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Executive Summary

This deliverable presents an overview of the current state of the prototypes developed in the
Khresmoi project for the medical professional and general public use case, and provides links
to execute these prototypes. Two complementary Khresmoi prototypes have been developed:

Khresmoi Integration Platform: This system is built on the Khresmoi integration platform
developed in Work Package 6, the experimental platform for the integration of cutting edge
technologies developed in Khresmoi. It is the principal integrated outcome aimed at the medical
professional and general public user groups. The principal services used during the interactive
search phase in this prototype are:

e ¢zDL, developed in WP3, which provides the comprehensive search user interface
e Mimir, developed in WP1, which provides the text search capabilities over annotated text
e GIFT, developed in WP2, which provides content-based 2D image search

e OWLIM, developed in WPS5, which provides query disambiguation and suggestion ser-
vices

e Multilingual tools (based on MOSES), developed in WP4, which provide query and doc-
ument translation services

e Spell-checking tools developed in WPS8, which provide suggestions of correct spelling

It aims to fulfil the user requirements presented in Deliverable 8.2 [2] as well as provide new
features that end users cannot imagine possible yet.

Khresmoi Classic Search System: This search engine is built on commonly used open source
software, such as Lucene. This system is an upgrade of an existing search system at the Health
on the Net Foundation (HON) to a modular structure and to the latest open source technologies.
It represents an approach widely adopted for creating domain-specific search engines with inter-
mediate development effort. The main purpose of this search engine is to provide basic search
engine components to the Khresmoi integration platform, but also to serve as a feasibility study
of a Khresmoi exploitation model — the adoption of Khresmoi components into existing search
engines.

Finally, a baseline search system using a popular search customisation tool (Google Custom
Search) was created. It demonstrates the most basic approach to creating a domain-specific
search engine, and illustrates what is possible with minimal effort using current off-the-shelf-
tools. It is mainly aimed at providing support in preparing the evaluations.

For each system, the extent to which the system satisfies the user requirements outlined in
Khresmoi Deliverable 8.2 is described.
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API
AJAX
CSE
HTTP
JSON
JVM
REST
TF/IDF
Ul
URL
XML

Abbreviations

Application Programming Interface
Asynchronous JavaScript And XML
Custom Search Engine

Hyper Text Transfer Protocol
JavaScript Object Notation

Java Virtual Machine
Representational State Transfer
Term Frequency/Inverse Document Frequency
User Interface

Uniform resource locator
Extensible Markup Language
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1 Introduction

This deliverable presents an overview of the current state of the prototypes developed in the
Khresmoi project for the medical professional and general public use case, and provides links
to execute these prototypes. Two complementary Khresmoi prototypes have been developed:

Khresmoi Integration Platform: This system is built on the Khresmoi integration platform
developed in Work Package 6, the experimental platform for the integration of cutting
edge technologies developed in Khresmoi. It is the principal integrated outcome aimed
at the medical professional and general public user groups. It aims to fulfil the user
requirements presented in Deliverable 8.2 [2] as well as provide new features that end
users cannot imagine possible yet.

Khresmoi Classic Search System: This search engine is built on commonly used open source
software, such as Lucene. This system is an upgrade of an existing search system at the
Health on the Net Foundation (HON) to a modular structure and to the latest open source
technologies. It represents an approach widely adopted for creating domain-specific
search engines with intermediate development effort. The main purpose of this search
engine is to provide basic search engine components to the Khresmoi integration plat-
form, but also to serve as a feasibility study of a Khresmoi exploitation model — the
adoption of Khresmoi components into existing search engines.

Finally, a baseline search system using a popular search customisation tool (Google Cus-
tom Search) was created. The two prototypes and the baseline search system, as well as their
purposes within the Khresmoi project are summarised in the remainder of this section, and then
treated in detail in Sections 2 to 4.

1.1 Khresmoi Integration Platform

The Khresmoi integration platform (subsequently referred to as integration platform) comprises
an integration of components developed by Khresmoi Work Packages 1 to 5 (described to a large
extent in the following deliverables [10, 18, 9, 22]) within the integration framework developed
in Work Package 6 [12, 25, 19]. The Khresmoi integration platform serves the following pur-
poses:

e [t is the main Khresmoi demonstration system.

e [t is the central platform for the full integration of all Khresmoi components in a scalable
way.

e [t is a test platform for new developments and technologies.
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1.2 Khresmoi Classic Search System

The Khresmoi Classic Search System (subsequently referred to as classic prototype) represents
the state-of-the-art approach to search engine development. It was designed using the classic
approach to building search engines with Lucene [3], and was based on a modular approach.

It is based on the search engine service that HON has been providing to its users for over
10 years, for which it has built up a large user base. Users can access a search engine from the
HON web site, from numerous HONcode-certified web sites (webmasters may voluntarily add
a search box to their web site along with the HONcode seal) and from a browser toolbar which
has over 1000 downloads per week. Once this prototype is finalized and stable, it will replace
the current HON search engines and will serve the same users. Further on, it is planned that
additional technologies developed in Khresmoi will be incorporated over time.

The starting point for this prototype was WRAPIN [1] (an EU-funded project during 2001—
2003) and is an enhancement of WRAPIN technologies. All previous HON experience in the
development of health content search engines such as WRAPIN, HON Question-Answering!
(developed in the framework of the EU-funded project PIPS during 2004-2008) and others have
been taken into account in the development of this prototype.

The classic search engine serves the following purposes:

e [t demonstrates a conventional approach to building a domain-specific search engine us-
ing commonly available tools and requiring an intermediate amount of effort.

e [t provides a platform to test a Khresmoi exploitation model. It is expected that many
providers of search systems will not be prepared to make excessive sudden changes to
their search systems. An exploitation model considered in Khresmoi is that individual
components developed in Khresmoi can be adopted and integrated into existing search
systems in a step-by-step way. The classic prototype provides a platform to test the feasi-
bility of this exploitation model through step-by-step adoption of Khresmoi technologies,
and to collect experience in the implementation of this exploitation model.

e Due to HON’s established user base, it is expected that usage statistics (e.g. query logs
and click logs) from the classic prototype may be leveraged to inform development of the
integration platform.

e It provides the crawled documents to be indexed by the integration platform.

e Some of its components are integrated in the integration platform. For instance, the
spellchecker is already integrated, and the documents collected by the crawler are shared.
It hence provides the basic search components to the integration platform.

e It serves as a source of results for pooling in the global empirical evaluation.

e Some of the capabilities serve as a basis for further development and benchmarking, e.g.
the disease classification and thematic classification.

"http://services.hon.ch/cgi-bin/QA10/qa.pl
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1.3 Google Custom Search Baseline System

The Google Custom Search Engine (CSE) system? is at present the simplest approach to con-
structing a search engine over a limited set of sites. It represents a commonly used approach
requiring a minimal amount of development effort. Google Custom Search allows domain-
specific search engines to be rapidly built by limiting the Google search to a specified list of
websites. This baseline search system serves the following purposes:

e [t demonstrates the most basic approach to creating a domain-specific search engine, and
illustrates what is possible with minimal effort using current off-the-shelf-tools.

e [t serves as a search engine to explore the medical websites to be used in Khresmoi during
the preparation of the evaluation tasks (which is started before the indexing by the full
system is complete).

e [t serves as a source of results for pooling in the global empirical evaluation.

1.4 Comparison of the three systems

In the next three sections, descriptions of the three search systems are presented, along with
links to access the systems. For each system, a short analysis on the extent to which the user
requirements presented in [2] are met is also presented.

As the classic prototype is described only in this deliverable, whereas the details on the
integration platform have been extensively covered in many deliverables, the description of the
classic prototype goes into more technical detail.

2 Khresmoi Integration Platform

2.1 Description

The Khresmoi Integration Platform is built on the Services Orchestration Cloud developed in
WP6 and described in D6.4.1 [19]. The diagram from D6.4.1 in Figure 1 summarises the
architecture. The principal services used during the interactive search phase in the prototype
targeted at the general public and physicians are:

e ¢zDL, developed in WP3, which provides the comprehensive search user interface
e Mimir, developed in WP1, which provides the text search capabilities over annotated text

e GIFT, developed in WP2, which provides content-based 2D image search

Zhttp://www.google.com/cse/
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Figure 1: Khresmoi architecture (from D6.4.1)

e OWLIM, developed in WP5, which provides query disambiguation and suggestion ser-

vices

e Multilingual tools (based on MOSES), developed in WP4, which provide query and doc-

ument translation services

e Spell-checking tools (from the classic prototype), developed in WPS8, which provide sug-

gestions of correct spelling

Crawling, pre-processing and indexing of the data are not yet fully integrated into the archi-
tecture, due to the batch nature of these processes. At present, crawling of the data to index are
done by HON and HES-SO in WP8 and WP9. Annotation of the text data is done by GATE
(WP1) interacting with OWLIM (WPS5), while indexing of the text is done by Mimir (WP1).
Indexing of the image data is done by GIFT (WP2). The prototype currently indexes all of
the HON-certified websites, as well as the list of resources targeted at physicians created in

WPS [2].

The prototype is accessed through ezDL. ezDL consists of a back end containing the core
technologies, which is accessed using front ends (user interfaces). Two such user interfaces have
been developed. The Java Swing-based interface, shown in Figure 2, is the most comprehensive
and provides the capabilities to include the most comprehensive interface and search features.
The comprehensive interface is annotated with its most important features in Figure 2. These

are:

Page 7 of 29



resmaol

D8.3 Prototype of a first search system for intensive tests MEDICAL INFORMATION ANALYSIS & RETRIEVAL

File_Tools_Perspedtives_Helo

L auery (ini) # x 205 | O Query History & X sox [J Tayex x|
S 5 -

aiabetes
v ¥ 2 " i N 2
s 2 )| GG R :l": :::.5” N, Laditka 43;u39> ‘Using hospitalization for ambulatory care sens|
RessBu 75 MU L)  ntpcavete
aiabetes.
= - ~ hipciabetes.
* | [(¥ ) (@ Reeance |u) [ 22 . [med, textsearch, medgit_img] (75) 23 min ”
- aiabetes
Group by: | Classifications | ¥ ¢¥® 2 N * [mea, textsearch, medgift_img] (75) 28 min
w ) Adults (15) >: “Diabetes Complications™
{med, textsearch, medgit_img](97)30 min Tray
Groundbreaking Study Shows Avandia Reduces Risk Of Diabetes “Diabetes Complications~
20. October 2011 — DiabetesHomeHealthType 2 DiabetesType 2 tesSearch Type 2 DiabetesSymptoms * Imed, medgift_img] (50) 30 min
araDiscuss in my forumoro ing Study Shows Avandia Reduces “Diabetes Compiicatons™
I2,RN A (med, medgif_img] (50) 30 min
5. about comb2006/08/1 7 r-study-shows- avandia-reduces-isk-of diabstes him “Diabetes Complications”
Adults » Blog, Chat or Forum e For Patients ® Health Information e Videos <* X [med, medgif_img] (50) 30 min
“Diabetes Complications™
Find Out Your Risk For Diabetes {med, medgif_img] (50) 32 min
, 20.0ctober 2011 — DiabtesHomeHsaltnTyps 2 Type 2 Search Type 2 DiabetesSymptoms aiavetes
- tesFrom?Debra * [med, medgift_img] (50) 32 min
Manzella, RN
it aboutcom e htp about comiblZ006/081 s ype-2- -in-your-uture.him .
s 10, Crt o Frum ot ot it fmatn s Query history
New Diabetes Vaceine To Be Trialed | 38 >
5, 20.Octaber 2011 — Diabetes Vaccine To Be TraledHomeHsaltType 2 Diabete<Type 2 Search Type
2Diabat Vaccine To Be e
. TialedFrom7Dsbraanzsis R Tl
hitp about com e hitpii about com/br2006/09/20/new- tes-vaccine-to-be-trialed htm @®r In
‘Adults » Blog, Chat or Forum e For Patients « Health Information  Videos @ [ 5 .
Groundbreaking Study Shows Avandia Reduces Risk Of Diabetes
New Security Guidelines Affect Travelers With Medical Conditions
o 20.0ctober 2011 — DiabetesType 2 DiabetesSearch Type 2 Symptoms / DiagnosisTreatmentDaily Year 2011
L Aftet Travelers With Medical ConditonsFrom?Dsbra
Manzella, RN, Aboutcom Avthor
it aboutcom o htp aboutcommr2006/08/30inew-se slines-aflect ravele edic him D H
aboutcom m W
Adults « Blog, Chat or Forum « For Patients » Health Information e Videos @& * ocu ent vie
The Story of Ruth Publisher
5. 20, Oclober 2011 — Type 2 DiabstesSearch Type 2 Symptoms / DiagnosisTreatmentDaly N
L Y ), RN, July hitp aboutcom
b aboutcom » htp1i about comb/2006/07128te-story-of-uih.hm Results list Keywords
Adults » Biog, Chator Forum o For Patiens  Health Inormation e Videos o
Speak Up For Your Health @ Blog, Chat or Forum
 ForPatients
6. 20.October 2011 — Type 2 DiabetesSearch Type 2 Symptoms / DiagnosisTreatmentDaily o Hoain Information
h o For RN @ Vigeos.
7 httpl about.com ® hitp:/i about com/b/2006/ 7Ispeak-up-for-your-health htm
Adults » Blog, Chat or Forum o For Patisnts o Health Information » Vidsos @
You Can Make A Difference
7. 20.October 2011 — 1esType 2 1esSearch Type 2 Symptoms / DiagnosisTreatmentDaily b 2 What are the Right Numbers? Type 2 By Category. 101 Symptoms/Diagnosis Managing Your te
L RN v ‘ and Diabe - Chidren o
Q © [ & [searchfinished (Unknown City?), (Un); 00100

English

Figure 2: Khresmoi Java Swing-based interface

Search box: The simple search box is shown. Advanced search is also available.

Result list: A summary of each document is given. Controls at the top allow the results to be
reordered or grouped by a number of criteria and filtered by terms. The icons indicated
by the arrow show when a document has been viewed (eye icon) and moved to the tray
(clipboard icon).

Tray: Documents can be dropped here to be stored for future use. Logged in users have access
to personal libraries, allowing more flexibility in organisation, including the capability to
add tags to results.

Query history: Lists details on all queries entered (including date and time) and allows queries
to be repeated.

Document view: All data available on the document selected in the results list are shown,
including a link to the full document.

While these comprehensive features are extremely useful for expert searchers, this interface
has the disadvantage of running externally to a web browser, and hence involves an additional
hurdle to getting started for novice users. For this reason, a lighter web-based interface to ezDL
has been developed, shown in Figure 3.

Both interfaces can be reorganised into different perspectives to satisfy the requirements of
different users or user groups. As an example, the web interface in Figure 3 is configured with
a simplified interface perspective showing only the search box, result list and document view
components.
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Figure 3: Khresmoi web-based interface

2.2 Prototype access

The Swing interface can be accessed here: http://khresmoi.is.inf.uni-due.de/.

The web interface can be accessed here:
http://screwdriver.is.inf.uni-due.de:8182/gframedl-web-1.0.0-SNAPSHOT/.

2.3 Use case requirement satisfaction

In Deliverable 8.2 [2], Section 5.3, a list of use case requirements for the physician and general
public use cases is given. Table 1 describes which of these requirements are satisfied by the
current prototype.
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Use case Current state

Resources The prototype indexes the crawl of HON-certified websites for
the general public, and a crawl of physician-targeted resources
created within the Khresmoi project. The requirements show
that different groups of end users tend to want to access dif-
ferent resources (primary resources, secondary resources, drug
information, forums, etc.). Mimir has the capability to asso-
ciate document categories with each document indexed, so the
end users can choose which type of document to view. Some of
these categories are assigned manually (by HON staff), but au-
tomated document classification into these categories has also
been developed.

Classification/Filtering Due to the ability to associate document categories with doc-
uments, it is possible to implement filtering and classification
by all criteria listed in the requirements. The following have
been implemented: physician/general public resources, type of
resource, type of content, country of origin, date range, target
general public group and media type. Others will be imple-
mented in the remaining project time. Of particular interest is
the development of automated classification algorithms to esti-
mate these categories.

Ranking Ranking is currently possible by document relevance and date
of publication. Others, in particular those that require a so-
cial search aspect, will be implemented in the remainder of the
project.

Interface layout Through the use of perspectives, the ezDL interface can be
adapted to the requirements of the end users or end user groups.
A more comprehensive interface can be used for expert users,
as shown in Figure 2, or this can be simplified to for example
the standard search engine components of query box, results list
and document details display for less experienced users.

Link description At present the link description in the result list contains the doc-
ument title, date, type of media, page name, URL, snippet and
list of tags applied to the document (from which the target audi-
ence can be deduced). Social search ratings will be added once
this aspect has been implemented.
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Translation tools Query translation and document translation are available. The
remaining requirements are to be implemented in the remainder

of the project.

Query completion/support | The following are implemented: suggested query completion/-
expansion, search history, spelling correction, and term defini-
tion below the search bar. It remains to be evaluated if the inte-
gration of patient data is possible within the scope of the project,
due to privacy concerns.

Collaborative aspects Collaborative search aspects are currently under development,
and are not yet in the prototype.

Tools Image search is implemented. The personal library and tray
tools meet the requirements of a self-made compendium. Re-
sult preview is also implemented. Result sharing is currently
being implemented as part of the social search aspects. Both 3D
body visualization and accessibility options are planned to be
integrated.

Suggested links Suggested links are not yet implemented, but discussions on
how to include them have started. It will most likely be best
to use both semantic information and query log information in
determing the suggested links.

Table 1: Khresmoi Integration Platform use case requirements satisfaction

3 Khresmoi Classic Search System

3.1 Description

This section describes the framework of the classic prototype components, so that their particu-
lar setup and their integration with various interfaces and underlying data sources may be made
clear.

The search engine relies on the following pipeline, illustrated in Figure 4:

1. Web crawling
2. Indexing

3. Searching
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Pages are retrieved by the web crawler, which is an automated spider that follows every
internal link on a given site. The contents of each page are then analyzed to determine how it
should be indexed. For example, tokens are extracted from the titles, page content, headings
(e.g. hl, h2, h3), or special fields called meta tags. The data extracted from web pages is
stored in a NoSQL database (CouchDB) and an index (Solr). Finally, the classic prototype web
application (built on Grails) displays the search results to the user by querying the index.

Web crawling Searching

Solr Grails
Search
»| tar.gz | v

\
Images
DN
hosts
urls index
Indexing
Solr
Master
Image
Extractor
Content
Extractor
\I I Classifier
Language Meaningful |
Detection Content

CouchDB

Figure 4: Khresmoi classic prototype overview

3.1.1 Third-Party Libraries

The classic prototype pipeline makes use of several third-party libraries and frameworks, which
are detailed below:

Apache CouchDB: CouchDB [5] is an open-source database that focuses on user-friendliness
and on being “a database that completely embraces the web.” It is a NoSQL key-value store
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that uses JSON to store documents, JavaScript as its query language, and REST over HTTP as
its APL

Apache Solr/Lucene: Solr/Lucene is the longstanding most popular open-source search plat-
form [3]. Its major features include full-text search based on TF/IDF, hit highlighting, faceted
search, dynamic clustering, database integration, rich document (e.g., Word, PDF) handling,
and geospatial search. A mature Apache project, it has been in active development for over a
decade and powers many widely-used applications, such as Twitter and the Eclipse IDE [6].

Solr/Lucene is written in Java and runs as a standalone search server within a servlet con-
tainer such as Tomcat [4]. Its REST-like HTTP/XML and JSON APIs may be easily integrated
with web applications written in any programming language. Previously, Solr and Lucene were
separate Apache projects, with Lucene acting as the pure Java backend and Solr as the servlet
frontend [20].

Grails: Grails [26] is an open-source web application framework that focuses on developer
productivity by applying modern software engineering principles like “convention over config-
uration.” Grails naturally complements standard Java web application development, since it is
built on Spring and based on Groovy, which is a dynamic, JVM-compiled scripting language.

AJAX Solr: AJAX Solr [11] is a JavaScript library for creating user interfaces to Apache
Solr. It is a JavaScript framework, but requires an AJAX implementation to communicate with
Solr. As such, it may be easily integrated with any major AJAX framework, such as jQuery,
MooTools, Prototype, or Dojo.

JQuery and jQuery Ul: jQuery [13] is a fast and concise JavaScript library that simplifies
HTML document traversal, event handling, animating, and AJAX interactions. jQuery UI [14]
provides abstractions for low-level interaction and animation, advanced effects and high-level,
themeable widgets. It is built on top of the jQuery JavaScript library.

3.1.2 Crawler

This module implements a configurable web traversal engine, also known as a robot or spider.
Given an initial page URL, the crawler will fetch the contents of that page, extract all inward-
pointing links on the page, then eventually perform the same operation on those links. Features
of the crawler module include:

e Follows the Robot Exclusion Protocol (i.e. robots.txt) [17].

e Supports the meta element proposed extensions to the Protocol [16].

e Implements many of the Guidelines for Robot Writers [15].
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e Builds on standard Perl 5 modules for WWW, HTTP, HTML, etc.

The web crawler deployed for this prototype focuses on the list of HONcode-certified web-
sites. Crawling began on April 20, 2012, and, as of this writing, the index contains over
4,300,000 pages and over 16,000 images. This content is made freely available to Khresmoi
partners in raw>, CouchDB?, and Solr > formats.

3.1.3 Document content extraction and classification

The Content Extractor package extracts the textual content from a web page and applies other
extraction services described below.

Meaningful Content: This package applies textual analysis metrics on HTML documents
to extract the most meaningful parts, excluding uninformative text like navigation panes and
advertisements. Much of this work was previously discussed in [18], Section 3.3.6.

Relevancy score: The page relevancy score extractor has been implemented with the goal of
determining whether or not a given document is relevant from the point of view of a medical-
or health-based search engine. Several different benchmarks were tested for this purpose using
different information extracted from the documents and different classification algorithms (see
[18], Section 3.3.6 for detailed discussion).

Empirical testing has shown that the best results are obtained by using the Naive Bayes
algorithm based on presence of terms from health-oriented documents versus a general corpus.
The score calculation retained was not shown to be robust enough to be used as a threshold
for keeping or disregarding documents. However, it is used for boosting a document’s score at
query time.

Keyword Classifier: Pursuant to the requirements described in [24], Section 4.1, the goal
of this task was to classify web pages within various health related topics. Based on user
requirements HON has established the list of topics with the intention of covering both medical
(e.g. Cancer, Cardiovascular diseases) and more general thematics (e.g. Alcohol, Tobacco),
while also taking into consideration various user groups (e.g. Women, Young people). The list
of topics is given below:

e Alcohol risks e Carers
e Babies and Children e Cancer e Consumer safety
e Biological and chemical e Cardiovascular diseases e Drugs

3nttp://khresmoi.honservices.org/~khresmoi/crawled_pages/
4nttp://khresmoi.honservices.org:5984/_utils
5http ://khresmoi.honservices.org/hon-search/select?g=*:*

Page 14 of 29


http://khresmoi.honservices.org/~khresmoi/crawled_pages/
http://khresmoi.honservices.org:5984/_utils
http://khresmoi.honservices.org/hon-search/select?q=*:*

KNresmaoil

D8.3 Prototype of a first search system for intensive tests MEDICAL INFORMATION ANALYSIS & RETRIEVAL

e Elderly e Nutrition e Road safety
e Environmental health e Other infectious dis- o Sex
eases
e Food safety . .
e Other non-comm. dis- e Social environment
e HIV/AIDS cases
e Sports and Leisure
e Influenza e Patient safety
e Insurance e People with disabilities * Tobacco
e Long-term care e Physical risks e Travel
e Medicines and treat- e Prevention and Promo- e Vaccinations
ment tion
e Men e Rare diseases ¢ Women
e Mental health e Research e Young people

We had initially considered using example-based supervised learning as a solution for this
task. It has been determined that adapting such tools would not be a good solution for various
reasons. First off, such an approach requires a large training/test set of documents, which is
not at our disposal. Secondly, even if such a set were to be created, it might make the system
efficient for one language (notably English), but would not be applicable for other languages.

Thus, we opted for keyword-based bootstrapping as a method of performing this task. Tak-
ing as its source publicly-available glossaries from trusted sources (HONcode-certified web
sites) related to the given topic, a list of key phrases per topic was created. The lengths of the
keys span from 1 to 5 words. The list of phrases created in this way was than manually exam-
ined in order to remove the candidate terms that were too general and thus poor representatives
of the given topic. For example, we can take the key phrase Orphan drugs as being a part of
the glossary for the topic Rare diseases, while none of the separate components of this phrase
would be considered as a good indicator of this topic.

Classification is then performed based on the density of the glossary’s key phrases within the
web page content and title. In this process a permuted keyword matching on a larger window
was used (e.g. a 5-word text window for 2-word key phrase).

Key phrase “< kt1 >< kt2 >”

Matches:
“I[-o ] < ktl > [wl] [W2] [W3] < k2> [--]”
or

“Ior 1< kt2 > [wl] [W2] [W3] < ktl > [---]

The advantage of this approach is twofold. Firstly, applying the classification to other lan-
guages requires only translation of the key phrases. Secondly, adding a new topic would require
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only the creation of the key phrase list for it, this being less laborious compared to training/test
set creation.

Disease Section Extractor: In [24], Section 4.2, plans were laid out for paragraph-level clas-
sification of various health topics. A baseline version to extract disease sections is included in
this prototype.

Many health web sites have a consistent page structure when describing diseases — e.g.
Symptoms, Diagnosis and Treatment. The Disease Section Extractor identifies such well-known
“disease sections” across various English-language web sites using rule-based extraction meth-
ods. This information can then be used for filtering the search results in the frontend interface,
e.g. for a user who is interested in diabetes, but only pages about its symptoms. In the future,
such data could also be used as input for supervised learning algorithms, which would open up
the possibility of classifying arbitrary text.

Currently the supported web sites are Mayo Clinic®, WebMD’, National Health Service®,
Everyday Health?, UpToDate!? and PubMed Health!!. Identified sections are Overview, Symp-
toms, Causes, Diagnosis, and Treatment.

Image Extractor: This package extracts images found in HTML pages. Because users of
search engines tend to only read the first few pages of results, the extractor focuses on precision
over recall, and thus has a very strict set of rule-based criteria for extracting images.

For instance, images must contain an alt or title tag, they must adhere to certain reason-
able size limitations, and they must not be externally linked. This Draconian thresholding tends
to exclude low-quality images such as advertisements and icons, as well as images that are not
easily searchable using text-only methods.

The XML in Figure 5 shows the structure of an extracted image in Solr. Indexed text data
associated with images includes the filename (tokenised based on camel-case and other com-
mon filename conventions), alt tag, title tag, surrounding text within a small window, and
surrounding text within a larger window. The larger window is only used based on term vector
similarity with the filename, alt text and tit1le text to avoid including irrelevant descriptions.

Language Detection: The Language Detection service is a simple wrapper around the language-
detection [21] Java library. This is an important part of the crawler, because it determines what
language we attach to a crawled document, and by extension its extracted images. Currently all
official languages of the European Union are supported except Irish and Maltese.

http://www.mayoclinic.com/
Thttp://www.webmd. com/

8nttp://www.nhs.uk
‘nttp://www.everydayhealth.com/
Ohttp://www.uptodate.com/
Uhttp://www.ncbi.nlm.nih.gov/pubmedhealth/
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1 <doc>

2
3

IS

<str name="cleanedFilename">Cancer</str>

<long name="contentLength">130184</long>

<str name="contentMD5">cd5c50647fe7c3c6a3f8c600916ffaa7</str>
<date name="date">2011-09-13T20:55:447</date>

5

6 <str name="docType">image</str>

7 <str name="domain">prostate.net</str>

8 <str name="followingText">

9 Can Finasteride and Dutasteride Prevent Prostate Cancer?

10 </str>

1 <int name="height">325</int>

12 <str name="id">

13 http%3A%2F%2Fwww.prostate.net$2Fwp-content%2Fuploads%2F2011%2F09%2
FCancer. jpg

14 </str>

15 <str name="imageType">JPEG</str>

16 <str name="language">en</str>

17 <str name="parentUrl">

18 http://www.prostate.net/2011/bph/can-proscar-and-avodart-prevent -
prostate-cancer/

19 </str>

20 <str name="precedingText">Editor</str>

21 <str name="site">www.prostate.net</str>

2 <str name="title">Dictionary Series - Health: cancer</str>

23 <str name="url">

24 http://www.prostate.net/wp-content/uploads/2011/09/Cancer. jpg

5 </str>

2% <int name="width">490</int>

27 </doc>

Figure 5: Extracted image in Solr

3.2 Search Engine

The first prototype of the front end search engine application provides the following features:

1. A list of search results ranked by pertinence to the search query. The basic attributes for

each retrieved page are: the page title and a short description of the page (snippet).
Paging of search results, with total number of results displayed.
Spelling suggestion (“Did you mean ... ?”).

Results filtering.

. Autocompletion suggestions.

The interface layout is illustrated in Figure 6. Key features of the search engine are described

below:
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red by Health On the Net

Search

By Language

Ebnrapcku (40) Ceétina (313)
Dansk (61) Deutsch (5569)
ehhrikd (596) English (329866)
Espaniol (12682) Eesti keel (6)
Suomi (34) Frangais (129035)
Hrvatski (156) Magyar (193)
Italianc (4783) Lietuviy kalba (5}
Latviegu valoda (2) Nederlands (1212)
Norsk (533) Polski (357)

Portugués (3560)
Slovenéina (38)
Svenska (397)

Romana (1793)
Slovenicina (22)

By Disease Section

Overview (100}
Causes (70)
Symptoms (181)
Diagnosis (72)
Treatment (81)

By Topic

rk Babies and Children Biological risks
Cancer carers Medicines and Treatment
Men Nutrition Other infectious diseases

Other Non- Communicable Diseases Patient Safety

Policies Programmes Quality Assurance Research Sex

Social Environment Tobacco Vaccinations Women

Figure 6: Classic prototype search interface layout
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Scientists use a variety of technical names to distinguish among the many different types of

Cancer | Better Health Channel

carcinomas, sarcomas, lymphomas, and leukemias. In general,these names are created by using
different pref...
More from this website : covenanthealth.com (3881)

Cancer is abnormal cell growth. Avoiding risk factors such as smoking and radiation can reduce the
risk of some cancers. For others, early detection is the best way to improve your chance of cure.

There are over 200 different types of cancer.

More from this website : gov.au (1744)

Ovarian cancer

Overview of ovarian cancer and the tests used to evaluate women who may have the disease

More from this website : org.au (B047)

Ovarian Cancer

Overview of ovarian cancer and the tests used to evaluate women who may have the disease

More from this website : org.uk (3249)

Testicular Cancer
TESTICULAR CANCER There are four primary treatments for patients with testicular cancer:

surgery, radiation therapy, chemotherapy and bone marrow transplantation. Surgery Surgery is a
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More from this website : cancerpage.com (1784)

Cancer Research articles

Cancer Research - find latest news and articles related to cancer-research at healthnewstrack.com,

updated daily.

More from this website : healthnewstrack.com (2143)

Cancer: MedlinePlus
Cancer
More from this website : nih.gov (3140)

Cancer

Receive the latest and greatest in women's health and wellness from EmpowHER! As a cancer
surviver, I often wonder whether there was anything I could have done to avoid ... How long does

it take for ...
More from this website : empowher.com (657)

Nota Bene Cancer V2 - Institut National Du Cancer

L'Institut Mational du Cancer, agence sanitaire et scientifique de I'Etat, développe |'expertise et

finance des projets dans le domaine des cancers.
More from this website : e-cancer.fr (4511)

Breast Cancer: Treatment | Cancer.Net

Larger image For medical illustrations about the different stages of breast cancer, please visit the
Staging section. Home > Cancer Types > Breast Cancer Published on: 16 Sep 2011

More from this website : cancer.net (2711)
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Language filtering: The “By Language” widget allows the user to filter the search results by
the language of the page. The language of the interface itself may be changed independently.

Disease section filtering: The “By Disease Section” widget allows the user to filter results by
the extracted disease sections. Results in this view show the text from the section itself, and are
linked to the relevant anchor tag within the source page, if applicable.

Topic filtering: The “By Topic” widget allows the user to filter based on topics identified by
the Keyword Classifier. It is presented in a visually-appealing “tag cloud” format, where the
font size indicates the number of documents found under each topic, as shown in Figure 7.

Figure 7: Health topic filtering

Group by site: Results are grouped by domain name. Most commercial search engines, such
as Google, collapse on the parent site so that only one or two entries are shown from the same
domain. The classic prototype follows suit, also displaying a link that allows expanding the
results to show more hits from the same site. In the expanded mode, results are collapsed based
on the MD5 checksum of the document, to ensure that duplicates do not pollute the search
results.

Query completion: Autocompletion, when added to an input field, enables users to quickly
find and select from a pre-populated list of queries as they type. These queries are generated
from the document base, so they are guaranteed to return at least one result. This feature is based
on the standard Solr Suggester component [8], using token N-grams up to a Markov degree of
1 (i.e. bigrams). It is shown in Figure 8.

Spellchecker: A spelling correction is suggested by the system when the user provides mis-
spelled search terms. This system is based on the standard Solr SpellCheck component [7].
It does not require an explicit vocabulary, but rather leverages the vocabulary coverage of the
Lucene document base to generate spelling corrections. It is shown in Figure 9.

Because misspelled words may appear in the document base itself, Solr’s spellcheck
.onlyMorePopular feature is used, whereby spelling corrections are only proposed if they
appear significantly more frequently than the input term. For instance, as of this writing, the
query alzheimer returns 35,426 results, whereas alzeimer returns 87 results. This extreme
disparity indicates that alzeimer is probably misspelled.
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Recherche
Search

5
as

system assessment

standard 5

standardization assurance

specification asbestos

severity assimilation

school asymptomatic infection

strategy assicurazione

statistics asthme

surveys asperger syndrome
: assainissement

sexuality

Figure 8: Query completion

alzeimer

Did you mean : alzheimer ?

Figure 9: Spellcheck example

Document snapshot: Placing the mouse over the eye icon next to a search result gives a
preview of the retrieved page, as shown in Figure 10. This snapshot is not interactive, but it
provides a quick indication of what the user can expect to see on the target page.

Images: With each page of search results, if there are images related to the query term, 4
images are displayed (expandable to 12 and independently pageable). Figure 11 shows this
feature with the query cancer.

3.3 Prototype access

The prototype is available on http://khresmoi.honservices.org/hon-search/

3.4 Use case requirement satisfaction

In [2], Section 5.3, a list of use case requirements for the physician and general public use cases
is given. Table 2 describes which of these requirements are satisfied by the current prototype.

Page 20 of 29


http://khresmoi.honservices.org/hon-search/

resmaol

D8.3 Prototype of a first search system for intensive tests MEDICAL INFORMATION ANALYSIS & RETRIEVAL

Khresmoi Prototype Server (Amazon)
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Figure 10: Document snapshot
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Figure 11: Image search preview
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Use case

Current state

Resources

Classification/Filtering

Ranking

Interface layout

Link description

Translation tools

Query completion/support

Collaborative aspects

Tools

Suggested links

HONCcode-certified web pages are indexed, among which there
are pages corresponding to hospitals, information on drugs and
other health products, news and forums, which primarily reflect
the interests of members of the general public. The categories
are assigned manually by HON staff. This collection is also
indexed by the integration platform.

The following filters have been implemented: language of re-
sult, disease section and health topic. Type of resource, type
of content, date range, location, and type of audience (by age,
gender and health/non-health professional) are filtering features
that will be included from the integration platform.

Documents are currently ranked by relevance to the input query
and general relevance to the medical domain.

The classic prototype is mostly intended for the general pub-
lic. Based on survey results [23], users tend to ignore advanced
search capabilities, hence preference is given to a simple in-
terface. Currently it is possible to change the language of the
interface and of the search results, which also changes the topic
names.

At present the link description in the result list contains the doc-
ument title, snippet, parent domain, and URL.

Translation tools are not implemented, however as HONcode-
certified web sites come in various languages, users have the
possibility of filtering the results by language.

Query autocompletion and spelling correction are implemented.

Collaborative search aspects are not available.

Image search and result previews (snapshots) are both imple-
mented.

Suggested links are not implemented, but it is planned to include
them from the integration platform.

Table 2: Khresmoi classic prototype use case requirements satisfaction
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Control panel - Sites: Medical Search Engine

Use the Sites page to specify sites and pages you want to include in (or exclude from) your search engine. Learn more.

Included sites Viewing 1- 20 of 120 Next 20 »

Show label: + URL contains: Apply Filter
(s Add Sites Label actions A

b wikisurgery.com/™

) Include all pages whose address contains this URL
@ Include just this specific page or URL pattern | have entered
() Dynamically extract links from this page and add them to my search engine
Include all pages this page links to
@ Include all partial sites this page links to
Include all sites this page links to

wienkav at/kav/spital asp®
versorgungsleitlinien de/™ Forp

universimed com/® Forp

univadis at/*

www unicancer fr/patients/ For patients

unicancer fr/professionnels-de-sante

turnusarzt com/®  Prof

tripanswers orgf” Professional

www ti ubc. cal”
springermedizin.at/*
salk.at/*
radiology.rsna.orgi*  Fors
radiographics.rsna.org/
universitypublisher meduniwien.ac.at/radio2wiki*
nebi.nlm.nih.gowpme/*  For =
www.ncbi.nlm.nih.gow/pubmed/*  Fo d research
prometus at/*

perioperativebleeding org/*

orpha.net™ For specialists and research

OoEoDEoDEEnEEoEEoEEE@E

Figure 12: Google sites listing

4 Google Custom Search Baseline System

4.1 Description

Google offers a service called Google Custom Search Engine (CSE), which allows users to
define their own, specialised search engines that make use of the Google index and some of
Google’s technologies. To compare ongoing developments in Khresmoi with the possibilities
offered by Google CSE, we created a Google CSE search engine based on the curated list of
medical websites compiled by the Khresmoi project (Figure 12). A screenshot of the search
interface is shown in Figure 13.

4.2 Prototype access

The Google CSE engine (“Google CSE Baseline”) is currently available on the web at
http://samwald.info/medical_search_engine/.
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Medical search engine

"Google CSE Baseline™

LADA diabetes x

WEB | BILD

Alle Ergebnisse  For primary care and general information  For specialists and research
For medical education  Professional discussions  Wikipedia  For patients

Ungefahr 243.000 Ergebnisse (0,21 Sekunden) Sortby. Relevance

Latent autoimmune diabetes - Wikipedia, the free encyclopedia
LADA is slow-onset Type 1 autoimmune diabetes in ...
en.wikipedia.org/wiki/Latent_autoimmune_diabetes

Label Wikipedia

Latent autoimmune diabetes mellitus in adults (LADA): the role of ...
Latent autoimmune diabetes mellitus in adults (LADA): the role of antibodies to glutamic acid
decarboxylase in diagnosis and prediction of insulin dependency.

www.ncbi.nlm.nih.gov/pubmed/8033530
Label For ...

The role of C-peptide levels in screening for latent autoimmune ...
Early detection of latent autoimmune diabetes in adults (LADA) is important in that the earlier insulin
therapy is initiated, the greater the preservation of ...

www.ncbi.nlm.nih.gov/pubmed/15266224
Label For ...

Interventions for latent autoimmune diabetes (LADA) in adults.
Sep 7. 2011 ... BACKGROUND: Latent autoimmune diabetes in adults (LADA) is a slowly developing
type 1 diabetes. OBJECTIVES: To compare interventions ...

www.ncbi.nlm.nih.gov/pubmed/21901702
Label For ...

Figure 13: Google CSE overview

4.3 Use case requirement satisfaction

In [2], Section 5.3, a list of use case requirements for the physician and general public use
cases is given. Table 3 below describes which of these requirements are satisfied by the current

prototype.
Use case Current state
Resources Resources can be easily customised. The list of resources of

interest to medical practitioners created in Khresmoi was used.
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Classification/Filtering

Ranking

Link description

Currently, Google CSE only supports very coarse classification
and filtering of search results. We assigned resources to one or
more of the following six major categories: “For primary care
and general information”, “For specialists and research”, ’For
medical education”, “Professional discussions”, “Wikipedia”
and “For patients”. The user can select one of these categories
by clicking a tab at the top of the search results, in order to nar-
row down the results.

It is possible to configure which effect the selection of a certain
category by the user has on search results. There are several
possible effects to choose from: (i) Excluding all sites that are
not within the category; (ii) Ranking sites within the category
higher than sites outside the category (“boosting”); and (iii) Au-
tomatically adding words to the search query. Only the first two
options were used in the Google CSE Baseline search engine.
Importantly, Google CSE (as well as the main Google search
engine) does not support any type of faceted browsing, or other
advanced means for incrementally filtering search results. This
means that the user cannot “tunnel in” to search results based on
categories or tags.

Ranking is currently possible by relevance and date of publica-
tion. Google CSE can also use structured data and embedded
semantic markup for sorting, but this was not currently used by
the Google CSE baseline search engine.

While Google’s success is largely driven by the good relevance
ranking of its search results, it was noted that the results in the
Google CSE Baseline search engine were not always satisfac-
tory. In some scenarios, Wikipedia was ranked too high, with
the first 10 search results all referring to different Wikipedia
articles. This was addressed by manually decreasing the rank
of Wikipedia in the Google CSE, and by offering a separate
“Wikipedia” category.

At present, the link description in the result list contains the
document title, a search result snippet, and the category/cate-
gories assigned to the source of the search result. Google CSE
allows developers to create custom renderers for search results
in Javascript, which can then also generate custom renderings
of the semantic markup found in the result documents. This ad-
vanced feature was not used in the current version of the Google
CSE baseline search engine, as most sources do not currently
provide such markup.
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Translation tools Google CSE does not offer translation tools.

Query completion/support | Google CSE allows query autocompletion based on terms auto-
matically extracted from indexed documents, as well as custom
dictionaries that can be uploaded by the Google CSE adminis-
trator. Spelling mistakes are corrected.

Google CSE offers the possibility to define a list of synonyms
for automated query expansion. This feature was not used in the
current version of the Google CSE baseline search engine.

Collaborative aspects Collaborative aspects and social networking are not addressed
by Google CSE itself. It would be possible to place social net-
working features (e.g., a blog, links to Google Plus or Facebook)
on the site where the Google CSE widget is hosted at. However,
it currently does not seem possible to functionally integrate such
features with the CSE widget. The main Google search engine
interface integrates “‘social results” from personal contacts on
Google Plus, but these features are not available in the Google
CSE.

Tools Image search is implemented. The compilation of self-made
compendiums / personal bibliographies is not possible with
Google CSE. Result preview is not available in Google CSE.

Suggested links Suggested links can be realized with the “promotion” feature
of Google CSE. For example, this feature makes it possible
to specify a regular expression (e.g. .*trial.*), and a link
that should be displayed whenever a user query matches the
regular expression (e.g., a link to the clinical trials database
ClinicalTrials.gov). This is demonstrated in Figure 14.
The generated links are prominently displayed at the top of the
search results.

Table 3: Google CSE use case requirements satisfaction
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Edit a Promotion

Preview:

Search for clinical studies in C|IHIEB|THB|S,§]D\|’
http://clinicaltrials gov/ct?/search

Queries:*
I*trial*
Queries must be comma separated (100 max, 500 or fewer characters)
Regularexgressmn E.g., “iphone4” or "iphone4s” will trigger for the regular expression “iphone(4}4s)

Title:*
Search for clinical studies in Clinical Trials.gov
160 or fewer characters

Link:*
http://clinicaltrials.gov/ct2/search

A link, http://www.mysite.com/somepage_html, 2048 or fewer characters
Promotion Lifetime:
to
Date Time Date Time
Enabled
OK Cancel

Figure 14: Google promotion

5 Conclusion

In this deliverable, two prototypes are described: the Khresmoi Integration Platform and the
Khresmoi Classic Search System. Furthermore, a baseline Google Custom Search Engine (CSE)
for medical information is described. It is further explained to what extent the three systems
satisfy the user requirements outlined in [2].

The Khresmoi Integration Platform is the scalable platform in which the technology devel-
oped in Khresmoi is integrated. As such, it represents the most technologically advanced of
the prototypes. The majority of the features requested in the user requirement gathering phase
are already implemented, with the main exception being the social and collaborative search
aspects. These were identified from the user requirement gathering as an area in which users
request support. As this was not initially planned, the development of these aspects started later
in the project. Beyond this, approaches for taking advantage of the powerful semantic search ca-
pabilities provided by Mimir without requiring the users to create lengthy queries in the Mimir
command language will be investigated. New requirements and necessary improvements are
expected from the user-centred and global empirical evaluations to be conducted in the Autumn
of 2012.

The Khresmoi Classic Search System represents a domain-specific search engine based on
open source software as is commonly implemented in industry. This system is an updated
version of the search engine that has been developed by HON over the past 10 years to use the
latest open source technology. It serves the main purposes of providing some search engine
components to the Integration Platform, providing a route for the step-by-step integration of
Khresmoi technologies into the HON search engine without requiring a complete change of
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search engine, and serving as a model of a potential exploitation path for Khresmoi — the
integration of Khresmoi components into existing search engines.

The Google CSE system was created to examine the absolute baseline in currently available
customised search solutions. Google CSE can be used to provide a solid, simple search engine
for selected medical resources on the web. However, it currently does not offer important fea-
tures required by Khresmoi, such as multilinguality/translation support, fine-grained filtering of
search results and collaborative search aspects. Furthermore, some features, such as the sug-
gested links, are implemented by hijacking tools designed for other purposes. It is currently
not clear if and when all required features will become available in Google CSE. The baseline
results provided by this search system will be used in the global empirical evaluation. This sys-
tem also served for initial exploration of the indexed pages for the creation of the user-centred
evaluation tasks.
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