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ABSTRACT. The paper concerns interesting problems related to the field
of Complex Analysis, in particular, Nevanlinna theory of meromorphic
functions. We have studied certain uniqueness problem on differential
polynomials of meromorphic functions sharing a small function. Outside,
in this paper, we also consider the uniqueness of g— shift difference -
differential polynomials of meromorphic functions sharing small function
or a set in the complex plane. Our results generalize some previous results
in this trend.
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1. Introduction and main results

A meromorphic function means meromorphic in the whole complex plane.
We assume that the reader is used to the standard notations and fundamental
results of Nevanlinna theory. Let f,g be two meromorphic function in C and
a € CU{oo}. We say that f and g share a — CM if f —a and g — a have the
same zeros with multiplicities. Furthermore, if f —a and g — a have the same
zeros without counting multiplicities, then we say that f and g share a — I'M.

_ — 1
Let m and p be positive integers. We denote by N ,,, (7, a; f) (N (5, (7, fi))
—a
the reduced counting function of a-point of f whose multiplicities are not less

than m, and N, (r,a; f) (N (r, )) the reduced counting function of
a
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a-point of f whose multiplicities are at most m.

1 _ 1 B ) B 1
Np(r, m) = N(r, ﬂ) + Na(r, m) 4+ Nyl m),a cc
Na(r, f) :N(r,f)JrN(g(T,f)-
We define
5,(0, f) = 1—1iisgpw;
N,y(r,1
517) (Oa f) =1- lirr;sup W

We denote by the set of small functions of f in C by M;(C). When f is an
entire function, we replace M¢(C) by A;(C). We say that f, g € M(C) share
a function « CM if f —« and g — « have the same zeros with multiplicities. If
f — a and g — a have the same zeros without counting multiplicities, then we
say that f, g € M(C) share a function o IM.

Let S be a subset of CU {oo} and Ef(S) = J,cs1z : f(2) = a}, where each
point is counted according to its multiplicity. If we do not count the multiplicity
then the set (J,cq{z : f(2) = a} is denoted by E(S). If E¢(S) = E4(S) then
we say that f and g share the set S—CM. On the other hand, if E¢(S) = E,(S)
then we say that f and g share the set S — IM. We see that if S = {a}, then f
and g share the set S — CM implies f and g share a — CM, and f and g share
the set S — IM implies f and g share a — I M.

In 2014, L. R. Jie et al. ([5]) proved the following result.

Theorem 1.1. Let f(z) and g(z) be two transcendental meromorphic func-
tions, and let n,k and m be three positive integers with n > 4m + 9k + 14.
Let P(2) = amz™ + @m_12™" 1 + -+ a1z + ag or P(z) = cg, where ag #
0, G1y.vvsm_1,am # 0, co # 0 are complex constants. If [f*P(f)]*®) and
[g"P(g)]*®) share a(z) — IM, then
(i) When P(2) = amz™ + @pm_12™ "1+ -+ a1z + ag, one of the following
two cases hold:
(i1) f(z) = tg(z) for a constant t such that t* = 1, where d =
(n+m,...,n+m—1,...,n), Gm—; #0 for somei=0,1,...,m.
(i2) f and g satisfy the algebraic equation R(f,g) =0, where R(w1,
wa) = WHAmW} + W] ag) — W (AW A Gy wH T+
A a0)~
(ii) When P(z) = co, f(z) = tg(z) for constant t such that t™ = 1.
(i) [/ PP P(e)]® = a(2).
Furthermore, if max{x1, x2} <0, where

2m L m+1 2k +m
n+m-—2k n+m+2k n+m+k

X1 = +1=6)(0, P(f)) —0r—1)(0, P(f)),
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2m m—+1 2k +m

n+m—2k+n+m+2k n+m+k
then the statement (i) is not happening.

X2 = +1—-0x)(0, P(g)) —6r-1)(0, P(9)),

In this paper, we improve Theorem 1.1. Namely, we prove

Theorem 1.2. Let f(z) and g(z) be two transcendental meromorphic functions
whose zeros and poles are of multiplicities at least s, p respectively, where s, p
are positive integers and a(z) € M(C) N M4(C) be non-identically zero; let
n, m, v and k > 2 be four positive integers satisfying

nzk+1;

4k +7 k+2 k+1
n+m > +2{m+T}+3{m+T};
and let

P(2) = amz™ 4+ am_12™ 4 arzag = (2 —b1)™ .. (2 — b,)™Q(2),
1 v

where m; 2 k+1 fori=1,...,v,v>21+—, m= degQ—i—Zi:lmi, where
p

ap # 0, ai,...,am_1, am # 0 are complex constants. If [f*P(f)]* and
[g"P(g)]*) share a(z) — IM, then either f(z) = tg(z) for a constant t such
that t* = 1, where d = (n+m,....,n+m —i,...,n), am_; # 0 for some
i=0,1,...,m, or f and g satisfy the algebraic equation R(f,g) = 0, where
R(wy, wz) = W} (amwi* + am_1w ™ + -+ ag) — W (amwy + am_1wh +
cee 4 ao)_

Remark 1.3. Theorem 1.2 is an improvement of Theorem 1.1 when the poly-
nomial P(z) has the form

P(z) = apz™ + m_12" " arz+ag = (z=01)" ... (2= b,)™Q(2),

1 v
where m; > k+1fori=1,...,0,v > 1+ —, and m = degQ + >_,_; m;.

p
Indeed, if we take s = p = 1, we see n > 4m + 9k + 14, and we get Theorem
1.1. In the case n > 4m + 9k + 14, then the statements of Theorem 1.2 is true
without the condition max{x1, x2} < 0.

Next, we consider the uniqueness of g-shift difference polynomials of mero-
morphic functions. In 2015, Q. Zhao and J. Zhang [15] proved the following
results.

Theorem 1.4. Let f(2) be a transcendental meromorphic function with zero
order, and let n, k be positive integers. If n > k+5, then (f™(2)f(qz+c))® —1
has infinitely many zeros.

Theorem 1.5. Let f(z) and g(z) be transcendental entire functions with zero
order, and let n,k be positive integers. If n > 2k + 5, and (f™(2)f(qz + ¢))*

and (9"(2)g(qz + ¢))*®) share z or 1 — CM, then f = tg for a constant t with
=1,
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Theorem 1.6. Let f(z) and g(z) be transcendental entire functions with zero
order, and let n, k be positive integers. If n > 5k + 11, and (f™(2)f(qz +¢))*

and (g™ (2)g(qz + ¢))*®) share z or 1 — IM, then f = tg for a constant t with
=1,

In 2013, Z. Huang ([3]) obtained the following result.

Theorem 1.7. Let f(z) be a transcendental meromorphic (resp. entire) func-
tion of zero order and q be a nonzero complex constant, and let P(z) = a,z" +
12" 14 -+ar1z+ag be a nonconstant polynomial with constant coefficients
ag, a1y« an_1,an, # 0, and m be the number of distinct zeros of P(z). Then
forn >2m+3 (resp. n>m), P(f(2))f(gz) — a(z) has infinitely many zeros,
where a(z) # 0 is a small function of f.

Theorem 1.8. Let f(z) and g(z) be two nonconstant meromorphic (resp. en-
tire) functions of zero order and q be a nonzero complex constant, and let
P(z) = apz™ + An_12""1 4+ -+ a1z + ag be a nonconstant polynomial with
constant coefficients ag,ay,...,an_1,0, # 0, and m be the number of distinct
zeros of P(2). If n > 3m + 4 (resp. n > 2m + 1) and P(f(2))f(qz) and
P(g(2))g(qz) share 1,00 — CM, then one of the following two results holds:
(1) f(2) = tg(2) for a constant t such that t* = 1, where d = LOM{); :
Jj=0,1,...,n} denotes the lowest common multiple of \; (j =0,1,...,
n), and

n+1 ifa; =0.
(2) f(2) and g(z) satisfy algebraic equation R(f(z),g(z)) =0, where
R(w1,we) = P(wy)wi(qz) — P(wa)wa(qz).
Remark 1.9. In the proof of Theorem 1.7 and Theorem 1.8, Z. Huang used the
inequality N (r, P(f)) < mT'(r, f)+S(r, f), where P(z) is polynomial with m—

distinct zero points. We see that the inequality is very weak. Indeed, we have
the equality N(r, P(f)) = N(r, f).

{j+1 if aj #0,
A =

Thus, Theorem 1.7 and Theorem 1.8 may be improved in the case of mero-
morphic functions as follows.

Theorem 1.10. Let f(z) be a transcendental meromorphic function of zero
order and q be a nonzero complex constant, and let P(z) = apz"™ + p_12" "1 4
--++a1z+ag be a nonconstant polynomial with constant coefficients ag,aq, ...,
ap—1,an, # 0, and m be the number of distinct zeros of P(z). Then for n >
m+5, P(f(2))f(qgz) —a(z) has infinitely many zeros, where a(z) # 0 is a small
function of f.

Theorem 1.11. Let f(z) and g(z) be two nonconstant meromorphic functions
of zero order and q be a nonzero complex constant, and let P(z) = a,z" +
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Ap_12" 14 +ai1z+ag be a nonconstant polynomial with constant coefficients
aQ, A1,y . .., Gp_1, G 7# 0, and m be the number of distinct zeros of P(z). If
n > 2m+6 and P(f(2))f(qz) and P(g9(z))g(qz) share 1,00 — CM, then one of
the following two results holds:

(1) f(2) = tg(z) for a constant t such that t¢ = 1, where d = LCM{\; :
j=0,1,...,n} denotes the lowest common multiple of \; (j =0,1,...,
n), and

. {j+1 if aj #0,
? U ln+1 ifaj=0.
(2) f(2) and g(2) satisfy algebraic equation R(f(2),g(z)) =0, where
R(wr,w2) = P(w1)wi(gz) — P(we)wa(gz).
In 2014, X. Qi and L. Yang ([8]) gave the following result.

Theorem 1.12. Let Sy = {w | w" + aw™ ™ + b = 0}, where n > 2m + 4,
and m > 2 are integers such that n and n —m have no common factors, Sy =
{0}, and let a,b be two non-zero constants such that the algebraic equation
w" 4+ aw™ ™ 4+ b = 0 has no multiple roots. Suppose f is a non-constant zero
order meromorphic function such that Er(.)(S;) = Ef(qz)(S;) for j = 1,2, and
q € C\ {0}, then f(2) = f(qz), |q| = 1.

Now, connecting Theorem 1.4 to Theorem 1.8, we prove some results for
uniqueness of ¢-shift difference-differential of meromorphic functions sharing
the small function a(z) or sets for higher derivative. Our results are given in
the following.

Theorem 1.13. Let f(z) be a transcendental meromorphic (resp. entire) func-
tion of zero order, q and c be complex constants, ¢ # 0 and k be a positive
integer, and let P(z) = ap2" +ay_12"" 1 +---+a1z+ag be a nonconstant poly-
nomial with constant coefficients ag, ay, ..., 0n_1,a, 7 0, and m be the number
of distinct zeros of P(z). Then forn > m(k+1)+5 (resp. n > m(k+1)+3),
(P(f(2))f(qz + ¢))*) — a(2) has infinitely many zeros, where a(z) # 0 is a
small function of f.

Remark 1.14. In Theorem 1.13, when m = 1, we get Theorem 1.4. Thus,
Theorem 1.13 is an extension of Theorem 1.4.

Theorem 1.15. Let f(z) be a transcendental meromorphic function of zero
order, q and ¢ be complex constants, g # 0 and k be a positive integer, and let
P(z) = apz™ + n_12""1 4+ -+ a1z + ag be a nonconstant polynomial with
constant coefficients ag,ay,...,an_1,a0, 7 0, and m be the number of distinct

zeros of P(z). Then for n > gm +3, (P(f(2))f(qz + ¢))*) — 1 has infinitely
many zeros.
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Remark 1.16. In Theorem 1.15, when m = 1, we get the improvement of
Theorem 1.4. Futhermore, the number n is independent of k.

Theorem 1.17. Let f(z) and g(z) be two transcendental meromorphic (resp.
entire) functions of zero order, q and ¢ be complex constants, ¢ # 0, k be a
positive integer, a(z) Z 0 be a meromorphic (resp. entire) small function and
let P(2) = ap2™ + an_12""1 + -+ 4+ a1z + ag be a nonconstant polynomial
with constant coefficients ag, a1, ..., an_1,0, 7 0, and m be the number of the
distinct zeros of P(z). If n > 2m(k + 1) + 2k 4+ 6 (resp. n > 2m(k+ 1) +4)
and (P(f(2))f(qgz+¢))*) and (P(g(2))g(qz +¢c))*) share a(z), oo —CM, then
one of the following two results holds:

(1) f(2) =tg(z) for a constantt such thatt? = 1, whered = LCM{\; : j =
0,1,...,n} denotes the lowest common multiple of A; (j =0,1,...,n),
and

o ] +1 Zf Qj 7£ 0,
7 \n4+1 ifaj=0.
(2) f(2) and g(2) satisfy algebraic equation R(f(z),g(z)) =0, where
R(w1,we) = P(wy)w1(qz + ¢) — P(wa)wa(qz + ¢).

We see that Theorem 1.17 is a supplement of Theorem 1.8 for differential
polynomial and an extension of Theorem 1.5 for meromorphic functions.

Theorem 1.18. Let f(z) and g(z) be two transcendental meromorphic func-
tions of zero order, q and ¢ be complex constants, q # 0, k be a positive
integer, a(z) # 0 be a meromorphic (resp. entire) small function and let
P(z) = a,z" +an_12"" 14+ ar1z+ag be a nonconstant polynomial with con-
stant coefficients ag, ay, ..., an_1,a, # 0, and m be the number of distinct zeros
of P(2). If n > 2m(k+2)+3m(k+ 1)+ 8k +21 and (P(f(2))f(gz +¢))* and
(P(9(2))9(qz + ¢))*) share a(z) — IM, then one of the following three results
holds:

(1) (P(f(2)f(qz + ) W.(P(g(2))g(az + ) = a*(2).

(2) f(z) =tg(z) for a constant t such thatt? = 1, whered = LCM{\; : j =
0,1,...,n} denotes the lowest common multiple of \; (j =0,1,...,n),
and

. {j+1 ifa; #0,
7 \n4+1 ifa;=0.
(3) f(2) and g(2) satisfy algebraic equation R(f(z),g(z)) =0, where
R(wy,ws) = P(wy)wi(qz + ¢) — P(ws)wa(gz + ¢).
We see that Theorem 1.18 is an extension of Theorem 1.6 for meromorphic

functions. By an argument as in Theorem 1.12; we will prove Theorem 1.19
below.
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Theorem 1.19. Let S; = {w | w" +aw™ ™ + b = 0}, where n > 2m + 4,
m > 2 are integers such that n and n — m have no common factors, So =
{0}, and let a,b be two non-zero constants such that the algebraic equation
w" 4+ aw™™ ™ 4+ b = 0 has no multiple roots. Suppose f is a non-constant zero
order meromorphic function such that Ey(.)(Sj) = Ef(qz4c)(S;) for j = 1,2,
and g € C\ {0}, then f(z) = f(qz+¢).

Theorem 1.20. Let S; = {w | w™ 4+ aw™ ™ + b = 0}, where n > 2m + 4,
m > 2 are integers such that n and n — m have no common factors, let a,b be
two non-zero constants such that the algebraic equation W™ + aw™ ™™ +b =10
has no multiple roots, So = {0}, and let q¢ and ¢ be two constants complex,
q # 0. Suppose f is a transcendental zero order meromorphic function such
that E(p1y0 () (S5) = E(p1y0) (gz4¢)(S5) for j = 1,2, where I > 4,k are positive
integers, then f(z) =tf(qz +c), t' = 1.

We see that Theorem 1.20 is a supplement of Theorem 1.12 for derivative
with order k.

2. Some lemmas

Lemma 2.1 ([4]). Let f be a non-constant meromorphic function, and let p
and k be two positive integers. Then

Ny (1 75) < T S9) = T ) + Ny, 1)+ (0. )
N, (r, ﬁ) <EN(r, f) + Npy(r, %) + 80, ).

Lemma 2.2 ([12]). Let f and g be two non-constant meromorphic functions,
and let a(z) (a #Z 0,00) be a small function of both [ and g. If f and g share
a(z) — IM, one of the following three cases holds:

(i) T(r, £) <No(r, f) + No(r, %) + Na(r,g) + No(r,

)
+2(N(r, %) + NG, ) + (N, ? +N(r.g))

+S(r, f) + S(r,9),

and similar inequality for T'(r, g);

(ii) f=g;

(iii) fg = a?.
Lemma 2.3. Let f and g be two transcendental meromorphic functions, and
let k be a positive integer. If f*) and g'®) share a(z) — IM and

(2k +4)O(00, f) + 0k42(0, f) + 20k41(0, f) + (2k + 3)O(c0, g) + k42(0, 9)
+0k+1(0,9) > 4k + 11.

Q|+
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then f = g or f® g = a(2)?, where a(z) is a small function of f and g.
Furthermore, in the case k = 1, the statement of this lemma holds when [’ and
g’ are non-constant meromorphic functions.

Proof. Since f*) and ¢(*) share a(z) — IM, by Lemma 2.2, we suppose that
the inequality is true. Thus

1 1
T(r, f*) <No(r, f ) + Ny (r, f(k)) + Na(r, g™)) + N <r, g(,c)>

+2(N < f(k)> +N (r,f(k))> + (N(r, g(1k)> +N(r, g(k)))

(2.1) + S(r, f)+ S(r,9),

T(r, g™ <Ny(r, f*) + Ny(r, f(k)) + Na(r,g™) + N, (T’g(lk))

+ 2(N( (k)) + N(r,g™)) + <N( f(k)> + N{(r, f(k)))
(2.2) +S(r, f) + S(r, 9).

From (2.1), by using Lemma 2.1, we have
1
T(T’, f(k)) <N2(7", f(k)) + T(Tv f(k)) - T(Ta f) + Nk-‘r?(rv ?) + NQ(rag(k))

+kN(r,g) + Niyo(r, ;) +2 (k‘N(r, )+ Ngxq(r, %) + N(r, f))

+ (kN(T, g) + Ngi1(r, ;) + N(r, g)) +S(r, f) + S(r,9).

Hence,

, %) + 2k + 3)N(r, )

(2.3) + Niyolr, é) + Npa(r, é) + S0 ) + S(r.g).

T(r, ) <(2k + DN, ) + Niso(r, %) 2N (r

Similarly, from (2.2), we obtain

T(r.g) <<2k+4)ﬁ(r,g>+Nk+2<r,§>+m+1<n )+ (2k + 3)N(r, f)

1
g
. }) + N () %) +5(r, f) + 5(r,g).

Without loss of generality, we suppose that there exists a set I with an
infinite measure such that T'(r, g) < T'(r, f) for r € I. Therefore, from (2.3), we

(2.4) + Nigaf
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see that
T(r, ) <(2k +4)(1 = O(c0, f))T(r, ) + (1 = 6k12(0, /) T(r, f)
21 = 8441 (0, )T, f) + (26 + 3)(1 — ©(00, ))T(r, f)
(2.5) + (1= 0k12(0,9))T(r, f) + (1 = 6k41(0,9))T(r, f) + S(r, f).
Thus, we obtain
((2k + 4)O(00, f) + 0k12(0, f) + 28,11 (0, f) + (2k + 3)O(c0, g) + dx12(0, 9)
+ 0k41(0,9) — (4k + 11))T(r, f) < S(r, f)
for r € I, which contradicts
(2k +4)O(00, f) + 0k+2(0, f) + 20k11(0, f) + (2k + 3)O(00, g) + dk+2(0, 9)
+ 0k+1(0,9) > 4k + 11.
By Lemma 2.2, we have f(®) = g% or f(R)g(k) = ()2, If f*) = g(¥) then
f(2) = g(2) + P(z), where P(z) is a polynomial of degree at most k — 1. In the

case k = 1, we have f = g + ¢, where c is a constant. If P(z) # 0, then by the
Second Main Theorem for small function, we have

T(r, f) < N(r, ) + F(r, =) + N(r, —=—) + 5(r, f)

f f—P(z)
<N ) + Nigalrs 1) + Nosalr ) + S(0.f)
(2.6) < (3= (0(00, f) + Ok+2(0, f) + Sk+2(0,9)))T(r, f) + S(r, f)
From (2.6), we get
(2.7) (©(00, f) + 0k+2(0, f) + 0k+2(0,9) — 2)T(r, f) < S(r, f)
for r € I.

On the other hand, from the condition
(2k +4)O(00, f) + 0k+2(0, f) 4+ 20,4+1(0, f) + (2k + 3)O(c0, g) + 0k+2(0, g)
+0k+1(0,9) > 4k + 11
for r € I, we conclude that
O(00, f) + 0k42(0, f) + 0k42(0,9) > (4k +11) — (4k+9) = 2.

From (2.7), we get the contradiction. Thus, we obtain P(z) = 0, that is, f = g.
this completes the proof.
(|

Lemma 2.4 ([L1]). Let f(z) be a nonconstant meromorphic function of zero
order. Then on a set of lower logarithmic density 1, we have

T(r, f(gz +¢)) = 1+ o()T(r, f) + O(logr),

where ¢ € C\ {0} and ¢ are complex constants
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Lemma 2.5 ([11]). Let f(z) be a nonconstant meromorphic function of zero
order. Then on a set of lower logarithmic density 1, we have

N(r, f(gz +¢)) = (1 4+ o(1))N(r, ) + O(logr),
where g € C\ {0} and ¢ are complex constants.

Lemma 2.6 ([2]). Let f be a transcendental meromorphic function in the
complex plane, k > 1 be an integer, and € > 0. Then we have

(1—e)T(r, f) < N(r, %) + N(r, ﬁ) + S(r, f).

3. Proof of Theorem 1.2
Proof. Set P(z) = (z —b1)™ ...(2 — by)™ Q(2), where m; > k+ 1 for i =
1,...,0,v =1+ 1, and m = deg@ + >.;_; m;. Let F = f"P(f), and G
9" P(g). By hypotﬁesis, we get that F(*) and G*) share a(z) — IM. We have

1

5 G Nk+2 (7‘, a)
0,G)=1-1 _—
k2 ) 171&50121) T G)
1
Nig2(r, ni)
=1 —limsup 9" P(g)

rooo  (n+m)T(r,g)
(k+2)N(r, é) +mT(r,g)

>1-—limsu
r~>oop (n+m)T(r,g)
k+2
7T(7‘, g) + mT(r, g)
>1-—limsu
T%oop (n+m)T(r,g)
k+2
m—+ —
(3.1) =1-—S5
n—+m
Similarly, we have
k+2
m+ ——
(3.2) Op4+2(0,F) > 1—

n-+m
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1

Nk+1(7"7 5)

0 0,G)=1-1i _—T
k+1(0, G) mSup )

1

Nyt (r, ni)
=1—limsup 9" P(g)

P T )T g)
— 1
(k+1)N(r, =) +mT(r,g)
> 1 —limsup g

r—s00 (n+m)T(r,g)
k+1
iT(’E g) + mT(T, g)
>1—limsu
s (A m)T(r,g)
k+1
m+
(3.3) =1-—95
n—+m
Similarly, we obtain
k+1
m +
. MH>1—-—35
(34) G111 (0, F) o
and
. N(r,G)
O(c0,G) =1— llgsip . G)
. N(r,g)
=1-limsu
e (nm)T(r,g)
1
};N(T’ g)
>1—limsu
e (n+m)T(r,g)
1
5 (Ta g)
>1-—limsup ————
e (e m)T(r,g)
1
3.5 R
(3:5) p(n+m)
Also similarly,
1
(3.6) (oo, F) 21—
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By Lemma 2.3, we obtain

+ 5k+2(0, G) + §k+1(0; G)

k+2
1 mt
=4k+7<1—7> ol1- — s
( ) p(n+m) * n+m
k+1
m+ *
(3.7) +3l1—-—= .
n+m
4k + 7 k+2 k+1
From m +n > i +2{m+i}+3{m+i} and (3.7), we get
s s

(2k + 4)0(00, F) + 0g42(0, F') + 205+1(0, F) + (2k + 3)O (00, G) + 0r4+2(0, G)
+0k1+1(0,G) > 4k + 11.

Hence, we get F' = G or FFGK) = (a(2))?. Let F = G, that is
(3:8) framf™ + -+ a0) = g"(amg™ + - + ap).

Let h = i If h is a constant, then substituting f = hg into (3.8), we obtain
g

Qg™ (B = 1) a1 g™ (RN 1) 4 agg” (B 1) =0,

which implies that A = 1, where d = (n+m,...,n+m —1i,...,n), @m_; # 0
for some i = 0,1,...m. Then f = tg for a constant ¢ such that t¢ = 1. If h
is not constant, from (3.8), we see that f and g satisfy the algebraic equation
R(f,g) = 0, where R(w1, ws) = W} (@mw" +apm 1w - - dag) —w§ (amwy'+
1wy + 4 ag).

Let

(3.9) FRGW = (a(z))2.

We denote by 3 the zeros and poles of (a(z))?. We will show that F(*) and
G®) admit zeros and poles outside of >~ . Indeed, suppose that all the zeros
and poles of F(*) belong to . Therefore

— — 1

N(r, F®) + N(r, Zy) <27( a(2))?,
which implies that
— 1
f=bi

) < S(r, f).
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By the Second Main Theorem, we have

_ v 1
— <
0000 <N + SN
then (v — 1)T(r, f) < S(r, f), which is a contradiction. Hence, F*) and G*)
admit zeros and poles outside of Y. We suppose that zq is zero of f of order
s1 which does not belong to 3, then zq is a zeros of [f"P(f)]®). Hence z is a
pole of [g"P(g)]™*). This will lead to that z, is pole of g of order p; > p. From
(n+m)p+ 2k

)+ 5, f),

(3.9), we have ns; — k = (n+ m)p; + k, then s; >

n
we suppose that z; is a b; point of f of order s;, then z; is a pole of g of order

2k
%’ i=1,...,v. By the Second Main
my;

. Similarly,

pi,t=1,...,v. Then s; >

Theorem, we obtain

(14 DT 1) ST f) < N f) + N 1)+ Y N7

1 n . m;

Therefore,
n+ i M
(1 G ) 10 ) < 5(0)
which is a contradiction. This implies that equality (3.9) is impossible. O

4. Proof of Theorem 1.13

Proof. First, from Lemma 2.4 and the First Main Theorem, we have

’I’LT(’I“, f) = T(T’ P(f))

_ me@mw+dﬂg:@)

This implies
(4.1) (n=1)T(r, f) <T(r, P(f)(2)f(qz + ¢)) + S(r, f).
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Take F = P(f)(2)f(qz + ¢), by the Second Main Theorem for small function,
we have

4.2) T(r, F®) < N(r, FM) + N(r, %) +N <7", F(k)1> +S(r, f).

By Lemma 2.1 we see

— 1 1
N(r, m) < T(r, F®) =T(r, F) + Niya (r, f) +S(r, f).
Thus, (4.2) implies
_ 1 — 1
(k) el
(43) T, F)<N(r,F")+ Ngyai(r, F) +N (r, G a(z)) + S(r, f).

By simple computing, and from Lemma 2.5, we obtain
N(r, F®) = N(r, P(f)f(az +¢)) < N(r, /) + N(r, f(gz + )
<2T(r, f) + S(r, f),

and

1 — 1 1
Ve ) < (4 DG )+ ()

< (k+1)mT(r, f) +T(r, )+ 5(r, f).
Thus, combining with (4.1) and (4.3), we get

(1= T ) < 3T ) + (6 + DT )+ N (1t ) 450)

< (mk+1) +3)T(r, )+ N <1", M) + S0 ).

From n > m(k + 1) + 5, we obtain that (P(f)f(gz + ¢))® — a(z) has infinitely
many zeros. O

5. Proof of Theorem 1.15

1
Proof. Take F(z) = P(f)f(gz + ¢). Apply ¢ = 3 in Lemma 2.6 for and

transcendental meromorphic function F) to get

(5.1) gT(T,F) gﬁ(r,l)—i—N(r )+ S(r, F).

1
F TRk —1
From (5.1), we have
2

1
g(n —DT(r,f) < (m+1D)T(r, f) +N(’I’, m) + S(r, f)-

Byn > gm—l—& we see that (P(f)f(qz+c))® —1 has infinitely many zeros. [
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6. Proof of Theorem 1.17

Proof. Take F'=P(f(2))f(gz+c) and G = P(g(z))g(gz+c). Since (P(f(=)) f(qz
+¢))® and (P(g(2))g(qz + ¢))*®) share a(z),00 — CM, then there exists the
holomorphic function «(z) satisfying

(P(fNfl@z+ )™
(6.1) a() — e(®),
(Plg(=))g(aqz + )™
a(z)
since the function of left side of (6.1) has order zero. Thus, e*(*) = A, where
A # 0 is a constant complex. The equality (6.1) implies
(6.2) (P(H)f(gz + )™ = A(P(g9)9(az + )™ +a(2)(1 - A).

Now, we will prove that A = 1. Conversly, if A # 1, by an argument as in
Theorem 1.13, we have

T(r, F) < N(r, F) + Ny (1, %) iy (r, — (11_ A)a(2)> + S0 f)

1 1
>f) aw)‘*‘s(ﬁf)

1 .
F) + ]C]V(’I"7 G) + Nk.;,.l('l"

N(r,F) + Npi1(r + N(r

N(r, F) + Nesa 2
+5(r, f)+5(r.9),

S(r,g),S(r,F) = 8(r, f). We see
N(r,F) <2T(r, f) + S(r, f),
N(r,G) < 2T(r,g) + S(r,9),

(6.3)
since S(r,G) =

+ o+

Nea(r, ) < (mlk 4+ 1) + DTG ) + S0, ),

(6.4) Nia(r, &) < (m(k+ 1) + DT(r,9) + S(r,).
Combining (4.1), (6.3) and (6.4), we get

(n=1T(r f) < (mk+1)+3)T(r,f) + (m(k+ 1)+ 2k + 1)T'(r,g)
(6.5) +S(r, f)+ S(r,9).
Similarly, we obtain

n=1)T(r,g) < (m(k+1)+3)T(r,g) + (m(k+ 1)+ 2k + 1)T(r, f)
(6.6) +S(r, f)+ S(r, 9).
From (6.5) and (6.6), we get

(n—@2m(k+1)+2k+5)(T(r, f) + T(r,g)) < S(r. f) + S(r,9).
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This contradicts n > 2m(k + 1) 4+ 2k + 6. Thus, we get A = 1. Hence, we have

(P(f)f(gz+¢))® = (P(g)g(qz + ¢))*).
This implies
P(f)f(gz+c) = P(9)g(qz + ) + Q(2),

where Q(z) is a polynomial of degree at most k& — 1. Next, we prove Q(z) = 0.
Indeed, if Q(z) # 0, by the Second Main Theorem for small function, we have

(Tl*l)T(T‘,f) ST(er)+S(Taf)
1 —

F)"‘N(T,

1

F

< N(r, F) + N(r, )+ S(r, f)

o
F—-Q(z)

)+ N(r, l) + S(r, f).

=N(r,F)+ N(r, e

Since N (r, %) < (m+DT(r, f) + S(r, f) (because P(z) has m-distinct zero
points). Thus, we deduce that

(n=D)T(r, ) < (m+3)T(r, f) + (m + 1)T(r,g) + S(r, ) + S(r, 9)-
This implies

Similarly, we get
(68> (n —m-— 4)T(T, g) < (m + 1)T(T‘, f) + S(T7 f) + S(T7 g)'

From (6.7) and (6.8), we have
(n—2m =5)(T(r, f) + T(r,9)) < S(r, f) + 5(r,9).
This is a contradiction since n > 2m(k+1)+2k+6 > 2m+6. Hence Q(z) = 0.

By an argument as in [3], it is easy to see that f and g satisfy of the following
statements:
(1) f(z) = tg(z) for a constant ¢ such that t¢ = 1, whered = LCM{)\; : j =
0,1,...,n} denotes the lowest common multiple of A\;(j =0,1,...,n),
and

Wit ite #0,
T In+1 ifa; =0.
(2) f(2) and g(2) satisty the algebraic equation R(f(z),g(z)) = 0, where
R(w1, w2) = P(wy)wy(qz + ¢) — P(wa)wa(qz + ¢).

Note, when f and g are transcendental entire functions, we have N(r, F) =
N(r,G) = 0. By computing similar to the case of meromorphic functions, it is
easy to get the statements of Theorem 1.17 with n > 2m(k + 1) + 4. O
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7. Proof of Theorem 1.18
Proof. Take F = P(f)f(qz+c),G = P(g)g(qz + c). We see that F*) and G*)

share a(z) —IM. By Lemma 2.2, and by an argument as in the proof of Lemma
2.3, we have

T(r,F) <(2k + 4)N(r, F) + Ngia(r l) + 2Npy1(r, %) + (2k + 3)N(r,G)

'F

LY 4 S(r. ) + S(r.9),

(71) +Nk+2(7”‘ a

1
— N,
7G)+ ket (

and

T(r,G) <(2k +4)N(r,G) 4+ Ny yo(r, é) + 2N (7, é) + (2k +3)N(r, F)

(7.2) +Nk+2(r,%) + Nig1(r, %) +S(r, f)+ S(r,9).
O
We have
N(r, F) SW( f)+ (r, (qz+c))
<2T(r, f) + S(r,

ST (s R

< (m(k+2) +1Trf)+S( ),

et < (r5ty) 3 e )

(7.3) <(m (k+1)+1T f+S( -

Similarly, we obtain

1
Nk+2(7“75 k+2< ) ( qz+c )

< (m(k+2) +1Trg +S(rg)

1
N, < N,
k+1(7“7 G k+1 (7"7 ) ( qurc )

(7.4) <(m (k—i—l)—i—lTrg)—i—S(rg)
Combining (7.1) and (7.4), we get
(n—0C2m(k+2)+3m(k+1)+8k+20))(T(r,f)+T(r,g9) <S(r,f)+ S(r,g).
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This contradicts n > 2m(k+2)+3m(k+1)+8k+21. Thus, we have F(FIG*) =
a®(z) or F*) = @) By an argument as in Theorem 1.17 and [3], it is easy to
see that f and g satisfy one of the following two statements:

(1) (2) f(2) = tg(2) for a constant ¢ such that t¢ = 1, where d = LCM{), :
j=0,1,...,n} denotes the lowest common multiple of X\; (j = 0,1, ...,
n), and

)\'7 ]+1 ifaj;«éO,
7 ln+1l ifa;=0.

(2) f(z) and g(z) satisfy the algebraic equation R(f(z), g(z)) = 0, where
R(wy,ws) = P(wy)wi(qz + ¢) — P(ws)wa(gz + ¢).

8. Proof of Theorem 1.20

Proof. Apply Theorem 1.19 to the meromorphic functions (f!)*)(z) and
(fH*) (gz + ¢), we have

(FHY®(z) = (fH P (g2 + o).
Thus
(=) = gz + o)+ Q(2),

where Q(z) is a polynomial with degree at most I — 1. If Q(z) # 0, by the
Second Main Theorem for small function and Lemma 2.4, we have

lT(T7 f) = T(Tv fl)
1
l

<N /) + N )+ W < 1) LS f)

f [l =Q(2)
= N(r, f') + N(r, %) +N <7“, fl(qzl—i—c)) + S(r, f)

< 3T(r, f) + S(r, f)
This contradicts { > 4. Thus, Q(z) = 0. This implies
f(z) = fl(az +¢),
and then f(z2) =tf(qz +c¢), t! = 1.
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