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Abstract. In this paper, we establish the generalized Hyers—Ulam stability of Jordan quartic

homomorphisms and Jordan quartic derivations associate to the following quartic functional
equation

i i % i f i xi—nflxir +f<ilx>

k=2 \i1=2ig=i1+1 ip_pp1=in_p+1 =100 iy — 1 r=1
=27 N (flai+ay)+Hfl@—2)-2" P (n - 2) Y f(2)
1<i<j<n i=1

(n € N, n > 3) in fuzzy Banach algebras.

1. INTRODUCTION AND PRELIMINARIES

Definition 1.1. Let X be a real linear space. A function N : X x R — [0, 1]
(the so-called fuzzy subset) is said to be a fuzzy norm on X if for all z,y € X
and all a,b € R:

(N1) N(z,a) =0 for a < 0;

(N2) x =0 if and only if N(z,a) =1 for all a > 0;

(N3) N(az,b) = N(z, %) if a # 0;
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(Na) N(z +y,a+b) >min{N(z,a), N(y,b)};
(N5) N(z,.) is non-decreasing function on R and limg_0o N(z,a) = 1;
(Ng) for = # 0, N(x,.) is (upper semi) continuous on R.

N
N

The pair (X, N) is called a fuzzy normed linear space. One may regard
N(z,a) as the truth value of the statement “the norm of z is less than or
equal to the real number a” (see [1]).

Example 1.2. Let (X, ||.|]|) be a normed linear space. Then

—4 >0 zeX;
N — ) atl=lr ¢~ ;
(z,0) {0, a<0, r€X

is a fuzzy norm on X.

Definition 1.3. Let (X, N) be a fuzzy normed linear space. Let {z,} be a
sequence in X. Then {z,} is said to be convergent if there exists z € X such
that lim, 0o N(2, —x,a) = 1 for all @ > 0. In that case, x is called the limit of
the sequence {z,} and we denote it by N —lim,, oo @, = z. A sequence {z,}
in X is called Cauchy if for each € > 0 and each a there exists ng such that for
all n > ng and all p > 0, we have N(zp1p — n,a) > 1 — €. It is known that
every convergent sequence in fuzzy normed space is Cauchy. If each Cauchy
sequence is convergent, then the fuzzy norm is said to be complete and the
fuzzy normed space is called a fuzzy Banach space.

Definition 1.4. Let X be an algebra and (X, N) be complete fuzzy normed
space, the pair (X, N) is said to be a fuzzy Banach algebra if for every z,y € X,
a,beR,

N(zy,ab) > max{N(z,a), N(y,b)}. (1.1)

Definition 1.5. Let (X, N) be a fuzzy Banach algebra and {z,},{y,} be
convergent sequences in (X, N) such that N — lim, o z, = = and N —
limy oo yn =y. Then

N(zpyn — zy,2t) > min{ N ((xy, — 2)yn,t), N(x(yn — y),t)}
> min{N(z,, — z,t), N(yn, — y,t)}
for all ¢ > 0. Therefore, N — limy, o0 Tpyn = xy.
The generalized Hyers—Ulam stability of different functional equations in
random normed and fuzzy normed spaces has been recently studied in [7, 12,

14] and [19]. The stability of different functional equations on Banach algebras
has been recently studied in [2], [3]-[6], [8]-[10] and [16]-[17].



Almost Jordan quartic homomorphisms and Jordan quartic derivations 533

In this paper, we deal with the stability problem of the following generalized
quartic functional equation

n k k+1 n n n—k+1
IIDIID VD SRV D D DD
k=2 \i1=21i2=11+1 Gp—k4+1=lp—k+1 1=1,1701,... i — k41 r=1

(8
i=1
=272 N (flwi )+ (- 2)-2" (0= 2) > f2m). (12)

1<i<j<n i=1

Definition 1.6. Suppose A and B are two (fuzzy) Banach algebras. We say
that a mapping h: A — B is a Jordan quartic homomorphism if

for all a € A and h satisfies (1.2).

Definition 1.7. Suppose A is a (fuzzy) Banach algebra. We say that a map-
ping d: A — A is a Jordan derivation if

d(a?) = a*d(a) + d(a)a’

for all a € A and h satisfies (1.2).

We investigate the fuzzy stability of Jordan quartic homomorphisms and
Jordan quartic derivations related to quartic functional equation (1.2) in fuzzy
Banach algebras.

2. Fuzzy STABILITY OF JORDAN HOMOMORPHISMS

In this section, using direct method, we investigate the fuzzy stability of
Jordan homomorphisms of functional equation (1.2) in fuzzy Banach algebras.
Throughout this section, we assume that (A, N) and (B, N) are two fuzzy
Banach algebras and (C, N’) be a fuzzy normed space. Moreover, we assume
that N(x,.) is a left continuous function on R. For convenience, we define the
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difference operator D; for a given mapping f:

Dy(x1, .., 20)
n k k+1 n n n—k+1
D DD DD DI ¥ > mm >
k=2 \i1=21i2=01+1 Ip— k1= —k+1 1=1,1701,.. 0y in—k41 r=1
n n
+ f <Z wz) -2 Z (f (@itzs)+ f (2i—25))+2"°(n—2) Z f(2x;).
i=1 1<i<j<n i=1

We will use the following well-known lemma:
Lemma 2.1. A mapping f : X — 'Y satisfies (1.2) if and only if the mapping
f:X =Y is quartic.

Theorem 2.2. Suppose (A, N) and (B, N) are two fuzzy Banach algebras and
(C,N'") is a fuzzy normed space. Let ¢ : A™ — C be a function such that for
some 0 < |r| < 16,

N'(o(2a1,- -+ ,2a,),t) > N'(ro(ay, -+ ,an),t) (2.1)

for all ai1,a9,--- ,a, € A and allt > 0. If f: A — B is a mapping such that

N(Q(ar,a2,--- ,an),t) > N'(p(ar, az,- -+ ,an), 1) (2.2)

and
N(f(a®) = f(a)?,5) = N'(¢(a,0,--- ,0),5) (2.3)
for all ay,a9, - ,an € A and all t,s > 0. Then there exists a unique Jordan

quartic homomorphism h : A — B such that

2n+3 — 2t
N(fl@) = hah ) = N (ola,0. 0, 2B 2y
where a € A and t > 0.
Proof. Tt follows from (2.1) that
N’ (gp (2ja1,2ja2,~~ 72jan) ,t) > N’ <g0(a1,a2, Cee s an), |t|]> . (2.5)
T

So
N’ (SD (2ja17 2ja27 T 72ja7’b) ) ‘T’]t) > N’ (@(alv ag, - -- 7an)7t>
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for all z,y,z € X and all ¢t > 0. Putting aj = a and ap = --- =a, =0 in
(2.2), we get

n k k+1 n

VYIS Y - Y ) @+ )

k=2 \i11=212=11+1 Tp—kt1=In—k+1

—gn—2 zn: 2f(a+ 2" (n — 2)f(2a),t

j=2
2 N’(<p(a,0,~- 70)7t)7 (26)
for all @ € A. That is

n—1
N <<1+Z <” z 1>> fla)=2""Yn—1)f(a) + 2" °(n—2)f(2a), t>
/=1

> N/((P(CL,O,-" 70)¢t)7 (27)
for all a € A. So by using the equation

n—1 n—1 n—1 n—1 )
1+ ;)= . ) =2
=1

=0

~

gives

N (f(a) - 2i4f(2@)7 271_1(7;_2)

Replacing a by 27a in (2.8), we have

N ( f(2%a)  f(2a) t >

> > N'(p(a,0,---,0),1). (2.8)

24+ 94 7 gntdi—1(p — 9)

ZN/(QO(2ja,O,'-- ,0),t) > N’ (gp(a,O,"- ,0),‘:|j>, (2.9)

for all @ € A, all t > 0 and any integer j > 0. So

f(27a) 7't
N | fla) - odm > on+ai—1(n — 2)
j=0
N e R N AC R =N
- 94j+4  94j ’ Z 2ntdi—l(p — 2)
j=0 j=0

2Jj+1 2J J
> min {N f(,a)—f(,“), [r’t
0<j<m—1 245+4 24j 2n+4j71(n _ 2)

> N'(¢(a,0,---,0),t) (2.10)
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which yields

IS GO
24m+4p 24p 2"+4j+4p*1(n _ 2)
j=0
2 N’(¢(2Pa,07“. 70)at)
t
> N’ (go(a,O,---,O),W>, (2.11)

for all @ € A, t > 0 and any integers n > 0, p > 0. So

N

-1 .

f(@mPa)  f(2%a) " i+t ,
924m—+4p o 24p 7 Z 2n+4j+4p—1(n _ 2) >N (90 (aa O> e 70) at) )
j=0

for all z € X, t > 0 and any integers n > 0, p > 0. Hence one obtains

24m+4p 24p

v(LEm 1@ )

t

> N' | p(a,0,---,0), , (2.12)

r|P m—1 |rlJ
2n+dp—1(p—2) ZJ':O 247

for all x € X, t > 0 and any integers n > 0, p > 0. Since, the series Z;’;O gT‘j
is convergent series, we see by taking the limit m — oo in the last inequality

that a sequence {f (2247:1‘1) } o is a Cauchy sequence in the fuzzy Banach space
m

(B,N) and so it converges in B. It follows that the mapping h : A — B

defined by h(z) := N — limy, 00 2an2 is well defined for all a € A. It means
that

lim N (h(z) - f(2ma),t> =1, (2.13)

n—+00 24m

for all a € A and all ¢ > 0. In addition, it follows from (2.12) that

f(2™a) t

N(f(x)_ 94m ’t>ZN/ 90(0’707"'70)7

1 m—1 |r[
nT(n_2) > im0 51
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for all a € A and all ¢ > 0. So
N(f(a) = h(a),?)
> min {N (f(a) _f (22;“),(1 _ e)t) N <h(a) S (;Za)’ﬂ }

21 (p — 2)75)
-1 J
S b
273 (n — 2)et
16 — |r|

for sufficiently large n and for all @ € A, ¢ > 0 and € with 0 < ¢ < 1. Since €
is arbitrary and N’ is left continuous, we obtain

ZN/ (QO(CL,O,"' 70)>

ZN/ <90(a707”' 70)7

213 (n — 2)t>

N (@) = h(a)ot) = N (ila 0.+, 0). "

for all z € X and ¢ > 0. It follows from (2.2) that

D27z, 220, - 27
N< p(2Mn, 2", x”),t>2N’(go(Qmal,gmaQ,...,gman),24mt)

24m
24my
> N’ (cp(a1,a2,-~ , Q) )

B

for all a1, as,--- ,a, € X, t >0 and all n € N. Since

24m¢
lim N’ <g0(a1,a2,--- , Q) ) =1

m—00 ’ |T“m
and so
De(2Mxy,2Mxy, -+, 2™
N( 2", 2;13”21’ ’ xn),t> — 1 when m — +oo

for all x,y,2 € X and all t > 0. Therefore, we obtain in view of (2.13)
N (Dh(mla X2, ,.’Il'n),t)

) D¢(2Mx,2Mx9, -+ ,2Mx,) t
> mln{N(Dh(.'El,{EQ, U 7xn) - f( 24m n)’2>’
<Df(2ml'1,2ml'2,"' ,2m:L'n) t>}
N ' o
24m 2
(Df(2m$]_,2m332,"' ,men) t)
prg N s =
24m 2

24m—1t

_ — 1 as m — oo,
[r|™

Z N/ <QO(CL]_,CL2, e )an)a
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which implies

k+1 n n n—k+1
)SIOID SIS SRR I > a- )
k=2 \i11=212=11+1 Zn—k+1:in—k+1 1=1,i701,.. I —kt1 r=1

+(5)
=1
=277 3" (hlai+ aj)+hiai —a;)=2""(n —2) > h(2a;)

1<i<j<n i=1

for all ai,as, -+ ,a, € X. Thus h : A — B is a mapping satisfying the
equation (1.2) and the inequality (2.22).

To prove the uniqueness, let there is another mapping ' : A — B which
satisfies the inequality (2.22). Then, for all a € A, we have

N (h(a) = 1'(a), 1)
_N <h(2ma) _h (2ma)’t>

24m 24m

. h(2Ma)  f(2™ f(@2ma) B'(27Ma) t
2 mln{N < 24m B 24m v |0 N 24m 24m ) 5
24m+n+2 2)t>

> N’ om
- (90( CL, 07 70)7 16 _ ’7’|

24m+n+2(n _ 2)t
[r|™ (16 — |r])

ZN, (QD(CL,O,"‘ aO)v

for all t > 0. Therefore, h(a) = h'(a) for all a € A. Now we only need to show
that h(a?) = h(a)? for all a € A. Tt follows from (2.1) that

>—>1 as m — +oo

n+3(n _
N(f(2"a) = h(2"a),t) = N’ (‘P(2ma,0, - ,0), 2<2>f>

16 — ||
2" 3 (n — 2)t
> N (1™p(a,0,- - ,0), ) 91y
> 8 (rpta.00 0. 2B )

for all @ € A and all ¢ > 0. Thus

N2 f(2™a) — 27" h(2"a),27""t) > N (Lp(a, 0,--,0), iﬁ:?ig — |2r)t)>

for all @ € A and all ¢ > 0. Since h is quartic, then it is easy to see that

n+3 n —
N@2 '™ f(2™ma) - h(a),t) > N’ (so(a, 0,-- ,a), M) (2.15)
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for all @ € A and all ¢ > 0. Letting n to infinity in (2.15) and using (Ns), we
see that

h(a) = N — lim 27 f(2™q) (2.16)
m—r0o0
for all a € A. Similarly, we obtain
h(a?) = N — lim 279" f(22mq?) (2.17)
m—r0o0
for all a € A. Using inequality (2.3), we get
N(f(2*"a?) - f(2"a)?, 5) = N'(p(2"a,0, - ,0),5)
> N/(rmgp(aa 07 e 70)7 3)
for all a € A and all s > 0. Thus

N () - gm0 ) 2 8 (ot 0,0, )

for all a € A and all s > 0. Letting n to infinity in (2.18) and using (Ns), we
see that

(2.18)

N — lim 278 £(22ma?) — f(2™a)?] = 0. (2.19)
Applying (2.16), (2.17) and (2.19), we have
h(a®) = N — lim 278m f£(22mq2)
=N — lim 27%°[f(2*"a®) — f(2*"a®) + f(2"a)?]

m—00

= N — lim 278" f(2"a)?

— {N ~ lim_ 2—4mf(2%)}2 = h(a)?

for all @ € A. This completes the proof. O

Corollary 2.3. Suppose (A,N) and (B,N) are two fuzzy Banach algebras
and (C,N') is a fuzzy normed space. Also p be a positive integer with p < 4,
then if f : A — B is a mapping such that

N(Qy(ar,as, - ,an),t) > N’ (Z Hai\p,t> (2.20)
i=1
and
N(f(a®) = f(a)®,s) > N'(l|a]l?, s) (2.21)
forall a,ai,as, -+ ,an € A and allt,s > 0. Then there exists a unique Jordan

quartic homomorphism h : A — B such that

NU@M@@ZMQM%

m) ’ (2.22)

15
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where a € A and t > 0.

Proof. Let ¢(a1,a2,- -+ ,a,) = Y i ||la;]|P and |r| = 1. Applying Theorem
2.2, we get the desired results. O

Remark 2.4. If in (2.20) we replace >, |la;||P by [1i; [la:||P, then we get
the superstability, i.e., in the above corollary f = h.

3. Fuzzy STABILITY OF JORDAN DERIVATIONS

In this section, we prove the stability of Jordan quartic derivations on fuzzy
Banach algebras.

Theorem 3.1. Let (A, N) be a fuzzy Banach algebra and (B, N') be a fuzzy
normed space. Let ¢ : A™ — B be a function such that for some 0 < |r| < 16,
N'(o(2a1,- -+ ,2ay),t) > N'(ro(ar, -+ ,a,),t) (3.1)

for all ay, - ,a, € A and all t > 0. Suppose that f : A — A is a function
such that
N(Dg¢(ar, a2, ,an),t) > N'(p(a, -+ ,an),t) (3.2)
and
N(f(GZ) - a4f(a) - f(a)a’47 3) > NI(§0<a7 07 e 70)7 S) (33)
for all a € A and all t,s > 0. Then there exists a unique Jordan quartic
derivation d : A — A such that

2n+3 —2)¢
N(f(a)_d(a)vt) EN/ <Q0(CL,0,--- ’0)516(R||)) ) (34)
—|r
where a € A and t > 0.
Proof. Proceeding as in the proof of Theorem 2.2, we find that the mapping
d : A — B defined by d(a) :== N — limy, 0 % is a quartic function
satisfying (3.4). Now we only need to show that d satisfies
d(a?) = a*d(a) + d(a)a*

for all a € A. The inequalities (3.1) and (3.4) imply that

n+3 n —
Nu@m@—dQWQJ)zjw<¢@mma~-ﬁy21é_hfﬁ>

23 (n — 2)t
> N’ (r™p(a,0,- - ,0), ———— 3.5
> (7“ ¢(a,0,---,0), T ) (3.5)

for all @ € A and all ¢ > 0. Thus

N(2—4mf(2ma) o 2—4md(2ma)7 2—4mt) > N’ (QO(CL, 07 ) 2n+3(n - Q)t )

c,0), ———
[r[™(16 — |r])
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for all @ € A and all ¢t > 0. By the additivity of d it is easy to see that

n+4m+3 n —
N(274mf(2ma) - d(a)7 t) > N <§0<a7 0,--- ?0)7 ’ |T‘m(16(_ |T‘2))t> <36)

for all a € A and all ¢ > 0. Letting m to infinity in (3.6) and using (N5), we
get

d(a) = N — lim 27 f(2™a) (3.7)

m—0o0

for all a € A. Similarly, we get

d(a®) = N — lim 273 f(22q?) (3.8)

m—0o0

for all a € A. Using (3.1) and (3.3), we get

N(f(22ma?) — (2'"at) f(2"a) ~ f(2"a)(2"a"), 5)

(3.9)

> N/(QD(Qma,’O’--- 70)75) > Nl(‘p(avof" 30),%)3

for alla € A and all s > 0. Let g : A X A — A be a function defined by
g(a,a) = f(a®) — a*f(a) — f(a)a® for all @ € A. Hence, (3.9) implies that

N — lim 27%"g(2™a,2™a) = 0

m—ro0

and

N — lim 27%g(2"a,2™a) =0 (3.10)

m—0o0
for all a € A. Since (A, N) is a fuzzy Banach algebra, applying (3.7), (3.8) and
(3.10), we get
d(a®) = N — lim 275" f(22m4?)

m—300
=N - n%iinoo[a42’4m f(2™a) + 271 f(2™a)at 4+ 278 g(2a, 2™a)]
=a'(N - im 274 f(2™a)) + (N — lim 274" f(2™a))a’

+N = lim_ 278m g(2Mq, 2™q)
= a*d(a) + d(a)a®.

for all @ € A.

To prove the uniqueness property of d, assume that d’ is another Jordan
derivation satisfying (3.4). Since both d and d’ are additive, we get from (3.1)
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and (3.4) that
N(d(a) — d'(a),?)
— N(d(2™a) — d'(2™a), 24™1)
= N ([d(2"a) - f(2"a)] + [f(2"a) — d'(2™a)], 2"")
4m 4m
> min {N <d(2ma) — f(2™a), 22t> N <f(2ma) —d'(2"a), 2215)}
) L 2R (n - 2)t
> (pte0 0. 2P

for all @ € A and all ¢ > 0. Letting m to infinity in the above inequality, we
get N(d(a) —d'(a),t) =1 for all a € A and all ¢ > 0. Hence d(a) = d'(a) for
all a € A. g

) — 1 as m — +oo,

Corollary 3.2. Suppose (A,N) and (B,N) are two fuzzy Banach algebras
and (C,N') is a fuzzy normed space. Also p be a positive integer with p < 4,
then if f : A — B is a mapping such that

N(Qf(ar,az,- -+ ,an),t) > N’ (Z Hai\p,t> (3.11)
i=1

and
N(f(a?) = f(a)*,s) > N'(|la|/”, 5) (3.12)
forall a,ai,as9, -+ ,an € A and allt,s > 0. Then there exists a unique Jordan
quartic homomorphism h : A — B such that
N(f(a) = h(a),t) > N'(|[a]P,2"(n — 2)t), (3.13)

where a € A and t > 0.

Proof. Let ¢(a1,a2,- -+ ,a,) = Y. i ||la;]|P and |r| = 8. Applying Theorem
2.2, we get the desired results. O

Remark 3.3. If in (3.11) we replace Y, |la;||P by [1i; [la:||P, then we get
the superstability, i.e., in the above corollary f = h.

4. CONCLUSION

We establish the generalized Hyers—Ulam stability of Jordan quartic ho-
momorphisms and Jordan quartic derivations on fuzzy Banach algebras. We
show that every approximately Jordan quartic homomorphism (Jordan quartic
derivation) is near to an exact Jordan quartic homomorphism (Jordan quartic
derivation).



[1]
2]

3]

[4]
[5]
[6]

[7]

(8]

[9]

[10]

[11]

Almost Jordan quartic homomorphisms and Jordan quartic derivations 543

REFERENCES

T. Bag and S.K. Samanta, Finite dimensional fuzzy normed linear spaces, J. Fuzzy
Math., 11(3) (2003), 687-705.

M.B. Savadkouhi, M.E. Gordji, J.M. Rassias and N. Ghobadipour, Approzimate ternary
Jordan derivations on Banach ternary algebras, J. Math. Phys., 50042303 (2009), 9
pages.

A. Ebadian, N. Ghobadipour and M.E. Gordji, A fixed point method for perturbation
of bimultipliers and Jordan bimultipliers in C*—ternary algebras, J. Math. Phys., 51(1)
(2010), 10 pages, doi:10.1063/1.3496391.

M.E. Gordji, M.B. Ghaemi, S.K. Gharetapeh, S. Shams and A. Ebadian, On the stability
of J*—deriwations, J. Geometry and Phys., 60(3) (2010), 454-459.

M.E. Gordji, S.K. Gharetapeh, T. Karimi, E. Rashidi and M. Aghaei, Ternary Jordan
derivations on C*—ternary algebras, J. Compu. Anal. Appl., 12(2) (2010), 463-470.
M.E. Gordji, T. Karimi and S.K. Gharetapeh, Approzximately n—Jordan homomorphisms
on Banach algebras, J. Ineq. Appl., 2009, Article ID 870843, 8 pages.

M.E. Gordji and H. Khodaei, The fized point method for fuzzy approximation of a
functional equation associated with inner product spaces, Discrete Dynamics in Nature
and Society, 2010, Article ID 140767, 15 pages, doi:10.1155/2010/140767.

M.E. Gordji and A. Najati, Approzimately J*-homomorphisms: A fixed point approach,
J. Geometry and Phys., 60 (2010), 809-814.

M.E. Gordji, J.M. Rassias and N. Ghobadipour, Generalized Hyers—Ulam stability of
the generalized (n, k)—derivations, Abs. Appl. Anal., 2009, Article ID 437931, 8 pages.
R. Farokhzad and S.A.R. Hosseinioun, Perturbations of Jordan higher derivations in
Banach ternary algebras: An alternative fixed point approach, Int. J. Nonlinear Anal.
Appl., 1(1) (2010), 42-53.

Z. Gajda, On stability of additive mappings, Int. J. Math. Math. Sci., 14 (1991), 431—
434.

N. Ghobadipour and C. Park, Cubic-quartic functional equations in fuzzy normed spaces,
Int. J. Nonlinear Anal. Appl., 1 (2010), 12-21.

D.H. Hyers, On the stability of the linear functional equation, Proc. Natl. Acad. Sci.,
27 (1941), 222-224.

H. Khodaei and M. Kamyar, Fuzzy approximately additive mappings, Int. J. Nonlinear
Anal. Appl., 1(2) (2010), 44-53.

A K. Mirmostafaee and M.S. Moslehian, Fuzzy versions of Hyers-Ulam-Rassias theorem,
Fuzzy Sets Syst., 159 (2008), 720-729.

C. Park and M.E. Gordji, Comment on ”Approzimate ternary Jordan derivations on
Banach ternary algebras”[Bavand Savadkouhi et al. J. Math. Phys. 50, 042303 (2009)],
J. Math. Phys., 51044102 (2010), doi:10.1063/1.3299295, 7 pages.

C. Park and A. Najati, Generalized additive functional inequalities in Banach algebras,
Int. J. Nonlinear Anal. Appl., 1(2) (2010), 54—62.

Th.M. Rassias, On the stability of the linear mapping in Banach spaces, Proc. Amer.
Math. Soc., 72 (1978), 297-300.

S. Shakeri, R. Saadati and C. Park, Stability of the quadratic functional equation in
non-Archimedean L—fuzzy normed spaces, Int. J. Nonlinear Anal. Appl., 1(2) (2010),
72-83.

S.M. Ulam, A Collection of the Mathematical Problems, Interscience Publ., New York,
1960.



