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I Motivation
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Mathematical Functions

exp, log, sin, cos, tan,
sinh, cosh, tanh, arcsin, arccos, arctan,
arcsinh, arccosh, arctanh,
Bessel Jν , Iν ,Yν ,Kν , Airy Ai and Bi,
hypergeometric, generalized hypergeo-
metric, classical orthogonal polynomials,
Struve Hν ,Lν ,Mν ,Kν , Lommel sµ,ν and Sµ,ν ,
Anger Jν , Weber Eν , Whittaker Wκ,µ,Mκ,µ. . .

Special functions

Functions that have been met sufficiently often to deserve a name.

Scientists need help with these functions
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Dictionaries

Among the most cited documents in the scientific literature.

Thousands of useful mathematical formulas,
computed, compiled and edited by hand.

Started between 60 and 30 years ago.
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Progress in the Past 30 Years

Two important changes in the way we work:

Symbolic Computation. Several million users.

Mathematical functions implemented from these dictionaries.

The Web

New kinds of interaction with documents.
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First Step: the NIST DLMF

Navigation, Exports, Search Engine

Still computed, compiled and edited by hand.
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The Dynamic Dictionary of Mathematical Functions

Aim of the project

DDMF = Mathematical Handbooks + Computer Algebra + Web

1 Computer algebra algorithms to generate the formulas;

2 Web-like interaction with the document and the computation.

Building Blocks:

1 Linear differential equations as a data-structure;

2 New language for maths on the web.
(compatible with browsers!).
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II Demonstration
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Demo

http://ddmf.msr-inria.inria.fr
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III DynaMoW: Dynamic Mathematics on the Web
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DynaMoW

Principle

The document being generated by the computer algebra system is
an object of the language.

Consequences:

1 the structure of the document may depend on values that
have been computed;

2 intermediate steps can be turned into a mathematical proof in
natural language;

3 easy to write demo code.
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Architecture

l

Web Server

l

Dynamow

l

Symbolic Computation Engine
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DynaMoW, an OCaml Library

DynaMoW = ocaml + quotations + antiquotations

Symbolic result, converted to LaTeX, put into a paragraph

let res = <:symb< symbolic expression >> in

<:par< some text <:imath< some latex $(symb:res) >>

>>

Using ocaml values in symbolic computations

let n = 23 and s = "foo" in

<:symb< f($(int:n), $(str:s)) >>

Symbolic objects cast to ocaml types

let n = 23 + <:int< symbolic expression >> in ...

if <:bool< symbolic expression >> then ... else ...

<:unit< f := symbolic expression >>

[ChyzakDarrasse]
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Example

The proof that a function is odd

Bruno Salvy The Dynamic Dictionary of Mathematical Functions



15 / 22

Motivation Demonstration DynaMoW Symbolic Computation

Bruno Salvy The Dynamic Dictionary of Mathematical Functions



16 / 22

Motivation Demonstration DynaMoW Symbolic Computation

IV Symbolic Computation
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Defining a Mathematical Function by an Equation

Classical:
polynomials represent their roots better than radicals.
Algorithms: Euclidean division and algorithm, Gröbner bases.

More Recent:
same for linear differential or recurrence equations.
Algorithms: non-commutative analogues & gen. func.

About 25% of Sloane’s encyclopedia,
60% of Abramowitz & Stegun.

eqn+ini. cond.=data structure
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Recent Progress

Automatic computation of bounds,
fast evaluation at high precision; [MezzarobbaSalvy2010]

Chebyshev expansions; [BenoitSalvy2009]

More formulas accessible to computer algebra [ChyzakKauersSalvy2009].
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Guaranteed Numerical Evaluation

1. Inside the disk of convergence

1 Effective majorant-series analysis;

2 Efficient evaluation of truncated series;

3 Time complexity quasi-linear wrt precision.

2. Effective analytic continuation

Path: 0 → 1.5 → 2.3 → 3 → 4.22 → 5.
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Computation of Identities by Confinement

∫ ∞
0

xk−1ζ(n, α + βx) dx = β−kB(k , n − k)ζ(n − k , α),∫ ∞
0

xα−1 Lin(−xy) dx =
π(−α)ny−α

sin(απ)
,∫ ∞

0

xk−1 exp(xy)Γ(n, xy) dx =
πy−k

sin((n + k)π)

Γ(k)

Γ(1− n)
,∫ ∞

0

x

(x2 + y2) sin(xz)
dx =

π

2 sinh(yz)
,

not accessible to computer algebra before.

How can we
compute
them?

Why do they
exist?

Algorithm:

1 Creative
telescoping;

2 Confinement in
finite-dim
vector spaces
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Future Work

More expansions on bases of functions;

more integral transforms;

families of functions or functions with parameters;

automatic generation of numerical code;

information on the zeros of functions;

user-defined functions.

Summary: you want to bookmark
http://ddmf.msr-inria.inria.fr
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THE END
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