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1 Introduction

The concept of a fuzzy set was introduced by Zadeh [16], and it is now a rigorous area of research
with manifold applications raging from engineering and computer science to medical diagnosis
and social behavior studies. In particular, some researchers [2, 14, 17] applied the notion of fuzzy
sets to ideals of a ring. As a generalization of a fuzzy set, the concept of an intuitionistic fuzzy
set was introduced by K. T. Atanassov [3, 4]. Recently, Coker [8], Coker and Es [9], Gurcay,
Coker and Es [10] and S. J. Lee and E. P. Lee [13] introduced the concept of intuitionistic fuzzy
topological spaces using intuitionistic fuzzy sets and investigated some of their properties. In
1989, Biswas [6] introdused the concept of intuitionistic fuzzy subgroups and studied some of
it's properties. In 2003, Banejee and Basnet [5] investigated intuitionistic fuzzy subrings and
intuitionistic fuzzy ideals using intuitionistic fuzzy sets. Also Hur, Jang and Kang [11] and Hur,
Kang and Song [12] studied various properties of intuitionistic fuzzy subgroupoids, intuitionistic
fuzzy subgroups and intuitionistic fuzzy subrings. In this work, We introduce the notions of
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intuitionistic fuzzy subrings and ideals of a ring with respect a ¢-norm 7" and a ¢-conorm C' and
establish necessary and sufficient conditions for them. We also investigate the algebraic nature of
such type of intuitionistic fuzzy subrings and ideals under homomorphism and direct product.

2 Preliminaries

In this section, we list some basic concepts and well known results needed in the later sections.
Throughout this paper, 12 will be a commutative ring with unity.

Definition 2.1. (See [3]) For sets X,Y and Z, f = (f1, f2) : X — Y X Z is called a complex
mapping if f; : X — Y and f5 : X — Z are mappings.

Definition 2.2. (See [3]) Let X be a nonempty set. A complex mapping A = (pia,v4) : X —
[0,1] x [0,1] is called an intuitionistic fuzzy set (in short, IFS) in X if ps + v4 < 1 where the
mappings g4 : X — [0,1] and v4 : X — [0,1] denote the degree of membership (namely
ta(x)) and the degree of non-membership (namely v4(x)) for each x € X to A, respectively. In
particular 0. and 1. denote the intuitionistic fuzzy empty set and intuitionistic fuzzy whole set
in X defined by 0 (z) = (0,1) and 1.(x) = (1, 0), respectively.

We will denote the set of all /FSs in X as IFS(X).

Definition 2.3. (See [3]) Let X be a nonempty set and let A = (ua,v4) and B = (up,vp) be
IFSs in X. Then

() AC Biff ua < ugand vy > vp.

(2)A=Biff AC Band B C A.

Definition 2.4. (See [1]) A t-norm T is a function 7" : [0, 1] x [0, 1] — [0, 1] having the following
four properties:

(T1) T'(z,1) = « (neutral element)

(T2) T'(x,y) < T(z, z) if y < z (monotonicity)

(T3) T'(z,y) = T'(y, z) (commutativity)

(T4) T'(z,T(y,z)) = T(T(x,y), z) (associativity),

forall z,y,z € [0, 1].

Recall that 7" is idempotent if for all x € [0, 1], T'(z,z) = x.

Example 2.5. The basic t-norms are 7, (z,y) = min{x, y},Ty(x,y) = max{0,z +y — 1} and
Ty(z,y) = xy, with z,y € [0, 1], are called standard intersection, bounded sum and algebraic
product respectively.

Lemma 2.6. (See [1]) Let T be a t-norm. Then
T(T(z,y), T(w,2)) = T(T'(z,w), T(y, 2)),

forall z,y,w,z € [0,1].
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Definition 2.7. (See [7]) A t-conorm C is a function C' : [0,1] x [0,1] — [0, 1] having the
following four properties:
(CH) C(z,0) =x

(C2) Cla.y) < Cla, =) if y <
(C3) C(z,y) = C(y, x)

(C4) C(x, Cly, 2)) = C(C(x,y), 2) ,
forall z,y,z € [0, 1].

z

Example 2.8. The basic ¢-conorms are C,(z,y) = max{z,y},Cy(z,y) = min{l,z + y} and
Colr,y) =z +y—ayforall z,y € [0,1].
C', 1s standard union, C}, is bounded sum, C), is algebraic sum.

Recall that ¢-conorm C'is idempotent if for all x € [0, 1], C(z, z) = =.

Theorem 2.9. (See [15]) Let R be a ring. A nonempty subset S of R is a subring of R if and only
ifr—yeSandxy € Sforallx,y € S.

Definition 2.10. (See [15]) Let R be a ring and I be a nonempty subset of 2. We say that [ is a
left(right) ideal of R if forallz,y € I andforallr € R,z —ye l,re € [ (x —y € I, zr € I).

3 Intuitionistic fuzzy subrings with respect

to a t-norm 7" and a t-conorm C'

Definition 3.1. Let R be aring. An A = (p14,4) is said to be intuitionistic fuzzy subring with
respect to a t-norm 7" and a t-conorm C' (in short, IFSTC(R)) of R if

(D) pa(z —y) = T(pa(z), pa(y))

2) palzy) = T(pa(x), paly))

B)va(r —y) < Cvalz), valy))

@ va(ry) < C(va(z), va(y)),

forall z,y € R.

Example 3.2. Let R = (Z, +,.) be a ring of integer. For all z € R we define a fuzzy subset 14
and v4 of R as
0.6 ifx e {0,4+2,+4,..}
pa(z) = .
0.5 ifxe{£l,43,...}

I B
vaAlT) =
4 04 ifwe{+1,+£3, ..}

let T'(z,y) = Ty(x,y) = xy and C(z,y) = Cp(z,y) = x +y — xy for all z,y € R, then
A = (pa,va) € IFSTC(R).

Proposition 3.3. If A = (ua,va) € IFSTC(R) and T, C be idempotent, then

(1) 114(0) = pa(z) and va(0) < va(z)
(2) A(—x) = A(z), forall x € R.
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Proof. (1)If z € R, then y14(0) = pa(z — ) = T(pa(z), pa(x)) = palz).
Also v4(0) = va(z — ) < C(va(x),va(z)) = va(z).
(2) Let z € R. Then

pa(=x) = pa(0 = ) = T(pa(0), pa(x)) = T(pa(x), pa(r))

>
= pa(@) = pa(0 — (=) = T(pa(0), pa(—2x)) = T(pa(—2z), pa(—2))
= pa(—x)
and so pa(—x) = pa(z).
Also
va(=z) = va(0 — ) < C(va(0), va(z)) < Clva(x), va(z))
= va(z) = va(0 = (=) < Cwa(0), va(—2)) < C(va(—x),va(-1))
= I/A(—x)
and so v4(—x) = va(z).
Thus A(—x) = (pa(—2),va(=2)) = (pa(x), va(z)) = Az).
Proposition 3.4. Let A = (pa,v4) € IFSTC(R) and z,y € R.
(1) If pa(z —y) = 1, then pa(x) > pa(y)
(2)Ifva(x —y) =0, then va(z) < va(y).
Proof. Letx,y € R. Then
(D) pa(@) = palz —y +y) = T(palz —y), paly)) = T(1, paly))
@) va(r) =valz —y +y) < Cwalr —y),vay)) = C0,va(y))

Proposition 3.5. Let A = (pua,va) € IFSTC(R) and T, C' be idempotent. Then
A(x —y) = A(y) if and only if A(x) = A(0) forall z,y € R.

= pa(y).
=va(y).

Proof. Let A(z —y) = A(y) then by letting y = 0 we get A(z) = A(0).
Conversely, assume that A(x) = A(0). Then
(1) pa(x) = 114(0) and from Proposition 3.3 we get pua(z) > pa(z —y), pa(y). Now

pale —y) > T(palx), pa(y)) = T(paly), paly))
= pa(y) = pa(—y) = palr —y — ) > T(palz — y), pa(z))
> T(pa(z —y), palz —y)) = palzr —y),

50 pua(e — y) = paly).
(2) va(x) = v4(0) and by Proposition 3.3 we have v4(z) < v4(x — y), va(y). Now

va(r —y) < Cwa(z),valy)) < C(valy),va(y))
=va(y) = va(~y) = valz —y — z)
< Cvalz —y),va(z)) < Clvale —y),valr —y)) = valz — y),

hence va(z — y) = va(y).
Therefore from (1) and (2) we obtain that A(z — y) = A(y).
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Proposition 3.6. Let A = (pua,va) € IFSTC(R) and T, C' be idempotent.

(1) S ={x € R|pa(z) =1,va(x) = 0} is a subring of R.

(2) Let o, 5 € [0, 1] withao+ < 1, then R, 3 = {x € R| pua(z) > a,va(x) < [} is a subring
of R.

Proof. (1) Let z,y € S. Then from pa(z — y) > T(pa(x),paly)) = T(1,1) = 1, we get
pa(x —y) = 1. Since va(z — y) < C(va(z),valy)) = C(0,0) = 0so va(x —y) = 0. Hence
r—yes.

Also from jua(zy) > T(ua(e), pay)) = T(1,1) = 1 and waley) < Clvale),valy)) =
C'(0,0) =0, we get ua(ry) = 1 and va(xy) = 0 respectively. Hence xy € S.

Thus S = {z € R | pa(z) = 1,va(x) = 0} is a subring of R.

(2) Let z,y € Ry p. Then by pa(x —y) > T(pua(z), pa(y)) > T(a,a) = aand va(x —y) <
Cva(x),valy)) < C(B,B8) = B, we get ua(z —y) > aand va(x — y) < [ respectively. Hence
T—1y € Ryp.

Also from pia(zy) = T(ua(e), 1ua(y)) = T(a,a) = a and vazy) < C(va(e) va(y)) <
C(B,B) = B, we obtain that pa(x —y) > aand v4(z — y) < [ respectively. Thus xy € R, g.
Therefore R, s = {z € R | pua(z) > a, va(x) < [} is a subring of R. O

Proposition 3.7. Let A = (ua,va) € IFS(R) and T, C be idempotent such that for all x,y €
R we have pa(z —y) = T(pa(x), pa(y)),valz —y) < Clvalz),valy)) and pa(rz) =
pa(x),va(re) < va(x). Then

(1) Ry ={x € R| A(x) = A(0)} is a left ideal of R.

(2) Rop = {z € R|pa(x) > a,valz) < B} is a left ideal of R for all a, 5 € [0, 1] with
a+p <1

Proof. (1) Suppose that x,y € Ry then pua(x) = pa(y) = pa(0) and
From pua(z —y) = T(pa(@), pay)) = T(1a(0), £a(0)) = pa(0) = pa
y) = 1a(0). By va(z —y) < Cva(r),valy)) = C(va(0 ) 4(0)) =
obtain v4(x — y) = v4(0). Hence A(z —y) = A(0) and so x — y € Ry.
Also if x € Ryand r € R, then pa(rz) > pa(x) = pa(0) > pa(re) and va(re) < va(z) =
va(0) < va(rz) and we get pa(rz) = pa(0) and va(rz) = v4(0) respectively. Thus A(rz) =
A(0) and rx € Ry.

Therefore Ry is a left ideal of R.

(2) Assume that z,y € R, 3. Then by pa(x —y) > T(pa(x), pa(y)) > T(o,) = o and
valx —y) < C(va(z),valy)) < C(B,B) = fwehave thatz — y € R, 3.

Alsoifx € R,pand r € R, then by pa(rxz) > pa(z) > a and va(rz) < va(x) < 8 we get
rr € Ryp.

Hence R, s is a left ideal of R. [

va(z) = val(y) = va(0).
(z —y), we get pia(z —
(O) < VA(J: - y)v we
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4 Intuitionistic fuzzy ideals with respect

to a t-norm 7" and a ¢t-conorm C

Definition 4.1. Let A = (ua,v4) € IFS(R). Then A is called an intuitionistic fuzzy ideal with
respect to a t-norm 7" and a t-conorm C' (in short, IFITC(R)) of R if

(D) paz —y) = T(pa(z), pa(y))

(2) palzy) = p(x), uly)

B)valr —y) < Cva(z),va(y))

@) va(ry) < w(x),v(y),

forall z,y € R.

Proposition 4.2. Let A = (pia,va) € IFITC(R) and x,y € R. Then A(x — y) = A(0) if and
only if A(x) = A(0).

Proof. Letx,y € R.If A(x —y) = A(0) and y = 0, then A(z) = A(0).

Conversely, let A(z) = A(0). Now pia( — y) > T(ua(@),pa(y)) = T(ua(0),14(0)) =
114(0) > pra(z — y) and so pa(z — y) = pa(0).

Also v(z —y) < C(v(x),v(y)) = C¥(0),1(0)) = v(0) < v(z —y) and then v(z — y) = v(0).
Thus A(z —y) = (pa(z — y),va(z — y)) = (1a(0),v4(0)) = A(0). O

Proposition 4.3. Let A = (ua,va) € IFS(R) and T, C be idempotent. Then A = (jia,v4) €
IFITC(R) if and only if R, = {v € R|pa(x) > a,va(z) < B} is an ideal of R, for all

a,p € [0,1] witha+ B < 1, where 114(0) > aand v4(0) < 5.

Proof. Let A = (a,va) € IFITC(R). If x,y € Ry, thenby pua(z —y) > T(ua(z), paly)) >
T(a,a) = aand va(x —y) < C(va(z),valy)) < C(B, ) = 5, we obtain that  — y € R, g.
Now letx € R, gandr € R. Then from pu4(rz) > pa(x) > aand va(rz) < va(z) < 5, we get
rx € R, 3. Similary we have xr € R, g. Thus R, 5 is an ideal of R.

Conversely, let R, 3 be an ideal of R and x,y € R,z such that pa(x) = pa(y) = « and
vA(2) = va(y) = B. Since £ — y € Rup 50 palz —y) > @ = T(a,a) = T(ua(x), paly)) and
va(z —y) < B =C(B,B) = Clva(z),va(y)).

Also since xy € R, gthen pa(xy) > a = pa(z) and va(zy) < 5 = va(z).

Therefore A = (a,va) € IFITC(R). O

Corollary 4.4. A = (ua,va) € IFS(R) and T,C be idempotent. Then A = (ua,va) €
IFITC(R) if and only if U = {x € R|pua(zr) > a} and L = {x € R|va(z) < [} are
ideals of R for all a, B € [0, 1] with o + § < 1.

Proof. Let A = (pua,va) € IFITC(R). Then U = R, ; and L = Ry s are ideals of R.
Conversely, U N L = R, s is also an ideal of R and so A = (p14,v4) € IFITC(R). O

Definition 4.5. Let A = (u4,v4) and B = (up, vp) be two intuitionistic fuzzy sets of R. Define

AN B = (pans, VauB) as panp(z) = T(pa(z), pp(z)) and vaup(x) = C(va(x), v(y)) for all
r € R.
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Proposition 4.6. Let A = (ua,va) and B = (up,vp) be two intuitionistic fuzzy sets in R. If
A, B € IFITC(R), then (AN B) € IFITC(R).

Proof. Letx,y € R. Then
(1)

pans(@ —y) =T (ua(z —y), up(x —y)) = T(T(pa(x), pa(y)), T(ps(z), ue(Y)))
=T(T(pa(z), (), T(Ha(y), kB(Y))) = T(1ans (), pans(Y))-
() pans(ry) = T(pa(zy), pa(ry)) > T(pa(r), pa(z)) = pans(T).
3)
vaup(r —y) = C(va(z —y),vp(r —y)) < C(C(va(z),valy)), C(va(x),vp(Y)))

= C(Cva(@),vp()), Cwaly), vs(y))) = Cvaus(x), vaus(y))

@ vavs(zy) = Cvalry),vp(ry)) < Cwale), ve(z)) = vaus().
Hence (AN B) € IFITC(R). O

Corollary 4.7. Let {A; = (ua,;,va,)

(:uﬂAw Mua; )

,...,n} C IFITC(R). Then so does N, =

Definition 4.8. Let A = (u4,v4) and B = (up, vp) be two intuitionistic fuzzy sets in R. Then
the intuitionistic fuzzy product of A and B with respect to a t-norm 7" and a ¢-conorm C'; Ao B
is defined as follows:

forall x € R,

A0 B(x) = (1aop(x), vaop(2))
(ST Galw), ()}, nf {CWaly).v(2))) i =2

(0,1) ifx #yz

Recall that a ring R is said to be regular if for each a € R there exists an z € R such that

a = axra.

Proposition 4.9. Let A = (ua,va) and B = (up,vp) be two intuitionistic fuzzy sets in R. If R
is regular and A, B € IFITC(R), then Ao B = AN B.

Proof. Let + € R and suppose A o B(xz) = (0,1). Then there is nothing to show. Assume
Ao B(x) # (0,1). Then Ao B(x) = (sup{T(na(y), up(2)}; inf {Cvay), va(2)}).

T=yz =yz
Since A, B € IFITC(R),

pa(y) < pa(yz) = pa(x),valy) > valyz) = va(z)
and
1p(2) < pp(yz) = pp(x), ve(2) = ve(yz) = va(z).
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Hence
paop(x) = sup{T (na(y), pp(2)} < T(pa(r), ps(x)) = prans(z)

and
Vo (@) = inf {C(valy).va(2)} > Cval@),vs(e)) = vans(e).

Therefore Ao BC AN B.
Now we show AN B C Ao B. Leta € R and since R is regular so there exists an x € R
such that @ = axa. Hence
pala) = palara) = palar) = pala)
and
va(a) = va(aza) < vy(ax) <wvala)

s0 pia(az) = pa(a) and vy (ax) = va(a). Thus A(az) = A(a). Now

praon(a) = sup{T'(pa(y), pp(2)} = T(palax), pp(a)) (Since a = aza)

a=yz

= T(pala), ps(a)) = panp(a)

and

vaop(a) = inf {C(va(y),ve(2)} < C(valaz),vp(a)) (Since a = aza)

a=yz

C(va(a),vg(a)) = vanp(a).

Therefore ANB C Ao .B
Hence AN B = A o B. This completes the proof. [

Definition 4.10. Let Let ¢ be a morphism from ring R into ring S such that A = (u4,v4) and
B = (up,vp) be two intuitionistic fuzzy sets in R and S respectively.
Forall z € R,y € S, we define

o(A)(y) = (e(pa)(y), e(va)(y))
_ Jsup{pa() |z € Rp(z) =y} inf{va(e) [z € R, p(x) =y}) if o7 (y) #0
(0,1) if o' (y) =10

Also ™! (B)(x) = (¢~ (p)(x), 9~ (v5)(x)) = (uB(0(x)), vB(P(2))).

Proposition 4.11. Let ¢ be an epimorphism from ring R into ring S. If A = (ua,va) €
IFITC(R), then p(A) € IFITC(S).

Proof. Lety,,ys € S. Then
(1)
©(a)(yr — y2) = sup{pa(zy — 22) | 21,20 € R, 0(21) = Y1, 0(72) = y2}

> sup{T (na(z1), pa(r2)) | 21,72 € R, p(x1) = y1, 0(T2) = Y2}
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= T(sup{pa(z1) | 21 € R, o(71) = y1},sup{pa(r2) | 2 € R, @(12) = ya})
= T(p(pa) (Y1), p(1a)(y2))-

2
. p(1a)(yr1y2) = sup{pa(z12s) | 21,22 € R, p(21) = y1, p(22) = y2}
> sup{pa(z1) |21 € Rop(21) = y1} = p(pa)(y1)-
3)
e(wa)(yr — y2) = inf{va(z1 — 22) | 21,22 € R, p(x1) = y1, p(22) = 12}
< inf{C(va(z1),va(z2)) | 21,22 € R, o(21) = 31, p(22) = Yo}
= C(inf{va(z1) |21 € R, p(z1) =y}, inf{va(z) [ 22 € R, p(22) = y2})
= Clo(va)(yr), o(va)(y2))-
“4)
e(va)(y1y2) = nf{va(z122) | 21, 22 € R, p(x1) = y1, p(22) = 32}
< inf{va(z1) [ 21 € R, o(z1) = y1} = @(va) ().
Hence ¢(A) € IFITC(S). O

Proposition 4.12. Let Let ¢ be a morphism from ring R into ring S.If B = (up,vg) € IFITC(S),
then ¢! (B) € IFITC(R).

Proof. Letxy,x5 € R.

)]
o () (21 — 22) = ppp(rr — 22)) = pp(e(rr) — o(2))
> T(us(p(r1)), psp(r2))) = T (up)(21), ¢~ (1p)(22)).
2
© (pup)(172) = pp(p(r172)) = pp(P(1)P(22))
> pp(e(z1)) = o (up)(z1).
3)

SO_I(VB)(ZLH — x3) = vp(p(z1 — 22)) = vB(P(21) — (72))
< C(vp(p(x1)), va(p(22))) = Cle™ (vB) (1), ¢~ (VB)(22)).

(4) o7 (vB)(1172) = vp(p(r122)) = vB(0(21)@(2)) < vB(p(21)) = 0~ (vB)(21).
Thus ¢~ *(B) € IFITC(R). O

Definition 4.13. Let A = (ua4,v4) and B = (up,vp) be two intuitionistic fuzzy sets in R and
S, respectively. The direct product of A and B, denoted by A x B = (ua X up,va X vp),
is an intuitionistic fuzzy set in R x .S such that for all  in R and y in S,(ua X up)(x,y) =

T(pa(x), pp(y)) and (va x vp)(z,y) = C(va(z), vp(y))

Proposition 4.14. If A; = (ua,,va,) € IFITC(R;) fori = 1,2, then A; X Ay € IFITC(R; X R»).
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Proof. Let (x1,v1), (z2,y2) € Ry X Ry. Then
(1
(ay X pag) (21, 91) = (22,92)) = (a, X pa,) (@1 — T2, 91 — ¥2)

= T(:U’Al (561 - 232), KA, (Z/l - y2)) > T(T</~LA1 (xl)v :uAl(x2>>7 T(/J’Az (yl)v :qu(y2>>>
= T<T(:uz41 (m1)7 KA, (yl))a T(Mx‘h ($2)7 KA, (yQ))) = T((:u/h X :uA2)(x17 y1)7 (:UJA1 X N:‘b)(x% y2))

()
(pay, ¥ pay) (w1, y1) (T2, Y2)) = (A, X pa,) (@172, Y132)

= T'(pa, (2172), pray (Y192)) = T(pa, (21), pa,(y1)) = (pa, X pay) (@1, 1)
(3)

(VAl X Mz‘b)((‘rl?yl) - <x27y2>> = (VAl X VA2)('T1 — T2, Y1 — y2)
= C(Vz‘h (‘Tl - xQ)’ I/AQ(yl - y?)) < C(C(V/h(wl)’ VA1(x2)>’ C(VAz(yl)v VAz(yQ)))
= C(O(Vz‘h (1‘1), VA2<y1))’ C(VAI (‘T?)v VAQ(yQ))) = O((Vz‘h X VA2)('T1ay1)7 (VAl X VA2)<x2’y2))‘
4)

(Va, X va)) (21, 1) (72, y2)) = (Va, X va,) (2122, Y172)
= C(VAl (ZL‘1I2>,VA2(y1y2)) < O(Vz‘h (5(71), VAQ(?ﬁ)) - (VA1 X VA2)(x1ay1)'
Then Al X AQ S IFITC(R1 X RQ) O

Corollary 4.15. Let A; = (pa,,va,) € IFITC(R;) fori =1,2,...,n. Then
Ay X Ay X ... x A, €IFITC(R; X Ry X ... X R,,).

Next we will introduce the concept of intuitionistic fuzzy set in R/I.

Definition 4.16. A = (p4,v4) € IFS(R) and I be an ideal of R.
Define A* = (jua+,va+) € IFS(R/I) by

pia-(x + 1) = { T(MA(x),Ma(i()); iii 7:2
and | | .
oot ={ S

forallz € Randi € [.

Proposition 4.17. Let A = (ua,va) € IFITC(R). If T and C be idempotent, then
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Proof. Letx + I,y+ I € R/I andi € [ such that x # i # y.
(D
pa((@+1) = (y + 1)) = pa-((x — y) + 1) = T(palz = y), pa(9))

> T(T(palx), pa()), pa(i)) = T(T(pa(x), pa(y)), T(pa(i), pali)))
= T(T(palx), pa()), T(paly), pa(@))) = T(pa- (@ + 1), pa-(y + 1)).

(
@) pa (@ + 1) (y+1)) = pa- ((zy) +1) = T(palzy), pa(i)) = T(pa(x), pa(i)) = pas(x+1).
3)

)
);

vas((z +1) = (y + 1)) = va-((x —y) + 1) = Cvalz — y),va(i))
< C(Clvalx), valy)),vali)) = C(Cvalx), va(y)), C(va(i), va(i)))
= C(Cwalx),va(i)), Cwaly), va(i))) = Clva(x + 1), va-(y + 1)).
)

@ va((x+ D)y + 1)) = va-((zy) + 1) = Clvalzy),va(i)) < Clva(z),vali)) = va-(z +
0. O
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