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ON FINDING THE RESULTANT OF TWO ENTIRE
FUNCTIONS

Abstract. Using Newton’s recurrent formulae, we find the pro-
duct of values of an entire function of one variable in zeroes of
another entire function. This allows to answer whether they have
common zeros. By that, we propose an approach to construction
of the resultant of two entire functions. We also give examples
illustrating the main result.
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1. Introduction. The classical resultant R (f,g) of two polynomi-
als f and g may be defined variously: using the Sylvester determinant
(see e.g. [1], [10], [16]), the product formula R(f,g) = IT g

{z: f(2)=0}
(see [1], [10], [16]), or the Bezout-Caley approach (see [9]).

In this paper, we give a constructive approach to define a resultant of
two entire functions of one complex variable using the product formula.
Our choice is justified by the fact that entire functions are the direct
generalization of polynomials.

In a series of papers (see [4-6], [8], [15]) various authors proposed gen-
eralizations for the resultant of analytic functions in the ring of matrix-
valued functions, meromorphic functions on Riemann surfaces, for systems
of algebraic and transcendent equations. In all these investigations, it is
assumed that the number of zeroes and poles is finite. In our case, func-
tions may have infinite number of zeroes but instead we need to employ
the limit procedure.

The interest to this problem is explained by the fact that many mathe-
matical models require studying non-algebraic equations and systems, for
example, equations of chemical kinetics often use exponential polynomi-
als [2].
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The first step in defining the resultant of two entire functions was
done in [11], where authors studied the case of an entire function and a
polynomial (or an entire function with a finite number of zeroes). The
conditions for an entire function to have a finite number of zeroes were
studied in [12]. The paper |13| generalizes the results of [11] to the case
when one of entire functions satisfies some strict conditions, but may have
infinite number of zeroes.

Our approach allows to determine if entire functions have common ze-
roes without computing the zeroes. Our formulae for the resultant involve
power sums of roots, which may be found by Newton’s formulae without
finding the zeroes.

2. A cubic polynomial and an entire function. To begin with,
we consider a cubic polynomial f(z) and a polynomial g(z) of degree n:

f(2) = ag+ a1z + agz® + 23, 1)
g(2) = bg + b1z + be2® + ...+ b2

Denote the roots of f (z) by 21, 22, 23. Then the resultant R (f, g) of f and
g is computed as

R(f.9) = [T 9(=) = 9(21) - 9(z2) - 9(z8) = 3 _bi(z12220)"+
+ Z Z (leng)s(bsbf[(leg)t_s + (leg)t_s + <Z223>t—s]+

+ 020y [2h7 4 2 2]+

- Z Z Z bsbiby(212023)° (28 2875 + 2070207 + 207020

5=0 t=s+1 p=t+1
—S _t— —S _t— —S _t—
+ 2T 2+ 2T (2)

Note that the expressions in z;’s in these sums are symmetric polynomials.
This means that they can be expressed via the coefficients of f(z), however,
we rewrite them using the power sums of the roots:

Sp=z2f+264+25 keN

If necessary, Si’s may be rewritten via the elementary symmetric poly-
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nomials e;’s of the roots:

€1 =21+ 22 + 23,
62221'22—|—21'2’3+22'23,

€3 = 21+ %2 " 23,

using the Newton-Girard formula (see, e.g., [3], |7, formula 8|):

D M e o | (LG

7"1!
7’1+2’r‘2+...+k7’1€:k,
71,172,720

Viete’s formulae allow to rewrite these in terms of the coefficients of f(z).
It is easy to see that

and

(52 — Sap) .

N | —

(212’2>k + (leg)k + (ZQZg) =

Therefore, the expression (2) becomes

3 n
R=]]o(z) =) bi(—ao)+
1 k=0
n n 1
+ Z Z (—ao)® (§bsbt2 (St{s - S2t—2s) + bitht_s> +
+Z Z Z bsbiby(—a0)* [Si—s * Sps — Seip-as] - (5)

5=0 t=s+1p=t+1

Thus, we arrive at the first result:
Theorem 1. The resultant R (f, g) of the polynomials (1) is given by (5).

Passing to the limit as n — oo in (5), we get the result for a system
consisting of a cubic polynomial and an entire function.

Theorem 2. Let g (z) be an entire function in one complex variable and

g(2) =by+biz4byz® + .. b2+,
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be its series expansion, and let f (z) be a cubic polynomial as in (1). Then
the resultant R (f,g) is given by

R(f,9) =Y bi(—ao)*+

oo oo 1
+) 0> (—ao)® (§b553 (57, — Sor—as) + bibtst_s) +

s=0 t=s+1
+ Z Z Z bsbtbp(_a())s [St—s : Sp—s - St-f—p—QS} )
5=0 t=s+1 p=t+1
provided the series in the right-hand side converges absolutely.

3. A case of two polynomials. Consider a system of two equations
consisting of two polynomials of degrees m and n

(6)

f(Z) =ap+ a1z + (1222 + (1323 +... .+ amilzm—l + M,
g(2) = by + b1z + boz? + ... + b2

The case m = 2 has been considered in [14], and the case m = 3 has been
considered above.

Denote the roots of f (z) by 21, 29, . .., 2z, (there may be multiple roots
among them). And S}, are there power sums of order k. Elementary but
cumbersome calculations show that

=1

where each G; consists of several multiple sums. Namely,

n

Gi=> (=)™ agby,

s=0

G2 = Zn: Zn: (—1)msa8bsm*1bt5t,s+

s=0 t=s+1

- < ms _syim—2712 5752—5 B SQt—Qs
+ 0> (1) )+

s=0 t=s+1

S3 . — 389 95+ Si_s + 25335
S e A LA N
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m—1 n n
St~ 1Sy Su_ny—s + (L — 1)Sie
ms m—I7l t—s (I=1)(t—s) l(t—s)
DIPIPICIETEHE )
=4 s=0 t= s+1

Z Z msagb;n_%tbp (St—s ’ Sp—s - St+p—28) +

s=0 t:s+1p t+1

+ Z Z )™ agb = *b7b, x

s=0 t=s+1 p=t+1

(S —s p s S2t 2s ° S - 2St+p725 : Stfs + 232t+p35> +

2

+> y zn: zn: 1) bl bib? x

0 t=s+1p=t+1

5=
% (Sz—s : Stfs - SprQS : Stfs - 2St+p72s : Spfs + 252p+t35> +

2
~1

+ zn: zn: Xn: (—1)™agbr by b x

=4 1+B2=l 5s=0 t=s+1p=t+1
B121, 8221

X (S‘Eis ) Stﬁ—ls - 52517—5 : Sﬁl(t*5)+(l’*3)(52*1)_
2172

Y

—B1St—s * Sgy(p—s)+(t—s)(B1—1) + (B1 + B2 — 1)Sﬂl(t—s)+ﬁg(p—s)>

B S YIR,

s=0 t=s+1 p=t+1 r=p+1

X (St—s : Sp—s ' Sr—s - St—l—p—?s ' Sr—s - St+7‘—25 : Sp—s_
p+r—2s ° St—s + 25p+t+r—3s) +

m—1 n n n n
D D D D D W W G ke Al Eee

I=4  B1+Ba+B3=l s=0 t=s+1p=t+1r=p+1
B12>1, 8221, f3>1

X (Stﬁls LS S = BiSi—s + Say(ps)+a(r—s)+(B1—1)(t—s5)
2[—3
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—B2Sp—s* 58, (t—s)+B3(r—s)+(Bs—1)(p—s) — B3Sr—s* S8, (t—8)+Ba(p—s)+(Bs—1)(r—s) T

+(B1 + B2 + P — 1)361(t—8)+ﬁz(p—5)+[33(7"—5))

If we denote the summation indices by aq, aa, ..., «a,, and differences of
indices by jo = as — ay, J3 = a3 — a1, ..., Jm = Qu — 1, then

Gm:i i i i(—nmalaglbgw1>ba2...bam><

a1=0 az=a1+1 ag=az+1 am=am-1+1

m m
x (H Sjk - § :Sjk ’ S]’2+~~-+J'k71+jk+1+~-+jm + (m - 2)Sj2+j3+--~+jm> :
k=2 k=2

Remark. If f (z) is a polynomial of degree m, then G,, consists of one
m-tuple sum.

Theorem 3. The resultant R(f,g) of the system of polynomials (6) is
given by (7).
The proof follows easily by induction over m with the base for m = 3.
4. A general case. For the general case, it is enough to pass to the

limit as n and m tend to infinity.

Theorem 4. Let f(z) and g(z) be entire functions of one complex vari-
able

f(2)=ao+az+az* +... +anz™+...,
g(2) =by+biz+byz® + .. b2+

Then the resultant R (f, g) is given by formula (7), where we pass to the

limit as n and m tend to infinity. The function f(z) must be transformed
to the form (6) by dividing it on a,,.

We suggest also another approach to obtain these formulae, which is
more convenient for algorithmic realization. Let

f(2)=ao+ a1z +apz®+ ...+ 2™,
g(2) =by+biz4byz® + .. F by ...
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Denote the roots of f(z) by zi,...,2,. Then the resultant R (f,g) of f

and g is
R= ﬁg(zi) = (i bjlz{l) ( f: bjng’,;n). (8)

i=1 Jj1=0 Jm=0

Each term in this product is in one-to-one correspondence with a point
of Z%. To group all the terms into symmetric polynomials, we subdivide
Z% into cones. In fact, due to symmetry, it is enough to describe only one
cone containing exactly one monomial from each symmetric polynomial
in (8). For this, we denote the standard base vectors of Z™ by ey, ..., e,

and define vectors
k

vk:Zej, 7=1...,n.

=1

These vectors generate the required simplicial cone. The faces of this
cone always intersect; to avoid this, we consider the following sets of inte-
ger points lying in partially closed cones:

00 = L>Vy;
alf:Z>vn+Z>vk, k=1,....n—1;
0K = Loty + Lo, + Loy, k= (k1 ko), by ko =1,... 0 — 1,k # ko

On =Lsvy +Zsvr + -+ + Lsvy1.

A point ¢ of any of these sets encodes a monomial

ngg = b§1 - bgnzfl - 25".

n

Each set o from the list above produces the series

> ba Sym(=*), (9)

aco

where Sym(z®) is the sum of elements of the orbit of z* under the action
of the symmetric group

Sym(z%) = Z 2P

p is a permutation
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For example, oy gives the series

Z bs o Sym s- vn Z bn s

and o}

Z Z bS"Un-i-t-vl Sym(zs'”"“'”l) _

s=0 t=1

_ Z st—i-tbn 1 s+t s ZZ NI 212,2 Zs—l—t)

s=0 t=1
:ZZ bostb" Hzr .. zn) (2 . 2.

s=0 t=1

The symmetric polynomials in each series (9) can be expressed via
coefficients of f and power sums of its roots by standard procedures of
computer algebra systems or by formulae from [3]. Summing up over all
o from the list and passing to the limit as m tends to infinity, we obtain
the result of Theorem 4, provided that all the series converge absolutely.

5. Examples. In this section, we consider examples that demon-
strate the main results of the paper, as well as examples leading to com-
putation of some earlier unknown sums of multiple series. These results
are of independent interest. We begin with a simple example illustrating
Theorem 1, where we compute all the quantities in formula (5).
Example 1. Consider the system of equations (n = 2)

{f(z):z(z—l)(z—i—l)—z — 2,
g(2)=(2-2)(2+2)=2"—4.
In this case,
ap=0, ar=-1, a,=0, by=—-4, by =0, by=1.
Then formula (5) takes the form
2 2

2
R(f.0) = 300} + 30 37 (o) (5007 (57, — Suon) 10205, ) +

k=0 s=0 t=s+1
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+ZZ bet )* [Stes - Sp—s = Stap—2s] -

5=0 t=s+1 p=t+1

Since ag = 0, we get only terms that correspond to k£ = 0 and s = 0 in
these sums, that are:

R(f,g)=b3+ Z ( bob} (S7 — Sar) + bgtht) +

2 2
)0 bobiby [Si - Sy — Sig] -

t=1 p=t+1

Since b; = 0, the one-dimensional sum has only summands for ¢ = 2 and
the double sum has no non-zero terms. Thus,

1
R (f,9) = b+ bob3 (53 — Su) + bibaSe.

We find the power sums of the roots S, and S; without using the roots
themselves, but just formulae (3) and Viete’s formulae. In our case

82:2, 54:2

Thus, R (f,g) = —36.
Example 2. Consider the system of equations

[ =
g(2) = by + b1z +by2? + ...+ b,2".

This example demonstrates Theorem 1. According to the notation
introduced above,
—a+aV/3i

Z1 = a, 223 = 9

We have
e3 = 212923 = a°,
€y = 2122 + 2123 + 2923 = 0,
€1 :Zl+22+2320.
The expressions Sy are distinct from zero only if k£ is a multiple of 3,

and then they are equal to
S = 2F + 28 4+ 28 = 3dF.
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For such k, we get

(52 — Sy) = 30>

DN | —

(z122)" 4 (2123)" + (2223)" =

Thus, by (5) we have

n—s
n n [3

3
[ToGz) =D 63a® +> "> a® (3b,b2,5;0% + 3b2byysa™) +
=1

s=0 s=0 j=1
YD D babibya® [Si—y - Spog = Spapai].
s=0 t=s54+1p=t+1

In the last expression, the triple sum is distinct from zero only if either
both lower indices are multiples of 3, or they are not but their sum is.
Example 3. Consider the system

f(Z> :Zs_a37

n=1
Using Theorem 2, we get
3
Hg (z:) =
i=1
00 3s+6; 3s+3j
3 S (s 3 ) +
(k1) sl(s 4 37)1? s12(s + 37)!

k=0 s=0 j=1

+ Z Z Z bsbtbpags [Si—s - Sp—s — Styp—2s) = 1

s=0 t=s+1 p=t+1
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