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1. INTRODUCTION 

Many of the seemingly trivial facts that we take for granted are 
really theorems, like the fact that 11 x 12 = 132, or that \ + \ = 
| . The reason that these are no longer thought of as theorems is 
that nowadays quite routine algorithms perform these tasks. The 
same is true, thanks to modern computer algebra programs, for 
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the "theorem" that (a + b) —a H , or, thanks to the recent 
completion by Risch and others [14, 15] of the problem of finding a 
complete algorithm for integration in finite terms, the same is true 
for the algorithmic evaluation of indefinite integrals of "elementary 
functions." 

The purpose of this note is to announce a number of results 
and algorithms which, collectively, do the same for large classes of 
identities that occur in combinatorics and in the theory of special 
functions. 

Historically, even the binomial theorem itself was considered to 
require a custom-made proof, but we will show that it, along with 
a very large class of identities, can be proved by computers. It 
should be remarked that one does not need to "trust the computer" 
blindly. Although the proofs are discovered by the computer, it 
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produces a proof certificate that can easily be checked by hand, if 
so desired. 

There are many, many binomial coefficient identities, and a 
great deal of effort has gone into developing proofs of these. How­
ever, more recently it has become widely appreciated that "al­
most all" known binomial coefficient identities are special cases 
of relatively few hypergeometric identities such as those of Pfaff-
Saalschütz, Dixon, and Dougall (see, e.g., Andrews [1] and Graham 
etal. [12]). 

However, more and more hypergeometric identities are still be­
ing conjectured and proved [9], so the need remains for mecha­
nizing the proofs of even these. A decisive step in this direction 
was taken by Gosper [10] in 1978, who gave a finite algorithm 
that completely solves the problem of indefinite hypergeometric 
summation in closed form. 

In this announcement we will describe some new steps that have 
been taken towards algorithmically deriving and proving definite 
hypergeometric identities and the more general class of holonomic 
function identities. 

2. HOLONOMIC FUNCTIONS 

The theory of holonomic systems and functions was initiated 
by Joseph N. Bernstein [3] and is currently a very active area with 
many applications. Here we will describe some far-reaching impli­
cations of Bernstein's revolutionary ideas to the theory of special 
functions and combinatorial identities. 

A holonomic discrete (resp. continuous) function {an} (resp. 
f(x) ) of one variable is simply any solution of a homogeneous, 
linear difference (resp. differential) equation with polynomial co­
efficients. By analogy, a function of several continuous and/or 
discrete variables is holonomic if it is a solution of a "maximally 
overdetermined" system of homogeneous linear partial differential-
recurrence equations with polynomial coefficients (see [3, 6, 19]). 
Although a given holonomic function may be described in many 
ways, it can be finitely decided whether or not two such presenta­
tions describe the same function. 

Theorem 1. The class of holonomic functions is closed under finite 
addition and multiplication [4] and infinite summation or integra­
tion over any variable [19]. 


