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A New Approah to the Numerial Solution ofSystem of Dual Fuzzy Polynomial EquationsM. Otadi �, M. MoslehDepartment of Mathematis, Firoozkooh Branh, Islami Azad University, Firoozkooh, Iran.Reeived 4 September 2010; revised 16 April 2011; aepted 22 April 2011.|||||||||||||||||||||||||||||||-AbstratIn this paper, we present some eÆient numerial algorithms for solving system of dualfuzzy polynomial equations based on Newton's method. The modi�ed Adomian deom-position method is applied to onstrut the numerial algorithms. Some numerial illus-trations are given to show the eÆieny of algorithms.Keywords : Fuzzy numbers; system of polynomials; Adomian deomposition method||||||||||||||||||||||||||||||||{1 IntrodutionSine the beginning of the 1980's. The Adomian deomposition method has been appliedto a wide lass of funtional equations [10, 11℄. Adomian gives the solution as of �niteseries usually onverging to an aurate solution. Abbaoui and Cherruault [2℄ appliedthe standard Adomian deomposition on simple iteration method to solve the equationf(x) = 0, where f(x) is a nonlinear funtion, and proved the onvergene of the seriessolution.Abbasbandy [3℄ improved Newton-Raphson method to solve the nonlinear equationf(x) = 0 based on modi�ed Adomian's method, and in [4℄ he extended Newton's methodfor a system of nonlinear equation by modi�ed Adomian deomposition method.The onept of fuzzy numbers and arithmeti operation with these numbers was �rstintrodued and investigated by [14, 16, 22℄. One of the major appliations of fuzzy numberarithmeti is in nonlinear systems whose parameters are all or partially represented byfuzzy numbers [15, 18, 20℄.Abbasbandy and Asady [5℄, applied the Newton's method for solving fuzzy nonlinearequations, f(x) =  and the numerial solution of a fuzzy nonlinear equation and system offuzzy nonlinear equations was onsidered in [7, 23, 6℄. Allahviranloo et al [13, 12℄ applied�Corresponding author. Email address: otadi�iaufb.a.ir; Tel. +98 912 6964202.91



92 M. Otadi, M. Mosleh = IJIM Vol. 3, No. 2 (2011) 91-110the iterative methods for solving fuzzy nonlinear equations. Tavassoli et al [25℄, appliedthe Newton's method for solving dual fuzzy nonlinear equations, f(x) = g(x) + . Thetopi of numerial solution of fuzzy polynomials by fuzzy neural network was investigatedby Abbasbandy et al. [8℄, this method is for �nding solution to polynomials of the forma1x+a2x2+ : : :+anxn = a0 for x 2 R (if exists) and a0; a1; : : : ; an are fuzzy numbers andsystem of s fuzzy polynomial equations suh as [9℄:f1(x1; x2; : : : ; xn) = a10;...fl(x1; x2; : : : ; xn) = al0;...fs(x1; x2; : : : ; xn) = as0;where x1; x2; : : : ; xn 2 R and all oeÆients are fuzzy numbers. Otadi and Mosleh [24, 21℄applied the Adomian deomposition method and fuzzy neural network approah respe-tively for solving fuzzy polynomial equation of the form a1x+a2x2+ : : :+anxn = a0 wherex; a0 and all oeÆients are fuzzy numbers. It is the purpose of this paper to introdue aneÆient extension of Newton's method by modi�ed Adomian deomposition method forsolving (if it exists) system of fuzzy polynomials.The struture of this paper is organized as follows:In Setion 2, we reall some fundamental results on fuzzy numbers. The proposed al-gorithms for �nding a fuzzy root (if it exists) of a system of dual fuzzy polynomials aredisussed in Setion 3. This leads us to onlude by giving a omparison with othermethods in Setion 4. Numerial examples are given in Setion 5.2 PreliminariesDe�nition 2.1. [17, 26, 27℄, A fuzzy number is a fuzzy set like u : R ! I = [0; 1℄ whihsatis�es1. u is upper semiontinuous,2. u(x) = 0 outside some interval [; d℄,3. There are real numbers a; b suh that  � a � b � d and3.1. u(x) is monotoni inreasing on [; a℄,3.2. u(x) is monotoni dereasing on [b; d℄,3.3. u(x) = 1; a � x � b:The set of all these fuzzy numbers is denoted by E. An equivalent parametri is alsogiven in [19℄ as follows:De�nition 2.2. A fuzzy number u is a pair (u; u) of funtions u(r); u(r); 0 � r � 1 whihsatis�es the following requirements:i. u(r) is a bounded monotoni inreasing left ontinuous funtion on (0; 1℄ and rightontinuous at 0.



M. Otadi, M. Mosleh = IJIM Vol. 3, No. 2 (2011) 91-110 93ii. u(r) is a bounded monotoni dereasing left ontinuous funtion on (0; 1℄ and rightontinuous at 0.iii. u(r) � u(r); 0 � r � 1:A popular fuzzy number is the trapezoidal fuzzy number u = (x0; y0; �; �) with intervaldefuzzi�er [x0; y0℄ and left fuzziness � and right fuzziness � where the membership funtionis u(x) = 8>>>>>><>>>>>>:
x�x0+�� ; x0 � � � x � x0;1; x 2 [x0; y0℄;y0�x+�� ; y0 � x � y0 + �;0; otherwise:Its parametri form isu(r) = x0 � � + �r; u(r) = y0 + � � �r: (2.1)Let u = (x0; y0; �; �), be a trapezoidal fuzzy number and x0 = y0, then u is alled atriangular fuzzy number and is denoted by u = (x0; Æ; �):The addition and saler multipliation of fuzzy numbers are de�ned by the extensionpriniple and an be equivalently represented as follows.For arbitrary u = (u; u); v = (v; v) and k > 0 we de�ne addition (u + v), multipliation(u:v) and multipliation by salar k as(u+ v)(r) = u(r) + v(r);(u+ v)(r) = u(r) + v(r);(u:v)(r) = minfu(r):v(r); u(r):v(r); u(r):v(r); u(r):v(r)g;(u:v)(r) = maxfu(r):v(r); u(r):v(r); u(r):v(r); u(r):v(r)g;(ku)(r) = ku(r); (ku)(r) = ku(r): (2.2)

De�nition 2.3. [19℄, Let u and v be fuzzy numbers with r-level set [u℄r = [u1(r); u2(r)℄and [v℄r = [v1(r); v2(r)℄. We metriize the set of fuzzy numbers by the Hausdor� distaneD(u; v) = supr2[0;1℄maxfj u1(r)� v1(r) j; j u2(r)� v2(r) jg: (2.3)i.e. D(u; v) is the maximal distane between r level sets of u and v.3 The Adomian deomposition methodUsually, there is no inverse element for an arbitrary fuzzy number u 2 E, i.e., thereexists no element v 2 E suh that u+ v = 0:Atually, for all non-risp fuzzy number u 2 E1 we haveu+ (�u) 6= 0:



94 M. Otadi, M. Mosleh = IJIM Vol. 3, No. 2 (2011) 91-110Therefore, the system of fuzzy polynomial equationsf1(x1; x2; : : : ; xn) = g1(x1; x2; : : : ; xn) + 1;...fl(x1; x2; : : : ; xn) = gl(x1; x2; : : : ; xn) + l;...fs(x1; x2; : : : ; xn) = gs(x1; x2; : : : ; xn) + s;with fl(x1; x2; : : : ; xn) =Pni=1 alixi +Pni=1Pnj=1 alijxixj+Pni=1Pnj=1Pnk=1 alijkxixjxk + : : : ;gl(x1; x2; : : : ; xn) =Pni=1 blixi +Pni=1Pnj=1 blijxixj+Pni=1Pnj=1Pnk=1 blijkxixjxk + : : : ; 1 � l � s (3.4)where x1; x2; : : : ; xn and all oeÆients are fuzzy numbers, annot be equivalently replaedby the system of fuzzy polynomial equationsf1(x1; x2; : : : ; xn)� g1(x1; x2; : : : ; xn) = 1;...fl(x1; x2; : : : ; xn)� gl(x1; x2; : : : ; xn) = l;...fs(x1; x2; : : : ; xn)� gs(x1; x2; : : : ; xn) = s;whih have been investigated. In the sequel, we will all the system of fuzzy polynomialequations f1(x1; x2; : : : ; xn) = g1(x1; x2; : : : ; xn) + 1;...fl(x1; x2; : : : ; xn) = gl(x1; x2; : : : ; xn) + l;...fs(x1; x2; : : : ; xn) = gs(x1; x2; : : : ; xn) + s; (3.5)system of dual fuzzy polynomial equations.This full form of mathematial desription an be represented by a system of partialquadrati fuzzy polynomials onsisting of only two variables in the form of( P1(x; y) = P2(x; y) + 1;Q1(x; y) = Q2(x; y) + 2; (3.6)whereP1(x; y) = a1x+ a2y + a3xy + a4x2 + a5y2; P2(x; y) = a01x+ a02y + a03xy + a04x2 + a05y2andQ1(x; y) = b1x+ b2y + b3xy + b4x2 + b5y2; Q2(x; y) = b01x+ b02y + b03xy + b04x2 + b05y2



M. Otadi, M. Mosleh = IJIM Vol. 3, No. 2 (2011) 91-110 95Let 8<: Pi(x; y) = (P i(x; x; y; y; r); P i(x; x; y; y; r));Qi(x; y) = (Qi(x; x; y; y; r); Qi(x; x; y; y; r)); for i = 1; 2; r 2 [0; 1℄;with 8>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>:

P 1(x; x; y; y; r) = minfP1(u; v) j u 2 [x(r); x(r)℄;v 2 [y(r); y(r)℄; ai 2 [ai(r); ai(r)℄; i = 1; :::; 5g;P 1(x; x; y; y; r) = maxfP1(u; v) j u 2 [x(r); x(r)℄;v 2 [y(r); y(r)℄; ai 2 [ai(r); ai(r)℄; i = 1; :::; 5g;P 2(x; x; y; y; r) = minfP2(u; v) j u 2 [x(r); x(r)℄;v 2 [y(r); y(r)℄; a0i 2 [a0i(r); a0i(r)℄; i = 1; :::; 5g;P 2(x; x; y; y; r) = maxfP2(u; v) j u 2 [x(r); x(r)℄;v 2 [y(r); y(r)℄; a0i 2 [a0i(r); a0i(r)℄; i = 1; :::; 5g;Q1(x; x; y; y; r) = minfQ1(u; v) j u 2 [x(r); x(r)℄;v 2 [y(r); y(r)℄; bi 2 [bi(r); bi(r)℄; i = 1; :::; 5g;Q1(x; x; y; y; r) = maxfQ1(u; v) j u 2 [x(r); x(r)℄;v 2 [y(r); y(r)℄; bi 2 [bi(r); bi(r)℄; i = 1; :::; 5gQ2(x; x; y; y; r) = minfQ2(u; v) j u 2 [x(r); x(r)℄;v 2 [y(r); y(r)℄; b0i 2 [b0i(r); b0i(r)℄; i = 1; :::; 5g;Q2(x; x; y; y; r) = maxfQ2(u; v) j u 2 [x(r); x(r)℄;v 2 [y(r); y(r)℄; b0i 2 [b0i(r); b0i(r)℄; i = 1; :::; 5g:The parametri form for any r 2 [0; 1℄; is as follows:8>>>>>><>>>>>>:
P 1(x; x; y; y; r) = P 2(x; x; y; y; r) + 1(r);P 1(x; x; y; y; r) = P 2(x; x; y; y; r) + 1(r);Q1(x; x; y; y; r) = Q2(x; x; y; y; r) + 2(r);Q1(x; x; y; y; r) = Q2(x; x; y; y; r) + 2(r); (3.7)where 1 = (1(r); 1(r)) and 2 = (2(r); 2(r)). The problem (3.7) an be reformulatedin an equivalent form as 8>>>>>><>>>>>>:

F (x; x; y; y; r) = 0;F (x; x; y; y; r) = 0;G(x; x; y; y; r) = 0;G(x; x; y; y; r) = 0; (3.8)
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F (x; x; y; y; r) = P 1(x; x; y; y; r)� P 2(x; x; y; y; r)� 1(r);F (x; x; y; y; r) = P 1(x; x; y; y; r)� P 2(x; x; y; y; r)� 1(r);G(x; x; y; y; r) = Q1(x; x; y; y; r)�Q2(x; x; y; y; r)� 2(r);G(x; x; y; y; r) = Q1(x; x; y; y; r)�Q2(x; x; y; y; r)� 2(r):Suppose that (�; �; ; �) is the solution of (3.8), i.e.,8>>>>>><>>>>>>: F (�; �; ; �; r) = 0;F (�; �; ; �; r) = 0;G(�; �; ; �; r) = 0;G(�; �; ; �; r) = 0:Now if we use the Taylor series of F ; F ;G;G about (x; x; y; y), then for eah r 2 [0; 1℄,8>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>><>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>>:

F (x� h; x� k; y � l; y � d; r) = F (x; x; y; y; r)� hF x(x; x; y; y; r)�kF x(x; x; y; y; r)� lF y(x; x; y; y; r)� dF y(x; x; y; y; r)+O(h2 + k2 + l2 + d2 + hk + hl + hd+ kl + kd+ ld) = 0;F (x� h; x� k; y � l; y � d; r) = F (x; x; y; y; r)� hF x(x; x; y; y; r)�kF x(x; x; y; y; r)� lF y(x; x; y; y; r)� dF y(x; x; y; y; r)+O(h2 + k2 + l2 + d2 + hk + hl + hd+ kl + kd+ ld) = 0;G(x� h; x� k; y � l; y � d; r) = G(x; x; y; y; r)� hGx(x; x; y; y; r)�kGx(x; x; y; y; r)� lGy(x; x; y; y; r)� dGy(x; x; y; y; r)+O(h2 + k2 + l2 + d2 + hk + hl + hd+ kl + kd+ ld) = 0;G(x� h; x� k; y � l; y � d; r) = G(x; x; y; y; r)� hGx(x; x; y; y; r)�kGx(x; x; y; y; r)� lGy(x; x; y; y; r)� dGy(x; x; y; y; r)+O(h2 + k2 + l2 + d2 + hk + hl + hd+ kl + kd+ ld) = 0;that F x means the derivative of F with respet to x and so on. We assume, of ourse,that all needed partial derivatives exist and are bounded. Therefore for suÆiently small
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F (x; x; y; y; r) �hF x(x; x; y; y; r)� kF x(x; x; y; y; r)�lF y(x; x; y; y; r)� dF y(x; x; y; y; r) ' 0;F (x; x; y; y; r) �hF x(x; x; y; y; r)� kF x(x; x; y; y; r)�lF y(x; x; y; y; r)� dF y(x; x; y; y; r) ' 0;G(x; x; y; y; r) �hGx(x; x; y; y; r)� kGx(x; x; y; y; r)�lGy(x; x; y; y; r)� dGy(x; x; y; y; r) ' 0;G(x; x; y; y; r) �hGx(x; x; y; y; r)� kGx(x; x; y; y; r)�lGy(x; x; y; y; r)� dGy(x; x; y; y; r) ' 0;and hene h(r); k(r); l(r) and d(r) are unknown quantities that an be obtained by solvingthe following equations, for eah r 2 [0; 1℄J(x; x; y; y; r)26666664 h(r)k(r)l(r)d(r)
37777775 = 26666664 F (x; x; y; y; r)F (x; x; y; y; r)G(x; x; y; y; r)G(x; x; ; y; y; r)

37777775 ; (3.9)where J(x; x; y; y; r) = 266666664 F x F x F y F yF x F x F y F yGx Gx Gy F yGx Gx Gy F y
377777775 (x; x; y; y; r):The Newton's method is given by8>>>>>><>>>>>>:

xn+1(r) = xn(r) + hn(r);xn+1(r) = xn(r) + kn(r);yn+1(r) = yn(r) + ln(r);yn+1(r) = yn(r) + dn(r); (3.10)where n = 0; 1; 2; : : : and hn(r); kn(r); ln(r); dn(r) are given by (3.9). For initial guess, onean use the trapezoidal fuzzy numberx0 = (x(1); x(1); x(1) � x(0); x(0)� x(1));y0 = (y(1); y(1); y(1)� y(0); y(0)� y(1));
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x0(r) = x(1) + (x(1)� x(0))(r � 1);x0(r) = x(1) + (x(0)� x(1))(1 � r);y0(r) = y(1) + (y(1)� y(0))(r � 1);y0(r) = y(1) + (y(0)� y(1))(1 � r):

The iteration (3.10) will onverge to (�; �; ; �) if the starting point (x0(r); x0(r) ; y0(r); y0(r))is lose enough to (�; �; ; �) for 0 � r � 1, loal onvergene property, see [11℄ for moredetails.If we use Taylor's expansion of F (x; x; y; y; r) and F (x; x; y; y; r) to a higher order andwe are looking for h(r); k(r); l(r) and d(r) suh as:
hF � hF x � kF x � lF y � dF y + 12 �h2F x x + k2F x x + l2F y y + d2F y y+2hkF x x + 2ldF y y + 2hlF x y + 2hdF x y + 2klF x y + 2kdF x y�i (x; x; y; y; r) ' 0;hF � hF x � kF x � lF y � dF y + 12 �h2F x x + k2F x x + l2F y y + d2F y y+2hkF x x + 2ldF y y + 2hlF x y + 2hdF x y + 2klF x y + 2kdF x y�i (x; x; y; y; r) ' 0;hG� hGx � kGx � lGy � dGy + 12 �h2Gx x + k2Gx x + l2Gy y + d2Gy y+2hkGx x + 2ldGy y + 2hlGx y + 2hdGx y + 2klGx y + 2kdGx y�i (x; x; y; y; r) ' 0;hG� hGx � kGx � lGy � dGy + 12 �h2Gx x + k2Gx x + l2Gy y + d2Gy y+2hkGx x + 2ldGy y + 2hlGx y + 2hdGx y + 2klGx y + 2kdGx y�i (x; x; y; y; r) ' 0;



M. Otadi, M. Mosleh = IJIM Vol. 3, No. 2 (2011) 91-110 99givenh(r) = hF � kF x � lF y � dF y + 12 �h2F x x + k2F x x + l2F y y + d2F y y + 2hkF x x+2ldF y y + 2hlF x y + 2hdF x y + 2klF x y + 2kdF x y� =F xi (x; x; y; y; r);k(r) = hF � hF x � lF y � dF y + 12 �h2F x x + k2F x x + l2F y y + d2F y y + 2hkF x x+2ldF y y + 2hlF x y + 2hdF x y + 2klF x y + 2kdF x y� =F xi (x; x; y; y; r);l(r) = hG� hGx � kGx � dGy + 12 �h2Gx x + k2Gx x + l2Gy y + d2Gy y + 2hkGx x+2ldGy y + 2hlGx y ++2hdGx y + 2klGx y + 2kdGx y� =Gyi (x; x; y; y; r);d(r) = hG� hGx � kGx � lGy + 12 �h2Gx x + k2Gx x + l2Gy y + d2Gy y + 2hkGx x+2ldGy y + 2hlGx y ++2hdGx y + 2klGx y ++2kdGx y� =Gyi (x; x; y; y; r);or 26666664 h(r)k(r)l(r)d(r)
37777775 = 26666664 e1e2e3e4

37777775+N 0BBBBBB�26666664 h(r)k(r)l(r)d(r)
377777751CCCCCCA = 26666664 e1e2e3e4

37777775+ 26666664 N1(h; k; l; d)N2(h; k; l; d)N3(h; k; l; d)N4(h; k; l; d)
37777775 ; (3.11)where e1 = FFx (x; x; y; y; r);e2 = FFx (x; x; y; y; r);e3 = GGy (x; x; y; y; r);e4 = GGy (x; x; y; y; r)are onstants andN is a vetor quadrati polynomial and for approximating h(r); k(r); l(r)and d(r), we an apply the multivariable Adomian deomposition method [1℄.The Adomian deomposition tehnique onsiders representing the solution of (3.11) asa series h = 1Xn=0hn; k = 1Xn=0 kn; l = 1Xn=0 ln; d = 1Xn=0 dn (3.12)and the nonlinear funtions are deomposed asNi(h; k; l; d) = 1Xn=0Ain(h0; : : : ; hn; k0; : : : ; kn; l0; : : : ; ln; ; d0; : : : ; dn); i = 1; :::; 4: (3.13)



100 M. Otadi, M. Mosleh = IJIM Vol. 3, No. 2 (2011) 91-110where the Ain's are Adomian's polynomials given by [3℄,Ain = 1n! dnd�n [Ni( 1Xj=0 �jhj ; 1Xj=0 �jkj ; 1Xj=0 �jlj ; 1Xj=0 �jdj)℄�=0for i = 1; :::; 4; j = 0; 1; : : : :Upon substituting (3.12), (3.13) in the (3.11) yieldsh0 = e1; hn+1 = A1n; k0 = e2; kn+1 = A2n;l0 = e3; ln+1 = A3n; d0 = e4; dn+1 = A4n;for n = 0; 1; : : : ; multivariable polynomials Ain are generated by pratial formulae pre-sented in [1℄, for i = 1; 2; 3; 4; we haveAi0 = Ni(h0; k0; l0; d0);Ain =P' hp11p1! � � � hpnnpn! � kq11q1! � � � kqnnqn! : ls11s1! � � � lsnnsn! � dt11t1! � � � dtnntn!� �'1+'2+'3+'4�h'1�k'2�d'3�l'4Ni(h0; k0; d0; l0); n 6= 0;where ' stands for(p1+2p2+: : :+npn)+(q1+2q2+: : :+nqn)+(s1+2s2+: : :+nsn)+(t1+2t2+: : :+ntn) = n;and '1 = p1 + p2 + : : : + pn;'2 = q1 + q2 + : : :+ qn;'3 = s1 + s2 + : : :+ sn;'4 = t1 + t2 + : : : + tn:In pratie, of ourse, the sum of the in�nite series has to be trunated at some �niteorderM: The quantitiesPMn=0 hn;PMn=0 kn;PMn=0 ln andPMn=0 dn, an thus be reasonableapproximations of the exat solution of (3.8), provided M is suÆiently large. As M �!1, the series onverge smoothly toward the exat solution for 0 � r � 1 [2℄.Let HM = h0 + h1 + : : : + hM = h0 +A10 +A11 + : : :+A1M�1;KM = k0 + k1 + : : :+ kM = k0 +A20 +A21 + : : :+A2M�1;LM = l0 + l1 + : : :+ lM = l0 +A30 +A31 + : : :+A3M�1;DM = d0 + d1 + : : :+ dM = d0 +A40 +A41 + : : :+A4M�1; (3.14)denote the (M + 1)-term approximations of h; k; l and d, respetively. Sine the seriesonverge very rapidly, then (3.14) an serve as a pratial solution in eah iteration.Later we will show that the number of terms required to obtain an aurate omputablesolution is very small.



M. Otadi, M. Mosleh = IJIM Vol. 3, No. 2 (2011) 91-110 101Case 1: For M = 0 h ' H0 = h0 = FF x (x; x; y; y; r);k ' K0 = k0 = FF x (x; x; y; y; r);l ' L0 = l0 = GGy (x; x; y; y; r);d ' D0 = d0 = GGy (x; x; y; y; r);� = x� h ' x�H0 = x� FF x (x; x; y; y; r);� = x� k ' x�K0 = x� FF x (x; x; y; y; r); = y � l ' y � L0 = y � GGy (x; x; y; y; r);� = y � d ' y �D0 = y � GGy (x; x; y; y; r)and 8>>>>>>>>>>><>>>>>>>>>>>:
xn+1 = xn � FFx (xn; xn; yn; yn; r);xn+1 = xn � FFx (xn; xn; yn; yn; r);yn+1 = yn � GGy (xn; xn; yn; yn; r);yn+1 = yn � GGy (xn; xn; yn; yn; r);for n = 0; 1; : : : :Case 2: For M = 1h1 = A1;0= N1(h0; k0; l0; d0)= h�h202 F x x + k202 F x x + l202 F y y + d202 F y y + h0k0F x x + h0l0F x y+h0d0F x y + k0l0F x y + k0d0F x y + l0d0F y y� =F xi (x; x; y; y; r);k1 = A2;0= N2(h0; k0; l0; d0)= h�h202 F x x + k202 F x x + l202 F y y + d202 F y y + h0k0F x x + h0l0F x y+h0d0F x y + k0l0F x y + k0d0F x y + l0d0F y y� =F xi (x; x; y; y; r);



102 M. Otadi, M. Mosleh = IJIM Vol. 3, No. 2 (2011) 91-110l1 = A3;0= N3(h0; k0; l0; d0)= h�h202 Gx x + k202 Gx x + l202Gy y + d202 Gy y + h0k0Gx x + h0l0Gx y+h0d0Gx y + k0l0Gx y + k0d0Gx y + l0d0Gy y� =Gyi (x; x; y; y; r);d1 = A4;0= N4(h0; k0; l0; d0)= h�h202 Gx x + k202 Gx x + l202Gy y + d202 Gy y + h0k0Gx x + h0l0Gx y+h0d0F x y + k0l0Gx y + k0d0Gx y + l0d0Gy y� =Gyi (x; x; y; y; r);where h0 = FFx (x; x; y; y; r);k0 = FFx (x; x; y; y; r);l0 = GGy (x; x; y; y; r);d0 = GGy (x; x; y; y; r)then � = x� h ' x�H1 = x� h0 �A1;0;� = x� k ' x�K1 = x� k0 �A2;0; = y � l ' y � L1 = y � l0 �A3;0;� = y � d ' y �D1 = y � d0 �A4;0and hene, we have the following iterations:xn+1 = xn �H1(xn; xn; yn; yn; r);xn+1 = xn �K1(xn; xn; yn; yn; r);yn+1 = yn � L1(xn; xn; yn; yn; r);yn+1 = yn �D1(xn; xn; yn; yn; r);for n = 0; 1; : : : :We an also obtain similar relations for M = 2; 3; : : : :The Adomian deomposition method is simply generalized to more variables and upperdegrees as well.



M. Otadi, M. Mosleh = IJIM Vol. 3, No. 2 (2011) 91-110 1034 Comparison with other methodsThis study would not be ompleted without omparing it with other existing methods.Some omparisons are as follows:� In [5℄ and [6℄ researhers used the Newton's method for solving fuzzy nonlinear equa-tions and systems of fuzzy nonlinear equations and in [13℄ researhers used the Fixedpoint method for solving fuzzy nonlinear equations. The Adomian deompositionmethod for M = 0 is the Newton's method. See examples 1; 2 for more details.� In [8, 9℄ a FNN2 equivalent to the fuzzy polynomial equation and system of fuzzypolynomials F of s fuzzy polynomial equations suh asf1(x1; x2; : : : ; xn) = A10;...fl(x1; x2; : : : ; xn) = Al0;...fs(x1; x2; : : : ; xn) = As0; (4.15)were built where x1; x2; : : : ; xn 2 R and all oeÆients are fuzzy numbers. In thispaper, Adomian deomposition method for solving system of fuzzy polynomials wasproposed where x1; x2; : : : ; xn and all oeÆients are fuzzy numbers. See examples1; 2 for more details.� In [24℄ researhers used the Adomian deomposition method for solving fuzzy poly-nomial equations of the form Pni=1 aixi =  where x;  and all oeÆients are fuzzynumbers. In this paper, Adomian deomposition method for solving system of fuzzypolynomial equations was proposed.5 Numerial examplesWe onsider some examples for the Adomian deomposition method.In the omputer simulation of this examples, we use the following spei�ations of theAdomian deomposition method.For eah fuzzy numbers, we use r = 0; 0:1; : : : ; 1; where we alulate the total error of eahiteration by ei = maxfD(xi; xi�1);D(yi; yi�1)g:Example 5.1. Consider the system of fuzzy polynomial equations( 2x2 + 2y = x2 + y + (3; 1; 1:75);3x+ 2y2 = 2x+ y2 + (5; 1:4375; 2:75):Without any loss of generality, assume that x and y are positive, then the parametri form



104 M. Otadi, M. Mosleh = IJIM Vol. 3, No. 2 (2011) 91-110of this equation is as follows:8>>>>>><>>>>>>:
2x2(r) + 2y(r) = x2(r) + y(r) + (2 + r);2x2(r) + 2y(r) = x2(r) + y(r) + (4:75 � 1:75r);3x(r) + 2y2(r) = 2x(r) + y2(r) + (3:5625 + 1:4375r);3x(r) + 2y2(r) = 2x(r) + y2(r) + (7:75 � 2:75r):Initial guess is x0 = (1:25; 0:5; 0:25) and y0 = (1:75; 0:25; 0:5):For M = 0 h ' H0 = h0 = FF x (x; x; y; y; r); k ' K0 = k0 = FF x (x; x; y; y; r);l ' L0 = l0 = GGy (x; x; y; y; r); d ' D0 = d0 = GGy (x; x; y; y; r);� = x� h ' x�H0 = x� FF x (x; x; y; y; r);� = x� k ' x�K0 = x� FF x (x; x; y; y; r); = y � l ' y � L0 = y � GGy (x; x; y; y; r);� = y � d ' y �D0 = y � GGy (x; x; y; y; r);then 8>>>>>>>>><>>>>>>>>>:

xn+1 = xn � x2n+yn�(2+r)2xn ;xn+1 = xn � x2n+yn�(4:75�1:75r)2xn ;yn+1 = yn � xn+y2n�(3:5625+1:4375r)2yn ;yn+1 = yn � xn+y2n�(7:75�2:75r)2yn ;for n = 0; 1; : : : ; 6:By Adomian deomposition method, we obtain the numerial results for M = 0; 1: See�gures 1,2 and Table 1 for more details.
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Fig. 1. Approximate and analytial solution of example (5.1) for x � 0.
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Fig. 2. Approximate and analytial solution of example (5.1) for y � 0.Table 1The error of Adomian deomposition method for x � 0 and y � 0 of example (5.1).M Iter 1 Iter 2 Iter 3 Iter 4 Iter 5 Iter 60 0:2639 0:1336 0:0395 0:0357 0:0103 0:01001 0:1831 0:0422 0:0131 0:0092 2:6131 � 10�3 2:4532 � 10�4Now suppose x and y are negative, we have8>>>>>><>>>>>>: 2x2(r) + 2y(r) = x2(r) + y(r) + (2 + r);2x2(r) + 2y(r) = x2(r) + y(r) + (4:75 � 1:75r);3x(r) + 2y2(r) = 2x(r) + y2(r) + (3:5625 + 1:4375r);3x(r) + 2y2(r) = 2x(r) + y2(r) + (7:75 � 2:75r):Initial guess is x0 = (�1; 0:5; 0:5) and y0 = (�1; 0:5; 0:5): By Adomian deompositionmethod, we obtain the numerial results for M = 0; 1: See �gures 3,4 and Table 2 for moredetails.
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Fig. 3. Approximate and analytial solution of example (5.1) for x � 0.
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Fig. 4. Approximate and analytial solution of example (5.1) for y � 0.Table 2The error of Adomian deomposition method for x � 0 and y � 0 of example (5.1).M Iter 1 Iter 2 Iter 3 Iter 4 Iter 5 Iter 60 1:5 0:4 0:1335 0:1093 0:0810 0:01101 1:2013 0:2542 0:0423 1:2563 � 10�3 2:2134 � 10�5 2:4704 � 10�9We an also obtain similar alternative ases.Example 5.2. Consider the system of fuzzy polynomial equations( 3x3 + y = 2x3 + (2:5; 1:375; 4:859375);x+ 2y2 = y2 + (3:25; 1:75; 2:5):Without any loss of generality, assume that x and y are positive, then the parametri formof this equation is as follows:8>>>>>><>>>>>>: 3x3(r) + y(r) = 2x3(r) + (1:125 + 1:375r);3x3(r) + y(r) = 2x3(r) + (7:359375 � 4:859375r);x(r) + 2y2(r) = y2(r) + (1:5 + 1:75r);x(r) + 2y2(r) = y2(r) + (5:75 � 2:5r):



M. Otadi, M. Mosleh = IJIM Vol. 3, No. 2 (2011) 91-110 107Initial guess is x0 = (0:75; 0:25; 0:25) and y0 = (1:25; 0:25; 0:75):By Adomian deomposition method, we obtain the numerial results for M = 0; 1: See�gures 5,6 and Table 3 for more details.
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Fig. 5. Approximate and analytial solution of example (5.2) for x.
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Fig. 6. Approximate and analytial solution of example (5.2) for y.Table 3The error of Adomian deomposition method of example (5.2).M Iter 1 Iter 2 Iter 3 Iter 4 Iter 5 Iter 60 1:4531 0:5312 0:1432 0:0339 0:0198 0:01141 0:4436 0:1253 0:0635 0:0092 1:5131 � 10�3 3:464 � 10�4Example 5.3. Consider the system of fuzzy polynomial equations( (2; 1; 1)x + (3; 1; 1)y2 = (�2; 1; 1)y + (10; 9; 23);(3; 1; 1)x + (�2; 1; 1)y = (7; 6; 10):Without any loss of generality, assume that x is positive and y is negative, then the para-metri form of this equation is as follows:8>>>>>><>>>>>>: (1 + r)x(r) + (2 + r)y2(r) = (�1� r)y(r) + (1 + 9r);(3� r)x(r) + (4� r)y2(r) = (�3 + r)y(r) + (33� 23r);(2 + r)x(r) + (�1� r)y(r) = (1 + 6r);(4� r)x(r) + (�3 + r)y(r) = (17� 10r):
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Fig. 7. Approximate and analytial solution of example (5.3) for x � 0.
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Fig. 8. Approximate and analytial solution of example (5.3) for y � 0.Table 4The error of Adomian deomposition method of example (5.3).M Iter 1 Iter 2 Iter 3 Iter 4 Iter 5 Iter 60 2:6667 2 0:8238 0:1130 0:0847 0:01201 1:2431 0:8793 0:0634 0:0012 2:4121 � 10�4 1:5664 � 10�6We an also obtain similar alternative ases.6 ConlusionIn this paper, we proposed a numerial method for solving a system of dual fuzzypolynomial equations. Initially we wrote fuzzy polynomials in a parametri form and thensolved it by Adomian deomposition method.AknowledgementsWe would like to o�er partiular thanks to Dr M. Eghbali for the editing of this paperalso we would also like to thank the referees for valuable suggestions.
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