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Introduction

The OEIS [1] is an indispensable tool for identifying an integer sequence when one
knows a few of its terms. However, there are potential applications of the OEIS that
are currently infeasible because of the way data is collected and stored. By better
structuring some of its data, the OEIS can become a useful tool for identifying and
studying integer sequences in other ways as well.

Standard lookup

“What is this sequence 1, 1, 2, 5, 14, 42, 132, 429, . . . that came up in my research?”

It’s the sequence of Catalan numbers! And the OEIS knows lots about it:

In particular, the generating function is algebraic:

Potential programmatic uses of OEIS entries

Suppose we have proved a new theorem about algebraic sequences (e.g. [2]). Now we
want to find all algebraic sequences in the OEIS, to identify interesting examples and
determine whether the new result solves any open problems. It seems the only way
to do this is to extract entries with a line containing G.f., parse equations on that
line, and identify whether they are algebraic. This is complicated by the presence of
multiple equations and minor inconsistencies (A(x) versus A).

Or suppose one wants to programmatically extract the Mathematica program from
the Mathematica field of multiple entries. For the Catalan numbers, this is as follows.

The first two lines define functions, whereas the last two lines output lists. Such
inconsistencies are fine for human use but are an impediment to programmatic use.

Structured data

Data that is represented in a uniform way is immediately accessible to querying and
manipulation by computer programs.

OEIS data is already structured into fields. Some fields contain data intended for
humans, for example Name, Comments, and Example. Other fields contain precise
structured data that is both human-readable and programmatically accessible; namely,
the Data field contains the first few terms of the sequence as a comma-separated list,
and this precise data format is what enables the standard lookup and Superseeker.

The Formula field and the fields containing code (in Maple, Mathematica, etc.) contain
information that is potentially useful both to humans and to programs but is currently
only accessible to humans.

To make this information usable by programs, we should represent it consistently and
add any missing contextual information. For example, all elements of the Mathematica
field should be of the same type, and this type should be as widely applicable as possible.

OEIS editors insure that conventions are respected in new entries and bring existing
entries up to date, so implementation of new conventions can be crowd-sourced.

Tagging class information

There are many classes of integer sequences — periodic sequences, algebraic sequences,
holonomic sequences, k-automatic sequences, sequences that count lattice paths, etc.
One would like to have immediate access to sequences in each of these classes, along
with standardized representations of them to facilitate computation of arbitrary terms,
closure properties, and programmatic surveying and analysis.

A new Classes field could contain this information. For the Catalan numbers, this field
would contain information such as the following.

AlgebraicGeneratingFunction: x*A(x)^2 - A(x) + 1 = 0

HolonomicGeneratingFunction: x*(4*x-1)*A’’(x) + (10*x-2)*A’(x) + 2*A(x) = 0, A(0) = 1,

A’(0) = 1

HolonomicRecurrence: (n+2)*a(n+1) - (4*n+2)*a(n) = 0, a(0) = 1

Each line contains the name of a class, along with a specification of the sequence in that
class. The consistent notation allows programmatic interpretation.

Benefits

By making OEIS data more computable, we will be able to. . .

• get statistical information about the relative number of sequences of various kinds
that have arisen in human mathematics;

• search for sequences in new ways, allowing researchers to perform automated testing
for examples or counterexamples to a given conjecture;

• do automated theorem discovery and proof by applying a general theorem to a large
number of examples.

OEIS data in Wolfram|Alpha

Wolfram|Alpha [4] has incorporated OEIS data for a limited set of sequences, in a
better structured form than the original.

Here we see programmatically-accessible formulas for the Catalan and Motzkin num-
bers, allowing computation of arbitrary terms.

Wikipedia’s structured data initiative

A similar (much larger) initiative is currently underway to put Wikipedia data into
structured form [3]. Like the OEIS, Wikipedia has amassed a large amount of precise
data (dates, populations, geocoordinates, etc.). Wikidata is increasing the usefulness
of this data by converting it into programmatically accessible form.
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