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Introduction

Algebraic Topology

Study of spaces via algebraic invariants
Approach of spaces by means of polyhedrons
Applications: image processing, data mining, . . .

Symbolic Computation

Non numerical scientific computation
Symbolic Computation Systems are oriented to research

Kenzo

Symbolic Computation System devoted to Algebraic Topology
Common Lisp Package
Works with the main mathematical structures
Homology groups unreachable by any other means
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Kenzo

fKenzo

New programs

Certifications

Interoperability

Simplicial
Complexes Pushout GAP HES ACL2

ACL2

Increasing usability

functionality
Increasing

Interoperability

Increasing reliability
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Improving the usability

Antecedents

Kenzo:

Common Lisp package
Kenzo interface: Common Lisp

Advantage: freedom given by Common Lisp
Disadvantage: difficult to use by a non-Common Lisp user
Problem: usability and accessibility

Previous work to solve this problem:

M. Andrés , V. Pascual, A. Romero, J. Rubio, Remote Access to a
Symbolic Computation System for Algebraic Topology: A Client-Server
Approach, Lecture Notes in Computer Science 3516 (2005) 635–642.

Remote access to Kenzo using Corba
A prototype

Aim: Increase the usability and accessibility of the Kenzo
system
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Improving the usability

Our Approach

fKenzo:

friendly access to Kenzo
Extensible user interface + Intermediary Layer + Kenzo

OpenMath plays a key role
Advantages:

• not necessary to know Common Lisp
• intelligent enhancements

Disadvantage:
• not all Kenzo functionality is available

Publications:
J. Heras, V. Pascual, J. Rubio, Mediated Access to Symbolic Computation
Systems, Lecture Notes in Computer Science 5144 (2008) 446–461.

J. Heras, V. Pascual, J. Rubio, Using Open Mathematical Documents to
Interface Computer Algebra and Proof Assistant Systems, Lecture Notes in
Computer Science 5625 (2009) 467–473.

J. Heras, V. Pascual, J. Rubio, Applying Generative Communication to Symbolic
Computation in Common Lisp, In proceedings of the 2nd European Lisp
Symposium, 2009.
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Increasing the reliability

Antecedents

Kenzo:

Homology groups unreachable by any other means
Results not confirmed nor refuted
Increase reliability of the system beyond testing

Previous works related to this topic:

J. Aransay, C. Ballarin, J. Rubio, A mechanized proof of the Basic
Perturbation Lemma. Journal of Automated Reasoning 40 (2008) 271-293

C. Doḿınguez, J. Rubio, The effective homology of bicomplexes,
formalized in Coq. Preprint.

Apply formal methods in the study of Kenzo
Formalization related to algorithms
Not related to actual programs implemented in Kenzo

Aim: Verification of (some fragments) of Kenzo code
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C. Doḿınguez, J. Rubio, The effective homology of bicomplexes,
formalized in Coq. Preprint.

Apply formal methods in the study of Kenzo
Formalization related to algorithms
Not related to actual programs implemented in Kenzo

Aim: Verification of (some fragments) of Kenzo code

J. Heras Symbolic Computation in Algebraic Topology 9/18



Increasing the reliability

Antecedents

Kenzo:

Homology groups unreachable by any other means
Results not confirmed nor refuted

Increase reliability of the system beyond testing

Previous works related to this topic:

J. Aransay, C. Ballarin, J. Rubio, A mechanized proof of the Basic
Perturbation Lemma. Journal of Automated Reasoning 40 (2008) 271-293
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C. Doḿınguez, J. Rubio, The effective homology of bicomplexes,
formalized in Coq. Preprint.

Apply formal methods in the study of Kenzo
Formalization related to algorithms

Not related to actual programs implemented in Kenzo

Aim: Verification of (some fragments) of Kenzo code

J. Heras Symbolic Computation in Algebraic Topology 9/18



Increasing the reliability

Antecedents

Kenzo:

Homology groups unreachable by any other means
Results not confirmed nor refuted
Increase reliability of the system beyond testing

Previous works related to this topic:

J. Aransay, C. Ballarin, J. Rubio, A mechanized proof of the Basic
Perturbation Lemma. Journal of Automated Reasoning 40 (2008) 271-293
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Increasing the reliability

Deduction System

ACL2 (A Computational Logic for an Applicative Common
Lisp)

ACL2

Programming Language
First-Order Logic
Theorem Prover

Both Kenzo and ACL2 are Common Lisp systems

Certification in ACL2 of real Kenzo code
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Increasing the reliability

Representation of Mathematical Structures in Kenzo/ACL2

Kenzo

works with the main mathematical structures in Simplicial
Algebraic Topology

ACL2

allows the introduction of constrained new functions via
encapsulates

OpenMath Content Dictionaries for Algebraic Topology

a content dictionary for each Kenzo structure
interpreter from Kenzo CDs to ACL2 encapsulates

Publication:
J. Heras, V. Pascual, J. Rubio, Content Dictionaries for Algebraic Topology, In
Proceedings of the 22nd OpenMath Workshop, 2009.
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Increasing the reliability

Correctness of constant spaces in ACL2

Kenzo way of working:

Construct constant spaces (spheres, Moore spaces, . . . )
Construct of new spaces from other ones (cartesian products,
loop spaces,. . . )
Perform some computations (homology groups)

Generic Simplicial Set Theory:

Certify correctness of Kenzo constructors
Verification of real Kenzo code

Publication:
J. Heras, V. Pascual, J. Rubio, Proving with ACL2 the correctness of simplicial
sets in the Kenzo system. To appear in Proceedings of 20th International
Symposium on Logic-Based Program Synthesis and Transformation, 2010.
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Increasing the functionality

Antecedents

Kenzo:

Common Lisp package
Extensible
Keeps on growing

Previous works related to this topic:

A. Romero, J. Rubio, and F. Sergeraert. Computing spectral sequences.
Journal of Symbolic Computation, 41(10), 1059-1079, 2006.

A. Romero, G. Ellis, and J. Rubio. Interoperating between computer
algebra systems: computing homology of groups with Kenzo and GAP.

J. Rubio and F. Sergeraert. Constructive Homological Algebra and
Applications, Lecture Notes Summer School on Mathematics, Algorithms,
and Proofs. University of Genova, 2006.

New algorithms: spectral sequences, resolutions, Koszul
complexes, . . .

Aim: Increasing the functionality

Development of new programs
Enhance fKenzo
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Increasing the functionality Developing new programs

Developing new programs

Simplicial Complexes:

Method to connect Topology and Homological Algebra
Provides triangulation for spaces
Application: Digital Image Processing
New Kenzo (fKenzo) Module:

Integration of Simplicial Complexes in Kenzo
Module to process digital images
Certification in ACL2

Pushout:

Important construction in Topology
New Kenzo (fKenzo) Module

Publications:
J. Heras, V. Pascual, ACL2 verification of Simplicial Complexes programs for the
Kenzo system. Proceedings of Algebraic computing, soft computing, and
program verification Workshop, 2010.

J. Heras, Effective Homology of the Pushout of Simplicial Sets. To appear in

Proceedings of XII Encuentro de Álgebra Computacional y Aplicaciones, 2010.
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Proceedings of XII Encuentro de Álgebra Computacional y Aplicaciones, 2010.

J. Heras Symbolic Computation in Algebraic Topology 15/18



Increasing the functionality Developing new programs

Developing new programs

Simplicial Complexes:

Method to connect Topology and Homological Algebra
Provides triangulation for spaces
Application: Digital Image Processing
New Kenzo (fKenzo) Module:

Integration of Simplicial Complexes in Kenzo

Module to process digital images
Certification in ACL2

Pushout:

Important construction in Topology
New Kenzo (fKenzo) Module

Publications:
J. Heras, V. Pascual, ACL2 verification of Simplicial Complexes programs for the
Kenzo system. Proceedings of Algebraic computing, soft computing, and
program verification Workshop, 2010.

J. Heras, Effective Homology of the Pushout of Simplicial Sets. To appear in
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Interoperability
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Interoperability

Connecting different systems

Algebraic Topology is a vast subject

Aim: use fKenzo as interoperability tool

Connection Kenzo - GAP:

GAP: CAS devoted to Computational Group Theory
Compute Homology Groups of spaces

Connection Kenzo - HES:

HES: Homotopy Expert System
Compute Homotopy Groups

Connection Kenzo - ACL2:

Certify some Kenzo constructions

Publication (MKM conference):

J. Heras, V. Pascual, J. Rubio Integrating multiple sources to answer questions in
Algebraic Topology, Lecture Notes in Computer Science 6167 (2010) 331–335.
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The end Thank you for your attention
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