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Symbolic computation?

Automation of the steps of mathematical 
problem solving
Modern field of CS and Math
which deals with symbolic objects, e.g. logical 
or algebraic formulae, rules or programs
Main goal is exactness
Examples of operations: diff, integral, factors, 
roots
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Subfields of symbolic computing

computer algebra (CA), 
automated theorem proving,
computational combinatorics, 
computational geometry, 
automated programming, 
functional or logic programming.
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Symbolic methods - applications

computer aided design 
software development 
VLSI design
geometric modelling
reasoning
robot programming
human genome

etc
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Problems behind CA systems

Lagging relative to numerical computing,
mainly due to the inadequacy of available 
computational resources: 

1. computer memory 
2. processor power.

Solution: parallel & distributed CA
Solving larger problems
Build new algorithms
Build new systems



The past
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Distributed computations emerge



ISPDC 2007, June 6th 10

General reasons for parallelism

ability to reduce the wall-clock time i.e. 
the user’s waiting time for the solution 
problems that are processor bound

Ability to solve problems that cannot fit 
into memory of a ``workstation'' 
problems that are memory bound

Memory bound is the driving force in parallelization of CA algorithms
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Parallel symbolic algs. – 1990-2000  

Fast multiprecision integer arithmetic, eg. 
factorization, large integer multiplication
Fast polynomial arithmetic, eg. GCD, factorization, 
differentiation
Fast exact solution of linear equation systems
Fast solution of polynomial equation systems via 
Groebner basis

M.Matooane, Parallel systems in symbolic and algebraic computation, PhD 
Thesis, 2001, University of Cambridge
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Difficulties in building parallel or 
distributed  symbolic computing systems

Unpredictable data dependencies,
Algorithmic dependence on irregular data which are 
difficult to be dynamically partitioned, 
In case of distributed memory, one processor can 
exceed its available memory, while there is still space 
available globally
Complexity of some of algebraic computations 
limiting ability to estimate resource requirements
developing completely new systems

is efficient, 
but difficult
usually only a few parallel algorithms within such a system 
are fully implemented and tested
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Adding parallelism 

develop CASs for shared memory architecture     
develop computer algebra hardware;                    
add parallel primitives for communication and 
cooperation to existing  CASs;                              
build distributed memory systems based on 
standard communication middleware;                   
build distributed systems for loosely coupled 
machines or across the Internet.
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Example: Maple

Author                         Tool            Technology
Char,'90 Sugarbush C/Linda + Maple
Wang,'91 Parallel        Shared files + Maple
Siegl,'93 ||Maple|| Strand + Maple
Bernardin,'97,       Maple for Paragon       Rewrite Maple
Diaz,Kartofen,'98 FoxBox MPI + Maple
Schreiner,'98,       Distributed Maple   Java + Maple
Petcu, '01,                    PVMaple PVM + Maple

Schreiner et al., Distributed Maple-parallel computer algebra in networked 
environments J.Symbolic Comput.35(3),2003
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Mathematical software
Thousands of codes of all kinds performing all kinds of symbolic

computations:
General purpose systems:

Axiom Aldor Derive Macsyma Magma Maple Mathematica MuPAD
Reduce etc

Special purpose systems:
ACE Albert Algeb Amore Bergman Cannes / Parcan Carat Casa 

Chevie C-Meataxe CoCoA Crep Desir Discreta Felix Fermat FoxBox
Gap GiNaC Kan/sm1 Kant LiDIA LiE BIGLIE Macaulay Mas Masyca
Moc NTL Pari Parsac Quotpic ReDuX RepTiles SAC-1 Aldes/SAC-2 
Saclib SciNapse Senac Simath Singular SymbMath Symmetrica
Theorema Theorist etc

Packages:
Arep Cali CLN Crack, LiePDE ApplySym ConLaw Dimsym EinS
FeynArts FormCalc FeynCalc Grape Molgen Orme Ratappr TTC etc

- Johannes Grabmeier, Erich Kaltofen, Volker Weispfenning , Computer Algebra Handbook, 
Springer, 2003

- CAS: http://www.symbolicnet.org
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User needs

Users may not be aware of existing tools to solve their math 
problems
Users may not be able to make best choice
Not realistic to install all packages locally
– Know specifics of all software
– Maintain up-to-date licenses of all software
– Even for rarely used ones
Need to normalize, categorize, and discover operations 
performed by mathematical packages
Need for a standard taxonomy

different packages perform the same operation under different 
names.

Need semantic interface to abstract packages peculiarities



ISPDC 2007, June 6th 17

Challenge: find ways to re-use codes

Standard representation of mathematical 
objects

solved recently

Standard way to invoke, compose and 
discover mathematical packages

in progress
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Mathematical Representation: OpenMath

Data formats for portable mathematical objects: 
OpenMath, MathML, OMDoc
OpenMath: Standard developed by an European 
research consortium. 

Abstract syntax model for mathematical objects
variable, symbol
quantier (variable, object), application(object, object), 
annotation(object, object)

Concrete syntax representations
Content dictionaries (CDs)

Collections of constant (function/predicate) symbols
Standard set of CDs plus extensions
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OpenMath
Maple: int(sin(x),x=1..10);

OpenMath
<OMOBJ>

<OMA>
<OMS cd="calulus1" name="defint"/>
<OMA>

<OMS cd="interval1" name="interval/>
<OMI> 1 </OMI>

<OMI> 10 </OMI>
</OMA>
<OMBIND>

<OMBVAR>
<OMV name="x"/>

</OMBVAR>
<OMA>

<OMS cd="transc1" name="sin"/>
<OMV name="x"/>

</OMA>
</OMBIND>

</OMA>
</OMOBJ>
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Protocols and APIs for communications

IAMC, MathWeb, JavaMath etc
IAMC: Internet-Accessible Mathematical 
Computation

HTTP-like protocol for server-client communication: 
Informal description of service provided.
Abstract protocol for service access
Requires insight to be used

MathWeb
Software bus combining mathematical services
Broker providing access object for service by name
Abstraction from service locations and from object 
encodings



The present
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E-Mathematics

Resources:
bibliographic data (lots, with meta-data)
papers (lots, HTML)
software (some, user interfaces)

Services:
citation indexes (very used)
computations (seldom used)
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Web-enabled systems

MapleNet and 
webMathematica 

WIMS: WWW 
Interactive 
Mathematics Server
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Internet projects
http://distributedcomp
uting.info/ap-
math.html

• finding large prime 
numbers, 
• factoring large 
numbers, 
• computing digits of 
Pi, 
• finding collisions on 
known encryption 
algorithms 
etc.
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Towards automatization

Consumers of resources and clients of 
services:
Humans
Databases
Software
Other resources and services
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Initiatives for Mathematical Web services

MONET (2002-2004) demonstrated the 
applicability of the semantic Web to the 
world of mathematical software (discover 
services dynamically)
MathWeb-SB (2003) – access via broker 
by name
MathBroker (2005-2007) – Web registry 
to publish/discover
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MONET

• Ability to discover
services dynamically 
based on published 
descriptions which 
express both their
mathematical and 
non-mathematical 
attributes

• A symbolic solver 
wrapper was designed
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Initiatives for Mathematical Grid services

Why Grid?
Whereas the Web is a service for sharing information over the 
Internet,  the Grid is a service for sharing computer power and 
data storage capacity over the Internet
High potential as discovery accelerator
Way to categorize, explore, discover, invoke and compose 
thousand of software packages

GENSS – follows MONET, research on advertisement 
and discovery, ontology
GEMLCA – deploy a legacy code

D.Petcu, D.Tepeneu, M.Paprzycki, T.Ida, Symbolic Computations on Grids, 
Chapter 6 in the book "Engineering the Grid: status and perspective", eds. 
Beniamino di Martino, et al ASP, 2006, pp. 91-107
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GENSS

Grid Enabled 
Numerical and 
Symbolic Services, 
initiated in 2004 
http://genss.cs.bath.ac.uk/index.htm

research was focused 
in two areas: 
1. matchmaking techniques 

for advertisement and 
discovery of mathematical 
services, 

2. design and 
implementation of an
ontology for symbolic 
problems
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Symbolic computations on Grids
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SCIEnce project (2006-2011)



ISPDC 2007, June 6th 32

R&D in SCIEnce

Software composability:
a programme of standards developments and 
implementations for symbolic computation software to use 
Web services and OpenMath technologies, allowing them 
to be efficiently composed to solve complex problems

Symbolic computing on Grids:
developing common standards and middleware to allow the 
production of Grid-enabled symbolic computation systems 
constructing research prototypes supporting appropriate 
security, scheduling, and resource broking for complex 
symbolic computing applications on computational Grids
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SCIEnce consortium
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SCIEnce: Software composability

Designed the Symbolic Computation Software 
Composibility Protocol (SCSCP) :

by which a computer algebra system (CAS) may offer 
services for the following clients:

a Web server which passes on the same services as Web 
services using SOAP/HTTP protocols to another clients
Grid services
Another instance of the same CAS (in a parallel computing 
context)
Another CAS running on the same computer or remotely

A. Konovalov, S. Linton. Symbolic Computation Software Composability Protocol Specification. CIRCA 
preprint 2007/5, University of St Andrews. http://www-circa.mcs.st-and.ac.uk/preprints.html
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SCIEnce: using OpenMath

All messages in the protocol are represented as 
OpenMath objects, using the new Content Dictionary 
cascall1 developed for this purpose.
SCSCP specifies: Semantical and technical 
descriptions of OpenMath-encoded messages to and 
from CAS:

remote procedure call
returning result of successfully completed procedure
returning a signal about procedure termination

and also allowed sequences of these messages.

D. Roozemond. OpenMath Content Dictionary cascall1. http://www.win.tue.nl/SCIEnce/cds/cascall1.html
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SCIEnce: cascall1
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SCIEnce: Current vision of SCSCP
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SCIEnce: Work in progress

Adding basic SCSCP implementations to all 
systems
Identifying and developing new OpenMath content 
dictionaries and other standards extensions needed
Adding support of selected OpenMath CDs in all 
systems
Implementing higher level interfaces in all systems
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Overall objectives for symbolics on Grids

Produce a portable framework (SymGrid-Services) 
that will allow:

symbolic computations to access Grid services
symbolic components to be exploited as part of larger Grid 
service applications on a computational Grid

Develop resource brokers that will support the 
irregular workload and computation structures that 
are frequently found in symbolic computations 
(SymGrid-Par)
Implement a series of applications that will 
demonstrate the capabilities and limitations of Grid 
computing for symbolic computations
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SCIEnce’s SymGrid

A new middleware is developed – SymGrid – to allow the 
construction of large-scale Grid-enabled symbolic applications.
SymGrid components:

SymGrid-Services to provide access to Grid services from 
symbolic applications
SymGrid-Par to support the construction of high-performance 
applications on computational Grids.

SymGrid-Par is built around GRID-GUM, a system designed to 
support parallel computations on Grids and adapted to interface 
with symbolic computation engines

Al Zain, P. Trinder, H.-W. Loidl and G. Michaelson. Managing Heterogenity in a Grid Parallel Haskell. J. 
Scalable Comp.: Practice and Experience, 6(4), 2006.

A. Carstea, M. Frincu, G. Macariu, D. Petcu, K. Hammond. Generic Access to Web and Grid-based 
Symbolic Computing Services – the SymGrid-Services Framework. Proc. ISPDC 07
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SymGrid architecture
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Training schools at RISC, 2007-2010

The 1st school 
was held on 
February 5-18, 
2007
The 2nd school is 
taking place on 
June 25 – July 6, 
2007
One school each 
year in 2008–2010
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PASCO



The future
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Specialized services and search engines
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Dynamic service composition

The current trend is to
create environments with self-
combining mathematical services 
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“The market of Five computers”
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Expect to solve them
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Instead conclusions

"It is reasonable to expect that in the year 2010, 
the predominant way of doing math 
will no longer be by pen and paper, 
but in an integrated 
web-based math-development sys. 
that supports the mathematician 
in all aspects of mathematics. " 

Michael Kohlhase, 
MathWeb project (http://www.mathweb.org/)



QUESTIONS ?


