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§ 1 Introduction

We are concerned with the functional equations

m-in

(1.1) > filxid s Xy Xipm + Xitmtn—1) =05
i1

m+n
(1.2) S f@ XA a T Xy Oy Xikme 15 8 X
i1
+@" 2 Xyt T Wi n—2 F Xitmia—1) =05
where f;(i=1,2,...,m+n) and f are unknown functions and x;(i=1,2,...,

m+n) are independent variables (the indices must be reduced mod (m +n)).
The independent variables and the values of all functions are complex.

In §4 we solve a particular case m=2,n=1, of the equation
m+-n
2. fil@™ 1 x4+ am 2 Xy it X1 @7 X
i=1

(1.3)

+a" 2 Xy mir 0+ itz F Xitmin—1) =0,

The equation (1.1) was solved in [3] by one of us under the hypothesis
that the functions and variables are real. Let (m, n) be the greatest common
divisor of m and n. The theorems of [3] concerning the cases m # n should
be modified to give the general continuous solutions. In the more general
formulation as given in [3] they are invalid.

§ 2

Let C be the field of complex numbers and f;: C2— C (i=1,2,...,m+n)
unknown functions such that

m-n

(2.1) S fiGit o Xy ikt Xikmta—) =0
=1

where x; cC(i=1,2,...,m+n) are independent variables.
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Theorem 1. The general continuous solution of the functional equation
(2.1) in the case (im,n)=1, m+n>2 is

(2.2) i, )=F,(x+)Re(x) +F, (x+»)Im(X)+Gi(x+y)(i=1,2,...,m+n),
m+in
> Gi(x)= —m[F,(x) Re (x) + F, (x) Im (x)],
i=1
where F|, F,, G: C—~ C(i=1,2,...,m+n—1) are arbitrary continuous functions.
Proof. If we set (the indices have to be reduced mod(m +n))
S=Xyt X2+ * * * + Xt
2.3) ms

h=Xi+Xip 1+ +Xitpy—g—-
m-+n

(i=1,2,....,m+n-—1)

the variables #;(i=1,2,...,m+n—1) and s are independent since (m,n)=1
(see [3]). The equation (2.1) becomes

m-+-n—1

(2.4) z fi(ti-i- ms , ns —ti>

= m+n m+n

ms ns
Fhmtn| —l—b— - —lpp—y t > b+t lpyp—y)=0.
m-+n m+n ,

We introduce the new notations

f,(x+—ms—

min m+n

ns

—x)=g,~(x, ) (=1,2,...,m+n),

Le.
(2.5) f;(x,y):g,-(nx—my, x+y) (=1,2,...,m+n).
m+n
The equation (2.4) is transformed into
m-tn—1
(26) gi(ti» s)+gm+n(—tl—t2_ T T imtn-1 $1=0.
fany
By substitution #;,=t,=: - =t,_ | =ty;= -+ =ty1,—,=0, we arrive at

(27) g,(t,,s)=—g,,,+;,(—t,, S)—H,(S) (r=13 2,...,m+n—1).
Putting (2.7) into (2.6) we get

mtn—1 m+n—1

(28) gm-l-n(_tl_tz_ e _tm+n—1’ S)= Z gm+n(_ti’s)+ z Hi(s)'
i=1 i=1
We conclude that the function

1 m+n-1

(29) K(xy S)=gm+n (x’ S)+—— z Hi (S)
m+n—-2 =5
satisfies the functional equation
m+n—1

(2.10) K@ +x+ - A X 8= > K(x9),

i=m]
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From (2.10) using continuity of K, we deduce that for fixed s (see[1])
K (x,8)=c, Re (x)+ ¢, Im (x),

where Re (x) resp. Im (x) denotes the real resp. imaginary part of x. The
constants c¢,, ¢, may depend upon s. Hence,

2.11) K (x,y) = F, (y) Re (x) + F, () Im (x),

where F,, F,: C — C are continuous.
From (2.9), (2.11) and (2.7) we obtain

mtn—1

Gnin (5,9) = F, () Re (%) + F, (3) Im () —— S HQ).
2.12) m+n=2 i
mi-n—1
& (%) =F,DRe@+F,0) Im () =H,0) +——— ' S H®)
m+n—2 =

(r=1,2,...,m+n—-1).
From (2.5) and (2.12) we deduce that

£:(%,3) = F, (x+y)Re(1"”;—’":)+Fz(x+y)1m(%¥)—ﬂr(x+y)

1 m+n—1
> Hi(x+}) r=1,2,...,m+n—-1),
(2 13) m+n—2 iz
Join X +Y)=F (x+) Re(M> +F, (x+ ) Im (M)
m+n m+n
1 m+n—1H )
T, (x+7).
m+n—2 Zl !

By denoting

1 m4n—1
—-Fl(x-l—y)Re(m'(nx::))—Fz(x-}-y)Im(m’:c::))-t—m_l_n 2 2 Gt
- i=1

—H, (x+y)=G,(x+Y) (r=12,...,m+n—1);

1 m+-n—1 .
—_ Hi(x+y)=Gpip(x+
m+n—2 ,Z, i( y) m+ ( _}’)
from (2.13) we get (2.2).
The converse can be established by direct verification.

Example. The general continuous solution of functional equation

L&D+ L+2,9+f,E+x,9)=0,
is given by
L1 ) =F (x+Y) Re (x)+ F, (x+3) Im(x) + G, (x + ),

f2 (%)) =F, (x+Y) Re () + F, (x + ) Im () + G, (x + ),
f3(x,¥)=—-F,(x+y) Re(x+2)) - F, (x +y) Im (x + 2)) ~ G, (x + ¥)—G, (x + ),

g



68 D. Z. Pokovié, R. Z. Dordevié, P. M. Vasié

where F,, F,, G,, G, are arbitrary continuous functions.
Corollary. The general continuous solution of the functional equation

m+n

z gi (x,-—l— e A X X1 X e +x,,,+;,)=0
i=1

if (myn)=1, m+n>2, is given by
(X, N=F () Re(x) +F,») Im(x)+G;(») (i=1,2,...,m+n),

m-+n

> Gi(y)=—m[F, () Re(y) + F,(y) Im())],
i=1

where F,, F,, G: C—~C (i=1,2,...,m+n—1) are arbitrary continuous functions.

Proof. Put f;(x,y)=g:i(x,x+y) in Theorem 1.
Theorem 2. The general continuous solution of the functional equation
(2.1) in the case (m,n)=d>1, m/d=p, nld=v, n+v>2, is given by
Suars (%, 9) = F{ (x+) Re (x)+ F (x-+) Im () +G1 (x +7)
(i=0,1,...,u+v—1; j=1,2,...,4d),

@19) S 6l (=B () —u[F () Re () + Fy () Im (9] (/=12 d),
i=0

i HI(x)=0,
j=1

where Fi Fb (j=1,2,...,d, Hi(j=1, 2,...,d—1), GI(i=0, 1,..., u+v—2;
j=1,2,...,d) are arbitrary continuous complex-valued functions of a complex
variable.

Proof. We set
(2.15) fite=g(xx+y) (=12,...,m+n)
and we obtain

m+n
(2.16) > (Xt Xipy+ A Xipepp Xy XpF + Xmt+a) =0.

i=1
Let us introduce the new variables
217)  yi=Xi+Xip+ o FXipa— (=120, m+n0)s Viemra=Yo
and
(2.18) Z=X;+ X+ + o+ + Xpipe
They are not independent since

wtv—1 .
(2.19) > Yiari=2 (j=1,2,...,4d).

i=0

The variables y; (i=1,2,...,m+n~—d), and z are independent since it is
easy to see that the rank of the matrix of linear forms determining them is
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m+n—d+1. In the sequel we shall use all variables (2.17) and (2.18) but
we must have always in mind that (2.19) holds. The equation (2.16) is now

m+-n

g (it+Yigat - +Vir@-na 2)=0.

i=1

It can be rewritten in the form

d wiv-—1
> > &Vt Yatnait 0 Vitu-nai 2) =0.
=1 i

If we set here
Vigrj=0 (=0,1,...,u4+v—-2; j=1,2,...,r—1Lr+1,...,d),
y(u__l_v_l);i_(_j:z (j=1,2,-..,r—'1,r+1,..‘.,d),
we get

w+v—1 Hr (Z) _

> GiatrWiarrt Yot der+ * 0 FVetu-ndtr 2 —
i=0 Wty

0

and
d
Z Hr(z)=0.
r=1
On using Corollary of Theorem 1 we get

gias (%, ¥) = Fi () Re (x) + F5 () Im (x) + G} (»)
(i=0,1,2,...,u+v—-1;r=1,2,...,d)

wo-v—1

go Gi()=H ()—p[Fi@) Re()+ M Im ()] (r=1,2,...,d),

where Fi, F; (r=1,2,....d), Gi (i=0,1,...,p+v—1; r=1,2,..., d),
H'(r=1, 2,...,d) are continuous functions. By application of (2.15) these
formulae give (2.14).

It is easy to verify that the functions f:C—>C (i=1,2,...,m+n)
defined by (2.15) satisfy the functional equation (2.1).

The theorem is proved.

Example. The general continuous solution of the functional equation

fLix+y+z+u,v+wy+ L+ zHu+v, wHx)+f(Z+Hutv+w, x+y)
+fi@urv+w+x,y+2) +f+wrx+y, 2+ )+ fs(wHx+y+z,u+v)=0,
is given by
fi(x, ) =F; (x+y)Re(x)+F;(x+y)Im(x)+G(1)(x+y),

fo (%, 9)=F2 (x+) Re (x) + F2 (x + ) Im(x) + G} (x + y),
ﬁ(x,y)=F}(x+y)Re(x)+F;(x+y)Im(x)+G} x+y),

£i6, ) =F(x +y) Re (x) + F2 (x +») Im(x) + G} (x + ),
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f5 (%, )= —F (x +) Re(x +2y)—Fj (x + ) Im (x + 29) + H' (x+ ) =G} (x + »—G L (x + y),
fe (6, 9) = —F2 (x+) Re(x +2))~F2 (x + ) Im (x + 29)—H" (x + ) — G2 (x + )— G2 (x + y),
where F{, GJ, H! are arbitrary continuous functions.
Theorem 3. The most general solution of (2.1) if m=n is

fi(x,») (i=1,...,m) are arbitrary;

(2:20) Fuir G =H (49 = i1 2) (i=1,...,m),
S H()=0,
i=1

where H;: C—C(i=1,2,...,m—1) are arbitrary functions.

The proof given in [3] for the case of real functions remains valid also
for complex-valued functions of complex variables.

Example. The most general solution of
] fix+y,z+w)+ 0+ u+ X))+ +u, x+)Y)+ fo(u+x,y+2)=0,
° fi(x, »), f,(x,y) are arbitrary,
L0y =H, (x+»)—f, (3, ),
L yy= —H (x+ )=, %),
where H, is arbitrary function.

§3
Now we consider the functional equation
m-i-n
(31) z f(a’,”_l xi'{'am—zxi-’r—l+ C T Xy T X1 an—le_m
i=0
TA" P Xyt @Xipmtn—y T Xitmta—1) = 05

where a € C is a constant, f C— C is an unknown function and x,, x,,...,
Xn+n are independent complex variables. The indices have to be reduced mod
m+n.

Theorem 4. If a™t" 1, the most general solution of the functional
equation (3.1) is given by

feN=F(x+a"y)—F@x+y) (m#*n),
S =Sx+am y,a"x+y)—S(@"x+y,x+a™y) (m=n),
where F:C— C, S:C?>->C are arbitrary functions.
Proof. We set

(3.2)

(3-3) floy)=g(x+a™y,a"x+y)

in (3.1) and deduce that
m+n—1 m+n—1 m-+n—1

(3.4) z g( > @ Xt > akxi—k)=0-
i=0 k=0 k=0

We notice that the linear forms x+4™y and a™x+y are independent
since g™t™ # 1.
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Now we introduce the new variables

m+n-—

1
3.5) yi= > X (i=0,1,...,m+n—1).
=0

The linear forms (3.5) are independent since their determinant is
(am+n_ 1)m+n—1.

Making use of these notations the equation (3.4) becomes

m+in
(3.6) > &unYitn)=0.
i=1
If m#n we set yy=py=++ =Y 1 =Vmr1=Vmt2="""=Vmin—=0 and
we get
(3.7 g(x,»)=Fx)+G).

We substitute g from (3.7) into (3.6) and obtain
m+n
S (FO)+Gr)=0
i=1

where from it follows that F(y)= —G(y). Hence,

(3.8) g (%, y)=F (x) —F(y).
If m=n the equation (3.6) gives g(x,y)+g(y,x)=0, ie.
(3.9) g(x,»)=5(x,y) — SO, %)

From (3.3), (3.8) and (3.9) we conclude that (3.2) holds. It is easy to
verify that (3.2) satisfies (3.1).

The Theorem 4 is proved.

Example 1. If ¢ # 1 the most general solution of the functional equation

f@ax+y,2)+f(ay+z,x)+ f(az+x,y)=0
is given by
f(x,)=F(x+a’y)—F (ax+y),

where F is arbitrary.

Example 2. If a*# 1 the most general solution of the functional equation

f@ax+y,az+uwy+ flay+z,au+x)+ faz+u,ax+y)+ f(au+x,ay +2)=0
is given by
fx,)=8Sx+a*y,ax+y)—S (@ x+y,x+a*y),

where § is arbitrary. '

Theorem 5. If antn=1, (m,n)=1, m+n>2, the general continuous
solution of the functional equation (3.1) is given by

(3.10) f(x,y)= min [F, (@ x +a'+™y) Re (@ x) + F, (d x + at™ y) Im (@' )]
i=1

m+n—1
£ > [Gi(@ X +a+my) —Gi(x+an )]
f=1

i=

—m{F,(x+a"y) Re(x+a™y)+ F, (x+a" y)Im (x+a"y)],
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where Fy, F,, G:C—C(i=1,2,...,m+n—1) are arbitrary continuous functions.
Proof. Let us put x;=a'~' X;(i=1,2,...,m+n). The equation (3.1) be-
comes
m-t-n mi—1 m+nti—1
(.11) S f<am+f—2 S Xed? S X, ):0.
i=1 k=i k=m+i

Now we make the substitutions
fl@mi=2x,a2y)=fi(x,y) (i=1,2,...,m+n),
1.e.
(3.12) fy)=fi(@—+2x,a>7'y)  (i=1,2,...,m+n),

and we obtain

m4-n

(3.13) JiXit Xigr+ o + Xty Xigy+ X1 + -+ + Xippine ) =0.
i=1
By application of Theorem 1, and by (3.12), we get
(3.14)  fi(x.y)=A4, (@2 x+aiy) Re (a"—+2 x)
+ 4, (@2 x + @t y) Im (a" 42 x) + B (a"~ 2 x + ¥~ )
(i=1,2,...,m+n),

m--n

Z B;(x)=—m[A4, (x) Re (x)+ A4, (x) Im (x)],
i=1

where A, A,, B: C—~C (i=1, 2,...,m+n) are continuous functions. By
addition of all equations (3.14) and putting
A ()= (m-+n) F (x), A, (x)=(m+n) F,(x), B;j(x)=(m+n)Gyis_i(x)
((=12,...,n+1,n+3,...,m+n)
we obtain (3.10).
Example. If a®=1 the most general continuous solution of the functional equation
flax+y,2)+ fay +z,x)+ flaz+x.3)=0
is given by
f(x,»)=F, (ax + y) Re (ax) + F, (ax + y) Im (ax)
+F,(@* x +ay) Re (a® x) + F, (@ x + ap) Im (a® x)
—F, (x+a*y) Re (x +2a* ) —F, (x + a® y) Im (x + 2a* )
+G @x+p)—G,(x+a*y)
+G, @ x+ay)—G,(x+a?y),
where F,, F,, G,, G, are arbitrary continuous functions.
For a=1 we get a theorem of [2].
Theorem 6. If a"t"=1 and (m,n)=d>1, m{d—p, nld=v, u+v>2,
the general continuous solution of the functional equation (3.1) is given by
d—2 utv-1

(3.15) f(x,») = > > [F{ et x 1 a=i4-i y) Re (a4~ x)

j=-1 i=0

G Fh? (an—4=i x 4 q=id=iy) Im(a"—4~i x) + G{+2(an—id—jx +a=i-ip)],
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u'+v_l . N .
2 GI0=H@-plFi@)Re@+F@m@]  (j=12....d,

d
> H (x)=0,
=1

where Fi, F, G} (i=0,1,...,u+v—2; j=1,2,...,d), H (j=1,2,...,d—1
are arbitrary continuous complex-valued functions.

Proof. We can start from equation (3.13). From (3.12) and (3.13) on
the basis of Theorem 2 we get

(3.16) f(x,y) = 4] (a"—14-i+2 x 4 q2~"d—i y) Re (a"—14=i*2 x)
+ Aé (an—id—j+2 x+a2—id—jy) Im (an—id—j+2 x) +B{-' (an—id—j+2x+ az—id—jy)
(i=0,1,...,0+v=—-1; j=1,2,...,d),

wtv—1

G173 Bl)=C®-pdi( R+ 4D ImE)]  (=1.2,....d),

a

(3.18) C/(x)=0
j=1
where A7}, 4%, B{, C/: C - C are continuous functions.

We take into account (3.17) and (3.18) and we add all equations (3.16).
In that way we obtain (3.15) with

A )= (m+n) Fi (x), A5(x)=(m +n) F2(),
Bl (x)=(m+n)Gl(x), C/(x)=(m+n)H (x)
(i=0,1,...,u+v=2; j=1,2,...,d).
Example. If a®=1 the most general continuous solution of the functional equation
f@x+ay+raztu,av+wy+ f(@y+az+autv,aw+x)+f(@z+a*u+av+w,ax+y)

+f(@utr@viaw+x,ay+z2)+f@v+atwrax+y,az+u)+ f(@w+at x+ay+z,aut+v)=0
is given by

f(x,y)=F% (ax +a°y) Re (ax)+F21 (ax +a’ y) Im (ax)
+F} (@® x +ay) Re (@® x)+F;(a3x+ay) Im(a® x)
—-F{ @ x+a’y)Re(a® x +2a° y)—le @x+ay)yIm(a® x+2a°y)
+F}(x+a*y) Re () +F} (x+a* y) Im (x)
+Ff (@ x+y) Re (a® x)+F§(a2x+y) Im (a® x)
——Ff (a*x+a*y)Re (a“x+2a2y)—F22 (a*x+a*y)Im(a*x + 2a*y)
+ Gé (ax+a5y)—G(], @x+ra®y)+ Gé (x+a y)—G(z) @ x+a*y)
+G} @ x+ay)—Gi @ x+a y)+Gf (@ x+y)—G% @x+a’y)
+H' (@ x+a@y)—H ' (a*x+a’y),

1 . ) .
where Fy, Flz, F), F3, G}, G2, G}, G3, H' are arbitrary continuous functions.
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Theorem 7. If a*t"=1, m=n, the most general solution of the func-
tional equation (3.1) is given by

fy)="73 [Fi(@x,a"y)—Fi(dy,a"+ x)+ H;(@"t'x +a' y)],
i=1

(3.19) N

S H;(x)=0,

i=1

where F; (i=1,2,...,m), H; (i=1, 2,...,m—1) are arbitrary complex-valued
JSunctions.

Proof. We start again from the equation (3.13). According to Theorem
3 and (3.12) we have

f,y)=A4;(@ - 2x,a®"y) (i=1,2,...,m)
f(x,y)=B(a™ 2 x +a*>y)— A; (@ 'y, a™ 2 x) (i=1,2,...,m)
i B (x)=0.
By addition we get (3.19) ;Vith ‘
Ai(x,)=2mFp_iz2(x,¥), Bi(x)=2m Hp_i12 (X).

Example. If a*=1, the most general solution of the functional equation

flax+y,az+u)+ flay+z,au+ x)+ flaz+u,ax+ W+ f(au+x,ay +2)=0
is given by_
S, y)=F, (ax,a’ y)~F, (ay, @’ x) + F,(@* x, y)—F, (@ y, )+ H, (@’ x + ay)— H, (x + a* y),

where F,, F,, H,, are arbitrary functions.

§ 4
Let f:C*—C(i=1,2,...,m+n) be unknown functions such that
@.1) filax+y,2)+fo(ay +2z,x)+ f3 (az + x,y) =0,

where x,y,z are independent complex variables and a & C is a constant.

Theorem 8. If a>< 1 the most general solution of the functional equ-
ation (4.1) is

4.2) i, y)=F,(ax+a*y)—F, (axﬁ-y)-l—F3 (x+aty),
4.3) f2(x,¥)=F (ax+y) + F, (x +a%y),
(4.4) f3(x,y)= —F, (x+a*y)—F,(a*x +ay)— F; (ax + ),

where F;:C — C (i=1,2,3) are arbitrary.
Proof. By setting z=0 in (4.1) we obtain
(4.5) fi(x,p) = —fi(ax +y,0)—fr (ap, x).
Putting back (4.5) into (4.1) we get
(4.6) filax+y,2)+fy(ay+z,x)—f, (ay, az + x)— f, (@® z+ ax +y,0) = 0.
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For x=0 we arrive at
4.7 i D +1(ay +2,0)—f,(ay, az) — fi (@® 2 +,0) = 0.
If we replace y by ax+y we deduce from (4.7) that
filax+y,z)+ f, (@ x+ay+2,0)—f,(a*x +ay, az) — f (a* 2+ ax +, 0) = 0.
The subtraction of the last equality from (4.6) gives
(4.8) fi(ay+z,X)+ f,(@*x+ay,az)— [, (ap, az + x)— £, (@ x + ay + z,0) = 0.
We can set
4.9) fo(x.y)=F(ax+y,x+a*y).
We notice that the linear forms ax -y and x +a?y are independent since
a3 # 1. The equation (4.8) becomes
(4.10) F(a*y+az+x,a*x+ay+z)+Fa*x+a’y+az,a*z+a*x+ay)
—F(@*y+az+x,d®z+a*x+ay)—F(@®x+a*y+az,a*x+ay+z)=0.
If a# 0 the new variablesu=a%y +az+x,v=a*x+ay+z,w=a>z+a?>x+

+ay, are independent. The determinant of these forms is—a(a®—1)? 0.
Making use of u,v,w, the equation (4.10) becomes

4.11) ’ F (u,v) + F(av, w) — F (u, w) — F (av,v) = 0.
Setting w=0, we get
(4.12) F(u,v)y=F, (u)+ F, (v).

In the case a=0, (4.12) follows immediately from (4.10). The formula
(4.3) follows from (4.9) and (4.12). Using (4.3) and (4.7) and putting f; (x, 0) =
= F,(x) we obtain (4.2). The equation (4.4) follows from (4.2), (4.3) and (4.5).

We have shown that every solution of (4.1) if a3 1 can be written in
the form (4.2), (4.3), (4.4). The converse can be easily verified.

Theorem 9. If a®=1 the general continuous solution of the functional
equation (4.1) is

fi(x,y)=F,(a® x +ay) Re (a® x) + F, (@* x + ay) Im (a* X) + G, (a* x + ay),
(4.13) fo(x,¥)=F,(ax+y) Re(ax) + F, (ax +y) Im (ax) + G, (ax + ),

fi(x,0)=—F, (x+a*y)Re(x+2a’y)—F,(x +a*y) Im(x+2a’y)

-G, (x+a*y)—G,(x+a%y),
where F,, F,, G,, G2 C— C are arbitrary continuous functions.
Proof. If we set x=X, y=aY, z=a>Z in (4.1) we get
(4.14) fi@X+Y),@Z)+f,(@(Y+Z),X)+f (Z+X,aY)=0,
since a®>=1. Let us put
filax,a?y) =g (x,y) l.e fi(x,y)=g (a*x, ay),
(4.15) f(@x,y)=g(x,y) ie f(x,9)=g (ax,y),
fixap) =gy (x,y) de fi(x,0) =g (x.a%p).
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The equation (4.14) gives
& (X+Y,2)+g,(Y+2Z,X)+g(Z+X,Y)=0.
On applying Theorem 1 we find
8 (%, »)=Fi(x+y) Re (x) + F, (x+y) Im (x) + G, (x +),
(4.16) 82 (% y) = Fy (x +y) Re (x) + F, (x + y) Im (x) + G, (x + ),
83 (%, ¥) = Fy (x +y) Re (x) + F, (x + ) Im (x) = G; (x + ) — G, (x + y)
=2F (x+y)Re(x+y)—2F, (x+y) Im(x+),

where Fy, F,, G, G,: C— C are continuous functions. Formulae (4.13) follow
from (4.15) and (4.16).

Hence, every system of continuous functions f;, f,. f;: C>— C which
satisfy (4.1) in the case ¢>=1 has the form (4.13). The converse is also true
which can be easily verified. This completes the proof of Theorem 9.

Note. During the print of this article the authors have got the most
general solution of the equation (1.3) in the case where m and n are arbitrary.
This result will be published in the periodical Matematicki vesnik.
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