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OUTLINE  

 Context 

 A few words about Exploratory Search 

 An overview of research prototypes from ISL 

 m1: faceted search using static and dynamic metadata 

 m2: instant overview search  

 m3: entity mining over documents  

 m4: configurability of entity mining 

 m5: application in professional search 

 m6: application in an research infrastructure 

 m7: preference-enriched faceted search 

 m8: top-k semantic graphs 
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CONTEXT 

Users should enjoy their data 
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EXPLORATORY SEARCH 

Wikipedia: 

“Exploratory search is a specialization of information exploration which 
represents the activities carried out by searchers who are either: 

a) unfamiliar with the domain of their goal (i.e. need to learn about the topic 
in order to understand how to achieve their goal) 

b) unsure about the ways to achieve their goals (either the technology or the 
process) 

c) or even unsure about their goals in the first place. 

 

Consequently, exploratory search covers a broader class of activities 
than typical information retrieval, such as investigating, evaluating, 
comparing, and synthesizing, where new information is sought in a 
defined conceptual area; exploratory data analysis is another example of an 
information exploration activity.  Typically, therefore, such users generally 
combine querying and browsing strategies to foster learning and 
investigation.” 
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THEREFORE… 

Ranking is not enough for 

exploratory search 
5 



Yannis Tzitzikas,   Information Systems Laboratory 

6 



Yannis Tzitzikas,   Information Systems Laboratory 

SOME COMMON REQUIREMENTS FOR EFFECTIVE 

EXPLORATORY SEARCH 

 Allow easy and fast access even to low ranked hits 

 Allow browsing and inspecting the found hits in 

groups (according to various criteria) 

 Offer overviews of the search results 

 Compute and show  descriptions and count information 

for the various groups, or other aggregated values 

 Allow gradual restriction/ranking of the search 

results 
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RESEARCH PROTOTYPES FROM ISL RELATED TO 

EXPLORATORY SEARCH 
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 They are presented like a “story” organized in milestones 

that correspond to activities of ISL (Information Systems 

Laboratory) of FORTH-ICS (2009-now) 
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MILESTONE 1. THE MITOS WSE (2009) 

 MITOS is WSE built from scratch. Apart from the 

classical WSE functionality, Mitos offers faceted 

search over the results of the submitted queries. 

 It supports facets corresponding to metadata attributes of 

the web pages (static metadata), as well as facets 

corresponding to the outcome of snippet-based clustering 

algorithms (a kind of dynamic metadata).  

 The user can then restrict his/her focus gradually, by 

interacting with the resulting multidimensional structure 

through simple clicks.  
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THE MITOS WSE (2009) 
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THE MITOS WSE (2009) 
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We can focus on “By date” 
facet, clicking the “2009” label. 

8558 initial results 

A user wants to get 
information about 
Information 
Systems 
Laboratory 
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(CONT.) 

12 

We can further limit 
the results, by 

selecting one of the 
clusters 

(they were 
recomputed for the 

new focus) 

The results of the selected 
group are loaded in the 

results’ panel and all facets 
are updated.  
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(CONT.) 
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With only 2 clicks, we 
have limited the 
results to 5 hits. 
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CONT. 

 Evaluation with Users (main results) : 

 Faceted search, combining dynamically and statically 

mined metadata 

lead to much improved task completeness with 

much less user interactions 

was more preferred by the users (advanced and 

plain ones) and lead to greater satisfaction, than 

plain clustering or faceted interfaces 

 Most Important Related Publications 
 [ECDL’09] P. Papadakos, S. Kopidaki, N. Armenatzoglou and Y. Tzitzikas. Exploratory Web 

Searching with Dynamic Taxonomies and Results Clustering. In ECDL 2009 

 [WISE’09] S. Kopidaki, P. Papadakos, and Y. Tzitzikas. STC+ and NM-STC: Two novel online 

results clustering methods for web searching. In WISE 2009 

 [J. KAIS 2012] P.Papadakos, S.Kopidaki, Nikos Armenatzoglou and Y. Tzitzikas On exploiting 

Static and Dynamically mined Metadata for Exploratory Web Searching , KAIS Journal, 2012 
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PRESCAN 

PreScan: Automated extraction of file-embedded metadata from file systems.  

 

http://www.ics.forth.gr/isl/PreScan/
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MORE ABOUT PRESCAN 

 Features 

 Automatic Scanning of file systems 

 Automatic Format Identification and Extraction of 

Embedded Metadata 

 Support for Human-entered/edited Metadata 

 Periodic Re-Scannings without loosing the human-

provided metadata 

 Referential Integrity services  

 An early version of this tool is described in the paper 

http://users.ics.forth.gr/~tzitzik/publications/Tzitzikas

_2009_MEDES.pdf 
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MILESTONE 2. DURING TYPING? 

 Then we questioned ourselves:  

 why not offering this functionality during query typing, i.e. a 
kind of richer autocompletion service? 

 This resulted to what we called Instant Overview Search 

(IOS).  

 The idea: 

 For the frequent queries, pre-compute and store not only the first 

page of results, but also the analysis of these hits 

 Technical challenge 

 Since the amount of information that has to be stored for each 

query is higher  (and obviously does not fit in main memory) we 

devised a partitioned trie-like index for efficiency (plus a 

dedicated cache) 17 
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IOS (INSTANCE OVERVIEW SEARCH), 2011-2012  
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This is Pavlos Fafalios 

 (I supervise his PhD) 

We want to find information about the life of Marilyn 
Monroe   

(and probably its connection to Pavlos?) 
However, we are not sure for the spelling of her name.  

So, we start typing “mari”. 18 
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(CONT.) 
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List of query’s suggestions. 

Cluster Label Tree of the 
top suggestion “marilyn” 

First page of results of the top 
suggestion “marilyn” 

We can continue typing 
the query. Instantly new 
suggestions are shown 
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(CONT.) 
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We selected the suggestion 
“marilyn monroe”.  

The results’ first page and 
cluster label tree for this 
suggestion  were loaded 

immediately. 

By clicking a label, the 
results of the specific 

cluster are loaded in the 
results panel. 
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IOS (INSTANCE OVERVIEW SEARCH)  

We can exploit this technique for any king of pre-processing  of search 
results (e.g. metadata-based faceted search, snippet-based clustering, 
entity mining, etc) 

21 
21 
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int: file 

int: bytes to skip 

int: bytes to read sub-trie1 

sub-trie2 

m a p 

sub-trie3 

int: file 

int: bytes to skip 

int: bytes to read 

int: file 

int: bytes to skip 

int: bytes to read 

int: file 

int: bytes to skip 

int: bytes to read 
HARD DISK 

Hosted in 

main memory 

(based on 

 requests  

and space) 

Precomputed 

information 

(always in 

hard disk) 

IOS INDEXES 

Average Retrieval Time ≈ 135ms 
Experiments over a server running on a modest personal computer, with a synthetic query  
log of 1 million distinct queries and synthetic precomputed information of 1 Terabyte 

Fafalios P., Kitsos I. and Tzitzikas Y. (WWW'12, Lyon, FR) 
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CONT 

 Key results 
 A partitioned trie-based index structure that  can efficiently 

support recommendations for millions of distinct queries even 
with modest hardware 
 One can provide instant access to large amount of data, utilizing the existing 

resources, without requiring more hardware 

 A hybrid caching policy (70% static and 30% dynamic) seems 
to be the more appropriate choice yielding a throughput 
increment of around 80% and a 25% speedup 

 Demo 
 http://www.ics.forth.gr/isl/ios  

 Select the system “Instant Entity Mining + Clustering (over 
Bing)” 

 Related Publications 
 [WISE’11] P. Fafalios and Y. Tzitzikas, Exploiting Available Memory and Disk for Scalable Instant 

Overview Search, 12th International Conference on Web Information System Engineering (WISE 2011), 
Sydney, Australia, October 2011  

 [WWW’12] P. Fafalios, I. Kitsos and Y. Tzitzikas, Scalable, Flexible and Generic Instant Overview 
Search, 21st International Conference on World Wide Web, (WWW 2012), Demo Paper, Lyon, France, 
April 2012 
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MILESTONE 3. ENTITY MINING AND LOD? 

 Then we questioned ourselves:  

 why not exploiting LOD in the context of entity mining of the 
search results? 

 Motivation 

 LOD contains plenty of information about Named Entities 

(their names, attributes, relationships with other entities, etc) 

 Output 

 IOS Entity Mining 

 LOD is used as source for Named Entity Recognition 

 LOD is used for providing more information about the identified 

entities 

24 
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IOS ENTITY MINING (2012) 
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• Automatically connects knowledge 

with documents at query time 

• No preprocessing 

• No indexing 

http://www.ics.forth.gr/isl/ios 
 

http://www.ics.forth.gr/isl/ios
http://www.ics.forth.gr/isl/ios
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CONT 
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• Exploitation for restricting 

the focus 
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MILESTONE 4. CONFIGURABILITY (AND LOD)   

 Then we questioned ourselves:  

 why not allowing the user to configure himself the 
entities of interest by exploiting LOD (again in the 
context of entity mining of the search results)? 

 Outcome 

 X-ENS (eXplore ENtities in Search) 

 

 Related Publications 
 [SIGIR’13] P. Fafalios and Y. Tzitzikas, X-ENS: Semantic Enrichment of 

Web Search Results at Real-Time, 36th International ACM SIGIR 

Conference, Demo Paper, Dublin, Ireland, 28 July - 1 August 2013 
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XSEARCH-CONFIGURABILITY:  

THE CONCEPTUAL MODEL 

 class System

X-Search 

Configuration

SPARQL Endpoint

Search Engine Configuration

+ setOpenSearchDescriptionDoc() : void

SPARQL Template 

Query

Accepted Category

- name:  String

+ setEndpoint() : void

+ setTemplate() : void

Category

Entity Mining Configuration

- mineQuery:  boolean

+ setAcceptedCategories() : void

Clustering Configuration

+ setClusteringAlgorithm() : void

OpenSearch Description 
Document

Clustering 
Algorithm

openSearchDescriptionDocument

1

clusteringAlgorithm
1

acceptedCategories

*

sparqlEndpoint

1

sparqlTemplateQuery

1

1

1

1

There is no standard  

covering such configurations. 

We have defined our own  

Configuration format 

This is the first .. “gap” 
29 
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X-ENS (SIGIR 2013) 
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 top hits 

Entities 

h t t p : / / 1 3 9 . 9 1 . 1 8 3 . 7 2 / x - e n s  
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http://139.91.183.72/x-ens
http://139.91.183.72/x-ens
http://139.91.183.72/x-ens
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MILESTONE 5. PROFESSIONAL SEARCH SYSTEMS? 

 Then we questioned ourselves:  

 why not applying and testing this in the context of a 
professional search system? 

 Outcome 

 Application in patent search. Missing relevant 

documents is unacceptable in patent search (recall 

oriented search procedure). Retrieval of all relevant 

documents is usually necessary 

 Patents contain plenty of named entities of various kinds 

 Companies, Countries, Persons, Product types, Laws, etc 

 Inclusion of PerFedPat System 

 In collaboration with Mike Salampasis 
31 
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PERFEDPAT 

32 

http://www.perfedpat.eu/ 
 

http://www.perfedpat.eu/
http://www.perfedpat.eu/
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PERFEDPAT (CONT) 

 The proposed functionality: 

 offers a tight integration of different search tools with the 
main retrieval engine,  

 connects the search results (i.e. patents) with data and 
knowledge, 

 can be exploited by any patent search system (i.e. it acts 
as a service over a ranked list of results) 

 The time that we have to pay is proportional to the number of 
the top results that we want to “explore” (≈ 1.5 sec / 100 results)  

 Related Publications 
 P. Fafalios, M. Salampasis and Y. Tzitzikas, Exploratory Patent Search with 

Faceted Search and Configurable Entity Mining, 1st International Workshop on 
Integrating IR technologies for Professional Search, in conjunction with ECIR'13, 
Moscow, Russia, March 2013 
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 MILESTONE 6  

APPLYING IN THE CONTEXT OF AN INFRASTRUCTURE 

 Then we questioned ourselves:  

 why not applying this in another domain of professional 
search in the context of a real and operating EU research 
infrastructure? 

 Outcome 

 X-Search in the context of the ongoing iMarine Research 

Infrastructure  project 

34 
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XSEARCH:  

SEMANTIC POST-PROCESSING OF SEARCH RESULTS 

35 

query 
terms (top-L) results  

(+ metadata) 

Entity  
Mining 

Semantic 
Analysis  

Visualization/Interaction  
(faceted search, entity 

exploration, annotation,  
top-k graphs, etc.) 

entities / contents 

semantic 

data 

web 
browsing 

contents 

• Grouping, 

• Ranking  

• Retrieving more  

properties 

MarineTLO 

Warehouse 

http://www.i-marine.eu/ 
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EXAMPLE: X-SEARCH  DEPLOYED IN AN OPERATIONAL 

RESEARCH INFRASTRUCTURE (2012-NOW)  
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Search 

Results 

Result 

of Entity 

Mining 

Result of 

textual 

clustering 
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MILESTONE 7  PREFERENCES  

 Then we questioned ourselves:  

 What about the ordering of facets, terms and objects? Should 
the user only restrict the focus? Why not allowing the user to 
change the order based on his/her preferences? 

 Outcome 

 A framework for preferences over multi-dimensional and 

hierarchical information spaces 

 An extension of the interaction model of faceted search with 

preferences 

 The Hippalus system that realizes it 

39 
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SYSTEM: HIPPALUS (2013) 

 Allows faceted browsing and also supports Preferences 

 User actions specify the ranking of the information space 

 Gradual preference specification 

 Automatic resolution of conflicts 

 Different preference composition modes 
 E.g. if the user defines the desired ordering wrt each dimension, then the 

first block of the ranked objects is the skyline 
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HIPPALUS: INTERACTION OVER A KB OF 50 CARS 

41 
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HIPPALUS: FDT INTERACTIONS 
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Object 

restriction 

Object restriction 

mouse over 

Value expansion 
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HIPPALUS: PREFERENCE ACTIONS 

Cars ordered according to manufacturer preference (Korean > European) Cars ordered according to preferences on manufacturer and price (Pareto) Cars ordered with priority on manufacturer 

Object 

restriction 
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MILESTONE 8 FROM DIMENSIONS TO GRAPHS 

 Then we questioned ourselves:  

 So far we have seen  services for getting and exploiting 
multidimensional spaces over the search results. But what 
if the notion of dimension cannot be defined, or in case 
there are too many? What can be done without having to 
configure entity types? 

 Outcome 

 A semantic post-processing of results that does not yield a 

multidimensional space but a graph. 

 Challenges 

 Graph construction and exploitation for identifying the 

important (useful for the user) nodes and relationships 
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TOP-K SEMANTIC GRAPHS 

46 

query 

terms (top-k) results  

Entity  
Mining 

Semantic 
Analysis  

Visualization/Interaction  
(faceted search, top-k semantic 
graphs, entity exploration, …) 

Entities of interest 

identified in the results 

semantic 

data 

- Retrieving  
properties and 
related entities 

- Ranking 

Professional Search 
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TOP-K SEMANTIC GRAPHS (CONT.) 

 The system can return the top-K graph for any K 
from 1 to number of nodes produced 

 Vertices: the K most highly ranked nodes 

 Edges: the edges that connect the K most highly ranked 
nodes 

 The user is free to increase or reduce the value of K 

 Example (from a real domain): 
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TOP-K SEMANTIC GRAPH 

This graph 

 can complement the query answer with useful information regarding the 
connectivity of the identified entities 

 allows users to instantly inspect information that may lie in different 
places and that may be laborious and time consuming to locate 

 provides useful information about the context of the identified entities 

 allows the users to get a more sophisticated overview and to make 
better sense of the results 
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Oncorhynchus 

Salmonidae 

Coho  
Salmon 

Chinook  
Salmon 

59-71 

161976  

11 

Chum  
Salmon 

161977 
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PROTOTYPE (2014) 
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CONT. 

 Evaluation (main results) 
 Usefulness – Survey for the marine domain 

 The majority of participants believe that the appearance of a graph of semantic 
information related to the search results can help them during an exploratory search 
process 

 Effectiveness – Comparative evaluation of ranking schemes: 
 The proposed PageRank-based ranking scheme produces more preferred ranking 

compared to other link analysis-based algorithms 

 Efficiency – Case study over online DBpedia 
 The exploitation of LOD can be supported at query-time 

 For up to 100 detected entities we can offer the proposed functionality at real-time, even 
if we query an online KB (like DBpedia) 

 The major bottleneck is the reliability and performance of online SPARQL 
endpoints 
 We expect this limitation to get overcome in the near future 

 In the meanwhile, we can use caching / indexing / dedicated warehouses / distributed 
infrastructure 

 Related Publications: 
 P. Fafalios and Y. Tzitzikas, Post-Analysis of Keyword-based Search Results using 

Entity Mining, Linked Data and Link Analysis at Query Time, IEEE 8th International 
Conference on Semantic Computing (ICSC'14), Newport Beach, California, USA, June 
2014 
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HIPPALUS DEMO 

 With Firefox version 8+  try 

http:/www.ics.forth.gr/isl/Hippalus 
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CONTACT PERSON: 

YANNIS TZITZIKAS 

(HTTP://WWW.ICS.FORTH.GR/~TZITZIK) 
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