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Dodecagonal Fuzzy Number (DDFN)

P. Sdvam* A.Rakumar** and J.Sudha Easwari ***

Abstract : Nowadays fuzzy numbers has been developed and applied in various field. In this paper we define
Dodecagonal Fuzzy Number with linguistic valuesisintroduced and also includes thebasi ¢ arithmetic operations
like addition, subtraction, multiplication, division and symmetric image by means of alpha cut with numerical
examples.

Keywords : Fuzzy numbers, Fuzzy Arithmetic, Linguistic values, Dodecagonal Fuzzy Number(DDFN), alpha
cut, Function Principles.

1. INTRODUCTION

In 1965 fuzzy set theory wasintroduced by Lotfi.A.Zadehand it is used to assessthe graded membership
functiondescribed intheinterval [0,1]. But it isincomplete and imprecise. Interval arithmetic was developed by
Dwyer in1951. After that in 1978 D.Duboisand H.Pradedefined any of the fuzzy numbers asafuzzy subset of the
line. Afuzzy number isaquantity whosevaueispreciserather than exact asinthe casewithordinary snglevalued
numbers. Based on the membership function, fuzzy numbersare classified into triangular fuzzy number, trapezoidal
fuzzy number, interval value etc., fuzzy numbers are used to present real numbersin afuzzy environment for
analyzing fuzziness and fuzzy datathat have various application asinlinguistic, control, database system. Inthis
paper anew operation of dodecagona fuzzy numbers has beenintroduced along with uncertain linguistic termand
arithmetic operations of fuzzy number isalso defined. Thismethod isuseful intwelve different point.

2.PRELIMINARIESAND NOTATIONS

2.1. Définition: Fuzzy set

A fuzzy set ischaracterized by amembership function mapping the eementsof adomain, spaceor universe of
discourse X to theunit interval [0, 1].

Afuzzy set Ainauniverseof discourse X isdefined asthefollowing set of pairs.
A = {(x 1a(0); & X}

Herep,: X — [0, 1] isamapping called the degree of membership function of thefuzzy set A and p, (X) is
called the membership value of x € X inthefuzzy set A. These membership gradesare often represented by reel
numbersranging from|[0, 1].

2.2. Définition : a-cut set [2][3]:
Thea -cut setA  ismade up of members whose membership isnot lessthan .
A, = {xeX () > a}
notethat o isarbitrary. Thiso -cut setisacrisp set.
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1 if >
For al x, a. € [0, 1] the upper a-cut of x isdenoted as x(a) and isdefined as x* = {O I_f X;a
if x<a

and the lower o-cut of xisdenoted asx(a) and isdefined as x = {X it x>a

0 if x<a

2.3. Definition(Fuzzy number)
A fuzzy set A defined on the set of real numbersR issaid to beafuzzy number if its membership function
A : R ——]0,1] hasthefollowing definitions
» Convexfuzzy set: Afuzzy setA of X iscaled convex if *[A] isaconvex subset of X, v a € [0, 1]

* Normal fuzzy set : Afuzzy set A of theuniverseof discourse X iscaled anormal fuzzy set implying that
thereexistsat least onex e X suchthat p,(x) = 1.

* A lismembership function ispiecewise continuous.
» Aisdefinedinthereal number.

2.4. Definition

A linguistic variable/termisavariable whose valueis not crisp number but word or sentencein anatural
language.
2.5. Definition

If S=5,,5.S;,-.-,S, beafiniteand totally ordered set with odd linguistic termswhere s denotestheit
linguigticterm, i € 0,1,2,...,g thenwecall set Sthelinguistictermset and (g + 1) the cardindlity of S. It isusualy
required that set Shasthefollowing properties:

1. Thesetisordered: s >s; ifi>]

2. Thereisanegation operator : neg(s) = S suchthatj=g-1

3. Maximization operator : max (s, sj) =sif § >

4. Minimization operator : min(s,§) =sif § <s,
The uncertain linguistic termisagenerdization of cognitiona expressonsto fuzzinessand uncertainty.
Weintroduceitsdefinition of uncertainlinguistic term below.

2.6. Definition

Let S=5,5,,,..§, Where .5 ;... €S, § >5,,§ ands, arethelower and upper limits, |,u€ 0,1,...,g

respectively, Thenwecall S theuncertain linguistic term.

For smplicity, weexpressas. Here, thegreater (u—1) is, thegreater the fuzzinessand uncertainty degree of
will be. Particularly, if | = u, then isreduced to acertain linguistic term.

For example, inthe process of aventure decision, experts may uselinguistic term set

S=s,: Nolnfluence s:VeryLow, s,:Low, s,:Medium, s, : Highands;: Very Highto expresshis/her
opinion onthecorrdation between women'seducation development and society development. One expertsjudgment
may be at least High, which can be expressed by anuncertain linguistic term(s,, s,]. If his’her judgment isHigh,
thenit canbe expressed by anuncertainlinguigticterm [s;,,s,].
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3. DODECAGONAL FUZZY NUMBERS(DDFN)
Definition 3.1

A fuzzy number A, is a dodecagona fuzzy number denoted by A_, =(a,,a,,a,,a,,8,8;.a,,

a,,8,,8,,,8,,,8,) Where a,,a,,a,,8,,...,,84,3,,,a,,, 3, are real numbers and its membership function
Ha_ (X) isgivenby

1 x—al]
= 4 =X
S, -8
1 1 x—a,
4= <x<
5+5 a,—a, BSXZG
2 1| x—a
—+= <x<
55 a,—a, BEXSE,
3 1| x—3q,
24z <x<
5-|-5 a_a, a, <x<ag
4 1| X—ag
—+= <x<
5+5 a5 —a, BZX25
1 a;, <x<aq
Hams ~ 1
o X2 a <x<a,
S 8-
4 1| X—a
—-——= <x<
5 5a9—ag] wEES
3 1| x—a,

——= <x<
5 Saio—ag] R
2_1) x=a <x<
5 5 a11_a10] Fo =X
1 au—x] <x<
S[alz—aﬂ ;S Xsa,

0 X<a&X>a,

The derived dodecagonal fuzzy number fromthe uncertainlinguisticterm [s ,s,] isshownin Fig. 2. Thus,

the aggregation operations of uncertain linguistic terms can be achieved by the operations of dodecagonal fuzzy
numbers.

Table. 1. Dodecagonal fuzzy linguistic scale.

Linguistic terms Linguistic values

No development (0,0,0,0,0,0,0.2,0.4,0.6,0.8,1.0,1.2)

Very Low development (0.2,0.4,0.6,0.8,1.0,1.2,1.4,1.6,1.8,2.0,2.2,2.4)
Low development (1.4,1.6,1.8,2.0,2.2,2.4,2.6,2.8,3.0,3.2,3.4,3.6)
Medium (2.6,2.8,3.0,3.2,3.4,3.6,3.8,4.0,4.2,4.4,4.6,4.8)
High development (3.8,4.0,4.2,4.4,4.6,4.8,5.0,5.2,5.4,5.6,5.8,6.0)

Very High development (5.0,5.2,5.4,5.6,5.8,6.0,6.2,6.4,6.6,6.8,7.0,7.2)
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Fig. 1. Graphical representation of a normal octagonal fuzzy numbers for x e [0,1]
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Fig. 2. The dodecagonal fuzzy numbers from uncertain linguigtic term [S, S].

Notation 3.2. Arithmetic fuzzy numbersaredenoted by AA S5 and AB; . Linguistic variabletransformed
into dodecagonal fuzzy numbers[s;, s;] and [s,,§] isdenoted by LAsand LB
4. OPERATIONSOFDODECAGONAL FUZZY NUMBERS
Definition 4.1

Let A5 and B betwo arbitrary uncertain linguistic termsand A5 = (&,,8,,85,8,,-.,84,3,&,) and
Bss = (I, b2 b,.b,,..., b10 b,.b,) bether corresponding dodecagonal fuzzynumbersthen

1. Addition: A5 (+)Bgs =(a, +,a, +b,,a,+b,,a, +b,,....a +by,a, +by,a, +by,a,+b,)

2. Subtraction: Aﬁ(_)Bﬁ = (81 - b12 Wy — bu'as - b10 ----- a — bS’ag - b4!a10 - b3'au - bz'aiz - bl)
(a*bAra*b,Na,*bAa,*b,) (8% b Ag* b, Ag, " b, AR * D).
& bAa*bAg* b Ag* ) (a* bAg* b A A D),

(a*bva*b,va*bva*b)(a*bva*hva* b va*h),.
(&*bVva,*h,va,*b va,* by )(a*h va*hb,vVa,*hva,* by)

X

3. Multiplication: Azs* Bz =

L T I L N I T TR ) I N
- blblzblblz b, b, b b)) (b b b b
4. Division: =
DD 5\/86\/87\/617 a'z\/i\/ﬂ\/aﬂ aiva1\/aizvaiz
b, b, b b)) |b b, b bJibh b, b b
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Excluding thecase b, =0 or b,=00or b=00or b,=00r b;=00or by=0o0r b, =0 or b, =0
orb,=00r b,=00rb,=00rb,=0

5. Symmetricimage: —Ag; = (—a,,—a,;,—8,,—8 —8;,—a;,—8,—3,—8,—&;,—&,,—&,)

When previous sets A5 and Bg; is defined in the positive real number g+, the operations of
multiplication, divison, and inverseinterva arewrittenas,

(3) Multiplication: Ags* By = ((&* B),(8,* b,),(&* B,),...(8,, ™ By) (8, * B,))
SRR R
by, )by ) 1 ) U ) Uk, ) by (B, ) By

Let AA; =(3,9,15,21,27,33,39,45,51,57,63,69) and AB_; =(2,4,6,8,10,12,14,16,18,20,22,24)
be two dodecagonal fuzzy numbersthen
« AA(HAB5; = (5,13,21,29,37,45,53,61,69,77,85,93)

* AA(-)AB5 =(-21,-13,-5,3,1119,27,35,43 51,59,67)

* AA(*)ABS; = (6,36,90,168, 270, 396,546, 720,918,1140,1386,1656)

» AAS()AB; = (0.125,0.4091,0.75,1.1667,1.6875,2.3571,3.25,4.5,6.375,9.5,15.75, 34.5)
 —AA =(—69,-63,—-57,-51,—45,-39,-33,-27,-21,—15,—-9,-3)

(4') Division: A__())B__ =

Example4.1.

Example4.2.
Let LAs; =(26,2.8,3.0,3.2,3.4,3.6,3.8,4.0,4.2,4.4,4.6,4.8) and

LB =(5.0,5.2,5.4,5.6,5.8,6.0,6.2,6.4,6.8,7.0,7.2) betwo Linguistic variable transforminto dodecar
gond fuzzy numbersthen

LA (+)LB,, =(7.6,8.0,8.48.89.2,9.6,10.0,10.4,10.8,11.2,11.6,12.0)
* LA(-)LBy =(-4.6,-4.2,-3.8,-3.4,-3.0,-2.6,-2.2,-1.8,-1.4,-1.0,-0.6,-0.2)
* LA (*)LB; =(13.0,14.56,16.2,17.92,19.92, 21.6,23.56,25.6,27.72,29.92,32.2,34.56)
» LA (/)LBS; =(0.3611,0.4,0.4412,0.4848,0.5313,0.5803,0.6333,0.6897,0.75,0.8148,0.8846,0.96)
 —LA; =(-4.8,-4.6,-4.4,-4.2,-4.0,-3.8,-3.6,-3.4,-3.2,-3.0,-2.8,-2.6)
Definition 4.2.

A Dodecagonal fuzzy number DD can also be defined as Dp = P(t), Q (u), R,(v), S(w), T.(y)
P.(1),Q,(u),R,(v),S,(W),T,(y) t £[0.0,0.2],u €[0.2,0.4],v €[ 0.4,0.6],w < [0.6,0.8] ad y € [0.8,1.0] where

P(1),Q (u),R,(v),S (w),T, (y) isbounded and continuousincreasing function over [0,0.2], [0.2,0.4], [0.4,0.6],
[0.6,0.8] and[0.8,1.0] respectively. isbounded and continuous decreasing function over [0,0.2], [0.2,0.4],
[0.4,0.6],[0.6,0.8] and [0.8,1.0] respectively.

P.(1),Q,u),R,(v),S,(w),T,(y) isboundedand continuousdecreasing functionover [0,0.2], [0.2,0.4],
[0.4,0.6],[0.6,0.8] and [0.8,1.0] respectively.
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Definition 4.3.

The a- cut of thefuzzy set of the universe of discourse X isdefined as DD = {xe Xz (%) > a} where
a<[0,]]

[[P(a),P,(a)] for a€[0.0,0.2)
[Q (a),Q, ()] for o €[0.2,04)
DD, = {[Ri(@).R,(a)] for ac[0.4,06)
[S(a),S, ()] for o €[0.6,0.8)
[T (), T,(a)] for o €[0.81.0]

Definition 4.4.

If P(x)=a and P,(x) = o, then a-cut operationsinterval DD,, isobtained as

* [R(a),R ()] =[5a(a, —&)+a,50(a, —a,) +a,]
Similarly we can obtain a-cut operation interval pp, for [Q,(a),Q,(a)], [R,(a),R, ()],
[S (a),S,()] and [T, (a), T, ()] asfollows:
[Q (), Q, ()] =[5a(a; —a,) + 28, —a;, Sa(ay, — a,;) +2a, — ay]
[R(a),R, (a)] =[5a(a, —a;) +3a, — 2a,, Sa(a, — a,) +3a, — 23]
[S (@), S, ()] =[50.(as — &,) + 4a, — 35, So(a, — ay) + 48, — 3a]
[T (o), T, (a)] = [Sou(as — &) + 585 — 4a,, 5au(a, — &) + 58, — 44, ]
Hence a-cut of dodecagond fuzzy number
[50.(a, —a,) +a, 5a(a, — ay,) +a,] for @ €[0.0,0.2)
[5a.(a; —a,) + 28, —a;,5a.(a, — a,) +2a, — a] for «€[0.20.4)
DD, = {[5u(a, —a;)+3a;,—2a,,50(a, —a,) +33,— 28] for a€[0.4,0.6)
[Sa(a, —a,) +4a, —3a,,50(a; —ay) +4a, —33,] for o €[0.6,0.8)
[Sa(a, —a;) + 5a, — 4a,,50(a, — 8;) +5a, —4a,] for o €[0.8,1.0]
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5. ANEW OPERATIONFORADDITION,SUBTRACTION,MULTIPLICATION ,DIVISON
AND SYMMETRICIMAGE ON DODECAGONAL FUZZY NUMBER

5.1. Addition of Two Dodecagonal Fuzzy Numbers

Definition 5.1.

Let A; =(a,8,,85,8,...,8,a,,&,) and B =(a,8,,3;,,,...,8,,a,,a,) betheir corresponding
dodecagonal fuzzy numbersfor al o €[0,1]. Let usadd o- cut *A and B of A5 and Bg5 using interval

arithmetic.

|

A

55 T Bop = [

[Sa((a; +1,) —(a, +b,)) +2(a, +b,)—(a; +h),
5a((ay, +by) — (8, +by)) +2(a, +by,) — (a, +by)]
[5a((a, +b,) — (a; + b)) +3(a; +b,) — 2(a, +b,),

5a.((ag +hy) — (ay, +by)) +3(ay, +by) — 2(a, +hy)]
[Sa((as +by) —(a, +b,)) +4a, +b,) —3(as +by)],
Sa((a; +hy) — (8 +1,)) +4(a, + b)) —3(a; +hy)]

[Sa((a +h,) — (8 +1b5)) +5(a; +by) — 4(a; +b),
Sa((a, +b;) — (8 +hy)) +5(a; +b;) —4(a; +b,)]

|

[[50(((6\2+b2)—(a1+b1))+(31+b1)1 ] for o €[0.0,0.2)
50(((all+b11)_(a12 +b12))+(alz+b12)] o

] for «€[0.20.4)
] for «€[04,06) ..(1
] for o €[0.6,0.8)

] for a€[0.81.0]

To verify thisnew operation with addition operation, we takethearithmetic example 4.1
AA =(3,9,15,21,27,33,39,45,51,57,63,69) and AB_; =(2,4,6,8,10,12,14,16,18, 20, 22, 24)

For a €[0.0,0.2)
For o €[0.2,0.4)
For a €[0.4,0.6)
For a €[0.6,0.8)
For o €[0.8,1.0]

AA = (300 + 3,—300 + 69)

AB, = (100 + 2,—10a. + 24)

AA_(+)AB, = (400 + 5,—400 + 93)

Since a €[0.0,0.2) ,a €[0.2,0.4) ,a €[0.4,0.6) , o €[0.6,0.8) and o €[0.8,1.0] ,arithmetic intervals
aresame AA_(+)AB_ = (40a. + 5,—400 4 93) for dl o €[0,]]

when

a=0.0
a=0.2
oa=04
a=0.6
a=0.8
a=10

R SR

4

AA_(+)AB, =[5,93]
AA_(+)AB, =[13,85]
AA_(+)AB, =[21,77]
AA_(+)AB, =[29,69]
AA. (+)AB, =[37,61]
AA_(+)AB, =[45,53]

Hence AA (+)AB, = (5,13,21,29,37,45,53,61,69,77,85,93) . Hence all the points coincides with the
addition of thetwo dodecagonal fuzzy number.
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Fig. 3. Summation of two dodecagonal fuzzy numbers.
Definition 5.2.

Let LA and LB be two arbitrary uncertain linguistic terms LA = (c,,C,,C;, €, G-, G, G5, C) and
LB =(&,e,€,€,,8&....6,,€,,6,) bethar corresponding dodecagona fuzzy numbers, the addition operation
of acuts LCo; and LEg; usinginterva arithmetic definedas LA 5 + LB5; sameasby (1) replacing aby ¢
andbbye.
To verify this a new operation with ordinary addition operation , we take example 4.2. Let LA =
(2.6,2.8,3.0,3.2,3.4,3.6,3.8,4.0,4.2,4.4,4.6,4.8) and LB; =(5.0,5.2,5.4,5.6,5.8,6.0,6.2,6.4,6.8,7.0,7.2)

For a €[0.0,0.2)
For a €[0.2,0.4)

LA, = (0. +2.6,—0.+ 4.8)

For a €[0.4,0.6)

For a €[0.6,0.8)
For o €[0.8,1.0]

LB, = (a.+5.0,—a+7.2)

LA (+)LB, = (20.+7.6,—20.+12.0)

Since a €[0.0,0.2) ,a. €[0.2,0.4) ,a €[0.4,0.6) , o €[0.6,0.8) and o €[0.8,1.0] , arithmetic intervals
aresame LA (+)LB, = (2a.+ 7.6,—20.+12.0) foral forala €[0,1]

when

a=0.0
a=0.2
oa=04
a=0.6
a=0.8
a=10

R SR

=

LA (+)LB, =[7.6,12.0]
LA, (+)LB, =[8.0,11.6]
LA, (+)LB, =[84,11.2]
LA (+)LB, =[8.8,10.8]
LA, (+)LB, =[9.2,10.4]
LA, (+)LB, =[9.6,10.0]

Hence LA (+)LB, =(7.6,8.0,8.4,8.8,9.2,9.6,10.0,10.4,10.8,11.2,11.6,12.0) . Hence all the points
coincideswith the addition of thetwo dodecagona fuzzy number.
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Fig. 4. Additional two arbitary uncertain linguistic terms of DDFNs A and B.

Therefore addition of two a- cutslieswithin theinterval. Henceit isverified.

5.2. Subtraction of Two Dodecagonal Fuzzy Numbers

Definition 5.3.

Let Ags = (,3,,85,3,,..,8,;,8;,) and Bgg

=(a,8,,8,,8,,...,8,,a,,8,) betheir corresponding

dodecagonal fuzzy numbersfor al o €[0,1] . Let ussubtract add a—cut *Aand B of AA5; and AB55 using

interva arithmetic.

Ags(—)Bgs =

[Sa((a, +b,) — (& +1,)) +(a -
—b)]

Sa((a; +b)—(a, +b)) +(a,
[S((85 +by) — (8, +by,)) +2(a, —by,) —
So((ay +b,) — (&, +B)) +2(a, —by) —
[Sa((&, +By) — (8 + 1)) +3(8 —by) —
S0((8g +b5) — (& +-b,)) +-3(8, —bs) —
[Sa((as +by) — (a, + 1)) +4(a, —b,) -
So((8 +-b,) — (8 +b;)) +4(a; —b,) —

[Sa((8, +b;) — (8 +b;)) +5(a; —by) —
—4(6.7 _be)]

So((8 +b;) — (8 b)) +5(a; —by)

blz)’] for ae [OO, 02)

(8 —by),
(3 —b)]

2(a, —bg)] for o €[0.4,0.6) (2)

—h

or a€[0.20.4)

2(ay —D,)]
3(a; —by)],
3(a; —b)]

4(a6_b’)’] for o e€[0.8,1.0]

—h

or a€[0.6,0.8)

To verify this new operation with subtraction operation , we take the arithmetic example 4.1
AA =(3,9,15,21,27,33,39,45,51,57,63,69) and AB_;

=(2,4,6,8,10,12,14,16,18, 20, 22, 24)

Fora €[0.0,0.2)
Fora €[0.2,0.4)
For a €[0.4,0.6)

For a €[0.6,0.8)
For o €[0.8,1.0]

AA = (300 + 3,—300 + 69)

AA_(-)AB, = (400 — 21,—400. + 67)

AB, = (100 + 2,—100. + 24)
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Since o €[0.0,0.2) ,a €[0.2,0.4), o €[0.4,0.6), o €[0.6,0.8) and o €[0.8,1.0] , arithmetic intervals
aresame AA_(—)AB_ = (400 — 21, —40a. + 67) for al o €[0,]]

when

a=0.0
a=0.2
oa=04
a=0.6
a=0.8
a=10

R

AA_(—)AB, =[—21,67]
AA _(-)AB, =[—1359]
AA _(-)AB, =[-5,5]]
AA _(-)AB, =[3,43]
AA_(—)AB, =[11,35]
AA_(-)AB, =[19,27]

Hence AA (—)AB, =(-21,-13,-5,3,11,19,27,35,43,51,59,67) . Henceall the points coincideswith the
subtraction of thetwo dodecagond fuzzy number.

1

0.8

0.6

0.2

0
-30

Definition 5.4.

Fig. 5. Subtraction of two DDFNsA and B.

Let LA and LB be two arbitrary uncertain linguistic terms LA = (c;,C,,¢;,C,, Gy, G, G, C,) @nd
LB =(&,e.€,€,,6....6,,€,,6,) bether corresponding dodecagonal fuzzy numbers, the subtraction

operation of a cuts LC5; and LEg; using interval arithmetic defined as LAg; +LBo; sameasby (2)

replacingaby candbbye.

To verify this a new operation with ordinary subtraction operation , we take example 4.2 Let
LA =(26,2830,3234,36,3.840,42,44,46,48) and LB; =(5.0,5254,5.6,5.8,6.0,6.2,6.4,6.8,7.0,7.2)

For a €[0.0,0.2)
For o €[0.2,0.4)
For a €[0.4,0.6)
For a €[0.6,0.8)
For a €[0.8,1.0]

LA, = (0. +2.6,—0.+ 4.8)

LB, = (a.+5.0,—a+7.2)

LA (-)LB, = (200 —4.6,—20.—0.2)
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Since a €[0.0,0.2) ,a €[0.2,0.4), o €[0.4,0.6), o €[0.6,0.8) and o €[0.8,1.0] , arithmetic intervals
aresame LA _(—)LB, = (200 —4.6,—20.—0.2) for adl a €[0,]]

when
a=0.0
a=0.2
a=04
a=0.6
a=0.8
a=10

SR

4

LA, (—)LB, =[—4.6,—0.2]
LA (—)LB, =[—4.2,0.6]
LA (—)LB, =[—3.8—1.0]
LA, (—)LB, =[-3.4,—1.4]
LA, (—)LB, =[—3.0,—1.8]
LA, (-)LB, =[—2.6,—2.2]

Hence LA (—)LB,6 =(-4.6,-4.2,-3.8,-3.4,-3.0,-2.6,-2.2,-1.8,-1.4,-1.0,-0.6,-0.2) . Hence all the points
coincideswith the subtraction of the two dodecagonal fuzzy number.

1 I Al
] A

o

L

L]

LB :
L)
L]

0.8H=="=LA()LB

0.6

0.4

0.2

T T T

0 2 4

6

Fig. 6. Subtraction of two arbitary uncertain linguistic tem of DDFNs A and B.

Therefore subtraction of two « — cutslieswithintheinterval. Henceit isverified.

5.3. Multiplication of Two Dodecagonal Fuzzy Numbers

Definition 5.5.

Let As = (2,8,,85,8,..,8,8,,8,) and By =(8,,8,,8,;,3,,...,a,,8,;,&,) be their corresponding
dodecagonal fuzzy numbersfor al o €[0,1] . Let usmultiply add o—cut *Aand*B of AAS; and AB55 using

interva arithmetic.

[WM%—®+qﬁﬂ%—q»+%P]
[Sa(b, —b) +by, 50, —b,) +by,]

[Sa(a, —a,) +2a, — a;,50(ay, —ay,) + 23, —a,]*
[WMQ—@HQQ—Qﬂﬂ%—QJ+ﬂh—%]]
[[5a.(a, —a;) +3a,— 2a,,50.(8;, — ay,) + 38, — 28,]*

Ao ()Bes = [[5a<b4—bs)+3b3—2b4,5a<b9—bm)+3bm—2b91 ]

[wn%—mruarﬂ%BM%—%HA%—&mj
[So(l, —a,) + 4b, — 3y, 50(b, — ) + 4b, — 3]
[[Sa(a6 —a;) +5a; —4a,,5a(a, —a,) +5a, — 4a,]*
[Seu(l, —by) + Sy — 4hy,, S (b, —by) + 5, — 4b,]

for

0.€[0.0,0.2)

0. €[0.2,0.4)

0 €[0.4,0.6)

0 €[0.6,0.8)

o €[0.8,1.0]

(3
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To verify thisnew operation with multiply operation, we take the arithmetic example 4.1
AA =(3,9,15,21,27,33,39,45,51,57,63,69) and AB_; =(2,4,6,8,10,12,14,16,18, 20, 22, 24)

For a €[0.0,0.2)

For o, €[0.2,0.4) AA, = (30 +3,—300. + 69)

30002 + 900 + 6,

For a €[0.4,0.6)

For o €[0.6,0.8) AB, = (100 + 2,— 100 + 24)

For o €[0.8,1.0]

AA, (*)AB, = ;
30002 —1410c. + 1656

Since a €[0.0,0.2), a €[0.2,0.4) , 0. €[0.4,0.6) , . €[0.6,0.8) and o €[0.8,1.0] ,arithmeticintervals
aresame AA_(*)AB, = (300a.* + 90 + 6,3000.” — 14100 +1656) for al o €[0,1]

when
a=0.0
a=0.2
oa=04
oa=0.6
a=0.8
a=10

R SR

=

AA. (*)AB, =[6,1656]
AA._ (*)AB, =[36,1386]
AA_(*)AB, =[90,1140]
AA_(*)AB, =[168,918]
AA_(*)AB, =[270,720]
AA_ (*)AB, =[396,546]

Hence AA_(*)AB, =(6,36,90,168,270,396,546,720,918,1140,1386,1656) . Hence all the points
coincideswith themultiplication of the two dodecagonal fuzzy number.

1 1 1
0 200 400 600

1 1 1 1 1
800 1000 1200 1400 1600 1800

Fig. 7. Multiplication of two DDFNsA and B.

Definition 5.6.

Let LA and LB be two arbitrary uncertain linguistic terms LA - = (c,,C,,C;,C,,Cs...., G, G, G,) and

LB =(&,e,€,6,,8&....6,,€,,6,) bethar corresponding dodecagona fuzzy numbers, themuitiply operation
of o cuts LC55 and LEo; usinginterval arithmetic defined as LA + LB55; sameasby (3) replacingaby ¢

and b by e.

To verify this a new operation with ordinary multiply operation , we take example 4.2 Let
LA, =(26,283.0,3234,363840,4244,464.8) and LB; =(5.0,5.2,54,5.6,5.86.0,6.2,6.4,6.8,7.0,7.2)
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Fora €[0.0,0.2)
Fora €[0.2,0.4)
For a €[0.4,0.6)
For a €[0.6,0.8)
For a €[0.8,1.0]

LA, = (0. +2.6,—a +4.8)

LA, (*)LB, =

LB, = (a.+5.0,—a+7.2)

o?+7.60+13
a? —120 + 34.56

Since a €[0.0,0.2) ,a. €[0.2,0.4), o €[0.4,0.6) , . €[0.6,0.8) and o €[0.8,1.0] , arithmetic intervals
aresame LA _(—)LB, = (200 —4.6,—20.—0.2) for adl a €[0,]]

when

a=0.0
a=0.2
a=04
a=0.6
a=0.8
a=10

R SR

4

LA (*)LB, =[13.00,34.56]
LA (*)LB, =[14.56,32.20]
LA (*)LB, =[16.20,29.92]
LA (*)LB, =[17.92,27.72]
LA (*)LB, =[19.72,25.60]
LA, (*)LB, =[21.60,23.56]

Hence LA (—)LB_  =(13.00,14.56,16.20,17.92,19.72,21.60,23.56,25.60,27.72,29.92,32.20, 34.56) .
Henceall the points coincideswith the multiply of the two dodecagonal fuzzy number.

1 T T T T """ 1 I
ﬂ TN o
K . =18
0.8 o ’,. NEE] A(*)LB
N .
* [}
. .
U %
0.6 ~ .. * -
N *
U ‘,
U *
0. "
041 : .¢ T
: A
: ’°,

0.2f 3 "

. : *

U *
: .
ob-— I N 1 ! ] ] %
0 5 10 15 20 25 30 35

Fig. 8. Multiplication of two arbitary uncertain linguistic term of DDFNsA and B.

Therefore multiplication of two a- cutslieswithintheinterval. Henceit isverified.

5.4. Division of Two Dodecagonal Fuzzy Numbers

Definition 5.7.

Let As = (2,8,,85,8,..,8,8,,8,) and By =(8,,8,,8,;,3,,...,a,,8,;,&,) be their corresponding
dodecagond fuzzy numbersfor dl o €[0,1] . Letusdivisonadd a—cut *Aand*B of AAS; and AB55 using

interva arithmetic.
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l S5a(a, —a,)+a, 5a(a,—a,)+a, for @ €[0.0,0.2)

Sa(b, —b,)+h, , Sa(b, —b)+b
l 50.(3, —8,) +28,— 8, ,Sa(am—au)+2an—a1ﬂ for «c[02,04)
Sa(b, —hb,)+20b, —b,  So(b,—b,)+2b,—b,
Sou(@, — &) +33, 23, 5a(a, —a) +3a, Zﬂ for o c[04,06)
5(1([15—!310)-1—31)10—2[)9 5(x(b4—b3)+3l)3—2b4
lSoc(as—a4)+4a4—3a5 5a(a8—ag)+4ag—3aﬂ
So.(b, —hy) + 4k, — 30, Sa(by—a,)+4b, — 3
S0.(8; —85) +5a; —4a; Sa(a, —a;) +58 — 48,
Sa.(b, —h;) 4-5b; —4b, -~ Sa(b, —Dby) + 5, —4h;
To verify thisnew operation with division operation, wetake thearithmetic example 4.1
AA5 =(3,9,15,21,27,33,39,45,51,57,63,69) and AB_; =(2,4,6,8,10,12,14,16,18, 20,22, 24)

As(NBs = (4

—h

or a€[0.6,0.8)

for a€[0.81.0]

For a €[0.0,0.2)

For o €[0.2,0.4) AA., = (300 +3,—300. + 69)

For o €[0.4,0.6) AA_ (/)AB, :[ 30a+3 —300+69
—100+24 100+ 2

For o €[0.6,0.8) AB, = (100 + 2,—100. + 24)

For o €[0.8,1.0]
Since o €[0.0,0.2), @ €[0.2,0.4), a €[0.4,0.6), o €[0.6,0.8) and o €[0.8,1.0] , arithmetic intervals
30a+3 —30a+69

aresame AA _()AB, = : foral o €[0,1]
—10a0+24 10a + 2
when
oa=00 = AA_(/)AB,A =[0.125,34.50]
a=02 = AA_(/)AB, =[0.4091,15.75]
oa=04 = AA_(/)AB, =[0.750,9.500]
oa=06 = AA_()AB, A =[1.667,6.375]
oa=08 = AA_(/)AB,kA =[1.6875,4.50]
a=10 = AA_(/)AB,6 =[2.3571,3.25]
l :.l'- 3 T T J U T A
. I
0.8—:' ',. LLLYNG):]
o.s—:: . _
0.4:: .‘... i
0.25. .".,... ]
% 10 20 30 e m 50 60 70

Fig. 9. Division of two DDFNsA and B.
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Hence AA_(/)AB, = (0.152,0.4091,0.75,1.1667,1.6875,2.3571,3.25,4.5,6.375,9.5,15.75,34.5) . Hence
all thepoints coincideswith thedivison of the two dodecagona fuzzy number.

Definition 5.8.

Let LA and LB be two arbitrary uncertain linguistic terms LA - = (c,,€,,C;,C,,Cs...., G, G, G,) and

LB =(&,e.€,€,,6&....6,,€,,6,) bethar correponding dodecagona fuzzy numbers, the division operation
of a—cuts LC; and LE

=5 using interval arithmetic definedas LA 5 + LB sameasby (4) replacing aby
candbbye

To verify this a new operation with ordinary division operation , we take example 4.2 . Let
LA, =(26,2830,32,34,36,384.0,4.2,44,46,48) and LB;=(505.254,56,5.86.0,6.2,64,687.0,7.2)

For a €[0.0,0.2)

For o €[0.2,0.4) LA, = (o +2.6,—a +4.8) - 45
a+260 —a+4.
LA, (/)LB, = ,
For o €[0.4,0.6) B =7 s
For o €[0.6,0.8) LB, =(a+5.0,—a+7.2)

For o €[0.8,1.0]

Since a. €[0.0,0.2), o €[0.2,0.4), o €[0.4,0.6) , a €[0.6,0.8) and o €[0.8,1.0] , arithmetic intervals
aresame LA, ()LB, — |- 26 —o-+48

foral a €[0,]]

—a+72 a+5
when
a=00 = LA_(/)LB, =[0.3611,0.96]
a=02 = LA (/)LB, =[0.4,0.8846]
a=04 = LA _(/)LB, =[0.4412,0.8148]
a=06 = LA (/)LB, =[0.4848,0.75]
a=08 = LA _(/)LB, =[0.5313,0.6897]

a=10 = LA_(/)LB, =[0.5806,0.6333]

Hence LA (/)LB, =(0.3611,0.4,0.4412,0.4848,0.5313,0.5806,0.6333,0.6897,0.75,0.8148,0.8846,0.96) .

Henceall the points coincides with thedivison of thetwo dodecagonal fuzzy number.
1

[ T T T T T -LA

0.8

[ ] III_A(/)LB

0.4

0.2

%

Fig. 10. Division of two arbitary uncertain linguistic term of DDFNsA and B.
Therefore divison of two a- cutslieswithintheinterval. Henceit isverified.
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5.5. Symmetricimage of a Dodecagonal Fuzzy Numbers

Definition 5.9.

Let A; = (a,3,,8;,8,,...,8,,&,,&,) bethecorresponding dodecagonal fuzzy numbersfor all o. €[0,1] .
L et us symmetricimage o- cut *A of AA; usinginterval arithmetic.

[50.(a, —a,) +&,50(a, — a,) +a,] for o €[0.0,0.2)

[50.(a; —a,) + 28, — a5, 5 (ay, —ay,) + 23, — ay) for o€[0.2,04)

[Sa(a, —a,) + 38, — 28,,50(8y, — &) +3a, —28,] for o €[0.4,0.6) (5
[Sa(a, —a,) +4a, —3a,,50(a;, —ay) +4a, —33,] for « €[0.6,0.8)

[Sa(a, —a;) + 5a; — 4a,,50(a, — 8;) +5a, —4a,] for o €[0.8,1.0]

To verify this new operation with symmetric image operation , we take the arithmetic example 4.1
AA =(3,9,15,21,27,33,39,45,51,57,63,69)

For a €[0.0,0.2)
For o €[0.2,0.4)

For o €[0.4,0.6) AA = (300 +3,—300 + 69) —AA_ = (300 — 69,—300. —3)

For a €[0.6,0.8)
For o €[0.8,1.0]

Since a €[0.0,0.2), a €[0.2,0.4), . €[0.4,0.6), & €[0.6,0.8) and o €[0.8,1.0] , arithmetic intervals
aresame —AA_ = (30a —69,—30a — 3) forall for all o €[0,1]

when

a=00 = -—AA =[-69,—3]
a=02 = —AA =[-63—9]
a=04 = —AA, =[-57,—15]
0a=06 = —AA_ =[-51-2]]
a=08 = —AA_ =[-45—27]
a=10 = -AA, =[-39,-33

Hence —AA = (-69,-63,-57,-51,-45,-39,-33,-27,-21,-15,-9,-3) . Henceall the points coincideswith the
symmetric image of thetwo dodecagonal fuzzy number.
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Fig. 11. Symmetric image of DDFN A.
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6. CONCLUSON

In this paper dodecagonal fuzzy number has been newly introduced and the alpha cut operation of both
arithmetic function and arbitrary linguistic variable principles using addition, subtraction multiplication divisonand
symmetric image hasbeen fully modified with some conditions and has been explained with numerical examples.
Dodecagonal Fuzzy Number can be applied to that problem which has twelve pointsin representation. We
observe that fuzzy number concepts could be applied to many real life problems. Infuture, it may beappliedin
many operations research problems, which hastwelve arithmetic and linguigtic variables.
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