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Short Version

Exploration is a fundamental need, and so
should be well supported in future DLs:

for all Societies: Humans and/with Computers;

through diverse Scenarios, aided by Spaces
and Structures, covering all types of Streams.

Theory-> Design-> Implementation-> DevOps

Integrating Sciences: computing, library, infor.;
Al, Archiving, DB, DS, HCI, HPC, Hypermedia,
IR, Networking, NLP, Psychology, Sociology,...
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See also: Sapiens: A Brief History of Humankind, by Yuval Noah Harari, 2015



Exploration
includes:

Information use

Information
search

Research

processes

Information
needs

Information
SOUrce

See also:
Exploratory
Search: Beyond
the Query-
Response
Paradigm, by
Ryen W. White,
Resa A. Roth,
Morgan &
Claypool, 2009

See also works
on: HCIR,
Information
Seeking
Behavior, Info-
Visualization,
Probing, Delving,
Investigation,
Discovery, Data

Analysis/Science
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JCR Licklider

 Grandfather of Internet
* Director, Project MAC: CTSS, Multics, Al Lab

M. M. Waldrop’s 2001 biography “The Dream
Machine: J.C.R. Licklider and the Revolution
That Made Computing Personal™:

— "He is almost alone in his conviction that
computers can become not just superfast
calculating machines, but joyful machines: tools
that will serve as a new media of expression,
iInspirations to creativity, and gateways to a vast
world of online information.” 9



LIbraries
01 the Future

J.C.R Licklider
Proposed the need for HCI in 18860

THE HOPE IS THAT, IN NOT TOO MANY YEARS, HUMAN
BRAINS AND COMPUTING MACHINES WILL BE COUPLED
TOGETHER VERY TIGHTLY, AND THAT THE RESULTING
PARTNERSHIP WILL THINK AS NO HUMAN BRAIN HAS
EVER THOUGHT AND PROCESS DATA IN A WAY NOT
APPROACHED BY THE INFORMATION-HANDLING
MACHINES WE KNOW TODAY.

-J.C. R. LICKLIDER -

We need to substitute for the book a
device that will make it easy to transmit

information without transporting

material.
- ). C. R. Lickkder




Overview

As JCR Licklider forecast in 1965 in his
“Libraries of the Future” (report for CLR)

Highly effective human-computer symbiosis in procognitive
systems that mediate online interactions with knowledge

Knowledge: acquisition, organization, use

Analysis: files, documents, texts, words

Marry information retrieval, question-answering, NLP
Adaptive self-organization, associative chaining

Leverage: set theory, spaces, functions, relations, predicate
calculus, higher-order knowledge representations



Closing Challenge

* (4) A sympathetic, cooperative, verbal,
community is a fundamental essential for the
development of a sophisticated verbal
mechanism. To develop complex language
behavior . . .

* (5) no one seems likely to design or invent a
formal system capable of automating
sophisticated language behavior. The best
approach ... to call for a formal base plus an
overlay of experience gained in interaction
with the cooperative verbal community.
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5S Motivation

DLs are not benefiting from formal theories
as have other CS fields: DB, IR, PL, etc.

DL construction: difficult, ad-hoc, lacking
support for tailoring/customization

Conceptual modeling, requirements
analysis, and methodological approaches

are rarely supported in DL development.
See my 9/2004 invited talk in Beijing “Digital Libraries for

Education: Foundations to Case Studies”
http://fox.cs.vt.edu/talks/2004/200409BeijingDL.ppt
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Theoretical Foundations
for Digltal Libraries I\t MORGAN & CLAYPOOL PUBLISHERS

The 58 (Societies, Scenarios, Spaces,
Structures, Streams) Approach

Key Issues in Digital

Libraries
Integration and Evaluation

Edward A. Fox
Marcos André Gongalves
Rao Shen

Rao Shen

SYNTHESIS LECTURES ON INFORMATION Marcos André Gongalves
CoNCEPTS, RETRIEVAL, AND SERVICES
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I\@ MORGAN & CLAYPOOL PUBLISHERS

Digital Library

Technologles I\@ MORGAN & CLAYPOOL PUBLISHERS
Complex Objects, Annotation,

Ontologies, Classification,
Extraction, and Security

Digital Libraries

Applications

CBIR, Education, Social Networks,

Edward A. Fox eScience/Simulation, and GIS
Ricardo da Silva Torres

Edward A. Fox

onathan P. Leidi
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CoONCEPTS, RETRIEVAL, AND SERVICES

SYNTHESIS LLECTURES ON INFORMATION
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Definition: Digital Libraries
are complex systems that

help satisfy info needs of users (societies)
provide info services (scenarios)

organize info in usable ways (structures)
present info in usable ways (spaces)

communicate info with users (streams)



5S Model: Definitions

5S Definition

Streams Sequences of elements of an arbitrary
type

Structures Labeled directed graphs

Sp atial Sets and operations on those sets

Scenarios Sequences of events that modify states

of a computation in order to
accomplish some functional
requirement.

Societies Sets of communities and relationships
among them




Compare:

5S fOI' D LS S elements

(China)
Ss Examples Objectives
Streams Text; video; audio; image Describes properties of the DL content

such as encoding and language for
textual material or particular forms of
multimedia data

Structures | Collection; catalog; Specifies organizational aspects of the DL
hypertext; document; content
metadata

Spaces Measure; measurable, Defines logical and presentational views
topological, vector, of several DL components
probabilistic

Scenarios | Searching, browsing, Details the behavior of DL services
recommending

Societies | Service managers, Defines managers, responsible for

running DL services; actors, that use
those services; and relationships among
them

learners, teachers, etc.




Hierarchical
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Overview of 5S and DL formal
definitions and compositions

) measurable(d.12), measure(d.13), probability (d.14), language (d.5)
relation (d. 1)\:ector (d.15), topological (d.16) spaces BUAS
sequence —
sequence graph (d. 6) . ?d 3) tuple (d. 4)*
(d. 3) function tate (d. 18
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Infra-structure Services:

(fundamental)
Universal  Authoring
Collection l
\ dok
Acquiring Submlttmg
Describing |
Catalogulng
DM,
Indexing
Ic
Linking

|

Hypertext

Information Satisfaction Services

(fundamental)

Society

actor

|

User interests/needs

query ancl\ criteria sortOrder
Searching Browsing
{do;}
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DL Services/Activities Taxonomy

Infrastructure Services Information
Repository-Building Add Satlst.'actlon
Creational Preservational Value Services
Acquiring Conserving Annotating Browsing
Cataloging Converting Classifying Collaborating
Crawling (focused) | C°Pying/Replicating Clustering Customizing
Describing Emulating Evaluating Filtering
Digitizing Renewu.lg Extracting Providing access
) Translating Indexing )
Federating (format) Measuring Recommending
Harvesting Publicizing Requesting
Purchasing Rating Searching
Submitting Reviewing (peer) Visualizing
Surveying
Translating

(language)




5SGraph: No Code DL

& Build Digital library by model

File Help

Your digital library
) [ ETD_Streams_M(0)
i) ETD_Struct_M(0)
&1 ETD_Space_M(0)
|
Digital library model

=1 pigital_Library(s) §

) Stream_Model(3)
%) Struct_Model(3)
[ Space_Model(2)
[ Scenario_Model(1)
%) Society_Model(2)

&) CollectionSet(1)

CatalogSet(1)
=/ Org_Tool(0)

Workspace

(instance model)

Structured

<« toolbox

[

v
—

(metamodel)

See https://lwww.gartner.com/en/documents/3956079/magic-quadrant-for-
enterprise-low-code-application-platf from August 2019: "By 2024, low-code
application development will be responsible for more than 65% of application

development activity."



5S-based Architecture for
DL Modeling and Generation
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Information Fimeliness Accurmey

Active Similarity Completeness

C
L i fe Preservability Onfomlance
C y c I e Organizing

Authoring Indexing
X

Modifying

Semi-Active

Desirability

Retention
Mining

Reputation

Creation

Accessing

Timeliness

Filtering Distribution

Usage 1/12}
Adapted
from:
Social
Searching aspects of
Discard Browsing digital libraries,
Inactive Recommending UCLA 1996,

eds. Christine L.
Borgman et al., https://
works.bepress.com/borgman/183/

Relevance

Exploring



Exploring Digital Libraries: Integrating
Browsing, Searching, and Visualization

JCDL 2006, Chapel Hill, NC, June 12, 2006

Rao Shen, Naga Srinivas Vemuri, Weiguo Fan,
Ricardo da S. Torres, and Edward A. Fox

DOI 10.1145/1141753.1141755
http://fox.cs.vt.edu/talks/2006/20060612JCDL06exploring.ppt



Introduction

= What’s exploring?
searching, browsing, investigating,
studying, or analyzing
for purposes of discovery,

pursuing truth or facts about
something



Introduction (Cont.)

= Are browsing and searching duals or can they
be converted to each other when certain
conditions are met?

= Can we generalize these DL exploring services
within a formal DL framework?

= Can the formal generalization guide

development of exploring services for domain
focused DLs?



Exploring Services Formalization

"> m  Within the 5S Framework

m  Generalize DL exploring services such as
browsing, searching, clustering, and
visualization.

= Prove theorems and lemmas based on the
generalization

searching <——> browsing



Theorems & Lemmas related to Operations

Theorems and Lemmas Searching | Browsing | Clustering | Visualization
Op; Opy, Opcy Op.i;
5% Theorem 1 %
gy Theorem 2 V
Theorem 3 % %
(Op; followed by Op, )
Theorem 4 % %
(Op, followed by Op,;,)
¢ Lemma 1 % v
Lemma 2 % v
Lemma 3 % v
(Op,, followed by Op,)
Lemma 4 % % %
@ (Op, followed by Op,)




Theory-based approach to describing
DL Exploring Services

— guides us to design and implement
exploring services for ETANA-DL

= « Multi-dimensional browsing

= « Searching and browsing integration
= « \/isualization

= « Usability evaluation



Evaluation of ETANA-DL services
(N=28, Scale 0-5)

Save Search within
Browse Search | EtanaViz navigation browsing
path context
(SNP) (SWBC)
4.0 4.0 4.0 4.5 4.5




Conclusions

» Approach DL exploring services based on a DL
theory.

» Develop theorems indicating browsing and
searching can be converted and switched to
each other under certain conditions.

» Provide a systematic and functional method to
design and implement DL exploring services in

an integrated archaeological DL, ETANA-DL,
which was used as a case study.

» Made contributions to aid both users and
developers of DLs.
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Working toward the Future

. Collecting information for DS

. Curating and archiving content (IS)

. Text and data analysis (DS)

. Discovering personas, customers (HCI)
. Mapping goals to tasks to services (UX,

SMEs, DevOps) -> knowledge representation

. Dynamically solving information needs (IR)
. Semi-automatically continuously improving

the information system (DS, IR, IS, HCI)



Future: Prashant Chandrasekar’s
Architecture of DL for SME Exploration

CS1 - Information Syste

Digital Library of SME Ux > @ ﬁSZ - Information Syste
h

System Regq. R Conduct s
Descriptions UX Researc CS1 - Information
System

Results
Service x Service y Service z Capture User
I Requirements
& )

Catalog of system req.
descriptions

Case/ UX ARTIFACTS Query

Casel - - PRODUCE T |] GRAPH INTERFACE

CaASE2  mmm mmm e - I

O . @ WORKFLOW MANAGER

ARTIFACT MANAGER m SERVICES REGISTRY
N )= N\




1.
2
3
4
D.
0
I
3

Future

Facilitate curiosity and wonder

. Aid learning, discovery, and leveraging
. Promote truth and understanding
. Enable collaboration in the small and large

Support specialization and synthesis

. Meet short and long term goals, with history
. Tallor to groups, personalize to individuals
. Cover the full information life cycle

41
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Thank Youl!
fox@vt.edu

Questions?
Discussion?

Upcoming related publications:

Edward A. Fox and Prashant Chandrasekar. 2021. How
Should One Explore the Digital Library of the Future? Data
and Information Management, Volume 5, in press,
https://sciendo.com/journal/DIM

Edward A. Fox. 2021. Building and Using Digital Libraries

for Electronic Theses and Dissertations. Journal of
Electronic Theses and Dissertations (J-ETD), Volume 1, in
press, http://j-etd.org 43



