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Hierarchies
Hierarchies are part of our common experience in the physical as 
well as in the living and social worlds [CourgeauEtAl06].

Hierarchy is a deep and powerful concept that has a polysemous 
semantic [Simon62].

4

[CourgeauEtAl06] Courgeau, D., Franck, R. and Pumain, D.,  “Hierarchy in Natural and 
Social Sciences”, Methods Series, Volume 3, Springer Netherlands, 2006.

[Simon62] Simon, H. A. “The Architecture of Complexity”. In Proceedings of the American 
Philosophical Society, volume 106, pages 467–482. American Philosophical Society, 1962.
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Hierarchies
Hierarchies are part of our common experience in the physical as 
well as in the living and social worlds [CourgeauEtAl06].

Hierarchy is a deep and powerful concept that has a polysemous 
semantic [Simon62].

4

[CourgeauEtAl06] Courgeau, D., Franck, R. and Pumain, D.,  “Hierarchy in Natural and 
Social Sciences”, Methods Series, Volume 3, Springer Netherlands, 2006.

[Simon62] Simon, H. A. “The Architecture of Complexity”. In Proceedings of the American 
Philosophical Society, volume 106, pages 467–482. American Philosophical Society, 1962.

Inclusion hierarchy: recursive organization of entities: the “chinese box” metaphor.
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Hierarchies
Hierarchies are part of our common experience in the physical as 
well as in the living and social worlds [CourgeauEtAl06].

Hierarchy is a deep and powerful concept that has a polysemous 
semantic [Simon62].

4

[CourgeauEtAl06] Courgeau, D., Franck, R. and Pumain, D.,  “Hierarchy in Natural and 
Social Sciences”, Methods Series, Volume 3, Springer Netherlands, 2006.

[Simon62] Simon, H. A. “The Architecture of Complexity”. In Proceedings of the American 
Philosophical Society, volume 106, pages 467–482. American Philosophical Society, 1962.

Control hierarchy: social organization - who gives orders to whom; a control system in 
which every entity has an assigned rank.
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Hierarchies
Hierarchies are part of our common experience in the physical as 
well as in the living and social worlds [CourgeauEtAl06].

Hierarchy is a deep and powerful concept that has a polysemous 
semantic [Simon62].

4

[CourgeauEtAl06] Courgeau, D., Franck, R. and Pumain, D.,  “Hierarchy in Natural and 
Social Sciences”, Methods Series, Volume 3, Springer Netherlands, 2006.

[Simon62] Simon, H. A. “The Architecture of Complexity”. In Proceedings of the American 
Philosophical Society, volume 106, pages 467–482. American Philosophical Society, 1962.

Elementary Particles

Atoms
Molecules

Level hierarchy: Each level is characterized by a particular spatiotemporal scale for its 
associated entities and for the processes through which the entities at this level interact with one 
another.
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The Tree

5

Darwin’s Evolutionary Tree [Darwin1859]. 

“It is an odd looking affair, but indispensable to show the nature of the very 
complex affinities of past and present animals” [Moretti05].

[Darwin1859] Darwin, C., “The Origin of Species”. Barnes & Noble Classics, New 
York, NY,USA, 1859.

[Moretti05] Moretti, F., “Graphs, Maps, Trees – Abstract Models for Literary 
History”. Verso, New York, NY, USA, 2005.
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The Tree

File System Tree 

Organization Tree 
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The Tree Data Structure

The tree representation is formally defined as a proper 
data structure and it is one of the most important data 
structure in computer science [Knuth97].

7

[Knuth97] Knuth, D., “The Art of Computer Programming”, Volume 1, Addison Wesley, 1997.

[Christofides75] Christofides, N., “Graph Theory”, Academic Press, Imperial College, 
London, 1975.

Formal Definition in Graph Theory [Christofides75]:
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Research Question 
and Context
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Research Question

When we think of a hierarchy in computer science we 
think at it as represented by a set of nodes and edges.

9

 r

 b a

 e  f c  g d
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Research Question

When we think of a hierarchy in computer science we 
think at it as represented by a set of nodes and edges.

9

 r

 b a

 e  f c  g d

r
a

c

b
e f gd r(a((c)(d)) b((e)(f)(g))) 

r

a b

c d e f g

Nested Sets Nested Parenthesis Nested Intervals

[Knuth97] Knuth, D., “The Art of Computer Programming”, Volume 1, Addison Wesley, 1997.

But it is also possible to point out some 
alternative representations [Knuth97]:
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Research Question

9

Are they just representations? 

Or could we formally define new data structures based 
on these intuitive ideas pointing out new properties?

r
a

c

b
e f gd r(a((c)(d)) b((e)(f)(g))) 

r

a b

c d e f g

Nested Sets Nested Parenthesis Nested Intervals

[Knuth97] Knuth, D., “The Art of Computer Programming”, Volume 1, Addison Wesley, 1997.

But it is also possible to point out some 
alternative representations [Knuth97]:

?
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The Context: Digital Libraries
A Digital Library is a collection of information that is both digitized and 
organized.  A digital library can be searched for any phrase, it can be accessed all 
over the world [Lesk97]. Digital Libraries are user-centric systems devoted to 
communication and cooperation [Ioannidis05]. 

10

[Lesk97] M. Lesk. “Practical Digital Libraries. Books, Bytes & Bucks”. Morgan Kaufmann 
Publishers, 1997.

[Ioannidis05] Ioannidis, Y. E. “Digital Libraries at a Crossroads”. International 
Journal on Digital Libraries, 5(4):255–265, 2005.

C

C

C

C

C

C

C

Infrastructure
Services

Video
Services

Audio
Services

Geographic
Services

Document
Services

Image
Services

Infrastructure
Services

Document
Services

Image
Services

Audio
Services

Annotation
Services

Archives

Libraries

Museums

lunedì 9 aprile 12



PhD Defense Presentation 
19 April 2011, Padua, Italy

Gianmaria
Silvello

slide

An archive represents the trace of the activities of a 
physical or juridical person in the course of their business 
which is preserved because of their continued value [Duranti98].

Archives keep the context in which their records have been 
created and the relationships among them in order to 
preserve their informative content and provide 
understandable information over time [Duranti98].

11

Case Study: The Archives

Archival descriptions constitute a hierarchy 
which represents the relationships 

among more general and more specific 
archival units [Pearce-Moses05].

Archives

Tree Data 
Structure

[Duranti98] Duranti, L. “Diplomatics: New Uses for an Old Science”. Society of American 
Archivists, Lanham, Maryland, USA, 1998.

[Pearce-Moses05] Pearce-Moses, R. “Glossary of Archival And Records Terminology”. 
Society of American Archivists, 2005. 

FONDS

SUB-
FONDS

SUB-
FONDS

SERIES SERIES SERIES
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The NESTOR Model
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The NESTOR Model

Graphical 
Representation 

[Knuth97]

Integer 
Encoding
[Celko00]

Nested Intervals 
[Tropasko05]

State of the art

The NESTOR Model

The Nested Set 
Model 
NS-M

The Inverse 
Nested Set Model 

INS-M

Mapping Between the 
Models

Properties of the Set Data 
Models

Relationships with the Tree

Metrics

[Knuth97] Knuth, D., “The Art of Computer Programming”, Volume 1, Addison Wesley, 
1997.

[Celko00] Celko, J., “The Joe Celko's SQL for Smarties: Advanced SQL Programming”, 
Morgan Kaufmann, 2000.

[Tropasko05] Tropashko, V., “Nested Intervals Tree Encoding in SQL”, SIGMOD Record, 
Volume 34, Number 2, 2005.
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[SEBD10]

NS-M and Tree

Properties of NS-M
[Springer-Chapter11]

14

The NESTOR Model

Graphical 
Representation 

Integer 
Encoding

Nested 
Intervals 

State of the art

Innovative

Formal Definition of NS-M
[ECDL09]

[PhDThesis11]
Metrics

The NESTOR Model

The Nested Set 
Model 
NS-M

The Inverse 
Nested Set Model 

INS-M

Mapping Between the 
Models

Properties of the Set Data 
Models

Relationships with the Tree

Metrics

[ECDL09] N. Ferro and G. Silvello: “The NESTOR Framework: How to Handle Hierarchical Data 
Structures”, Proc. of ECDL 2009 in LNCS 5741 series, pp. 215 – 226, Springer-Verlag, 
Germany, 2009.
[Springer-Chapter11] Agosti, M., Ferro, N. and Silvello, G. “How to Handle Hierarchically 
Structured Resources Addressing Interoperability Issues in Digital Libraries”. In Learning 
Structure and Schemas from Documents, Studies in Computational Intelligence. M. Biba and 
Xhafa, F. eds., Springer-Verlag, Germany 2011. In print.
[SEBD10] Agosti, A., Ferro, N., and Silvello, G. “The NESTOR Framework: Manage, Access and 
Exchange Hierarchical Data Structures”. In Proceedings of SEBD 2010, pages 242–253.Italy, 
2010.
[PhDThesis11] Silvello, G. “A Set-Based Approach to Deal with Hierarchical Structures”, 
PhD Thesis, University of Padua, 2011.
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The NESTOR Model
State of the art

Innovative

[SEBD10]
INS-M and Tree

[PhDThesis11]
Metrics

[IEEE09]
Graphical 
Representation

The NESTOR Model

The Nested Set 
Model 

NS-M

Mapping Between the 
Models

Properties of the Set Data 
Models

Relationships with the Tree

Metrics

The Inverse 
Nested Set Model 

INS-M
Properties of INS-M

[Springer-Chapter11]

Formal Definition of INS-M
[IEEE09]

[IEEE09] Agosti, M., Ferro, N., and Silvello, G. Access and Exchange of Hierarchically 
Structured Resources on the Web with the NESTOR Framework. Web Intelligence and Intelligent 
Agent Technology, IEEE/WIC/ACM International Conference, pages 659–662, 2009.

[Springer-Chapter11] Agosti, M., Ferro, N. and Silvello, G. “How to Handle Hierarchically 
Structured Resources Addressing Interoperability Issues in Digital Libraries”. In Learning 
Structure and Schemas from Documents, Studies in Computational Intelligence. M. Biba and 
Xhafa, F. eds., Springer-Verlag, Germany 2011. In print.

[SEBD10] Agosti, A., Ferro, N., and Silvello, G. The NESTOR Framework: Manage, Access and 
Exchange Hierarchical Data Structures. In Proceedings of SEBD 2010, pages 242–253.Italy, 
2010.

[PhDThesis11] Silvello, G. “A Set-Based Approach to Deal with Hierarchical Structures”, PhD 
Thesis, University of Padua, 2011.
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The Nested Set Model

16
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The Nested Set Model
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The Nested Set Model
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The Nested Set Model
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The Nested Set Model

16

v1

v2 v3

v4 v5 v6

A6A5A4

A2

A3

A1

A6A5A4

A2

A3

A1

Definition of NS-M:
Let A be a set and let {Ai}i2I be a family. Then {Ai}i2I is a Nested Set

Family if:
A 2 {Ai}i2I

; /2 {Ai}i2I

8Ah, Ak 2 {Ai}i2I , h 6= k | Ah \Ak 6= ; ) Ah ⇢ Ak _Ak ⇢ Ah
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The Inverse Nested Set Model
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The Inverse Nested Set Model
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The Inverse Nested Set Model
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The Inverse Nested Set Model

17

a1

a2 a3

a4 a5 a6

lunedì 9 aprile 12



PhD Defense Presentation 
19 April 2011, Padua, Italy

Gianmaria
Silvello

slide

The Inverse Nested Set Model
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The Inverse Nested Set Model
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The Inverse Nested Set Model
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The Inverse Nested Set Model
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The Inverse Nested Set Model
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The Inverse Nested Set Model
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The Inverse Nested Set Model
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The Inverse Nested Set Model
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The Inverse Nested Set Model
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The Inverse Nested Set Model
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The Inverse Nested Set Model
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The Inverse Nested Set Model

17

Definition of INS-M:

A1A2 A3

A4

A5

A6

Let A be a set and let {Ai}i2I be a family. Then {Ai}i2I is an Inverse
Nested Set Family if:

; /2 {Ai}i2I

8{Bj}j2J ✓ {Ai}i2I )
\

j2J

Bj 2 {Ai}i2I .

8{Bj}j2J ✓ {Ai}i2I

) 9Bk 2 {Bj}j2J | 8Bh 2 {Bj}j2J , Bh ✓ Bk

) 8Bh, Bg 2 {Bj}j2J , Bh ✓ Bg _Bg ✓ Bh.
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Mapping Between the Models

18

A1

A2

A3
A4 A5 A6 B1B2 B3

B4

B5

B6

⇣

⇠
a

a

b

b
c

c

d

d

e
e

f

f

g

g

{Ai}i2I {Bj}j2J

Function     : From NS-M to INS-M⇣

Function     : From INS-M to NS-M⇠
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Mapping between Tree and NS-M

19

Let T = (V,E) be a tree and let VV be a family where the set of nodes V is

its index set of the family and 8vi 2 V , Vvi = �

+
(vi). Then VV is a Nested Set

Family.

Let VV be a NS-F, V be a set of nodes and E be a set of edges where

8vj 2 V,9!Vvj 2 VV ^ 8ej,k 2 E,9! Vvj , Ak 2 VV | Ak ⇢ Vvj . Then T = (V,E)

is a tree.

Theorem: From Tree to NS-M

Theorem: From NS-M to Tree

v1

v2 v3

v4 v5 v6

a1

a2 a3

a4 a5 a6

v5 v6

A6A5A4 A3A6A5A4 A3

A1

A2
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Mapping between Tree and INS-M

20

Theorem: From Tree to INS-M

Theorem: From INS-M to Tree

v1

v2 v3

v4 v5 v6

a1

a2 a3

a4 a5 a6

a2

a5

a3

A1A2 A3

A4

A5

A6

Let T = (V,E) be a tree and let VV be a family where the set of nodes V
is its index set of the family and 8vi 2 V , Vvi = �

�
(vi). Then VV is an Inverse

Nested Set family.

Let VV be a INS-F, V be a set of nodes and E be a set of edges where

8vj 2 V,9!Vvj 2 VV ^ 8ej,k 2 E,9!Vvj , Vvk 2 VV | Vvj ⇢ Vvk . Then T = (V,E)

is a tree.
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Metric Properties of the Models

Distance Between Sets:

Graphical Distance [Diestel06]: correspondence with graphical 
distance in trees.

Distance Between Families of Subsets:

Content-Based [Jaccard1901].

Structure-Based [Galle10,ZezulaEtAl06].

NESTOR Distance: Weighted Linear Combination of 
Content- and Structure-Based Distances.

21

[Diestel06] Diestel, R.”Graph Theory”.Springer, Berlin Heidelberg, Germany, 2006.

[Jaccard1901] Jaccard, P.“Etude comparative de la distribution florale dans une portion 
des alpes et des jura”.Bulletin del la Sociètè Vaudoise des Sciences Naturelles, 37:547–
579, 1901.

[Galle10] Gallè, M.”A New Tree Distance Metric for Structural Comparison of Sequences”. 
In Apostolico, A. et al., editors, Structure Discovery in Biology, number 10231 in 
Dagstuhl Seminar Proc.. Leibniz-Zentrum fuer Informatik, 2010.

[ZezulaEtAl06] Zezula, P., Amato, G., Dohnal, V., and Batko, M.“Similarity Search. The 
Metric Space Approach”.Springer, Berlin Heidelberg, Germany, 2006.
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The NESTOR Prototype
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The NESTOR Prototype

The NESTOR Prototype

Relationships with DL 
Standard Technologies

How To Model An Archive

Relationships with Archival 
Standards

Design and Development of 
the SIAR System

State of the art

Standard 
Archival 

Description[IS
AD99]     s

Encoded 
Archival 

Description 
[Pitti01]

[ISAD99] International Council on Archives. ”ISAD(G): General International Standard 
Archival Description”, 2nd edition. Ottawa: International Council on Archives, 1999.

[Pitti01] Pitti, D. and Duff, W. M. “Encoded Archival Description on the Internet”, 
pages 1–6. The Haworth Press, Inc. 2001
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[IRCDL08, 
IRCDL11]

SIAR System

The NESTOR Prototype

24

The NESTOR Prototype

Relationships with DL 
Standard Technologies

How To Model An Archive

Relationships with Archival 
Standards

Design and Development of 
the SIAR System

State of the art

Innovative

Model an Archive
[Springer-Chapter11] 

Relationships with DL
[Springer-Chapter11] 

    [ECDL08]

Relationships 
with Archival 

Standards

[ECDL08] Ferro, N. and Silvello, G.”A Methodology for Sharing Archival Descriptive Metadata 
in a Distributed Environment”.In Proc.12th European Conf. on Research and Advanced Technology 
for DL (ECDL 2008),p.268–279. LNCS 5173,Springer, Germany, 2008.

[Springer-Chapter11] Agosti, M., Ferro, N. and Silvello, G. “How to Handle Hierarchically 
Structured Resources Addressing Interoperability Issues in Digital Libraries”. In Learning 
Structure and Schemas from Documents, Studies in Computational Intelligence. M. Biba and 
Xhafa, F. eds., Springer-Verlag, Germany 2011. In print.

[IRCDL08] Ferro, N. and Silvello, G. A Distributed Digital Library System Architecture for 
Archive Metadata. In Agosti, M., Esposito, F., and Thanos, C., editors, Post-proceedings of 
the Forth Italian Research Conference on Digital Library Systems (IRCDL 2008), pages 99–104. 
Italy, 2008.

[IRCDL11] Agosti et al. “SIAR: A User-Centric Digital Archive System”. In 7th IRCDL - Italian 
Research Conference on Digital Libraries,Accepted for Publication, 2011.

Archival 
Description 

Standard 

Encoded 
Archival 

Description 
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Technological Standards for Archives

25

Archives
Tree Data 
Structure

XML

EAD

Pros and Cons[Prom02]:

Content and Structure

Hierarchy and Context

Variable Granularity Access and Exchange
[Pitti01] Pitti, D. and Duff, W. M. “Encoded Archival Description on the Internet”, pages 
1–6. The Haworth Press, Inc. 2001

[Prom02] Prom, C. J. “Does EAD Play Well with Other Metadata Standards? Searching and 
Retrieving EAD Using the OAI Protocols”. Journal of Archival Organization,1(3):51–72, 2002.

[Pitti01]

FONDS

SUB-
FONDS

SUB-
FONDS

SERIES

SERIES

SERIES

Documents

<eadheader> 
    [...]
<eadheader>
<archdesc level=”fonds”>
    [...]

<did> [...] </did> 
       <dsc label="Fonds">

    [...]

    <c01 label="Sub-fonds"> 
[...]

    </c01>
           <c01 label="Sub-fonds">

        [...]

        <c02 label="Series">
   [...]
</c02>

             <c02 label="Series">
   [...]

             </c02>
             <c02 label="Series">

   [...]
             </c02>
           </c01>
         </dsc>
</archdesc>

ISAD(G)Internation
al Standard for 

Archival Description 
(General)
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How to Model an Archive

An archive can be modeled by means of one of the nested set models (e.g. NS-M).

The structure is preserved by the inclusion order between the sets.

The archival descriptions are modeled as elements belonging to the sets.

There is a clear distinction between the structural and the content elements. 
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a

b

cd e

f

g

fonds

subfonds
subfondsseries series series

Tree Representation of an Archive NS-M Representation of an Archive

Archival description "c"

Archival description "e"

Archival description "g"

FONDS

SUB-
FONDS

SUB-
FONDS

SERIES

SERIES

SERIES

Archival description "a"
Archival description "f"

Archival description "b"

Archival description "d"
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Case Study: Relationships with OAI-PMH and DC
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OAI-PMH 

A
SetSpec = A

B
SetSpec = A:B

C
SetSpec = A:B:C

Service 
Provider

Data 
Provider

Data 
Provider

HTTP Request

HTTP Request

XML Response

XML Response

[VandeSompel03] Van de Sompel, H., Lagoze, C., Nelson, M., and Warner, S. “The Open Archives 
Initiative Protocol for Metadata Harvesting (2nd ed.)”. Technical report, OAI, 2003.
[Prom03] Prom, C. J. “Reengineering Archival Access Through the OAI Protocols”. Library Hi 
Tech, 21(2):199–209, 2003.

OAI-PMH is the standard de-facto for metadata exchange.

OAI-PMH enables logical data partitioning by defining 
group of records: OAIset.

Harvesting from a set which has subsets will cause the 
repository to return metadata in the specified set and 
recursively from all its subsets [VandeSompel03, Prom03].

Dublin Core is the minimum requirement of OAI-PMH.
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An Instantiation of NS-M

28

Digital Library technologies such as OAI-PMH and Dublin Core can be used in 
conjunction with the NESTOR Framework.

a

b

cd e

f

g

fonds

subfonds
subfondsseries series series

<setspec>0001</setspec>

<setname>fonds</setname>

<setspec>0001:0001</setspec>

<setname>subfonds</setname>

<setspec>0001:0002</setspec>

<setname>subfonds</setname>

<setspec>0001:0001:0001</setspec>

<setname>series</setname>

<setspec>0001:0001:0002</setspec>

<setname>series</setname>

<setspec>0001:0001:0003</setspec>

<setname>series</setname>

<record><header>
<identifier>a<\/identifier> 
<datestamp>2010-11-29</
datestamp><setSpec>0001</
setSpec></
header><metadata>[...]
</metadata></record>

O
A

I Sets
O

A
I R

ecords

The metadata format is 
not defined by the 

NESTOR Framework. 
We can use different 

formats within the same 
set.
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SIAR: The NESTOR Prototype

Analysis(
of(the(

Requirements

Development

Idea8on Design

Data(Model
Laboratory(
Interac8on
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SIAR: The NESTOR Prototype in Action

30

The archival hierarchy is modeled by 
means of a NS-F and it relies on 

OAI-PMH 

We can use different metadata 
formats within the same system. 

We defined five different metadata 
format to describe archival 

resources.
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We addressed the research question by defining two 
independent set data models to model a hierarchy.

We proposed an innovative framework (NESTOR) 
which re-thinks the way in which archival descriptions are 
approached.

We developed a prototype of a digital archive system 
providing an actual integration with DL standard 
technologies.

Future work: Define an algebra to manipulate and query 
the data represented by the set data models.
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Final Remarks and Future Work
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Thank You 
for 

Your Attention
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Backup slides
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An Instantiation of INS-M

Fonds

Sub-FondsSub-Fonds

Series

Series

Series

<setspec>0001</setspec>
<setname>SeriesA</setname>

<setspec>0002</setspec>
<setname>SeriesB</setname>

<setspec>0001:0001</setspec>
<setname>Sub-fondsA</setname>

O
A

ISets
O

A
I R

ecords
<setspec>0003</setspec>
<setname>SeriesC</setname>

<setspec>0003:0001</setspec>
<setname>Sub-fondsA</setname>

<setspec>0004</setspec>
<setname>Sub-fondsB</setname>

<setspec>0004:0001</setspec>
<setname>Fonds</setname>

<setspec>0003:0001:0001</setspec>
<setname>Fonds</setname>

[...]

<record>
<header>
    <identifier>idDocA<identifier>
    <datestamp>2009-04-18<datestamp>
    <setSpec>0001</setSpec>
</header>
<metadata>
    [...]
</metadata>
</record>

<setspec>0002:0001:0001</setspec>
<setname>Fonds</setname>

<setspec>0001:0001:0001</setspec>
<setname>Fonds</setname>
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SIAR Architecture
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Application Logic

2. Management Level

DB
DL 

Metadata

DB
 Archives

OAI 
Service 
Provider OAI Data 

Provider

B C
E

D

A

3. Presentation Level

Data Logic

1. Transport Level

DL
Web Interface Archives

User interfaces

DL ArchivesOutside

 Third Part
Data/Service 
Providers 

Applications 
and

External
Plug-in 

Users

DLS-DEI: Data Exchange Infrastructure

DLS-MM: Metadata Management

DLS-UI: User Interface

OAI Data 
Provider

OAI Data 
Provider

DB
 Archives DB

 Archives
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SIAR: The NESTOR Prototype in Action

We can use different metadata 
formats within the same system. 

We defined five different metadata 
format to describe archival 

resources.

[1] Agosti et al. “SIAR: A User-Centric Digital Archive System”. In 7th IRCDL - 
Italian Research Conference on Digital Libraries,Accepted for Publication, 2011.
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