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“Exploratory searcher has a set of search criteria
in mind, but does not know how many results will EXp lorato ry
match those criteria — or if there even are any S ear Ch

matching results to be found” (Tunkelang, 2013) ' , ! %,
g Y ‘

Exploratory search covers a broader class of information exploration
activities than typical information retrieval and these activities are
usually carried out by searchers who are, according to White and
Roth (2009):

* unfamiliar with the domain of their search objective, i.e., unsure how to formulate their
objective;

e orunsure about the ways (technology or process) to approach their objective;

e orunsure about their search objectives in the first place.

Typically, therefore, such searchers generally combine querying and
browsing strategies to foster learning and investigation.

An example scenario, often used to motivate the research by mSpace (http://mspace.fm/),
states: “if a user does not know much about classical music, how should they even begin to
find a piece that they might like”.
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The Open World Assumption (Interpretations)

C Y

« “Students need to be prepared for jobs that do not
yet exist ... using technologies that have not yet
been invented ... in order to solve problems that we

do not even know are problems yet”.
— [Richard Riley, Secretary of Education under Clinton]

The Open World Assumption (OWA):
a lack of information does not imply
the missing information to be false.

Knowledge is never complete — gaining and
using knowledge is a permanent evolutionary process,
and is never complete. A completeness assumption
around knowledge is by definition inappropriate;

 Search algorithms need to be prepared for S
content instances that do not yet visible or exist
... which may have keywords that have not yet
been invented or cannot yet be formulated ...
In order to get meaningful search outcome to
be used for the problems that we do not even
recognize to be our problems yet.




Closed World Information Retrieval vs. Exploratory
Search based on the Open World Assumption

Search %

. Open World Assumption (OWA):
. Knowledge is never complete, it
evolves together with its content,
context, structure and sources ...

OWA-Driven Iterative

Discovery Engine

Discovered update
on Search Query

Data Mining

[ Discovered m] ‘

”

Generated “query trail”:

and Query
Refinement

{Qi 9 Qi+1 9 Qi+2 9 9 Qi+n }

With the OWA-Driven Search you may discover interesting content from the Web (as well as
a promising business opportunity) having no idea in advance what you are searching for !




Information Retrieval (CWA) vs. Exploratory Search (OWA)
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Exploratory Search Example (1)

The Journal of Defense Modeling and Simulation
Applications, Methedology, Technology

Q,: { intelligent-agents ; simulation }

Home OnlineFirst All Issues Subscribe RSS @ Email Alerts

E;@ hitps://www.google.com/?gfe_rd=crécei=Wks g4 GKWKBQfruo CVBAZq=322Intel O ~ @ O”“Intelhgantagants" simulat.. ‘ |

File Edit View Favorites Tools Help

Google  ineligent agents’ simuiaton | a | Simulation of an Urban Environment by [
using Intelligent Agents within Asymmetric
Web Videos Images News Shopping More ™ Search tools. Scenarios for Assessing Alternative
Past year ~ Sorted by relevance ~ Al results « Clear command & c0ntr0| Netcentric Maturity

Models

Scholarly articles for "Intelligent agents” simulation
Intelligent agents for interactive simulation .. - Tambe - Cited by 371
Intelligent agents: Theory and practice - Wooldridge - Cited by 8070 Marina M i massei@itim.unige. it

Artificial intelligence: a modern approach - Russell - Cited by 22186

KKK
Simulation of an Urban Environment by using Intelligent Agents ...
dms.sagepub.com/content/early/2013/03/.../1548512912466319.abstract ~ B
by M Massei - 2013 - Cited by 1 - Related articles Alberto Tremori
Mar 29, 2013 - Simulation of an Urban Environment by using Intelligent Agents
within Asymmetric Scenarios for Assessing Alternative Command & Confrol Netcentric Francesca Mﬂdeo’ PhD Student
Maturity ... Federico Tarone
[POFI A CONCEPT OF SIMULATION-BASED RESEARCH ON ... - Gd... Abstract
zeszyty.am.gdynia.pl/.../A%20concept%200f%20simulation-based%20re... ~
by M Lisowski - Related articles The research proposes the development of a simulation framework for assessing the
Jan 13, 2014 - This paper describes the author's concept of conducting B
simulation-based research on applications of intelligent agents in smart grid effectiveness and efficiency of different alternative command, control, communications
management systems. and computers (C4) solutions in an urban environment affected by asymmetric warfare

B . . ) . The authors present their approach in developing intelligent agents computer-generated
IMOSHION: A Simulation Framework Using Virtual Intelligent Agen...
link.springer.comy/.../10.1007%2F978-... ~ Springer Science+Business Media ~ forces (IA-CGF) i { framework related to the project named CGF C4

by S Maruejouls - 2013 - Related articles IT. In the curreft mllltary context, jcharacterized by new asymmelnc threats (i.e.
Apr 20, 2013 - In this paper, we aim to demonstrate the use of virtual intelligent terrorism, biologi
agents as a solution to design an immersive, adaptive and interactive simulation
framework of ... measure thgg€ifectiveness of different command and control (C2) malunty models

Evacuation Simulation Supporting High Level Behaviour-based ... . E .
‘. sclencedirect com/science/arlicle/pil/S1877050813004602 ~ ework. As a matter of fact, this is one of the main goals of the CGF C4 IT project

by PC Tissera - 2013 - Cited by 2 - Related articles which is devoted to investigating alternative C2 models for guaranteeing agility in
Jun'1, 2013 - The simulation model consists of two sub-models, called pedestrian complex scenarios. The CGF C4 IT federation is a high level architecture simulator,
and environmental. ... Evacuation simulation;; Emergency evacuation;; Intelligent ; _ ' ~ X
designed by the authors, and currently devoted to supporting Italian Army simulation
capabilities. This represents an innovative and effective solution for investigating, by
experimental analysis, the C2 agility concepts within a complex framework with special
attention to human behavior models.
T

Q,: {simulation ; military-context }




Q,: {simulation ; military-context }

Google

simulation "military context" “

Web Images Shopping Videos News More ™ Search tools
Past year ~ Sorted by relevance ~ All results ~ Clear

Scholarly articles for simulation "military context™

... behavior: Application to military simulations - Pew - Cited by 558
Exploiting reality with multicast aroups - Macedonia - Cited by 252

A discrete-event simulation model for seaport ... - Nevins - Cited by 64

Foreign Military Sales | Team Orlando
www.teamorlando.org/tag/foreign-military-sales/

Jul 10, 2013 - By delivering modeling and simulation training capabilities to foreign
militaries, ... simulation and fraining science so they can be applied in a military
context.

3D system future-proofs military hardware - Financial Review
www.afr.com/.../system_future_proofs_... » The Australian Financial Review ~
Sep 5, 2013 - Now the industry focus is on using 3D to future-proof a product and
simulate its ... of every conceivable problem that might befall a product in a military
context, ...

Training Cultural Awareness in Military Operations in a Virtual
www.computer.org/csdl/.../00/4892a903-abs.html  IEEE Computer S
by E Prasolova-Forland - 2013 - Cited by 4 - Related articles

Apr 2, 2013 - However, there is a lack of research-based methods for using game-
based simulations and developing scenarios for educational role-plays in a military
context, ...

Browse Journals and Special [ssues

www.apa.org/.../browse.aspx?... ¥ American Psychological Association ™

Jul 16, 2013 - 25, No. 3, May 2013. The major focus is on empirical studies within the
military context, or research that has direct potential application to the military
simulation ...

Q,: { simulation ; cultural-awareness}

Exploratory Search Example (2)

2013 46th Hawaii International Conference on System Sciences (HICSS)

Training Cultural Awareness jin Military Operations in a Virtual
Afghan : ethodology for Scenario Development (por)

virtual worlds and game-based simulations are to an increasing degree used for military
training. However, there is a lack of research-based methods for using game-based
simulations and developing scenaries for educational role-plays in a military context,
especially in the area of cultural awareness. The CAMO project (Cultural Awareness in
Military Operations) seeks to address these challenges. The goal of the project has been to
create a game-based simulation in Second Life for training cultural awareness among
military personnel preparing for international operations and to explore the advantages and
limitations of 3D virtual worlds in this context. This paper will focus on the methodology for
scenario develoepment, outlining the challenges and directions for future work.




Q,: { simulation ; cultural-awareness}

IGO Sle simulation "cultural awareness"

Web Images Videos News Shopping More ™ Search tools

Past year ~ Sorted by relevance ~ All results + Clear

Ad related to simulation "cultural awareness" @

Cultural Intelligence--CQ - Trainers and Coaches Needed
www.culturalg.com/ ~

Edinburgh 7-8 April 2014

CQ Certification - About CQ - CQ Assessment - Contact Us

Scholarly articles for simulation "cultural awareness”
Bevond Experience: The Experiential Approach to ... - Batchelder - Cited by 74
What precipitates change in cultural diversity .. Brown Cited by 205

. workers for cultural awareness: the Culture simulator ... - Montalvo - Cited by 17

Culture Learning: Simulations & Exercises - The Center for ...
www.carla.umn.edu/culture/.../exercises.html ~ University of Minnesota ~
Feb 14, 2014 - Games are a fun and effective way to introduce issues of cultural
awareness and ... Simulation Games; Bibliography of publications; Contact
information for ...

[PDFl Crowdsourcing for Evaluating a Simulated Learning Environment..
www.macs.hw.ac.uk/.../cultel2013_submission_5... ~ Heriot-
by V Dimitrova - Related articles

Sep 26, 2013 - interpersonal communication and cultural awareness is to capture the
wealth ... Keywords: simulation environments for learning, interpersonal
communication

university

“HEROQ I" Project: Language-Based Simulation Game that Promotes ...
ewb.hct.ac.ae » ... » Student Presentations ~ Higher Colleges of Technology =

by A Yousof - 2013

Mar 28, 2013 - “HERO I” will also raise the player's cultural awareness and sensitivity
through cultural interactive adventures that use English language as a medium of ...

{semantic-social-sensing }

Exploratory Search Example (3)

o/ culte2013_submission_5.pdf p-c H & macshwacuk o ‘ ‘

Crowdsourcing for Evaluating a Simulated Learning
Environment for Interpersonal Communication and
Cultural Awareness

Vania Dimitrova', Christina M. Steinerz, Dimoklis Despotakisl, Paul Brnal,
Antonio Ascolese®, Lucia Pannese®, Dietrich Albert”

ISchool of Computing, University of Leeds, United Kingdom
{ v.g.dimitrova, scdd, p.brna} @leeds.ac.uk
*Knowledge Technologies Institute, Graz University of Technology, Austria
{christina.steiner, dietrich.albert} @tugraz.at
%imaginary Srl, Milan, Ttaly
{antonio.ascolese, lucia.pannese } @i-maginary.it

Abstract. A major challenge in developing situational simulations for
interpersonal communication and cultural awareness is to capture the wealth
and variety of real-world situations and contexts. To address this challenge,
crowdsoursing is utilised by exploiting microblogging content ge
interacting with a simulator. A novel approach calle
SSS) is proposed to make sense of user generated cont
e content collected within a simulator nterpersonal
communication in business settings. SSS combines 1c semantic analysis

semantic

social sensing




Exploratory Search Example (4)

Q;: {semantic-social-sensing }

GO gle "semantic social sensing” “l

Web Images News Videos Shopping More ™ Search tools

About 17,200 results {0.38 seconds)

link.springer.cony.../10.1007%2F978-3-6...  Springer Science+Business Media
by V Dimitrova - 2013 - Related articles

This work presents a novel approach, called semantic social sensing (SSS), which
exploits ontologies and semantic augmentation combined with discourse ...

Semantic Social Sensing for Improving Simulation Environments for ...
link.springer.com/.../10.1007%2F978-3-6...  Springer Science+Business Media ~
by V Dimitrova - 2013 - Related articles

semantic social sensing (SSS), which exploits ontologies and semantic
augmentation combined with discourse analysis uncovering intentions behind the
USer ...

Semantic Social Sensing for Improving Simulation ... - BibSenomy
www.bibsonomy.org/bibtex/.../dblp ~

Semantic Social Sensing for Improving Simulation Environments for Learning. Vania
Dimitrova, Christina M. Steiner, Dimoklis Despotakis, Paul Brna, Antonio ...

Semantic Social Sensing for Improving Simulation ... - BibSenomy
www.bibsonomy.org/bibtex/e1db6bfal77a3629652c6¢114a6250d2 ~

Semantic Social Sensing for Improving Simulation Environments for Learning. info.
On this page you can rate and comment this publication. You can also create ..

Semantic Social Sensing for Improving Simulation ... - Springer ——

Q,: {semantic-social-sensing ; simulation ; intelligent-agents}

@ » Download Book (29,634 KB) @ » Download Chapter (124 KB)

Scaling up Learning for Sustained Impact
Lecture Notes in Computer Science Volume 8095, 2013, pp 601-602

Semantic Social Sensing for Improving
Simulation Environments for Learning

Vania Dimitrova, Christina M. Steiner, Dimoklis Despotakis, Paul Brna, Antonio Ascolese, Lucia

= Pannese, Dietrich Albert

@ » Download Book (20,634 KE) @ » Download Chapter (124 K8)

Abstract

The rapidly growing learning simulations market calls urgently for innovative ways to facilitate the
simulation design process [1],[2]. Social spaces can provide an extensivg

Intelligent-agents




Exploratory Search Example (5)

Q,: {semantic-social-sensing ; simulation ; intelligent-agents}

GO 8[e "semantic social sensing” simulation "intelligent agents”

Web Images News Shopping Videos More ™ Search tools

6 results (0.37 seconds)

dblp: Lucia Pannese

www.informatik.uni-trier.de/.../p/Pannese:Lucia.html v University of Trier

Dec 8, 2013 - ... Dietrich Albert: Semantic Social Sensing for Improving
Simulation ... for intelligent agents in crisis management simulations: A survey.

FreeSearch/DBLP: author:Lucia Pannese Source:DBLP
dblp_kbs.uni-hannover.de/dblp/Search.action;jsessionid... ?search... ~
Semantic Social Sensing for Improving Simulation Environments for Learning. ...
Emotions for intelligent agents in crisis management simulations: A survey.

FreeSearch/DBLP: by:"Lucia Pannese” Source:BibSonomy Source ...

Semantic Social Sensing for Improving Simulation Environments for Learning. ...
Emotions for intelligent agents in crisis management simulations: A survey.

search - AuthorMapper
www.authormapper.com/search.aspx?val=name%3ABma%2C+Paul... ~

Semantic Social Sensing for Improving Simulation Environments for Learning ...
The rapidly growing learning simulations market calls urgently for innovative ...

Qs: { Lucia-Pannese }

Lucia Pannese & ®»

Y v -showall--| ® v byyear | & v Trier1
[-12010 - today @
2013
B (2] BEL® il A. M. Maiden, Sonali D'Souza, Sara Jones, Lars Miller, Lucia Pannese, Kristine Pitts, Michael Prilla, Kevin Pudney, Malcolm Rose, lan Turner,
onstantinos Zachos: Computing technologies for reflective, creative care of people with dementia. Commun. ACM 56(11): 60-67 (2013)
B 9] E & Y Dimokiis Despotakis, Vania Dimitrova, Lydia Lau, Dhavalkumar Thakker, Antonio Ascolese, Lucia Pannese: View$ in User Generated Content for

Enriching Learning Environments: A Semantic Sensing Approach. AIED 2013: 121-130

Vania Dimitrova, Christina M. Steiner, Dimoklis Despotakis, Paul Brna, Antonio Ascolese, Lucia Pannese, Dietrich Albert: Semantic Social Sensing
for Improving Simulation Environments for Learning. EC-TEL 2013: 601-602

R Milos Kravcik, Birgit R. Krogstie, Adam Moore, Viktoria Pammer, Lucia Pannese, Michael Prilla, Wolfgang Reinhardt, Thomas Daniel Ullmann (Eds.):
Proceedings of the 3rd Workshop on Awareness and Reflection in Technology-Enhanced Learning In conjunction with the 8th European
Conference on Technology Enhanced Learning: Scaling up learning for sustained impa Q13), Paphos, Cyprus, September 17,

2013. CEUR Workshop Proceedings 1103, CEUR-WS.org 2013

R Lucia Pannese: Workshop: Tutorial on Serious Games for Entrepreneurship. VS-GAMES 2012: 326-327

-‘Q Michael Loizou, Thomas Hartley, Sarah Slater, Robert Newman, Lucia Pannes
simulations: A survey. CGAMES 2012: 213-219

gents in crisis management

B n E 8 ® Aristidis Protopsaltis, Lucia Pannese, Sonja Hetzner, Dimitra Pappa, Sara de Freitas: I ' I h Serious Games. iJET 5(SI3): 4-6 (2010)
H ES ® Dimitra Pappa, Lucia Pannese: Effective Design and Evaluation 'L ITA Project. WSKS (1) 2010: 225-237




Exploratory Search Example (6)

Q.: { Lucia-Pannese } Linked [f1.

Lucia Pannese
Milan Area, ltaly | Software

GO gle "Lucia Pannese"

Web Images Videos Shopping News More ™ Search tools

Iscriviti a LinkedIn e accedi al profilo completo di Lucia Pannese.
E gratis!

About 4,220 results (0.35 s

i-maginary.it - Home
www.i-maginary.it/ ~ Come membro di LinkedIn, entrerai a far parte di una rete di 250 milioni di professionisti

Guarda il vide_o di IFaIiax10, I'evento orge_mizzato da Telecom_ Italia e Festival Citta che condividono collegamenti, idee e opportunité_
Impresa, a cui Lucia Pannese, CEO di imaginary, ha partecipato, lo scorso 7 ...

Contacts - Training e HR - Clienti - Mondi virtuali * (Guarda le conoscenze che hai in comune con Lucia Pannese

2 : ; + Fatti presentare a Lucia Pannese
i-maginary.it - home eng )
www.i-maginary.it/en/ v + Contatta Lucia Pannese direttamente
imaginary is a leader in the practical application of enabling technologies such as
serious games, simulations, immersive technologies, and social media. ’

‘ Visualizza il profilo completo di Lucia

Lucia Pannese - ltalia | LinkedIn
it.linkedin.com/in/luciapannese ~

Visualizza il profilo professionale di Lucia Pannese (ltalia) su LinkedIn. LinkedIn & la R . .
rete professionale pit grande al mondo utilizzata dai professionisti come ... Panoramica di Lucia Pannese

Segnalazioni 3 persone hanno segnalato Lucia

Images for "Lucia Pannese" - Report images

y 2 \ Collegamenti 500+ collegamenti
ﬂ 4 " ¥ Pubblicazioni di Lucia Pannese
‘ e . Serious Games and digital interactive technologies for healthcare

dblp: Lucia Pannese Slideshare | September 25, 2012
dbip: Lucia Fannese _
www.informatik.uni-trier.de/.../p/Pannese:Lucia.html v University of Trier ~ Authors: Lucia Pannese

Dec 8, 2013 - Lucia Pannese: Workshop: Tutorial on Serious Games for ... Dimitra e

Pappa, Lucia Pannese: Effective Design and Evaluation of Serious Games: ...

Virtual Environments for Game Based Reflective Learning focused on Health

lucia pannese (Ipannese) on Twitter Applications
https://twitter.com/Ipannese ~ ) Slideshare | February 26, 2013
:;ehsee ;artcer?; |'from lucia pannese (@lpannese). serious games expert, entrepreneur, TEL Authors: Lucia Pannese

Results from the MIRROR project
e —

Original query: Q,: { intelligent-agents ; simulation } Discovered: new collaboration opportunity “Lucia Pannese” !

Query trail: {0,> Q, > Q,> Q; > Q, > Q; } Discovered: potentially interesting domain — “semantic social sensing”




Query trails aka “collective intelligence”

— LN
\Collected query tralls‘/

{Q]_I QZI Q3I QAI Qs}
Q,,, Q3 Q
(@0, 0

' Qp }

L

{Qy,Qs

— LN
\Collected query tralls./

{Qll Qz, Q6;Q7IQ8}
Q,,, Q,, Q3 Q Q
(00,0000

@Iected query trailD

{Q]_) Qz; Q3) Qg}

A QUERY TRAIL;

RQ; CAN WE MAKE ANY SENSE FROM SUCH COLLECTION?



Query (Prefix) Tree / Forest:
s ﬁ:% Q “collective confusion” — “individual satisfaction”

A %
g ‘i ‘ ’
- \ ) V \.,:

CoIIec;ced qguery trails:
{Q,, Q,, Qg}
a8, 4 o
Q {Ql Qz Q6 Q,, Qq}
{Q12) QZ; Q3; Q4 Qs}

ﬁ
{Qll Qz; Q3; Qg}
\ {QIO QZ QG Q7 QS} Qlll
7 Q3
Q
‘ | e\. :o H
A\ ) N




Inverted Query (Suffix) Tree / Forest:

“collective satisfaction” — “individual confusion”

l Inverted (!) query trails:
{Qs, Q,, Q3, Q,, Q }
= Q2 Q Q27
l {Qq Q;, Qg, Q,, Qy}
{Q5' Q4' QB' QZ' QlZ}
Q {Qg; Q3; Qz; Ql}
2 {Qg, Q;, Qg Q,, Q)

Jl’g’



PSS S TP S
......

. s MR L

B R 4

Merged Query Forest with SNl
Inversed Query Forest = it &l AL
= There-and-Back-Structure . i

=4

O X O SR
n? wll\:, P = Ty &= :'}“-
-Query-Structure) 4& vee b

Lovitskii, V. A., Terziyan, V. (1981). Words’ Coding in TB-
Structure. Problemy Bioniki, 26, 60-68. (in russian)

CELEBRATING




TB-Query has been originally invented
for “intelligent” storage of words

CELEBRATING

Words:
Y-U-T-A-T-b
Y-U-T-A-T-E-/I-b
Y-U-T-A-N1
N-n-C-A-T-b

Prefix Forest:

©®0-06009

b-T-A-T-U-Y
b-JI-E-T-A-T-U-Y
N-A-T-UY
b-T-A-C-U-TI

Inverted Words: |}

Suffix Forest:

o

/?

@
©-09009

¢
20
@O

®-6-0-0-9

TB-Structure:

Merged Prefix & Suffix Forests

New words
appeared (!):
M-U-C-A-T-E-N-b
M-U-C-A-N




TB-Structure (merged Prefix & Suffix forests):

“collective or individual confusion” — “COLLABORATIVE satisfaction”

A% A%

'\ ~ A "\ ~

\//?‘ \f,?‘ s N \ : N
Q Q,

Original (Collected)
query trails:

{Q,, Q,, Q,, Q:}
O A A
{Q,, Qz Qs Q,, Qg}
{le’ QZ’ Q3I Q4 QS
{Ql; Qz; Q3; Qg}

{Qp Q,, Qg Qy, Qg}

\ 4

New (inferred)

qguery trails:
1Qy3, Q3, Q,, Qs}
{Q,, Q,, Qs Qg}
{Q;5, Q,, Qg , Q;, Qg}
{Qq0, Q,, Q3, Qu, Qs}
{Qy0, Q,, Q3, Qo)




Batch preprocessing of trails before feeding

TB-structure (because order matters):
using “prefix-suffix similarity” function

Original (Collected)
query trails:
o &g,
|Tx nP Ty| - longest common prefix length {Q1 Q,, Q69, Q,, Qg
5 . {lel Qz; le Q41 Q5}
|Tx N Ty| - longest common suffix length {Q,, Q,, Q;, Q}
{Q]_OI QZ) QG) Q7) Qg}
L% { er Q,, st Q! er Qg } '
I B — Ordered query trails:
______________________________ . {Qll QZI Q31 QAI QS}
T { Ql’ Q2’ Q3y Q7, Q8,| QS’ Q6 '} {Q]_ZI QZ/ Q31 QAI QS}
—————————————————————————————— {Q]_I Qz, Q3; Qg}
7 < 1Qy1, Q3, Qo)
5 {Q,, Q, Qg, Q;, Qg}
SIMPSTx’Ty — E ~ 0'3846 {Q1o, QZI QGI Q7r Q8}




How we got this TB-Structure:
Step-by-Step structure feeding

A% A
‘ » {f;al' y
W e -\ W e

Ordered query trails:
{Q;, Q,, Qs Qp, Qs}
{le, Q,, Q;, Qu Qs}
{Q,, Q,, Q;, Q)

{Qlll Q3' QQ}

{Qll QZI QG ’ Q7 ’ Qg}
{Q]_o; Qz; QGI Q71 Qg}




How we got this TB-Structure:

Step 1

Ordered query trails:
{Q,, Q,, Q; Q, Q;}
{Qg0, Qp, Q3 Q) Qs}
{Q,, Q,, Q;, Q)

{Qy, Qs Qq}

{Qll QZ/ QG ’ Q7 ’ Qg}
{Qlo; QZI QG/ Q7/ Qg}




How we got this TB-Structure:
Step 2

Ordered query trails:

| a0, 0,0
(01, Qyr Qg Q, Qs
{Q;, Q,, Q;, Q,}
(Qyy, Qs Q)

{Qll QZI QG ’ Q7 ’ Qg}
{Qlo; QZI QG/ Q7/ Qg}




How we got this TB-Structure:
Step 3

Ordered query trails:
{Qy, Q) Q3 Qg Qs}
10,5, Qp Q3 Qq Qs}
{Q,, Q,, Q3 O}

{Qy, Qs Qq}

{Qll QZI QG ’ Q7 ’ Qg}
{Qlo; QZI QG/ Q7/ Qg}

NOTICE NEW
(INFERRED) TRAIL:

{Q;, Q, Q3 Qo)

... which means that for the entry Q,, we may
offer also search outcomes of the implicit query
Q, (as well as, of course, of the explicit one Q)




How we got this TB-Structure:
Step 3* (“Collaborative Filtering” effect?)

g NOTICE EFFECT aka
W “Collaborative Filtering” !!!

o

The underlying assumption of the
collaborative filtering approach is
that if a person A has the same
“satisfaction” as a person B on an
issue X (i.e., on the content returned
by a search engine), then A is more
likely to be satisfied on a different
issue Y, which has already satisfied B,
than to have the same satisfaction
on Y as a person chosen randomly.

NOTICE NEW (INFERRED) TRAIL:

{Q]_Zr Qz; Q3: Qg}

... which means that for the entry Q,, we may
offer also search outcomes of the implicit query
Q, (as well as, of course, of the explicit one Q)




How we got this TB-Structure:
Step 4

Ordered query trails:
{Qy, Q) Q3 Qg Qs}
10,5, @y Qg Qq Qs}
{Q,, Q,, Q;, Oy}

{041, Qg Qq}

{Qll QZI QG ’ Q7 ’ Qg}
{Q]_o; Qz; QGI Q71 Qg}

NOTICE NEW
(INFERRED) TRAIL:

{Q11; Q3; Q4; Qs}




How we got this TB-Structure:
Step 5

‘( > ‘ \!‘
‘J\ e ) \i\ o e
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Ordered query trails:
{Qy, Q) Q3 Qg Qs}
10,5, @y Qg Qq Qs}
{Q,, Q,, Q;, Oy}

{01, Qg Qo}

{Q1) Qz; Q6 ) Q7 ’ Qg}
{Q]_OI QZI QGI Q71 Qg}

NOTICE NEW
(INFERRED) TRAIL:

{Q,, Q,, Q, Q;, Qg}




How we got this TB-Structure:
Step 6

Ordered query trails:
{Qy, Q) Q3 Qg Qs}
{0, Qy Qg, Qu, Qs}
{Q,, Q,, Q;, Oy}

{01, Qg Qo}

{Qy, Q, Qg , Q;, Qg}
{0, Q,, Qg Q,, Qg}

NOTICE 2 NEW
(INFERRED) TRAILS:

{er Qz; Q3; Q4; Qs}

“:\\f<’°, ;{Qlﬂl Qz; Q3; Qg}




How we got this TB-Structure:
(finally, notice collaborative satisfaction nodes due to inferred trails)

Ordered query trails:
{Q;, Qy Q) Qg Qs}
10,0, Qy Qg, Qu, Qs}
{Q,, Q,, Q;, Oy}

{01, Qs Qo}

{Qy, Qy Qs, Q7 , Qg}
{Q.,, Q, Qg Q, Qg}

¥

5 INFERRED TRAILS:
{Q,,, Q,, Q;, Q)
{Qy1, Q3 Qpy Qs}

{Q,,, Q,, Q; Q;, Qg}
Q0 Q) Q3 Qi) Qs}
{Q,, Q,, Q;, Qo)




Trails merged simultaneously from prefix and suffix:
of course possible, no problem!

Q,
(Qy, Qy Q3 Qu{Qs Q) :
(s, Q,, Q3 Qy, Qp{Qs, Q) .

B !
\ a
Unordered loops —

(alternative paths from origin to destination) l
are possible in TB-Structure




Nested prefixes or/and suffixes:

of course possible, no problem!

——————————————————————

—————————————————————

{Qll QZI Q31 Q4; QS' QG} ---------------------

G B & { QZ' Q3' QA er Qe »
{ Qli er Qs; Q4, Q5} -------------------

——————————————————————

Maximal compactness
(and high inference potential)

2ol |—|o|—|o[—|e|—I|®




Trails: Trees vs. Tries

Q

" TREES-BASED
TB-STRUCTURE

Q,

{

Qs

~

TRIES-BASED
TB-STRUCTURE




Experiments with TB-Structure (Data Generation)

To test the properties of a TB-structures the first round of experiments has
been run on an automatically generated artificial data set.

The automatic generation of trails was performed in two different ways:

1. With a uniform generator, which generated trails by choosing query
symbols Q; from the so called “alphabet” {Q} uniformly at random and
constructing trails of the length chosen randomly between | .. and | __.;

2. With a random traversal generator which created a graph of the query
symbols by placing each symbol in a node and adding a directed edge from
each node to a fixed number of randomly chosen other nodes. A trail was
generated by the graph traversal from a randomly chosen starting node.




Experiments with TB-Structure (Data Settings)

We automatically generated 5391 restricted* TB-structures and 5391 fail-over**
structures with different settings.

We varied the minimal trail length | . from 5 to 55 nodes, the maximal length
|, varies from 5 to 60 nodes, the step of the length for each new set of
generated structures was 5 nodes;

A number of symbols in the query alphabet varies from 20 minimum to 1280
maximum;

A number of initial trails varies from 100 to 51200.

* Trails in restricted structures does not contain the same symbol (query) several times in various places (natural assumption);
** Trails in fail-over structures does not have any limitations (may lead to so called “toxic” cases).

% = Mathigenealogys




Experiments with TB-Structure

(verifying new-trails’ “generative power” (inference capacity),

which also means storage “compactness”)

An important property of the TB structure verified by experiments is its generative
power — ability to infer new trails, implicit in the initial collection of trails. Such
property shows both the inference power and the compactness of the structure.

The experiments shown a non-linear, exponential-like dependency between the
number of initial trails and newly generated ones.

The maximum number of generated trails was achieved in case of the bigger
difference between the minimal possible length of trails and their maximal possible
length (I, =5; |, = 60) and the smallest possible alphabet (= 20). The biggest

explosion of new trails was observed in a fail-over structure. In many cases the

number of generated trails was so large that we were unable to count it at in
reasonable time*.

* The combinatorial explosion is not critical in our case because usually real search tasks imply shorter query
trails than what we used in experiments, and a large alpha-bet. TB-structures constructed with these settings
are more compact and suffer less from explosion of newly generated trails.

o .Try
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Next Stage: SWARM-TB-Query-Structure




SWARM-TB-Query-Structure

HOW WE MAY USE PHEROMONE? T

Ant Colony Optimization scheme:
[ D. Merkle & M. Middendorf ]
Initialize pheromone values
repeat
forantk €{1,...,m}
construct a solution
endfor
forall pheromone values do
decrease the value by a certain percentage fevaporation}
endfor
forall pheromone values corresponding to good solutions
do
increase the value fintensification}
endfor
until stopping criterion is met




SWARM-TB-Query-Structure

Traveling Salesperson Problem ACO scheme:
[ D. Merkle & M. Middendorf ]

Initialize pheromone values
repeat

for ant k €{1, ... m}{solution construction}
S:={1,..., n}{set of selectable edges}
choose edge i with probability p,;

repeat
choose edge j €S with probability p;
S:=5-{j} i
o= pij 1= 1 vj e S
until S = & 2 zesTiz
Endfor ACO variables and parameters.
forall i/ .I do Tij Pheromone value
Tij = (1 - p) . Tij {evaporatlon} m Number of ants per iteration
endfor
forall j, j in iteration best solution do
Ui =T +A {intensification} p  Evaporation rate
endfor A Amount of pheromone added during pheromone intensification
until stopping criterion is met




Summary and Conclusions

Exploratory search optimization benefits from capturing and processing
collective search experience;

Collective behavior contains hidden patterns that can be uncovered and used;

TB-Structure contributes to the effective storage and operation over big data
sequences, e.g., query trails of collective search experience;

TB-structure is a smart data model used for compact storage of explicit query
trails and inference of implicit trails useful for new users’ intents prediction;

TB-structure can be applied for various tasks implying sequential processes,
configurations and plans in biology, medicine, industry, logistics, etc.;

Experiments show that generative power of the proposed data structures is
very high, in some cases we experience explosion of new implicit knowledge

emergence,

The structure will benefit from applying a swarm intelligence on top of it.
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UERY CONTENT

If no time for explicit questions, SN

then explore;
http://www.cs.jyu.fi/ai/IKC-2016.pptx

for implicit answers ...
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