ql) CCOMPUTE AN APPROXIMATION p, TO A
J STEADY-STATE PROBABILITY p,, IN
fim— G l

DETERMINE A RANK r{k] FOR NODE k FROM A
k" COMPONENT OF p,

103

query logical view

Baeza-Yates, R. & Ribeiro-Neto, B. (2011) Modern Information Retrieval: The Concepts and

Technology behind Search. Harlow et al., Pearson.

- A. Holzinger 709.049 53192 Med Informatics LO4 - A. Holzinger 709.049 54/92 Med Informatics LO4
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Ty

Slide 4-33: Taxonomy of Information Retrieval Models 1/3 ﬂ'[u

Remember: We have
two components:
Representation and
Reasoning component

Representati componen

Single
keyword

Boolean

Vector space
query

Pattern
query

Structural Weighted
query

(.8 XML, [ N-Gram 23

Xpath query Structural

language) (semantic
enrichment)

Latent Semantic
Indexing (LSI)

Fuzzy subset

Canfora, G. & Cerulo, L. (2004) A Taxonomy of Information Retrieval Models and Tools.
Journal of Computing and Information Technology (CIT), 12, 3, 175-194.

- A. Holzinger 709.049 55/92 Med Informatics LO4

Med Informatics LO4

- A. Holzinger 709.049 56/92

Slide 4-34: Taxonomy of Information Retrieval Models 2/3  mflTy.

Slide 4-35: Taxonomy of Information Retrieval Models 3/3 gy

) Dee]
Logic P (d = n) Learnipng

ith uncertainty ... with learning

Symbolic
learning

Algebra
calculus

Genetic
algorithms

Boolean
Algebra

Probability
Theories

Vector
Algebra

Fuzzy set
Graph theories
Theories

Canfora, G. & Cerulo, L. (2004) A Taxonomy of Information Retrieval Models and Tools.
Journal of Computing and Information Technology (CIT), 12, 3, 175-194.

Document property (Text, Hyperlinks, Multimedia)
Sel . " y
Weakly-Structured Text - Hyperlinks Multimedia
_ structured text Retrieval

(Image,

" Audio,
Classic Set-based Boolean Video)

Set Theoretic Extended Boolean

Baeza-Yates, R. &
Ribeiro-Neto, B
(2011) Modern
Information
Retrieval: The
Concepts and
Technology behind
Search. Harlow et
al., Pearson.

Generalized Vector

Algebraic Latent Semantic Indexing

Neural Networks

Bayesian Network

Probabilistic Language Models

Inference Network

- A. Holzinger 709.049 57/92 Med Informatics LO4 - A. Holzinger 709.049 Med Informatics LO4
Slide 4-36: Set Theoretic Example: Boolean Model Ty Slide 4-37: Set Theor. Model - Boolean Model Pros & Cons BTy

= Documents and queries are represented as a set of index terms;
the queries are Boolean expressions (AND, OR, NOT);

"For the Boolean model, the index term weight variables are all binary i.e., w;; € {0,1}. A
query q is a conventional Boolean expression. Let Gany be the disjunctive normal form for the
query q. Further, let Ge. be any of the conjunctive components of Gany. The similarity of a
document d; to the query q is defined as

U if 3 el (Gee € Tang) A (s 06(dy) = 03(@ec))
0 otherwise.

sim(dj,q) = {

If sim(dj,q) = 1 then the Boolean model predicts that the document d; is relevant to
the query q (it might not be). Otherwise, the prediction is that the document is not rele-
vant.”

Baeza-Yates, R. & Ribeiro-Neto, B. (2011)

- A. Holzinger 709.049 50/92 Med Informatics LO4

Advantages Disadvantages

Easy to understand No partial matches
The “bag-of-words”
representation does not
accurately consider the
semantics of documents *

Exact formalism

Query language is expressive Query language is complicated

Retrieved documents
cannot be ranked

*) refer to: Vallet, D., Ferndndez, M. & Castells, P. (2005) An Ontology-Based
Information Retrieval Model. In: Gémez-Pérez, A. & Euzenat, J. (Eds.) The Semantic
Web: Research and Applications. Berlin, Heidelberg, Springer, 103-110.

Med Informatics LO4

- A. Holzinger 709.049 60/92
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Slide 4-38 Example Algebraic Model: Vector Space Model ﬂTU Slide 4-39: As a result we get a matrix ... ﬂTU
D=(d4, d,, ... d,,) (collection of medical docs
1 2 n
d; =tq, ty, ... t; (every document consists of terms)
. W, w, , w 4!
Now we carry out a document transformation and L1 1,2 L L
get vectors: Wi W Wan
) i i men °
1t‘6d’ed 0,1,1,0,1, .., DT &
WwW; ; = ;= e » ’ ) ]
LJ O, ti e d] 7 P ’ L m=1.1 Win-1.2 H m=1.n w m=1.n
Now we count the frequency of the terms and get: Wi Wiz  »ve Wea=1 Wy
N .
o (1+logfl-‘j) *log—, iff;; >0
Wij = n;
0 otherwise Salton, G., Wong, A. & Yang, C. S. 1975. Vector-Space Model for automatic indexing.
Communications of the ACM, 18, (11), 613-620.
- A. Holzinger 709.049 61/92 Med Informatics L04 - A. Holzinger 709.049 62/92 Med Informatics L4
Slide 4-40: dj can thus be seen as a point in n-dim space Ty Slide 4-41: Use the cos-similarity for ranking similar docs Ty
leber One of the biggest obstacles to making full use leber &
of the power of computers is that they coslBi= q.d;
currently understand very little of the meaning - Tlgi d
. of human language.
A J d
i Recent progress in search engine technology is f
: Yorcach! only scratching the surface of human language, L/ verdachl
A and yet the impact on society and the
economy is already immense. 4 o
# hepatitis Vector space models (VSMs) are likely to be a * hepatitis
part of these new semantic technologies. - .
. N d; e g
sim (d-, q ) = cos (D) =
F}, X !j‘

Z’ | Wig X Wig

Turney, P. D. & Pantel, P. 2010. From frequency to meaning: Vector space models :

of semantics. Journal of artificial intelligence research, 37, (1), 141-188. = -
Survey article 922 citations yet ... [t 2 /ﬁf ko
\'/ Picy Wi Y P st “Wig
- A. Holzinger 709.049 63/92 Med Informatics L0O4 - A. Holzinger 709.049 64/92 Med Informatics L04

Slide 4-42: Algebraic Vector Space Model: Pros & Cons Ty Slide 4-43: Example: Probabilistic Model (Bayes’ rule) Ty

"For the probabilistic model, the index weight variables are all binary i.e., w; j € [0,1], w; 4 €
0,1]. A query q is a subset of index terms. Let R be the set of documents known (or initially

i [
Advantages Disadvantages gQuessed) to be relevant. Let R be the complement of R (i.e., the set of non-relevant documents).

Let P(R\rf]) be the probability that the document d; is relevant to the query q and P(F\ff])

Easy to understand Higher effort to calculate
similarity be the probability that d; is non-relevant to q. The similarity sim(d;, q) of the document d;
i . " ” to the query q is defined as the ratio
Partial matches possible The “bag-of-words
representation does not m(d P(R|d;)
accurately consider the sim(dy,q) = P(R|d;)
semantics of documents *
Sorting of documents by rank sim(djq) = P(dj\f) x P(f e Thoms boes
]7({]]‘]?) x P(R) (1702-1761)

Using term weighting schemes
(g, (=1 PRil R)) < (T, ()0 P(ki|R))

*) refer to: Vallet, D., Fernandez, M. & Castells, P. (2005) An Ontology-Based sim(dj, q) PR — =

- i X o P(ki|R
Information Retrieval Model. In: Gémez-Pérez, A. & Euzenat, J. (Eds.) The Semantic (H91 (dj)=1 (ki R)) (Hgi(d,)zo ([ R))
Web: Research and Applications. Berlin, Heidelberg, Springer, 103-110.

66/92 Med Informatics LO4

65192 Med Informatics L04 - A. Holzinger 709.049

- A. Holzinger 709.049
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Slide 4-44: Probabilistic Model: Pros & Cons ﬂ'l;
Documents can be ranked by It is a binary model H ow ca n we m ea s u re

relevance (= binary weights)

The index terms are assumed the quality Of the IR?

to be independent and a lack of
document normalization

There is a need to guess the
initial separation of documents
into relevant and non-relevant

sets
- A. Holzinger 709.049 67/92 Med Informatics L04 - A. Holzinger 709.049 68/92 Med Informatics L04
Slide 4-45: Measuring the Quality of Information Retrieval Ty Slide 4-46: Example: Linguistic Processing Pipeline Ty
o
Object base o
/ “/ ) l = B Text Extraction -
Set of found objects P o= iy i
X A 4 A e dysfunction.
S e Sectioning ” conelust
Set of relevant objects frm— ~ = :
http://www.mbmlbook.com/ WmsﬂgmemanaLg’ [ postrt¥ grem i
Abbrevitions ventr|ilcullo|gram
) \ Spurious: Found irrelevant objects Mophotgat 0 i
y _ ologiclAnalysis ||
Correction and Completion oo
< \ Kreuzthaler, M., Bloice, M. D., -
o D Correct: Found relevant objects
Faulstich, L., Simonic, K. M. & 55”“’”‘95”9’"”"’””’;¥,
L Missing: Not found relevant objects Holzinger, A. (2011) A Chunk Parsing t-degree
Comparison of Different /nnemfx_’ f.:ic;’j;m’
Retrieval Strategies Working . < =
N Semantic Relations [
Recall Correct P Clorrect on Medical Free Texts. Journal g Function )
AL = e —— recision = ————————————— i -~ [Foovors =" rouonsc_|
Correct + Miss Correct + Spurious of Universal Computer e —
Science, 17, 7, 1109-1133. severity
- A. Holzinger 709.049 69/92. Med Informatics LO4 - A. Holzinger 709.049 70192 Med Informatics LO4
Slide 4-47: Example: Point Average Precision-Recall Graph Ty Slide 4-48: Big data — a growing torrent in the future Ty
11 Point Average Precision-Recall Curve . ol
Kreuzthaler, M., B disk drive that can
Bloice, M. D., o9r 4 of the world’s
Ffaulstlf:h, L, sk ~_ | HTH mobile pi
Simonic, K. M. ~__ 5 b|”|0n inusein
& Holzinger, A. orl
g;)r:\l),‘:)f'son of -+ . . 30 billion
Dt osf Big data: The next frontier
Retrieval % ol for innovation, competition,
Strategies < and productivity
Working on 04 growth n global
Medical Free IT spending
Texts. Journal o03r
of Universal 02l L
C Manyika, J., Chui, M., Brown, B., Bughin, J., 24 Apl20L)
Science, 17, 7, 01l 70 besical Domain Expert Dobbs, R., Roxburgh, C. & Byers, A. H. (2011)
1109-1133. % Key Big data: The next frontier for innovation, 1 5 Out Of 1 7
—-8 IR Tool One e . . in the United States have
' L competition, and productivity. Washington
0 o1 02 03 04 RS;” (DC), McKinsey Global Institute.
- A. Holzinger 709.049 71192 Med Informatics LO4 - A. Holzinger 709.049 72192 Med Informatics LO4
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Not big data is the real challenge ... but ﬂTU

Complex Data!

What is interesting?
What is relevant?

- A. Holzinger 709.049 73192 Med Informatics LO4

Thank you!

- A. Holzinger 709.049 74/92 Med Informatics LO4

Sample Questions (1) Ty,

Sample Questions (2) Ty,

= What is typical for medical workflows?
= How is the workflow in the clinical control loop?

= What does each shell in the Hospital Activity Shell model
express?

= Of which main parts does the classic conceptual model of a
Hospital Information System consist?

= What is a data mart?

= Why is the physician order entry a critical process?

= What is business intelligence in the context of a HIS?

= What is the difference between Information Extraction and
Information Retrieval?

= Which differences exist between Data Retrieval and
Information Retrieval?

= What advantages/disadvantages does cloud computing in
health care have?

= What is a PACS cloud?

= What is the purpose of the Protein Structure Database (PDB)?
= What advantages does a integrated HIS offer?

= What is the difference between monothetic data types and
polythetic data types?

= What is the purpose of medical documentation?

= How does a typical medical document look?

= What are the big difficulties in medical documents?

= How can an Information Retrieval Model be formally described?

= What is the difference between a representation component and
a reasoning component?

= What advantages/disadvantages does the Boolean model have?
= Describe the principles of the Vector space model!

= Which advantage does the Probabilistic model offer?

= What is the big disadvantage of an Ontology-Based Model?

= How can you determine the quality of information retrieval?

- A. Holzinger 709.049 75192 Med Informatics LO4 - A. Holzinger 709.049 76/92 Med Informatics LO4
Backup Slide: Example: Physician Order Entry (Paper) Ty Computerized Physician Order Entry (e-Medication) Ty
L PO | e L]
PREPULSID SUSP TMG/ML 100ML 8.
clnpride ol 1= wrle)
Physician’s Office Nursing station Pharmacy department
LET OPI-STOPDATUM IS INGEVULD
£
” £ B
) 2 K
£ Teanedd cups P w 7 : !
(¥ = Y ————_._._. |
B TV 50 My 2y g v = K 4" Phone call
P Pvsician MO-label Nurse -
3 ® my '3 Pharmacy technician &
a0y Ll 2 Nurse feedback
AT w Y U\ Drug delivery
Whido L e Administration record (Kardex-card)
Niazkhani, Z., van der Sijs, H., Pirnejad, H., Redekop,
W. K. & Aarts, J. (2009) Same system, different ]
outcomes: Comparing the transitions from two paper- |
based systems to the same computerized physician
order entry system. Int. Journal of Medical Niazkhani 1. (2009
Informatics, 78, 3, 170-181. iazkhani et al. (2009)
- A. Holzinger 709.049 77192 Med Informatics LO4 - A. Holzinger 709.049 78/92 Med Informatics L04
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Example: Physician Order Entry (2) ﬂTU HIS - Clinical control loop ﬂTU
Hospital ward I Pharmacy
TSTOP-STOP =
Nurse feedback G Drug delivery Knowledge
databases
E = s
13 . Clinical staff
g : “Transcription '\ DeCISIOnS
I | andmanual | and
2\l g, | typing of 1 .
F | Physician Mo e R actions
1 ,mfeil mm‘s,\
! — > Records |(_
Nase Urgent Directly referring b
Urgent . Directyreferring
£ - Observations
k] Pharmacy technician N
% () & phamacist > Patient's situation |5 _and fe§”"§ of
] P,Ws,c,an > [ Patient investigation
5 > e
Nurse feedback Drug delisy
e 1 Simpson, K. & Gordon, M. (1998) The anatomy of a clinical
Niazkhani et al. (2009) Prug MO = Medication Order information system. British Medical Journal, 316, 7145, 1655-1658.
- A. Holzinger 709.049 79/92 Med Informatics L04 - A. Holzinger 709.049 80/92 Med Informatics L04

Hospital Activity Shell - Clinical Control Loop in the center

Ty,

Slide 4-8 HIS: Historical Architecture (Original from 1984)

Ty,

General
management

Clinical
services

Clinical
administration

Simpson, K. & Gordon, M
(1998) The anatomy of a
clinical information system.
British Medical Journal,
316, 7145, 1655-1658.

General
services

- A. Holzinger 709.049 81192

Med Informatics LO4
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Haux, R. (2006) Health information systems-past, present, future. International Journal of
Medical Informatics, 75, 3-4, 268-281.
- A. Holzinger 709.049 82/92

Med Informatics LO4

Example: Enterprise Data Modeling (EDM) at Mayo Clinic

Ty,

Backup: For your own experiments: www.care2x.org

= Subjects = the highest level areas that
define the activities of the enterprise
(e.g. Individual)

= Concepts = the collections of data that
are contained in one or more subject
areas (e.g., Patient, Provider,
Employee, Referrer, Volunteer, etc.)

= Business Information Models = the
organization of the data that support
the processes and workflows of the
enterprise’s defined Concepts.

Medical Informatics Association, 17, 2, 131-135.
- A. Holzinger 709.049 83192

Chute, C. G., Beck, S. A., Fisk, T. B. & Mohr, D. N. (2010) The Enterprise Data Trust at Mayo
Clinic: a semantically integrated warehouse of biomedical data. Journal of the American

Med Informatics LO4

Bl £n b G bunris Db o b

\_:é_cm& Admission Data (2003800000)
oo

@ Hep [X Close |

Il
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2 @
mascatn. 12555 3
T 3 &
Fomiyrane s o
G (o 2
Oueabn mum o Sal
Bt yen
Mabuhay 12 (]
s &
CcDvpsare | o1 iy
Dugane e A
Y
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®
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Otcertied|
TouD@ e =

Holzinger, A., Burgsteiner, H. & Maresch, H. 2005. Experiences with the Practical Use of Care2x
in Medical Informatics Education (Reverse Engineering). In: Lazakidou, A. (ed.) Encyclopaedia of
Informatics in Healthcare & Biomedicine. Hershey (PA): Idea Group Reference, pp. 81-88.

- A. Holzinger 709.049 84/92 Med Informatics LO4
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Example: CRDB Global Data base schema ﬂTU Example for a hybrid strategy for data integration ﬂTU
MutName Voo Guerts Results
WT_AA
Location Cancer Research DataBase (CRDB)
Egmn (Mediator/Warehouse)
Martn
Eor Bulock — Wolecuiar Mtants
PK [Exporiment 1D MAA e
LabName PK Mnl-cul-l.: P Souree T
Description Molecule_ID I *
Investigator CBIS_Compound_ID Lab_Compound_ID pol Data
a oRame !
Comments D
DockingResults Conformations. . . | \ Translated
o > 7K | Contormation 1D Bichutskiy, V. Y., Colman, ! s
T | Exposiment 1o peese |m;§:‘¢_m R., Brachmann, R. K. & ‘ e ‘ ot
Tagerame | || [P [Huan Lathrop, R. H. (2006) Wrapper) [ wwoer |
esuls Pic [Molecule 1 :
PK [Experiment 10 Heterogeneous | Periodic
[Resuts Biomedical Database Queres Resuls [
Bichutskiy, V. Y., Colman, R., Brachmann, R. Integration Using a IS
To K. & Lathrop, R. H. (2006) Heterogeneous Hybrid Strategy: Cancer
P [Mutant 0 Biomedical Database Integration Using a Research Database. &
b Hybrid Strategy: Cancer Research Database. Cancer Informatics, 2, Docking Small Molecules Funclional Assays Structural Assays
Score Cancer Informatics, 2, 277-287. 277-287. PostgreSQL DB MySQL DB Microsoft Excel Mioson Excel
at s
- A. Holzinger 709.049 85/92 Med Informatics LO4 - A. Holzinger 709.049 86/92 Med Informatics LO4
Slide 4.22 Example Database: Protein Structure Data Bank IfTy. Example: Cervical Cancer query visualization Ty
= ~ memsen or e SPDB| 0 O Vo, Tosls . Hol,
4t 04 -] AxofTosday Ot 16,2011 5 U DTt r 76660 Sre . 508 Sttt 5 6 & ke i oniad
AllCategories (L author M Mecromelece B Seauence uosd @ 1948 s ‘ &
Search M coi: €9 45,706 Bk emen e (o Buee @ simcra o i i r
Lieberman, M. :m N n . N 7 e
o r . . . . B
s D., Taheri, S., 1988 B B R B i =
FullOesrtion = . 2000 i A . “ .
Guo, H. M., 2001 Y 4 . s
Strucurs view of ilogy [T p— Mirrashed, F., 20 A A e L <
(T Rl ¥ X TR Yahav, I., Aris, A. 2008 VR YW R V) PO SO U R VY 187 087 NV AT MY
otecte ofthe et ftures rlesas N 2005 / a4 4 a4 A A A A
onss | [+ & Shneiderman, e
rre et 8.(2011) Visual 2008 L
Fullarice Exploration \
R S - || PDBA0 across L
the bacteia controlther acbon. Symposium Biomedical Bos [& \
[ P ——— st w2 Canis Al N
7 7T Databases. /EEE- i A A\ &
\
FER— ACM O rosopona| A 111\
BT, Transactions on e i e
B Computational s ol alalfofta . P
Biology and M RRCREEEER .
) m L . - A
http://www.pdb.org Sy Bioinformatics, o 1 3 5 7 9 11 13 16 17 19 21 23 25 2001 2002 2003 2004 2005 2006 2007 2008
Newsletersublhed 8, 2, 536-550. Chromosome_No Modification_Year
- A. Holzinger 709.049 87192 Med Informatics LO4 - A. Holzinger 709.049 88/92 Med Informatics LO4

Example Patent of Scoring Documents in a linked database RHITY,

Backup: Compare with an Ontology-Based Model

Ty,

US00679917681

US 6,799,176 B1
*Sep. 28, 2004

(10) Patent No.:
@s) Date of Patent:

2 United States Patent
Page

SELECT AN INTIAL N-DIMENSIONAL VECTORp,

(5%) METHOD FOR SCORING DOCUMENTS IN A GO A 1200
LINKED DATABASE G220 A+ R0 K
CIGT A+ 120000 F
5) laventor:  Lawrence Page, Sanford, € 626938 L+ 72001
9 1 1 Puge, Stunford, CA (US) sasaan e l
e 3% Bl - 52002
(73) Assignce: “the Board of Trustees of the Lelund 5, lyigs A1+ 50001 Krsse S0y L

Stanford Junior University, Palo Alo,
CAUS) OTHER PUBLICATIONS

Recker et al “Prei COMPUTE AN APPROXIMATION p, TO A
dia repositor
Tnteraction, vol.
Copy of claims of July.
“This patent is subject 1o 3 terminal dis- 2, 2001; Lawrence Page; Mcthod for Node Ranking in &
claimer, Linked Databasc; 8 pages. l

(*) Notice:  Subject to.any disclaimer, the term of this
patent is extended o adjusicd under 35

USC. 154(0) by 171 days.

1 document access in large multime-
Iransac o

Yo,
ACCORDANCE VATH THE EQUATION p, = Ap,

n0 et al., “Search and Ranking Algorithms for Locat- P
21 Appl. No. 09/899,068 ing Resources on the World Wide Weby”, IEEE 1996, pp. g
164-171.
(22) Fild:  Jul. G, 2001 L. Katz, “A new status index derived from sociometric
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