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Growth and Oscillation of Polynomial of
Linearly Independent Meromorphic
Solutions of Second Order Linear
Differential Equations in the Unit Disc

BENHARRAT BELAIDI AND ZINELAABIDINE LATREUCH

ABSTRACT. In this paper, we deal with the growth and oscillation
of w = difi + dof2, where di,d2 are meromorphic functions of fi-
nite iterated p—order that are not all vanishing identically and fi1, f2
are two linearly independent meromorphic solutions in the unit disc
A = {z € C: |z| < 1} satisfying 0 (oo, f;) > 0, (j = 1,2), of the linear
differential equation
F"+A@) f=0,

where A (z) is admissible meromorphic function of finite iterated p—order
in A.

1. INTRODUCTION AND MAIN RESULTS

Throughout this paper, we assume that the reader is familiar with the fun-
damental results and the standard notations of the Nevanlinna’s value dis-
tribution theory on the complex plane and in the unit disc A = {z : |z| < 1}
(see [12, 13, 15, 16, 18, 19]). We need to give some definitions. Firstly, let us
give the definition about the degree of small growth order of functions in A
as polynomials on the complex plane C. There are many types of definitions
of small growth order of functions in A (see [10, 11]).

Definition 1. Let f be a meromorphic function in A, and
T
D(f) := limsup (r, {) =b.
r—1— 108 17—,

If b < oo, we say that f is of finite b degree (or is non-admissible). If
b = oo, we say that f is of infinite degree (or is admissible), both defined by
characteristic function T'(r, f).

2010 Mathematics Subject Classification. 34M10, 30D35.

Key words and phrases. Linear differential equations, Polynomial of solutions, Mero-
morphic solutions, Iterated order, Iterated exponent of convergence of the sequence of
distinct zeros, Unit disc.

(©2013 Mathematica Moravica

39



40 GROWTH AND OSCILLATION OF POLYNOMIAL OF LINEARLY INDEPENDENT. ..

Now we give the definitions of iterated order and growth index to classify
generally the functions of fast growth in A as those in C (see [3, 14, 15]). Let
us define inductively, for € [0,1), exp; r = €” and exp,, | r = exp (expp r),
p € N. We also define for all r sufficiently large in (0,1), log; » = logr and
log,, ;7 = log(log, ), p € N. Moreover, we denote by exp,r = r, logyr = r,
exp_,r =log,r, log_;r =expyr.

Definition 2 ([4]). The iterated p—order of a meromorphic function f in

A is defined as
. log,; T'(r, f)
pp(f) = limsup 11371 (p>1),
r—1- 08 1

where log] * = log™ = max{log z,0}, log;;;_1 x = log™ (log; x).

Definition 3 ([4]). The growth index of the iterated order of a meromorphic
function f(z) in A is defined as
0, if f is non-admissible,
min {p € N: p,(f) < oo}, if fis admissible,

and pp(f) < oo for some p € N,
+00, if pp(f) = oo for all p € N.

i(f) =

Definition 4 ([8]). Let f be a meromorphic function in A. Then the iterated
exponent of convergence of the sequence of zeros of f(z) is defined as

logl‘)Ir N (7“, %)
Ap(f) = limsup ———
L T

Y

where N (r, %) is the counting function of zeros of f(z) in {z € C: |z] < r}.
Similarly, the iterated exponent of convergence of the sequence of distinct
zeros of f(z) is defined as
- log;r N (7“, %)
Ap(f) = limsup ————%
r—1- 0g 1

where N(r, 1) is the counting function of distinct zeros of f(z) in {z € C :
|z| < r}.

Definition 5 ([8]). The growth index of the convergence exponent of the
sequence of zeros of a meromorphic f(z) in A is defined as

0, ﬁN@%)zo@ggﬁ,
ix(f) = {min{p e N: Ap (f) < oo}, if some p € N with A\, (f) < oo exists,
+00, if Ap(f) = oo for all p € N.

Remark 1. Similarly, we can define the finiteness degree i+(f) of A,(f).
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Definition 6 ([8]). For a € C = C U {oc}, the deficiency of a with respect
to a meromorphic function f in A is defined as
)
a
)

0(a, f) = liminf M Nj{:;’ff

=1—limsup
r—1- T (7‘, f) r—1-—

provided that f has unbounded characteristic.

We consider the linear differential equation

(1.1) "+ A(z)f =0,
and the polynomial of solutions

(1.2) w=dyf1 +dafs,

where A(z) and dj(z), (j = 1,2), are finite iterated p—order meromor-
phic functions in A. The growth and oscillation theory of complex dif-
ferential equation (1.1) in the complex plane were firstly investigated by
Bank and Laine in 1982-1983 (see [1,2]). After their many authors (see
[5,7,8,9,14,15,17]) have investigated the complex differential equation (1.1)
in the unit disc A and in the complex plane. Recently in [17], the authors
have investigated the relations between the polynomial of solutions of (1.1)
and small functions in the complex plane. They showed that w = dq f1 +da fo
keeps the same properties of the growth and oscillation of f;, (j = 1,2),
where f; and fo are two linearly independent solutions of (1.1) and obtained
the following results.

Theorem A (|17]). Let A(z) be a transcendental entire function of finite
order. Let dj(z), (j = 1,2), be finite order entire functions that are not all
vanishing identically such that max{p(dy), p(d2)} < p(A). If fi and fo are
two linearly independent solutions of (1.1), then the polynomial of solutions
(1.2) satisfies

and
,02(111) = ;02(fj) = p(A)7 (] = 172)‘

Theorem B ([17]). Under the hypotheses of Theorem A, let p(z) # 0 be

. . . . dydadl,—d3d),
an entire function with finite order such that ¥ (z) = WW(S) +
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G2"” + P10 + Pop Z£ 0, where
_ 3d3d{ — 3d1dpdly

¢2 h )
b1 = 2d1dody A + 6dadydly — 6dadhd] — 2d3d) A
h b
4o — 2dod! dff — 2dydydy — 3dydad A — 3dod! dY + 2dydodly A’
h
 Adadi dyA — 6d) dydy + 3dy (d)* + 4dy (dh)® A + 3d3d] A

h
6 (db)* d! — 2d3d; A’

* h

If f1 and fy are two linearly independent solutions of (1.1), then the poly-
nomial of solutions (1.2) satisfies

Mw —¢) = Mw—p) =p(f;) =00, (j=1,2)

and

Aa(w — @) = Xo(w — @) = pa(fj) = p(A), (1 =1,2).

The question which is arises: Can we obtain similar results of Theorems
A-B in the unit disc A? Thus it is interesting to consider the growth and
complex oscillation of the polynomial of solutions of equation (1.1) for the
case where A(z) is a meromorphic function in the unit disc A in the terms
of the idea of iterated order. Before we state our results we define h and ¥
by

dy 0 dy 0
. d dy d, dy
4 —di A 2d 4 — dy A 2d,

df' —3diA—di A" df — diA+2d] dY —3dyA— dp A’ dlf — dp A+ 2d}

2 (dydod!, — d2d’
Y(z) = (d1dz 2 2 1)@(3)+¢290"+¢190/+¢090,

where ¢ # 0 is a meromorphic of finite iterated p—order in the unit disc A
and

 3d3d}| — 3dydady

(1.3) b2 ” :

_ 2didydyA + Gdad, d — 6ddydy — 2d3d) A

(1.4) $1 . ;
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gy 2ladidd — 2adydy! — 3dadydi A — 3dpdidy + 2y A
h
 ddadidyA — 6d)dydy + 3dy(d3)? + 4dy (d))*A + 3d3d] A
h

(1.5)

6(db)?dy — 2d3d} A’

. .
Theorem 1. Let A(z) be an admissible meromorphic function in A such
that i(A) = p, (1 < p < ), and §(c0,A) = 6 > 0. Let dj(z), (j =
1,2), be finite iterated p— order meromorphic functions in A that are not all
vanishing identically such that max{py(di), pp(d2)} < pp(A). If f1 and f2 are
two nontrivial linearly independent meromorphic solutions of (1.1) such that
d(o0, fj) >0, (j = 1,2), then the polynomial of solutions w = di f1 + da fo
satisfies i(w) = p+ 1,

+

and
perl(w) = perl(fj) = pp(A)a (] = 172)
if p > 1, while
pp(A) < ppra(w) = ppra(fy) < pp(A) +1, (G =1,2)
ifp=1.
From Theorem 1, we can obtain the following result.

Corollary 1. Let fj(z), (j = 1,2), be two nontrivial linearly independent
meromorphic solutions of (1.1) such that 6(oco, fj) > 0, (j = 1,2), where
A(z) is admissible meromorphic function in A such that i(A) = p, (1 <
p < 00), and 6(co,A) = > 0, and let d;j(z), (j = 1,2,3) be meromorphic
functions in A satisfying

max {p,(d;) : j = 1,2,3} < pp(A)
and
di(2)fi + da(2) f2 = d3(2).
Then d;j(z) =0, (j =1,2,3).

Proof. We suppose there exists j = 1,2, 3 such that d;(z) # 0 and we obtain
a contradiction. If dj(z) # 0 or da(z) # 0, then by Theorem 1 we have
pp (difi +daf2) = 0o = pp(d3) < pp(A) which is a contradiction. Now if
di(z) =0, da(2) = 0 and d3(z) # 0 we obtain also a contradiction. Hence
di(2) =0, (j=1,2,3). O
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Theorem 2. Under the assumptions of Theorem 1, let ¢(z) # 0 be a mero-
morphic function in A with finite iterated p—order such that (z) # 0. If
f1 and fo are two nontrivial linearly independent meromorphic solutions of
(1.1) such that 6 (o0, fj) > 0, (j = 1,2), then the polynomial of solutions
w = di f1 + do fo satisfies

(1.6) Ap(w = @) = Ap(w — ) = pp(w) = 00
and

Apr1(w =) = Apja(w — @) = ppr1(w) = pp(A)
if p > 1, while
L7 pp(A) < Mpraw — @) = Apra(w — @) = ppy1(w) < pp(A) +1
ifp=1.
Theorem 3. Let A(z) be an admissible meromorphic function in A such
that i(A) = p, (1 < p < 00), and 6(co,A) = § > 0. Let dj(z),b;(2),
(j = 1,2), be finite iterated p—order meromorphic functions in A such that

di(2)b2(z) — da(2)b1(2) # 0. If fi and fa are two nontrivial linearly inde-
pendent meromorphic solutions of (1.1) such that 6(oco, f;) > 0, (j = 1,2),

then
. d1f1+d2f2>
it
<b1f1 + bafo P
(dlfl +d2f2> _
bifi + bafa
and

difi +dafo\
Pp+1 <b1f1+bzfz> = pp(4A)

if p > 1, while
dif1 +dafr

A) < -
pr(A) < Py <b1f1 + b2 fo

> < pp(A) +1
ifp=1.
2. AUXILIARY LEMMAS

We need the following lemmas in the proofs of our theorems.

Lemma 1 ([4|). If f and g are meromorphic functions in A, p > 1 is an
integer, then we have

1) pp(f) = pp(1/ 1), ppla.f) = pp(f), (a € C—{0});

(i) pp(f) = pp(f');

(iif) maX{Pp(f+9) pp(f9)} < max{p,(f), pp(9)};

(iv) if pp(f) < pp(g), then pp(f +9) = pp(9), Pp(f9) = Pp(9)-
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Lemma 2 ([8]). Let A(z) be an admissible meromorphic function in A such
that i(A) =p, (1 < p < o0), and §(c0, A) =0 > 0, and let f be a nonzero
meromorphic solution of (1.1). If 6(co, f) > 0, then i(f) = p+ 1 and
pp+1(f) = pp(A) if p> 1, while

pp(A) < ppia1(f) < pp(A) +1
ifp=1.
Lemma 3. Let A(z) be an admissible meromorphic function in A such that

i(A)=p, (1<p< o), and (o0, A) > 0. If fi and fy are two nontrivial
linearly independent meromorphic solutions of (1.1) such that § (oo, f;) > 0,

(j =1,2), then % satisfies 1 (%) =p+1 and ppy1 (%) = pp(A) if p>1,
while

pwmst(ﬁ)s%mwﬂ
ifp=1.

Proof. Suppose that fi and fo are two nontrivial linearly independent mero-
morphic solutions of (1.1) such that 6 (oo, f;) > 0, (j =1,2). Then by
Lemma 2, we have i (f;) =p+ 1, pp (f;) =00, ( =1,2), and

(21) Pp+1 (f]) = Pp (A)’ (]: 152)
if p > 1, while
(2.2) pp (A) < ppy1 (f5) <pp(A)+1, (1=1,2)
if p =1. On the other hand, we have (see, [15])
ﬁ ' _ _W(f17f2) _ _i
(23) <f2> N f3 7

where W(f1, fo) = fify — fofi = ¢ # 0 is the Wronskian of f; and fo. By
Lemma 1, (2.1), (2.2) and (2.3) we obtain that ¢ (ﬁ) =p+1,pp (%) =00

fa
Pp+1 <£> = Pp (A4)

o) < ppia (1) <y () 41
if p=1. (|
Lemma 4 ([6]). Let Ay, Ay,...,Ax_1, F #Z 0 be meromorphic functions in
A, and let f be a meromorphic solution of the equation
FO+ A () fE D 4 AL (2) f + Ao (2) f = F(2)
such that

max{pp(Aj) (j:O,l,...,k‘—]_),pp(F)}<pp(f)S—FOO.

and

if p > 1, while
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Then

and

Ap+1 (f) = Apt1 (f) = Pp+1 (f) .

3. PROOFS OF THE THEOREMS

Proof of Theorem 1. In the case when dj (z) = 0 or dy (z) = 0, then the
conclusions of Theorem 1 are trivial. Suppose that f; and fo are two
nontrivial linearly independent meromorphic solutions of (1.1) such that
d(o0,fj) >0,(j=1,2),and d; (2) # 0, (j =1,2). Then by Lemma 2, we
have i (f;) = p+ 1, py (f5) = 00, (j = 1,2), and

Pp+1 (fj) = Pp (A)7 (J: 1a2)

if p > 1, while
Pp (4) < Pp+1 (f]) < pp (A)+1, (G=12)

if p = 1. Suppose that di = cds, where ¢ is a complex number. Then, by
(1.2) we obtain

w = cda fi + dafo = (cfi + f2) da.
Since f = cfi + f2 is a solution of (1.1) and py, (d2) < pp (A), then we have
0 () = py (e + J2) = o0

and
pp+1 (0) = ppi1 (cfi + fa) = pp (A)
if p> 1, while
pp (A) < ppi1 (w) = ppy1 (cfi + f2) < pp(A) +1

if p = 1. Suppose now that d; # cds where ¢ is a complex number. Differ-
entiating both sides of (1.2), we obtain

(3.1) w' = difi +difi +dyf2 + daf.
Differentiating both sides of (3.1), we obtain

(32) w” = di fr+ 2dy f{ + do f{' + dy fo + 2do f5 + do fs.
Substituting f} = —Afj, (j = 1,2), into equation (3.2), we have
(3.3) w' = (d — dyA) f1 + 2d} ] + (df — dy A) fo + 2d3 3.

Differentiating both sides of (3.3) and by substituting f; = —Af;, (j = 1,2),
we obtain
w” = (d = 3d) A — dyA') f + (d — dy A+ 2dY) f

3.4
(34 + (dY = 3dyA — doA') fo + (df — do A + 2d3) fa.
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By (1.2), (3.1), (3.3) and (3.4) we have
w = dy f1+ dafo,
w' =difi +difi +dyfo+dafs,
(3.5) w" = (d] — diA) fi +2d) f1 + (d — daA) fo + 2d5 f5,
w" = (d = 3d)A— d A') fi + (df — di A +2dY) f}
+ (dy — 3dyA — daA') fo + (dy — do A+ 2d3) f5.

To solve this system of equations, we need first to prove that h #Z 0. By
simple calculations we obtain

(3.6)
dy 0 dy 0
L d, dy d, ds
4! —di A 2 4 — dy A 2d,

A —3djA —di A" ) — diA+2d] A —3dyA —do Al dY — do A+ 2d
= (4d}(dy)? + 4d5(d))? — 8d1dadidy) A + 2d1dadidy + 2dydadhd)’ — 6d1dad!dy
— 6dydydydly — 6dod)dydl + 6dy (dy)?d + 6do(dy)*dy — 2d3d,dy’
— 2d2dbdy + 3d3(dy)? + 3d3(dY)?.
To show that 4d?(d})? + 4d3(d})? — 8d1dad)dy # 0, we suppose that

(3.7) d2(dy)* 4 d3(dy)? — 2dydad)dy = 0.
Dividing both sides of (3.7) by (d1d2)?, we obtain

d 2 d 2 d. d
3.8 2 + <1> —2-122 —
(3:8) <d2> di di dy
equivalent to

d  dy\?

3.9 ——=—1 =0
(3.9) ( ; d2> ,

which implies that di = cds where ¢ is a complex number which is a con-
tradiction. Since max {p, (d1),pp (d2)} < pp (A) and 4d3(d})? + 4d3(d})? —
8d1dadydy, # 0, then by Lemma 1 we can deduce from (3.6) that p, (h) =
pp (A) > 0. Hence h # 0. By Cramer’s method we have

(3.10)
w 0 d2 0
w’ dy dlg da
w” 2d, dy — dy A 2d,
5 w”  d —di A4 2d] dY — 3dyA — dy A dY — do A+ 2dY
1 =
h

_ 2 (didady — d3dy)

h w///+¢2w//+¢1wl+¢0w,



48 GROWTH AND OSCILLATION OF POLYNOMIAL OF LINEARLY INDEPENDENT. ..

where ¢;, (j =0,1,2), are meromorphic functions in A of finite iterated
p—order which are defined in (1.3)-(1.5). Suppose now p, (w) < oo, then by
(3.10) we obtain py, (f1) < oo which is a contradiction. Hence p, (w) = oc.
By (1.2) we have ppi1 (w) < ppy1 (f1). Suppose that ppi1 (w) < ppi1 (f1),
then by (3.10) we obtain ppy1(fi) < pp+1 (w) which is a contradiction.
Hence ppi1 (w) = pp+1 (f1)- O

Proof of Theorem 2. By Theorem 1 we have p, (w) = oo and pp41 (w) =
pp (A) if p > 1, while

Pp (A) < ppy1 (w) < pp(A) +1
if p=1. Set g (2) = d1fi+dafa—¢. Since p, () < 0o, then we have p, (g) =
pp (W) = 0o and ppt1(9) = ppy1 (w). In order to prove A, (w —¢) =
Ap (W =) = pp (w) = 00, Apy1 (w = ) = Apt1 (W — ) = ppy1 (w) We need
to prove only p (g) = Ap (9) = pp () = 60, Aps1(9) = Aps1 (9) = pps1 ().
By w = g + ¢ we get from (3.10)
2 (didody — d3dy)
h

(3.11) fi= 9@ + ¢og” + d19' + bog + ¥,

g2 3/
where y = 2(tata—dht)
equation (1.1), we obtain

2 (dydady — d%d’
- D+ Z BigW = — (" + Ay) =

B) 4 o + d1¢’ + dop. Substituting (3.11) into

where 3;, (=0,...,4) are meromorphlc functions in A of finite iterated
p—order. Since ¢ # 0 and py, () < oo, it follows that ¢ is not a solution
of (1.1), which implies that B # 0. Then, by applying Lemma 4 we obtain
(1.6) and (1.7). O

Proof of Theorem 3. Suppose that f; and fs are two nontrivial linearly inde-
pendent meromorphic solutions of (1.1) such that ¢ (oo, f;) > 0, (j =1,2).

Then by Lemma 3, we have ¢ <§1> =p+1, pp (§1> = 00 and pp41 <%) =
pp (A) if p > 1, while

Pp (A) < Pp+1 (fl

f2> <pp(4)+1

if p=1. Setg—f1 Then
_di(2) fi(2) +da(2)
S A EICETIO)

It follows that i (w) < p+ 1 and
(3.13)

pp+1 (W) < max{ppi1(ds), pp+1 (b;) (3 =1,2), ppt1(9)} = pp+1 (9) -

fa(z) _di(2)g(2) +da(2)
[

2(2)  bi(2)g(2) +b2(2)
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On the other hand, we have

by () w (2) — da (2)

9(z)=—¢ (2w (2) —di (2)

which implies that i (w) > p+ 1 and

pp (W) > pp(g) = o0,

(314)  pprr(9) < max{pper (d) 1 pper (b)) (= 1,2),ppis (w) }

= pp+1 (w).

By using (3.13) and (3.14), we obtain i (w) = p+ 1 and

pp (w) = pp (g) = oo,
ppt+1 (W) = ppt1(g) = pp (A)

if p> 1, while

pp (A) < ppi1 (w) = ppi1(g) < pp(A) +1

if p=1. O

(1
2]
3l
(4]

5]
[6]

7]

(8]

9

REFERENCES

S. Bank and I. Laine, On the oscillation theory of f"' + A(2)f = 0, where A is entire,
Trans. Amer. Math. Soc. 273 (1982), no. 1, 351-363.

S. Bank and I. Laine, On the zeros of meromorphic solutions and second-order linear
differential equations, Comment. Math. Helv. 58 (1983), no. 4, 656-677.

L. G. Bernal, On growth k— order of solutions of a complex homogeneous linear
differential equations, Proc. Amer. Math. Soc. 101 (1987), no. 2, 317-322.

T. B. Cao, H. X. Yi, The growth of solutions of linear differential equations with
coefficients of iterated order in the unit disc, J. Math. Anal. Appl. 319 (2006), no.
1, 278-294.

T. B. Cao, H. X. Yi, On the complex oscillation theory of f” + A(z)f = 0 where A(z)
is analytic in the unit disc, Math. Nachr. 282 (2009), no. 6, 820-831.

T. B. Cao and Z. S. Deng, Solutions of non-homogeneous linear differential equations
in the unit disc, Ann. Polo. Math. 97 (2010), no. 1, 51-61.

T. B. Cao, L. M. Li, Oscillation results on meromorphic solutions of second order
differential equations in the complex plane, Electron. J. Qual. Theory Differ. Equ. 68
(2010), 1-13.

T. B. Cao, C. X. Zhu, K. Liu, On the complex oscillation of meromorphic solutions
of second order linear differential equations in the unit disc, J. Math. Anal. Appl.
374 (2011), no. 1, 272-281.

Z. X. Chen, The fized points and hyper-order of solutions of second order complex
differential equations, Acta Math. Sci. Ser. A Chin. Ed. 20 (2000), no. 3, 425-432
(in Chinese).



50

GROWTH AND OSCILLATION OF POLYNOMIAL OF LINEARLY INDEPENDENT. . .

(10]

[11]

12]
113]
[14]
[15]

[16]

[17]
[18]

[19]

Z. X. Chen and K. H. Shon, The growth of solutions of differential equations with
coefficients of small growth in the disc, J. Math. Anal. Appl. 297 (2004), no. 1,
285-304.

I. E. Chyzhykov, G. G. Gundersen and J. Heittokangas, Linear differential equations
and logarithmic derivative estimates, Proc. London Math. Soc. (3) 86 (2003), no. 3,
735-754.

W. K. Hayman, Meromorphic functions, Oxford Mathematical Monographs Claren-
don Press, Oxford, 1964.

J. Heittokangas, On complex differential equations in the unit disc, Ann. Acad. Sci.
Fenn. Math. Diss. 122 (2000), 1-54.

L. Kinnunen, Linear differential equations with solutions of finite iterated order,
Southeast Asian Bull. Math. 22 (1998), no. 4, 385-405.

I. Laine, Nevanlinna theory and complex differential equations, de Gruyter Studies
in Mathematics, 15. Walter de Gruyter & Co., Berlin-New York, 1993.

1. Laine, Complex differential equations, Handbook of differential equations: ordinary
differential equations. Vol. IV, 269-363, Handb. Differ. Equ., Elsevier /North-Holland,
Amsterdam, 2008.

Z. Latreuch and B. Belaidi, Some properties of solutions of second order linear dif-
ferential equations, J. Complex Anal. 2013, Art. ID 253168, 5 pages.

M. Tsuji, Potential Theory in Modern Function Theory, Chelsea, New York, (1975),
reprint of the 1959 edition.

C. C. Yang and H. X. Yi, Uniqueness theory of meromorphic functions, Mathematics
and its Applications, 557. Kluwer Academic Publishers Group, Dordrecht, 2003.

BENHARRAT BELAIDI

DEPARTMENT OF MATHEMATICS

LABORATORY OF PURE AND APPLIED MATHEMATICS
UNIVERSITY OF MOSTAGANEM (UMARB)

B.P. 227 MOSTAGANEM

ALGERIA

E-mail address: belaidi@univ-mosta.dz

ZINELAABIDINE LATREUCH

DEPARTMENT OF MATHEMATICS

LABORATORY OF PURE AND APPLIED MATHEMATICS
UNIVERSITY OF MOSTAGANEM (UMARB)

B.P. 227 MOSTAGANEM

ALGERIA

E-mail address: z.latreuch@gmail.com



