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Introduction Structured data OEIS data in Wolfram|Alpha
The OEIS [1] is an indispensable tool for identifying an integer sequence when one Data that is represented in a uniform way is immediately accessible to querying and . . .
i : mf‘ pH X Y 'gl ’ &¢ qf be OFIS th ot bp . y Y qUELYING Wolfram|Alpha [4] has incorporated OEIS data for a limited set of sequences, in a
Nnows a tew of 1ts terms. However, there are potential applications ot the that manipulation computer programs. .
| | ’ pOLEl PP b Y P PLOS better structured form than the original.
are currently infeasible because of the way data is collected and stored. By better
. . . . . . . . . . ¢ 1] D,
structuring some of its data, the OEIS can become a usetul tool for identitying and OEILS data is already structured into fields. Some fields contain data intended for # WolframAlpha pro
studying integer sequences in other ways as well. humans, for example Name, Comments, and Example. Other fields contain precise | A000108 and A0D1006 formuia 8 |
structured data that is both human-readable and programmatically accessible; namely, = EE G = Examples > Random
the Data field contains the first few terms of the sequence as a comma-separated list, o
nput interpretation.
and this precise data format is what enables the standard lookup and Superseeker. R,
Standard ].O Okup et = formula
sequence of Motzkin numbers
The Formula field and the fields containing code (in Maple, Mathematica, etc.) contain
. . . . . . . . Results:
“What is this sequence 1,1, 2,5, 14,42, 132,429, ... that came up in my research?” information that is potentially useful both to humans and to programs but is currently
. sequence of Catalan numbers -
. . only accessible to humans. n @t 1!
The On-Line Encyclopedia of Integer Sequences® (OEIS®) sequence of Motzkin numbers DF1(122, -2; 2; 4)
E . word, ber: .. . . .
fier @ sequence, WOrE, of sequenice number 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
 Search | Hints : : . : equence terms:
e HHE field should be of the same type, and this type should be as widely applicable as possible. seaueneet
[t’s the sequence of Catalan numbers! And the OEIS knows lots about it: SR
1,1, 2, 5, 14, 42, 132, 429, 1430, 4862, 16 796, 58 786, 208 012, 742 900,
A000108 Catalan numbers: C(n) = binomial(2n.0)/(n+1) = (2)/(nl(n+1)!). Also called Segner numbers. 2 OEIS editors insure that conventions are respected in new entries and bring existing 130400, 4 Aee st 01460 tes a0 24300 eragee 0
(Formerly M 1459 N0577) . . . . ’ ' ' '
1, 1, 2, 5, 14'y 42, 132, 429, 1430, 4862, 16796, 58786, 208012, 742900, 2674440, entrles Up tO date, SO lmplementatlon Of neW Convent].ons Ca)n be CrOWd—SOU_I'CGd. 1289904147324, ...
9694845, 35357670, 129644790, 477638700, 1767263190, 6564120420, 24466267020, 91482563640, Sequence of Motzkin numbers:
343059613650, 1289904147324, 4861946401452, 18367353072152, 69533550916004,
263747951750360, 1002242216651368, 3814986502092304 (list; graph; refs; listen; history; text; internal format) 1,1,2,4,9, 21,51, 127, 323, 835, 2188, 5798, 15511, 41 835, 113 634,
OFFSET 0,3 310572, 853467, 2356779, 6536382, 18 199284, 50852019, 142 547559,
COMMENTS The solution to Schroeder's first problem. A very large number of 400763223, 1129760415, 3192727797, 9043402501, 25 669818476,
combinat?rial in?erpre?ations are known.— gee references, esp. Stanley, ' ° ° ° 73007772802, 208 023 278 209, 593 742 784829, ...
e e Thimery hosy VOIS 20 This is probaly the longest encxy 4 Tagging class information
., for o3 there are 5 waye: ((ab)(0d)): (((ab1c)d)s ((abey)dys ® Download page POWERED BY THE WOLFRAM LANGUAGE
(a((bc)d)), (a(b(cd))).
Conside?.all the binomial(Zn,n).Qéths on squared pager that (i) start at (0, rl?}l 1 f ) t . (i' 1 t) ]
0), (ii) end at (2n, 0) and (iii) at each step, either make a (+1,+1l) step .
ere are many classes of integer sequences eriodic sequences, algebraic sequences . . .
O e e e e O such paths that never go below the , Y 5 , 4 b 4 ) A5 , d ! Here we see programmatically-accessible formulas for the Catalan and Motzkin num-
Miimbas ~E manmvaneine mavsibiome Af bha nooab  Baw avamnla nf tha 18 aat holonomic sequences, k-automatic sequences, sequences that count lattice paths, etc. . . .
, , , , bers, allowing computation of arbitrary terms.
In particular, the generating function is algebraic: One would like to have immediate access to sequences in each of these classes, along
BEet BOx) S (1 = sart(l = &%2)) / (2¢%). B.f. A(x) metisfies A = 1+ xB~2. with standardized representations of them to facilitate computation of arbitrary terms,
closure properties, and programmatic surveying and analysis.

Wikipedia’s structured data initiative

A new Classes field could contain this information. For the Catalan numbers, this field

Potential programmatic uses of OEIS entries would contain information such as the following.

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.

AlgebraicGeneratingFunction: x*A(x)"2 - A(x) +1 =20
HolonomicGeneratingFunction: x*(4*x-1)*A’’(x) + (10*xx-2)*A’(x) + 2*%A(x) = 0, A(0) = 1,
Suppose we have proved a new theorem about algebraic sequences (e.g. [2]). Now we A2(0) =1

want to find all algebraic sequences in the OEIS, to identify interesting examples and HolonomicRecurrence: (n+2)*a(ntl) - (4*n+2)*a(n) =0, a(0) =1
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 ot
multiple equations and minor inconsistencies (A(x) versus A).

Each line contains the name of a class, along with a specification of the sequence in that
class. The consistent notation allows programmatic interpretation.
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e search for sequences in new ways, allowing researchers to perform automated testing
for examples or counterexamples to a given conjecture;

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.

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