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ABSTRACT. The notions of regular uni-soft filters, uni-soft MV -filters and Boolean uni-soft
filters are introduced, and related properties are investigated. Characterizations of regular
uni-soft filters, uni-soft MV -filters and Boolean uni-soft filters are discussed.Relations
between regular uni-soft filters and uni-soft M V-filters are considered. It is shown that
the notion of a uni-soft MV -filter coincides with the notion of a regular uni-soft filter in
BL-algebras.

1. Introduction

Certain information processing is based on the classical logic, and so it is neces-
sary to establish some rational logic systems as the logical foundation for uncertain
information processing. Non-classical logic has become a formal and useful tool
for computer science to deal with uncertain information and fuzzy information.
Also, several logical algebras, so called BCK/BCI-algebras, residuated lattices,
MYV -algebras, BL-algebras, Glodel algebras, lattice implication algebras, MT L-
algebras, N M-algebras and Ry-algebras, and forth, have been proposed as the
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semantical systems of non-classical logic systems. Among these logical algebras,
residuated lattices are very important and basic algebraic structures because the
other logical algebras are particular cases of residuated lattices. The filter theory of
the logical algebras plays an important role in studying these algebras and the com-
pleteness of the corresponding non-classical logics. Uncertainties can’t be handled
using traditional mathematical tools but may be dealt with using a wide range of
existing theories such as the probability theory, the theory of (intuitionistic) fuzzy
sets, the theory of vague sets, the theory of interval mathematics, and the theory
of rough sets. However, all of these theories have their own difficulties which are

pointed out in [19]. Molodtsov [19] and Maji et al. [18] suggested that one reason
for these difficulties may be due to the inadequacy of the parametrization tool of
the theory. To overcome these difficulties, Molodtsov[19] introduced the concept

of soft set as a new mathematical tool for dealing with uncertainties that is free
from the difficulties that have troubled the usual theoretical approaches. Molodtsov
pointed out several directions for the applications of soft sets. At present, works on
the soft set theory are progressing rapidly. The algebraic structure of set theories
dealing with uncertainties has been studied by some authors. The most appro-
priate theory for dealing with uncertainties is the theory of fuzzy sets and soft
sets. Recently, sever researchers studied soft set theory in algebraic structures (see
[1, 2, 3,4, 8 10, 12, 13, 14, 15, 20, 24]). Jun (together with colleagues) discussed
union-soft sets with applications in BCK/BC1I-algebras (see [11, 17]). Jun and Song
[16] introduced uni-soft filters and uni-soft G-filters in residuated lattices, and in-
vestigated their properties. They considered characterizations of uni-soft filters and
uni-soft G-filters. They also provided conditions for a uni-soft filter to be a uni-soft
G-filter.

In this paper, we define regular uni-soft filters, uni-soft MV -filters and Boolean
uni-soft, and investigates related properties. We discuss characterizations of reg-
ular uni-soft filters, uni-soft MV -filters and Boolean uni-soft filters, and consider
relations between regular uni-soft filters and uni-soft MV -filters. We show that the
notion of a uni-soft MV-filter coincides with the notion of a regular uni-soft filter
in BL-algebras.

2. Preliminaries

A residuated lattice(see [5, 7, 9]) is an algebra £ := (L, V,A,®, —,0, 1) of type
(2,2,2,2,0,0) such that

(1) (L,V,A,0,1) is a bounded lattice,
(2) (L,®,1) is a commutative monoid,
(3) ® and — form an adjoint pair, that is,

Ve,y,zeL)(x<y—2z & 20y <z).
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A residuated lattice £ is called a BL-algebra if it satisfies:

(2.1) (Ve,ye L) (zAy=20 (z —vy)),
Vz,ye L) ((z—=y)V(y—ax)=1).

In a residuated lattice £, the ordering < is defined as follows:
(Ve,ye L) (z<y & zAy=2 & azVy=y & z—=>y=1)

and z’ will be reserved for  — 0, and z” = (2')’, etc., for all x € L.

Proposition 2.1.([5, 7, 9, 22, 23]) In a residuated lattice L, the following properties
are valid.

(2.3) losz=z,z—=1=1L2—-2=1,0—-z=1, - (y—z)=1
(2.4) r=(y—=2)=(0y) 2 z=y— (x> 2).

(2.5) <y => 22 <z—>y, y—2<1— 2

(2.6) zoy<(z—=z2)=(x—y), 2=2y<(y—z)— (2> ax).

(2.7) =2" x<2", 1"=0, 0 =1.

A nonempty subset F' of a residuated lattice £ is called a filter of £ (see [21])
if it satisfies the conditions:

(2.8) (Vz,ye L) (z,ye F = z0QyeF),
(Vx,ye L)(z€F, z<y = yeF).

Proposition 2.2.([21]) A nonempty subset F' of a residuated lattice L is a filter of
L if and only if it satisfies:

(2.10) 1eF,
(2.11) VeeF)(WVyel)(x—yeF = yekF).

A nonempty subset F' of £ is called a G-filter of L(see [25]) if it is a filter of £

that satisfies the following condition:
(2.12) Vz,ye L)((zx0z) wyeF = z—yekF).

A subset F of £ is called an MV-filter of L(see [26]) if it is a filter of £ that
satisfies:

(2.13) (Ve,yeL)(y—zeF = ((x—y)—y) —z€F).
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Lemma 2.3.([20]) A filter F of £ is an MV -filter of L if and only if it satisfies
the condition:

(2.14) (Vz,ye L) ((z—=y)—=y) = (y—=2x)—>2x)eF).

A nonempty subset F' of £ is called a Boolean filter of a residuated lattice £
(see [21]) if it is a filter of £ that satisfies the following condition:

(2.15) (VzeL)(xva €F).

Zhu and Xu [20] introduced the notion of a regular filter in a residuated lattice.
A filter F of £ is said to be regular(see [26]) if it satisfies the following condition:

(2.16) (VxeL)(z' —wx€F).

Lemma 2.4.([26]) Let F be a filter of L. Then the following assertions are equiv-
alent:
(1) F is regular.
(2) Vz,yeL)(2' y€eF = ¢y -z €F).
A soft set theory is introduced by Molodtsov [19], and Cagman et al. [6] provided
new definitions and various results on soft set theory.
In what follows, let U be an initial universe set and F be a set of parameters.

Let #(U) denotes the power set of U and A, B,C,--- C E.
A soft set (see [6, 19]) (f, A) over U is defined to be the set of ordered pairs

(F.4) = { (@ fa@) 12 € B, falx) e 2(U) },

where fu : E — P(U) such that f(z) = 0 if z ¢ A. The soft set (f, A) is simply
denoted by f A-

For a soft set fa over U and a subset 7 of U, the r-exclusive set of fa, denoted
by e(fa;7), is defined to be the set

e(fa;T) = {x €Al falz)C 7'}.

3. Regular Uni-soft Filters and Uni-soft MV -filters
In what follows, we take a residuated lattice £ as a set of parameters.

Definition 3.1.([16]) A soft set f; over U is called a uni-soft filter of £ if it satisfies:

(3.1) (Vz,y € L) (a: <y = fe(z) 2 L(y)) :

(3:2) (va,y € L) (fe(@) U fe(y) 2 fel@ O p) -
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Definition 3.2.([16]) A soft set fz over U is called a uni-soft G-filter of £ if it is

a uni-soft filter of £ that satisfies:
(3.3) (va,y e L) (fe(@oa) > y) 2 fe(a =) -

Note that the condition (3.3) is equivalent to the following condition:

(3.4) (vaye L) (felw > @ —1) 2 felz—y)).

Proposition 3.3.([10]) Every uni-soft filter fz of £ satisfies:

(3.5) (Vo e L) (fe(@) 2 fe(1)).
(3.6) (va,y € L) (fe(@) U fe(z = 9) 2 o))

Definition 3.4. A uni-soft filter f- of £ is said to be regular if it satisfies:

(3.7) (Vz € L) (fL (@ — z) = fﬁ(l)) :

Example 3.5. Let L := [0, 1] (unit interval). For any a,b € L, define

aVb=max{a,b}, a Ab=min{a,b},

b 1 if a <b, and @G b— 0 if a+b<1,
“ | (1—a)Vvb otherwise, HEAEPZ U aAb  otherwise.

Then (L,V,A,®,—,0,1) is a residuated lattice (see [20]). Let f be a soft set over
U = [0, 1] defined by

(z,1] if = €][0.5,1],
U otherwise.

fo:L— 2U), x»—>{

Then f is a regular uni-soft filter of £.

Theorem 3.6. For a uni-soft filter fr of L, the following assertions are equivalent:
(1) fe is regular.
2) fel@ =) 2 fely— ) for allz,y € L.

(3) fe(a' —y) D fely — ) for allz,y € L.



90 G. Muhiuddin, C. H. Park and Y. B. Jun

Proof. Assume that fL is a regular uni-soft filter of £ and let x,y € L. Using (2.5)
and (2.7), we have
xl - yl g y// - x/l g y - "I/'I/.

It follows from (2.6) and (2.5) that

~—
@
i

and so from (3.5), (3.7) and (3.6) that

fe@ = o) = fe(@ = o) U fe(1)
= fe(@ =) U fe(a” — x)
D fel@ =) U fe((@ —¢) = (y = )
D fely — ).

Hence the second condition holds. Since 2’ — y <3’ — 2", we have
=<y =)=y —x)< (@ =y = (Y =)
by (2.6) and (2.5). It follows from (3.5), (3.7) and (3.6) that

fL(fC/—>y)= (T =y

which shows that the third condition holds.
Next, suppose that the second condition is valid. The condition (2.7) together
with the second condition induces

fe(l) = fe(@' = a") D fe(a" — )

for all 2 € L, and so fg (2" — ) = f(1). Hence f; is regular.
Finally, assume that the third condition is valid. Since 2’ — 2’ = 1 for all
x € L, it follows from (3) that

fe) = fe(@ =) 2 fe(a” — x),
and that fz (2" — x) = fz(1) by (3.5). Therefore f; is regular. O

Lemma 3.7.([10]) A soft set fc over U is a uni-soft filter of £ if and only if it
satisfies two conditions (3.5) and (3.6).
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Theorem 3.8. A soft set fL over U is a reqular uni-soft filter of £ if and only if
it satisfies the condition (3.5) and

(3.8) fe(@)Ufelz = (@' = y) 2 fely = a)
forall x,y,z € L.

Proof. Assume that f. is a regular uni-soft filter of £. Clearly the condition (3.5)
holds. Using (3.6) and Theorem 3.6(3), we get

fe()Ufe(z = (2" = y) 2 fela’ = y) 2 fely — 2)

for all z,y,z € L.

Conversely, suppose that f. satisfies two conditions (3.5) and (3.8). Let z,y €
L. Sincer wy=z—=(1—=y)=2z—=>0 -y andy’ =1-9y"=1— (y = 0),
it follows from (2.3), (3.5) and (3.8) that

fe(@ = y)=fc(l— (2" —y))
=fe(MUfe(1 = (2 =)
) fﬁ(y/ — ).

Therefore fL is a regular uni-soft filter of £ by Lemma 3.7 and Theorem 3.6.
O

By the similar way to the proof of Theorem 3.8, we have the following charac-
terization of a regular uni-soft filter.

Theorem 3.9. A soft set fL over U is a reqular uni-soft filter of £ if and only if
it satisfies the condition (3.5) and

(3.9) Fe(2)Ufe(z—= (@ = y) 2 fe(y— )

for all x,y,z € L.

Lemma 3.10.([16]) A soft set fe over U is a uni-soft filter of £ if and only if the
nonempty T-exclusive set of fr is a filter of L for all 7 € P (U).
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Theorem 3.11. A soft set fL over U is a reqular uni-soft filter of £ if and only if
the nonempty T-exclusive set of fr is a regular filter of £ for all T € 2 (U).

Proof. Assume that fg is a regular uni-soft filter of £. Let 7 € &(U) be such that
e(fo;7) # 0. Since fg is a uni-soft filter of £, the set e(fg;7) is a filter of £ by
Lemma 3.10. Let x,y € L be such that 2’ — y € e(fg, 7). Then 7 D fr (2’ — y) D
fe (y" — x) by Theorem 3.6, and so y' — x € e(fL, 7). Hence e(fL;T) is a regular
filter of £ by Lemma 2.4.
Conversely, suppose that e(fL,T) is a regular filter of £ for all 7 € Z(U) with
e(fo;7) # 0. Then e(fg;7) is a filter of £, and thus f; is a uni-soft filter of £ by
Lemma 3.10. For any z,y € L, let fe(2/ — y) = 0. Then ' — y € e(fe; d) which
implies from Lemma 2.4 that v — z € e(f¢;0). Hence fe(z/ —y) =8 D fe(y —
x), and so fe is a regular uni-soft filter of £ by Theorem 3.6. O

Theorem 3.12. For any regular filter F' of £, there exist a reqular uni-soft filter
feo of £ such that F = e(fz;7) for some € P(U) with T # U.

Proof. Let f¢ be a soft set over U defined by

T if zekF,
U otherwise,

fo:L— 2U), a:»—>{

where 7 € 2(U) with 7 # U. Since 1 € F, we have fz(z) 2 7 = fg(1) for all
x € L. Let z,y,z € L. f z € Fand z = (¢/ — y) € F, theny — x € F by
Proposition 2.2 and Lemma 2.4. Hence

fe()Ufe(z— (@ =) =7=fo(y — ).
Suppose that z ¢ F or z — (' — y) ¢ F. Then fg(z) =Uor fe(a! —y) =U,
and so

fe(2)Ufe(z = (@ = y) =U 2 fely — ).

Therefore fc is a regular uni-soft filter of £ by Theorem 3.8. Obviously, F =
e(fe;T). O

Definition 3.13. A soft set f; over U is called a uni-soft MV -filter of £ if it is a
uni-soft filter of £ with the following additional condition:

(3.10) (va,y € L) (Fely = 2) 2 fe(((w > y) > ) = ).

Theorem 3.14. A soft set fr over U is a uni-soft MV -filter of £ if and only if it
satisfies the condition (3.5) and

(3.11) Fe(@)Ufelz = (y =) 2 fe(((z = y) = y) = 2)

forall x,y,z € L.
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Proof. Assume that f is a uni-soft MV-filter of £. Using (3.6) and (3.10), we have

Fe()Ufe(z = (y = @) 2 foly = @) 2 fe((z = y) = y) = @)

for all x,y € L. R
Conversely, let f; be a soft set over U which satisfies two conditions (3.5) and
(3.11). Taking y := 1 in (3.11) and using (2.3) induces the condition (3.6). Hence

fe is a uni-soft filter of £ by Lemma 3.7. If we take z := 1 in (3.11) and use (2.3)
and (3.5), then we know that f satisfies the condition (3.10). Therefore f is a
uni-soft MV -filter of L. o

Theorem 3.15. A soft set fc over U is a uni-soft MV -filter of £ if and only if it
s a uni-soft filter of £ that satisfies the following assertion:

(3.12) fell@—=y) =) = ((y = 2) = 2)) = fe(1)

for all x,y € L.

Proof. Assume that fe is a uni-soft MV-filter of £. Then fg is a uni-soft filter of
L, and so e(fg;7) is a filter of £ for all 7 € Z(U) with e(fg;7) # 0 by Lemma
3.10. In particular, ffL-(l) is a filter of £. Let z,y € L be such that y — = € ff/;(l)'
Then

feM) 2 fely = 2) 2 fel((@ = y) = y) — ),
and so ((z > y) > y) >z € ffﬁ(l)' Therefore ff}(l) is an MV-filter of £, and
thus }
(x=y)=y) =y =) =) € ff

by Lemma 2.3. Hence fe) D fel((x—y) = v) = (v — x) — x)), which implies
from (3.5) that fz(((x = y) = y) = ((y = x) = ) = f(1).

Conversely, let f; be a uni-soft filter of £ that satisfies the condition (3.12).
Using (3.5), (3.12), (2.4) and (3.6), we obtain

(z—=y) =y = (y— )= 2)

y—=x) = (2 —=y) = y) =)

Therefore fr is a uni-soft MV -filter of £. a

Theorem 3.16. Every uni-soft MV -filter is a reqular uni-soft filter.

Proof. Let fg be a uni-soft MV-filter of £. If we take y := 0 in (3.10) and use
(2.3), then

fe(1) = fe(0=2) 2 fe(((x = 0) = 0) = 2) = fo(a” — )
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and so fz (2" — x) = f(1). Therefore f¢ is a regular uni-soft filter of £. O

The converse of Theorem 3.16 is not true in general as seen in the following
example.

Example 3.17. Let £ := (L,V,A,®,—,0,1) be the residuated lattice which is
given in Example 3.5. Let F' := (¢, 1] for any ¢ € L. Note that if ¢ € [0.5,1] then
F is a regular filter of £. But, if ¢ € (0.7, 1] then F' is not an MV -filter of £ since
04— 07=1¢€¢ F, but ((0.7— 0.4) — 0.4) — 0.7 = 0.7 ¢ F. Hence the soft set
fL over U which is given as follows:

T ifxzekl,
U otherwise,

fo:L— 2U), :c»—>{

where 7 € Z(U) with 7 # U is a regular uni-soft filter of £. But, since
fe(04 =07)=fe(1) =72 U = f£(0.7) = fo(((0.7 = 0.4) = 0.4) = 0.7).

Therefore JE[, is not a uni-soft MV -filter of L.

In a BL-algebra, the converse of Theorem 3.16 is true which is shown in the
following theorem.

Theorem 3.18. In a BL-algebra L, the notion of a uni-soft MV -filter coincides
with the notion of a reqular uni-soft filter.

Proof. Based on Theorem 3.16, it is sufficient to show that every regular uni-soft
filter is a uni-soft MV -filter. Let f; be a regular uni-soft filter of £ and let z,y € L.
Then fz(z' — y') D fc(y — ) by Theorem 3.6. Since y — = < 2’ — 3/, we have
fely = x) D fe(z' = y') by (3.1). Hence

fely—a)=fel@ —y) = fel@ = (&' =)
=fel@ = W oW =)
=fel@ = W o@—>y")
=fe((y © (@ —=y") — )
=fe(((@—=y") = (/ = 0) > )
=fel((x—=y") > y") = x)

and

(z—=y") = (z—y)
(z=y) =9") = (z=y") = y")
(z=9") =y") = 2) = (((z =y) = y") —2)).
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It follows that
fely—=a)=fely = 2)U fe(1)
2 fe((@—=y") = y") =)
Ufe((((@=y") = y") = 2) = (@ = y) = y") =)
(= y) = y") =)

—~~

DfL

(

Therefore f ¢ is a uni-soft M V-filter of L. |

Definition 3.19. A uni-soft filter f; of £ is said to be Boolean if the following
assertion is valid.

(3.13) (Vz € L) (fL (zVa') = fL(1)> .

Theorem 3.20. A uni-soft set f[, on L is a Boolean uni-soft filter of £ if and

only if the nonempty T-exclusive set e(fL;T) on L is a Boolean filter of £ for all
Te2U).

Proof. Suppose that fg is a Boolean uni-soft filter of £ and let 7 € 2(U) With

e(fe;7) # 0. Then e(fe; 7) is afilter of £, and so 1 € e(fo;7), thatis, 7 D fe (1 ),
follows from (3.13) that 7 D f (1) = fe(2Va') for all z € L. Hence a:\/x’ €e(fe; )
for all x € L, and therefore e(fL;T) is a Boolean filter of £.

Conversely assume that e(fg;7) is a Boolean filter of £ for all 7 € Z2(U) with
e(fe;7) /M. Then e(fe;7) is a filter of £, and so fg is a uni-soft filter of £.
Note that 1 E~€(f~g;f~g(1)). Since 6(f5;]§5(1)) is a Boolean filter of £, we have
eV a' €e(fe; fo(1)) for all & € L. Hence fe(zVa') = fc(1), and therefore fcisa
Boolean uni-soft filter of £. o

Theorem 3.21. Let f. and o be uni-soft filters of £ such that fL( )=g(1) and
fe 2 gc, ie. f@( ) 2 ge(x) for allz € L. If f is a Boolean uni-soft filter (resp.,
a uni-soft MV-ﬁlter) of L, then so is g .

Proof. Assume that f¢ is a Boolean uni-soft filter of £. Then fr(zV a') = fr(1)
for all x € L. Using two conditions, we have

(3.14) geleva') C fe(ava') = fo(l) = ge(1)

for all z € L. Combining (3.5) and (3.14) implies that gz (zVz') = gz (1). Therefore
gc is a Boolean uni-soft filter of £.
Now suppose that f is a uni-soft MV -filter of £. Using Theorem 3.15, we have
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and so go(((z = v) =2 v) = (y = z) = x) = g (1) for all z,y € L. Tt follows
from Theorem 3.15 that g is a uni-soft MV -filter of L. a

Acknowledgements. The authors are highly grateful to referees for their valuable
comments and suggestions for improving the paper.

References
[1] U. Acar, F. Koyuncu and B. Tanay, Soft sets and soft rings, Comput. Math. Appl.,
59(2010), 3458-3463.
[2] S. S. Ahn, N. O. Alshehri and Y. B. Jun, Int-soft filters of BE-algebras, Discrete
Dyn. Nat. Soc., 2013, Art. ID 602959, 8 pp.
[3] H. Aktag and N. Cagman, Soft sets and soft groups, Inform. Sci., 177(2007), 2726
2735.
[4] A. O. Atagiin and A. Sezgin, Soft substructures of rings, fields and modules, Comput.
Math. Appl., 61(2011), 592-601.
[5] R. Belohlavek, Some properties of residuated lattices, Czechoslovak Math. J.,
53(123)(2003), 161-171.
[6] N. Cagman and S. Enginoglu, Soft set theory and uni-int decision making, Eur. J.
Oper. Res., 207(2010), 848-855.
[7] F. Esteva and L. Godo, Monoidal t-norm based logic: towards a logic for left-
continuous t-norms, Fuzzy Sets and Systems, 124(2001), 271-288.
[8] F. Feng, Y. B. Jun and X. Zhao, Soft semirings, Comput. Math. Appl., 56(2008),
2621-2628.
[9] P. Hajek, Metamathematics of Fuzzy Logic, Kluwer Academic Press, Dordrecht, 1998.
[10] Y. B. Jun, Soft BCK/BCI-algebras, Comput. Math. Appl., 56(2008), 1408-1413.
[11] Y. B. Jun, Union-soft sets with applications in BCK/BCI-algebras, Bull. Korean
Math. Soc., 50(6)(2013), 1937-1956.

[12] Y. B. Jun, S. S. Ahn and K. J. Lee, Intersection-soft filters in Ro-algebras, Discrete
Dyn. Nat. Soc., 2013, Art. ID 950897, 7 pp.

[13] Y. B. Jun, K. J. Lee and C. H. Park, Soft set theory applied to ideals in d-algebras,
Comput. Math. Appl., 57(2009), 367-378.

[14] Y. B. Jun, K. J. Lee and J. Zhan, Soft p-ideals of soft BCI-algebras, Comput. Math.
Appl., 58(2009), 2060-2068.

[15] Y. B. Jun and C. H. Park, Applications of soft sets in ideal theory of BCK/BCI-
algebras, Inform. Sci., 178(2008), 2466-2475.

[16] Y. B. Jun and S. Z. Song, Uni-soft filters and uni-soft G-filters in residuated lattices,
J. Comput. Anal Appl., 20(2)(2016), 319-334.

[17] Y. B. Jun, S. Z. Song and S. S. Ahn, Union soft sets applied to commutative BCI-

algerbas, J. Comput. Anal Appl., 16(3)(2014), 468-477.



18]

[19]
[20]

21]
[22)
23]
[24]
[25)

[26]

Relations between Regular Uni-soft Filters and Uni-soft MV -filters 97

P. K. Maji, A. R. Roy and R. Biswas, An application of soft sets in a decision making
problem, Comput. Math. Appl., 44(2002), 1077-1083.

D. Molodtsov, Soft set theory - First results, Comput. Math. Appl., 37(1999), 19-31.

C. H. Park, Y. B. Jun and M. A. Oztiirk, Soft WS-algebras, Commun. Korean Math.
Soc., 23(2008), 313-324.

J. G. Shen and X. H. Zhang, Filters of residuated lattices, Chin. Quart. J. Math.,
21(2006), 443-447.

E. Turunen, BL-algebras of basic fuzzy logic, Mathware & Soft Computing, 6(1999),
49-61.

E. Turunen, Boolean deductive systems of BL-algebras, Arch. Math. Logic, 40(2001),
467-473.

J. Zhan and Y. B. Jun, Soft BL-algebras based on fuzzy sets, Comput. Math. Appl.,
59(2010), 2037-2046.

X. H. Zhang and W. H. Li, On fuzzy logic algebraic system MTL, Adv. Syst. Sci.
Appl., 5(2005), 475-483.

Y. Q. Zhu and Y. Xu, On filter theory of residuated lattices, Inform. Sci., 180(2010),
3614-3632.



