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The main purpose of this paper is to investigate the characteristic functions and Borel exceptional
values of E-valued meromorphic functions from the Cg = {z : |z| < R}, 0 < R < +oo to an infinite-
dimensional complex Banach space E with a Schauder basis. Results obtained extend the relative
results by Xuan, Wu and Yang, Bhoosnurmath, and Pujari.

1. Introduction and Preliminaries

In 1980s, Ziegler [1] succeeded in extending the Nevanlinna theory of meromorphic functions
to the vector-valued meromorphic functions in finite dimensional spaces. Later, Hu and
Yang [2] established the Nevanlinna theory of meromorphic mappings with the range in
an infinite-dimensional Hilbert spaces. In 2006, C.-G. Hu and Q. Hu [3] established the
Nevanlinna’s first and second main theorems of meromorphic mappings with the range in
an infinite-dimensional Banach spaces E with a Schauder basis. Recently, Xuan and Wu [4]
established the Nevanlinna’s first and second main theorems for an E-valued meromorphic
mapping from a generic domain D C C to an infinite-dimensional Banach spaces E with a
Schauder basis.

In [4], Xuan and Wu also proved Chuang’s inequality (see, e.g., [5]) of E-valued
meromorphic mapping f(z) in the whole complex plane, which compares the relationship
between T(r, f) and T'(r, f'), and also obtained that the order and the lower order of E-valued
meromorphic mapping f(z) and those of its derivative f'(z) are the same. In Section 2, we
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shall prove that Chuang’s inequality is valid for E-valued meromorphic mapping f(z) in the
unit disc and prove that for any infinite-order E-valued meromorphic function f(z) defined
in the unit disc has the same Xiong’s proximate order as its derivative f'(z).

In [5], Yang obtained much stronger results than those of Gopalakrishna and
Bhoosnurmath [6] for the Borel exceptional values of meromorphic functions dealing with
multiple values. In Section 3, we shall extend Le Yang’s result to E-valued meromorphic
functions of finite and infinite orders in

Cr:={z:]z| <R}, 0<R<+oo. (1.1)

In the following, we introduce the definitions, notations, and results of [3, 4] which
will be used in this paper.

Let (E, || @ ||) be an infinite dimension complex Banach space with Schauder basis {e; }
and the norm || e ||. Thus, an E-valued meromorphic function f(z) defined in Cg, 0 < R < +00
can be written as

f(Z) = (fl(Z),fQ(Z),...,fk(Z),...). (1.2)

Let E, be an n-dimensional projective space of E with a basis {e;}]. The projective operator
P, : E — E,is arealization of E,, associated with basis.

The elements of E are called vectors and are usually denoted by letters from the
alphabet: a,b,c,.... The symbol 0 denotes the zero vector of E. We denote vector infinity,
complex number infinity, and the norm infinity by oo, oo, and +co, respectively. A vector-
valued mappings is called holomorphic (meromorphic) if all f;(z) are holomorphic (some of
fj(z) are meromorphic). The jth derivative j = 1,2,... of f(z) is defined by

2@ = (1@ 1@, £ ), ) (1.3)
A point zj € C, is called a “pole” (or oo point) of
f(2) = (fi(2), fo(2), .-, fi(2),...) (1.4)

if zj is a pole (or oo point) of at least one of the component functions fi(z) (k =1,2,...). A
point zg € C, is called a “zero” of f(z) = (fi(z), f2(2),..., fx(2),...) if zo is a zero of all the
component functions fi(z) (k = 1,2,...). A point zy € C, is called a pole or an co-point of
f(z) of multiplicity g € N*, meaning that in such a point zj at least one of the meromorphic
component functions f;(z) has a pole of this multiplicity in the ordinary sense of function
theory. A point zy € C, is called a zero of f(z) of multiplicity g4 € N*, meaning that in such a
point zg all component functions f;(z) vanish, each with at least this multiplicity.
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Let n(r, f) or n(r,o0) denote the number of poles of f(z) in |z| < r and let n(r, a, f)

denote the number of a-points of f(z) in |z| < r, counting with multiplicities. Define the
volume function associated with E-valued meromorphic function f(z) by

V(& f) =V () = 5z [ Tog

g‘Alog”f(g)”dx ANy, E=x+iy,

(1.5)
V(r,a f)= ZL,[ log Z'Alog”f(g) —alldxndy, ¢é=x+iy,
7w )e, Clé
and the counting function of finite or infinite a-points by
"n(t, f)-n(0,
N(r, f) = n(0, f) 10gr+f n(tf) —n0.f) t”( D, (16)
0
N(r,%) = n(0,5) log r + f n{t, ) - n0,%) 4 (1.7)
0
’ t/ ’ - O/ ’
N(r,a,f)=n(0,a,f)logr+f n(ta f) tn( af)dt, (1.8)
0
respectively. Next, we define
- 1 20 . 0
m(r, f) = m(r,%, f) = 5 fo log"[|£ (re®) | 46,
ad (1.9)

1 . 1
m(r,a) =m(r,a, f) = o fo log Wde/

I(r,f) =m(r, f) + N(r, f)-

Let 7(r, f) or 7i(r, o) denote the number of poles of f(z) in |z| < r, and let 7(r, a, f) denote
the number of a-points of f(z) in |z| < r, ignoring multiplicities. Similarly, we can define the
counting functions N(r, f), N(r, ), and N(r,a, f) of n(r, f), 7(r,®), and 7(r, a, f).

If f(z) is an E-valued meromorphic function in the whole complex plane, then the
order and the lower order of f(z) are defined by

) log™T(r, f)
A(f) =lim supT

u(f) =lim infw.

r—+o0 logr

7

(1.10)
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If f(z) is an E-valued meromorphic function in Cg, 0 < R < +oo, then the order and
the lower order of f(z) are defined by

L logT(r, f)
M) =lim sups e T R-r)”
0B T(r, ) (1.11)
= lim inf 08 1\""J)
k() R log"(1/(R-7))

Lemma 1.1. Let B(x) be a positive and continuous function in [0,+o0) which satisfies
lim sup, . (logB(x)/logx) = co. Then there exists a continuously differentiable function p(x),
which satisfies the following conditions.

(i) p(x) is continuous and nondecreasing for x > xo (xo > 0) and tends to +oo as x — +oo.

(ii) The function U (x) = x%) (x > xo) satisfies the following:

logU (X
lim 0gUX) _

—F=1, X=
x—+w log U (x) ! S

X

(iii) lim sup, _,,  (log B(x)/logU(x)) = 1.

Lemma 1.1 is due to K. L. Hiong (also Qinglai Xiong) and p(x) is called the proximate
order of Hiong. A simple proof of the existence of p(r) was given by Chuang [7]. Suppose
that f(z) is an E-valued meromorphic function of infinite order in the unit disk C;. Let x =
1/(1-r) and X =1/(1 - R). From (ii) and (iii) in Lemma 1.1, we have

logU(1/(1-R)) _1 R= rlogU(1/(1-r))+1

o TogUA/A-r)) 7 " TogU(1/(I-r)+1’

log T(r, f) ~
logU(1/(1-r)) -

(1.13)

lim sup
x—1"

Here, the functions p(1/(1 - r)) and U(1/(1 — r)) are called the proximate order and type
function of f(z), respectively.

Definition 1.2. An E-valued meromorphic function f(z) in Cg, 0 < R < +oo is of compact
projection, if for any given € > 0, [|P,(f(z)) — f(2)|| < € has sufficiently larg n in any fixed
compact subset D C Ckg.

Throughout this paper, we say that f(z) is an E-valued meromorphic function
meaning that f(z) is of compact projection. C.-G. Hu and Q. Hu [3] established the following
Nevanlinna’s first and second main theorems of E-valued meromorphic functions.



Abstract and Applied Analysis 5
Theorem 1.3. Let f(z) be a nonconstant E-valued meromorphic function in Cg, 0 < R < +o0. Then
forO<r<R,a€E, f(z)#a,

T(r,f) =V (r,a) + N(r,a) + m(r,a) +1og"||c;(a)|| + £(r, a). (1.14)
Here, £(r, a) is a function satisfying that

e(r,a)| <log™|lal| +log2, &(r,0)=0, (1.15)
g &

and c,(a) € E is the coefficient of the first term in the Laurent series at the point a.

Theorem 1.4. Let f(z) be a nonconstant E-valued meromorphic function in Cg, 0 < R < +oo and
a"l e Eu oo} (k=1,2,...,q) be q > 3 distinct points. Then for 0 <r <R,

(g-2)T(r,f) < g[V(;WJ[k]) +N<r,a[k]>] +S(r, f). (1.16)

If R = +oo, then
S(r,f) =0(ogT(r, f) +logr) (1.17)

holdsasr — +oo without exception if f(z) has finite order and otherwise as ¥ — +oo outside
a set | of exceptional intervals of finite measure j] dr < +oo. If the order of f(z) is infinite and
p(r) is the proximate order of f(z), then

S(r.f) = O(logU(r)) (1.18)

holds as r — +co without exception.
If 0 < R < +oo, then

S(r,f) = O(logT(r,f) +log Rl_ r> (1.19)

holds as r — R without exception if f(z) has finite order and otherwise as r — R outside a
set | of exceptional intervals of finite measure _f] d((r/(R-71)) < +oco.

In all cases, the exceptional set J is independent of the choice of al¥l.
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2. Characteristic Function of E-Valued Meromorphic Functions in
the Unit Disc C,

In [4], Xuan and Wu proved the following.

Theorem A. Let f(z) (z € C) be a nonconstant E-valued meromorphic function and f(0) # co.
Then for t > 1and 0 < r < R, one has

T(r, f) < C:T(7r, f') +log'tr + 4 +1og"|| f(0)|, (2.1)

where C is a positive constant.

Theorem B. Let f(z) (z € C) be a nonconstant E-valued meromorphic function. Then we have
T(r,f") <2T(r, f) + O(logr +1log T (r, f)). (2.2)
Theorem C. For a nonconstant E-valued meromorphic function f(z) (z € C) of order A(f) < +oo,

one has A(f) = A(f), u(f) = u(f).

In this section, we shall prove that Theorems A, B, and C are valid for E-valued
meromorphic function in the unit disc C;.

Lemma 2.1. Let f(z) be an E-valued meromorphic function defined in the unit disc, and f(0) # co.
If0 < R < R' <1, then there exists a 6y € [0, 2or), such that for any 0 < r < R, one has

f (rei"“)

Lemma 2.2. Let f(z) be an E-valued meromorphic function defined in the unit disc, and let 0 < R <
R’ < R" < 1. Then there exists a positive number R < p < R, such that for |z| = p, one has

f(rei9°>

Lemmas 2.1 and 2.2 are due to Xuan and Wu [4] for the E-valued meromorphic
function defined in the whole complex plane. From the proof of Xuan and Wu [4], we know
that Lemmas 2.1 and 2.2 are also valid for the E-valued meromorphic function defined in the
unit disc C;.

log”

| < ﬁ, s ﬁm(R’, f) +n(R, f)log4+N(R, f). 2.3)

RU R/ 8 Rl/
log* | + e

N 1" 1 oen 2.4
SR//_R/n/l(R ,f)+Tl(R 'f)lOgR/_R' ( )

Lemma 2.3. Let f(z) (z € Cq) be a nonconstant E-valued meromorphic function and f(0) # co.
Suppose that h(r) > 1, R= (1 +rh(r))/(1 + h(r)), then when r sufficiently tends to 1, one has

n(r, f) < %N(R,f}. (2.5)
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Proof.

N(R )= (0 P togrs [ MED 0D g [0

0

f nt, f)dt>n(r f)log—

~ 1-r r ((1=71)/r(+h(r)))*
= n(r o1+ 77 ) 2 f><r<1+h<r>> 2 >

- 1+h 1-

(2.6)

O

Lemma 2.4 (see [4]). Let f(z) (z € Cg, 0 < R £ +) be a nonconstant E-valued meromorphic
function and f (0) # oo, and L a curve from the origin along the segment arg z = 6, to pe'®, and along
{|z| = p < r} turn a rotation to pe'®. Then for any {|z| = r < p}, one has

log™||f(2)]| <log"™M +O(1), (2.7)

where M = max{||f'(z)|,z € L}.

Lemma 2.5 (see [3]). Let f(z) be a nonconstant E-valued meromorphic function in Cy. Then for
O<r<l,

— lo A el T df < K<logT(r,f) +log 1

2” [1f (re®) |

i r), (2.8)

where K is a sufficiently large constant.
We are now in the position to establish the main results of this section.

Theorem 2.6. Let f(z) (z € Cy) be a nonconstant E-valued meromorphic function and f(0) # 0.
Then for € > 1 and any real function h(x) > 1, when r sufficiently tend to 1, one has

1+rh
T f) < ST R ), R 29)
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Proof. Denote Ry = (R+2r)/3,R, = (r + 2R) /3, we can get

R-r
3 7
1-3Ryh(r) ) o (1=n)(1+3h() .
Teonr) @ etRi=reR<2d-Re="—mory 2 2
-7 >1—r
T 14 R0 © 2h(n)

T<R1<R2<R, Rl—TZRz—RlzR—RQZ

R =

(2.10)

Applying Lemma 2.1 to f'(z) and combining Lemma 2.3, we can find a real number 6, €
[0, 2r) such that for any 0 < ¢t < Ry, one has

l<tei90>

IN

m(Ry, f') +n(Ry, f') log4 + N(Ry, f')

log+ | RQ_ + R1

R, - Ry

6 _ 6h
S(R — 4 g _(I? g4+1>T(R2,f)

6+ 6h(r) 12h(r) 1—r> ,
S( T, T, log4+—1_r T(R, f")

. 6+6h(r)+12_41:(r)+1 IR ) <

(2.11)

40h(r)

ZT(Rf).

In view of Lemma 2.2, there is a p € [r, R;] such that for any z € {|z| = p}, one has

2 + R1 8€R2

m(Ra, f') +n(Re, f') log

486h(r) >

log"[l /')l < %

6h(r)
1R, T(R, f')

(

( +6h(r) 12h(r) log L44(1)
1-r

(77

log

TR £)

2o vul ) e
(200 (22))re

h(r)

r>1+€T(R,f')_

(2.12)

< 120<

From the origin along the segment arg z = ) to pe’® and along {|z| = p}, turn a rotation to
pei®. We denote this curve by L. In virtue of Lemma 2.4, we have

log"|| f(2)|| <log"™M +O(1) (2.13)
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holds for any {|z| = r < p}, where M = max{||f'(z)|,z € L}. In virtue of (2.11), (2.12), and
(2.13), we have

1 20T . h
m(r,f) <m(p, f) <m(p, f') < o L log"Md6 < 121(1 (r)

) Ty e

Hence,

T f) = m(r )+ NG ) < )+ 2N ) <123(£2) TR ). @19)

O

Theorem 2.7. Let f(z) (z € Cy) be a nonconstant E-valued meromorphic function and f(0) #0, co.
Then for any 0 <r < R <1, one has

T(r,f) <211, f) + O(log' {5 +10g'T(r.f) ). 216)

Proof. By Lemma 2.5, we have

T(r,f') =m(r, f)) + N(r f)

<m(r, f) +m<r,§> +2N(r, f)
<2T(r, f) + m<r,§> 217
<2T(r, f) + O(logJ’% +10g+T(r,f)).

U

Theorem 2.8. For a nonconstant E-valued meromorphic function f(z) (z € Cq) of order A(f) <

+oo, one has M(f) = A(f), u(f) = p(f").

Theorem 2.8 only discussed the E-valued meromorphic function of finite order. In fact,
for any E-valued meromorphic function of infinite order, we have the following.

Theorem 2.9. If f(z) (z € Cy) is a nonconstant E-valued meromorphic function of order A(f) =
+oo, then the proximate orders of f(z) and f'(z) are the same.

Proof. Let h(r) = logU(1/(1 —r)), in view of Theorems 2.6 and 2.7, we can easily derive
Theorem 2.9. O
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3. E-Valued Borel Exceptional Values of Meromorphic Functions in Cy
Some definitions in this section can be found in [8].

Definition 3.1. Let f(z) (z € Cg,0 < R < +o0) be an E-valued meromorphic function and
a € EU {0}, if k is a positive integer, let 11x(r, ) or 7k (r, ) denote the number of distinct
poles of f(z) of order < k in |z| < r, and let 7k (r, a) denote the number of distinct a-points of
f(z) of order < kin |z| < r. Similarly, we can define the counting functions Nk(r, ), Ne (r,0),
and Ni(r, a) of mx(r, f), 1 (r, ), and 71 (7, a).

Definition 3.2. Let f(z) (z € Cg,0 < R < +o0) be an E-valued meromorphic function and
a € EU {o0}. If R = +c0, we define

3 . log" [V(a,f) + Ni(r, a)]
Pr(a, f) =lim sup log 7

log*|V(a, f) + N(r,a)
pla.f) =lim sup | og7 | ey

p(a, f) = lifrlfliplog+ [V(ai(])‘;: N(r,a)] '

4

If R < +00, we define

B _ log* [V(a,f) + Ni(r, a)]
Pk(a’f) = lim sup log(l/(R—r)) s

r—R-
~ . log* [V(a, f) +N(r, a)] (3.2)
pla f) =lim sup— T ® )

log" [V (a, f) + N(r,
p(a, f) =lim sup Oglo[g( 1(;1(112):; A (ra)]

r—R-

Definition 3.3. Let f(z) (z € Cg,0 < R < +o0) be an E-valued meromorphic function and
a € EU {co} and k is a positive integer, we say that a is an

(i) E-valued evB (exceptional value in the sense of Borel) for f for distinct zeros of
order < kif p, (a, f) < A(f);

(ii) E-valued evB for f for distinct zeros if p(a, f) < A(f);

(iii) E-valued evB for f (for the whole aggregate of zeros) if p(a, f) < A(f).

In [5], Yang proved the following result.
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Theorem D. Let f(z) (z € Cg, R = +o0) be a meromorphic function with finite order A > 0 and
ki (j=1,2,...,q9) be q positive integers. a is called a pseudo-Borel exceptional value of f(z) of order

kif

log 7k (r, a)
logr

< A(f). (3.3)

lim sup
r—+oo

If f(z) has q distinct pseudo-Borel exceptional values a;j of order ki (j =1,2,...,q), then

J 1
§<1_k]-+1> <2 (3.4)

]

It is natural to consider whether there exists a similar result, if meromorphic function
f is replaced by E-valued meromorphic function f. In this section, we extend the above
theorem to E-valued meromorphic function in Cg, 0 < R < +oo.

Theorem 3.4. Let f(z) (z € Cg,0 < R < +o0) be an E-valued meromorphic function with finite
order A > 0, alil (j =1,2,...,q) any system of distinct elements in EU {co}, and k; (j = 1,2,...,9)
any system such that k; is a positive integer or +oo. If alll is an E-valued evB for f for distinct zeros
oforder<k;(j=1,2,...,q), then

J 1
;(1—kj+1>sz. (3.5)

]

Proof. By Theorem 1.4, we have

(q-2)T(r,f) < i[V(r,am> +N<r,a[j]>] +S(r, f) (3.6)

1

holds for0 < r < R.Forany j =1,2,...,g, we have

N(ha[ﬂ) < k~1+ 7 {k,-ﬁkj (r, a[j]> + N(r, a[f]> },
! (3.7)

N<r, a[ﬂ> <T(r,f) - V<r, a[ﬂ) +0(1).
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Using (3.7) and (7) in (3.6), we get

(g-2)T(r,f) < zq:<V<r,am> + ﬁ{kjﬁkj <r,am> + N(r,am> }> +S(r, f)

= i<V<r,a[7]> + kjki 1Nk]. (r,a[j]> + kj1+ 1N(7‘,am>> +S(r,f) (3.8)

(V(r,a[”> +Nk,» (r,am>> + gﬁT(r,f) +S(r, f).

[i (1 - ﬁ> —2] T(r,f) < jzj:kjk-i 7 <V<r,a[j]> +Nkj <r,a[7]>> +S(r, f). (3.9)

j=1
By hypothesis, we have
P () <\ j=12,...4 (3.10)

If R = +oo, then there is a positive number p < A, such that for j =1,2,...,q, we can get

V(r,a[j]) +Nkj <r,a[j] < r"). (3.11)

Using (3.11) to (3.9), we have
s (1- 1 2|1 <S5 s 3.12
; kA1) (r,f)_;ijrlr +5(r, f). (3.12)

ISf Z?:l (1-(1/(kj+1))) > 2, then by Theorem 1.4 and (3.12), we can get a contradiction A < p.
0

q
Z<1 - kj1+ 1> <2. (3.13)

j=1

If R < +oo, then there is a positive number p < A, such that for j =1,2,...,q, we can get

V(r,a[ﬂ) +Nk}. (r,aU]> < <R1— r>p. (3.14)
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Using (3.14) to (3.9), we have

j=1

q 1 q k: 1 14
[Z<1—m> —2] T(r, f) s}}_;k]—il@—_r) +S(r, f). (3.15)

ISf Z?:l (1-(1/(kj+1))) > 2, then by Theorem 1.4 and (3.15), we can get a contradiction A < p.
0

3 1
51 ghr) =2

j=1

From the proof of Theorem 3.4, we can get the following.
Corollary 3.5. Let f(z) (z € Cg,0 < R < +o0) be a nonconstant E-valued meromorphic function.

Then for any system all (j = 1,2,...t) of distinct elements in E U {0} and any system k; (j =
1,2,...,t) such that k; is a positive integer or +oo, we have the following:

(1) ifall of alil (j =1,2,...,q) in E, then

<"'§kf+1 ‘2>T(”f ) < S rr (Ve n) « N (e )) £5(0.), @17

(2) ifoneof alil (j =1,2,...,q) is o, say al? = 5. Then,

q 41 . | B |
<q_jZlk]~1+ 1 —2> T(r.f) < ]Z_I‘kjkfr - <V(r,a[”/f) + Nk, <r,am,f>>

(3.18)

k, —
+ kq-ZlNk‘*(r'f) +S(r, f).

Remark 3.6. If R = +oo,letq=r+t+sand kj=k(j=1,2,...,r), ki=l(j=r+1,...,r+1t)
and ki =m(j =r+t+1,...,r +t+s) in Theorem 3.4. We can get the following result by
Bhoosnurmath and Pujari [8].

Theorem E. Let f(z) (z € Cr,0 < R < +o0) be an E-valued meromorphic function of order
A(f), 0 < A(f) < +oo. If there exist distinct elements

all gl .. alrl bt pl2 o plh; 2l (3.19)
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in EU {0} such that aV,a?, ... al"l are E-valued evB for f for distinct zeros of order < k,
bl b2, . bl are E-valued evB for f for distinct zeros of order < I, c!1l,cl?1, ..., cls] are E-valued
evB for f for distinct zeros of order < m, where k, I, and m are positive integers, then

rk tl sm
<2. 3.20
k+1+l+1+m+1_2 ( )

Bhoosnurmath and Pujari [8] pointed out that Theorem E is valid for 0 < A(f) < +co.
In fact, Definition 3.3 is not well in the case of A(f) = 0. In the case of A(f) = +o0, a is an
E-valued evB for f if and only if p, (a, f) is finite. When p, (a, f) is infinite, we shall give the
following definitions.

Definition 3.7. Let f(z) (z € C) be an E-valued meromorphic function of infinite order and
p(r) is a proximate order of f and a € EU {co}. We say that a is an

(i) E-valued evB (exceptional value in the sense of Borel) for f for distinct zeros of
order < k if

(3.21)

; log* [V(a,f) + Ni(r, a)]
m sup log U(r) b

(ii) E-valued evB for f for distinct zeros if

(3.22)

' log” [V(a,f) +N(r, a)]
i S g U (r) <b

(iii) E-valued evB for f (for the whole aggregate of zeros) if

fim Sup10g+ [V(a f) +N@ra)]

2
r—+ow log U (r) (3.23)

Theorem 3.8. Let f(z) (z € C) be an E-valued meromorphic function of infinite order and p(r)
is a proximate order of f, al(j = 1,2,...,q) any system of distinct elements in E U {co}, and
ki(j =1,2,...,q) any system such that k; is a positive integer or +oo. If all is an E-valued evB for f
for distinct zeros of order < k;(j =1,2...,q), then

3 1
é(l T 1> <2. (3.24)

]

Proof. By Corollary 3.5, we have

kj

<‘f‘j§j;k7_1+ T ‘2>T(Trf) < ]Zj;k,- ) <V<7,a[”> + N, (r,am>> +S(r,f). (325
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By hypothesis, there exists a positive number 7 < 1 such that
V(r,aU1> + Ny, (r,am> <Uui(r), j=1,2,...,q. (3.26)

Using (3.25) to (3.26), we have

q 1 7k
- - < Y| ) .
jgl:<l kj+1> 2 T(r'f)_j;kj+1u (r)+S(r, f) (3.27)
157, (1 - (1/(k; +1))) > 2, then by Theorem 1.4 and (3.27), we can get a contradiction. So

J 1
Z(l g 1> <2. (3.28)

j=1
O
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