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s.t.
o <ty

o)™ 4 o/Dyy)™ < Vbiy
VA" + VO (yy)" < Y/Oty
Y(n)® +Y(yy)* < Ve
—Y(y) <o
/()™ = VB(yy)" < /bty
VO )" = /B (yy)™ < MOty
V) < Vie
ty <\
o/ ()™ + /B (yy )™ + VOty <)
VO + VO(yy)" + Yty <)
V(n)* + Viyy)® +Yte <)
()" = ()™ = ()" =, ()" — )™ 22, ()" — ()" =°
()™ =0 ()™ = (oy)" Z o ()" — ()™ Z 0, (oy)” = (y)" = @
ty >0ty —ty >0, by — by >0, tg — by > o.
eylo ¥ el 5b
min zy = /O(yy)™ = VO(yy)" + /Bty — (=Y (yy)*)
max 2y = o/Q(yy)™ — VO (yy)" + /Bty
max zy = °/B(y))™ = VO (yy)" + /Bty + VO(yy)" — o/Byy)™ + V/Bty
max 2¢ = (11)° + Yte — (VO(yy)" — /B (yy)™ + Vdty)
s.t.
Constraints of problem ()).¥)
eyl ¥ o8 5l
min zy = o/O(yy)™ — VA(yy)" + /Bty — (=Y (yy)")
s.t.

Constraints of problem (1).¥)



OY i goue de

295050 S A 4 ABl o 27 = 0 als dg Sl

max 2y = °/0(y))™ — VO(yy)" + /Oty

s.t.

o/B(yy)™ = VB (yy)" + o/Bty — (=Y (yy)*) = °
Constraints of problem (1).¥)

m29rse S P & Bl o 2p = 0 s g Ol

max z¢ = °/B(y))™ = VO(yy)" + /Bty + VO(yy)" — o/B(yy)™ + Vdty
s.t.

o/B()™ = VO (yy)" + /Bty = o

/Oy )™ = VO (yy)" + o/Bty — (=Y (yy)*) =

Constraints of problem (1).Y)

29y S P all oo 2 = o/ alis dig Clg

max 2¢ = (1)° + Ve — (VO(y)" — /O (yy)™ + V/dty)

s.t.
o/ (yy )™ — VO (yy)" + o/Oty + VO(yy)" — /B (yy)™ + V/Dty = o/F
o/B()™ = VO(yy)" + /bty =
o/B(yy)™ = VO(yy)" + /Bty — (=Y (yy)*) =°
Constraints of problem (1).Y)
b ) D) s e lacols
gy = {y)" ()™ (yy)"s (9y)°} = (o, 0,2/Y,9/Y)
gy = {(ye)"™, (we)™ (53)"s (%5)° = (°,°,9,°)
= {(ty, by, ty,te)} = (°,°,°/V,o/Y)
b Sl plys g Oy amis jo
zy = {(z7)", (z7)™, (7)", (z7)*} = (°,°, ), )
Ty = {(@y)", (23)", (25)", (23)°} = (°,°,°,°)
1l e 5 Oygar sladied (55 sae gl Bas Ll dge Sl izen

Z={(E)" (@) () () = (00,077, o/h)



S8 gy g3yaebp > sl o sla by, OF

e o Sbacd ShL e el olbed elgladdgs o (o538 1095 g 5yaeb ) LYLYLF Sl
s i 555,55 N5 (55 i 3 it S oz sl sl sl 255
SodE 1E Jpaz ¢ s Cansy gl SN b S o 055 e 5 ke
Sl 5l o i Lol Lo e w5111y oas 00ls 00,918 a3l 0gmge  Jlesx| polis !
SleMbl cde @y E8,0 0gu Gl ool oolo (LiS V. Jgaz 10 a5 jshailen aujei 3Sye
Jb 50 C8d Copae e laed GGl ajei b 3800 olael Slowws bB,<

Sloy 2 Tas ) 0gu B el dalllas SO g4 0

o 6&00)9T)é N Joos

alg Jlymed adye | Jyama
(Y/Y, A, NA 8 /%) g™
(WY, VF.08.A) Cowlo

Veo/YAYNYANE) |

dado slolds (Y.F Jgo

alg e oo Lol | vuade
(ARRAVWY.4 s

MUY WANYY) | 55
(F/0,A,9/0,\Y) IS
(VAN Y WVE) | s50,5

dJabo QYW LgLaLm v.f Jgd-?

o Cle e Jyazs
(WY, Yo YV, YY/F) (\F N0, V7YY (A, Yo, Yo/ANY/N) s
@QZAYNYNS) | MY, Yo YY YY/A) | (Yo/5,8Y YE,YO02) | o8BS
(Y/A, Yo NosA AY/#) (Yo, \Y, IV, \0) (A, Yo, Yos# \Y /%) IS

(VE\D,\8,1Y) & AMANYA) | (MAYO XYY VYY) | 55,




N TR Ju

JBg e aoze 1. Joux
S5 Ny 55 [ oS [Jyes
¥V, %,0,%) WYY, Y0,5Y) | (5,0,7.Y) | (\VO,Y,Y/0,Y) s
VO YY) | YR EY) | (YY5.0) | (YOY.5.50) | cwls
Y,Y,¥.0) VO, Y YN YY) | (Y, Y, F,0) ¥, 5,0,%) pove

(A Yo Yo /A NY /M)y + (Yo /5 VY, YE, YO8y + (A, Yo, Yor8 \Y /) 3w+
OAMA Y XY YY/Y)Ze + (VNN W) Zyy + AN, Yo YY YY/A)Zpy +
Vo A AY N Zye + (7, AMA Yo /M ave + VNS, Yo YN, YY/8)Tpy+
(AVENY NN Ty + (VA Yo Yo ANY /P )Ter + (VF,V0,VF VY ) T

max z =
(VO Y, Y0,V + (F,0,2, V)2 + O, Y, Y/0,Y/Y)Ee+
YV, 5,0,9)3v¢ + (YO, 5, 5/0) 2y, + (Y, Y, F,0) vy +
YA 5, 5w + (VO Y, Y0, )i + (7, F,0,7) 3¢+
Y,V 5, 0)zpey + (VO,Y, YN Y/ )aer + (V,V,F,0)20¢
s.t.

Ty + Ty + Ty + Zyve < (VY ANANE)
Tyy + Tyy + Zyy + Zye < (W, F,V20A)
Tyy + Tyy + ey + Tye < (VoYY YA NG/P)
Ty + vy + 3y > BV, VYA NE)
Ty + Tyy + ey > (M, Vo NV YY)
Tyy + Tyy + ey > (F/0,A,90,1Y)
Tye + Zye + 2pe > (VA VoV VWY
Fij > 0,0y = (w2l 2),i =), Y, ¥, =), Y,Y, %
ol e vy ) O g a slacly> o Jol el eoliinl g lluas S 5l o
23y = (°,°,0,0), 25y = (°,0,0,0), 3¢ = (°,°,0,0),xy¢ = (°,0,0/0F, 0/0¥)
z3y = (0,0,0/0Y,0/0Y), x5y = (°,°,0/08,0/00), zyy = (°,0,°,0), z5¢ = (°,°,0/00Y, 0/00Y)
zey = (0,0,0/0Y,0/0Y), wgy = (°,0,0,0), xgy = (°,0,0/00,0/00), zp¢ = (,°,0°/00,0/000).

Z=(2y,2v,2v,2¢) = (2,0, YYYN, $/VF)



S8 gy g3yaelp > sl o sla by, OF

b oS asbse [NV] G Ko 5 ool g Lawgs oot l,) Jlke calias cpl JY.¥.F Jto
02310y ool ey Loy s 0 B 05l o o (soleiiny s,

N ax\ +ny
maxz = ——o———
Ozy + Yoy + )
s.t.

Yoy 4 Ozy <10
al‘\ —|—YZL‘Y < Yo

Ty, Ty > o,

a5 — V%7,V + (Y, V70,Y70, ¥)ay
RS0, 0)E + (VYY) dy + (0,00, V/0,Y)

s.t.

VY0 Y/0, )3 + (.5, )z < (M), Y, ANQ)
(660,000, 8)3 + (V, /0, V0, %) < (A4, ), \Y)
Ty, Ty > °.

tf e ey 5 O jgeas Ay slolez 39 Al J>

gy ={@0)" W)™ @) (1)} = (0,0, 0707 0/°F)
g =)™ W)™, ()", (15)°} = (2,210, °/\B)
th = {(t\at\'at\“at\c>} = (07070/;70/?)

bl gl e Sloz Az o

2y = {(z})", @)™, (27)", (2})°} = (°,°,°/), /)
iy = {(x3)", (23)™, (23)", (23)°} = (°,°,°/Y,°/Y)
b ) Oy slaiied 551 vae glp Bas Ll ag Clox riomen

=) ()" (27 (7)) = (0,0,0/3Y, V/eA)

Veeramani



OV pod gy Z

D)z &S W] o &5 (5 5 Slelys Slsx b 398 Slsz annlic & Jl>
oS o oo (gladized 4y sl olgz> lazsl 2l g0 0 &Il 2 = (0,0/YY,0A9)
el A= (a,b,¢,d) slp Sb gooad, Shgy a0 axgs b 2= (0,0/VV,0/TY,09)

R(o,0,0/4Y,V/0N) = o/
R(o,o/YY,o/YY,0/A9) = o/f

proposedmethod = /0 > veeramanimethod = o/¥

Congllas 51 Slelyg (g, 4 Cownd 4l bl ol jo (solgacion oy, a5 S o0 odmlive 14

P9 Wy Ty Y.

slayed sl el 5 bysio b 656 Llad (Jas 55 (si0ya0l alns (g 0ol 5o
5955 0 o (§lad 355 b alivns & R g 5SS sl icin 509381 L (g5lonsli 358 L
5 ey Jol T8 bl Sy g Dlg bz (S (50l Sl ealinl b o

g o le py ey a Jol e

t

™
N

+
_|_

st (\Y.¥)

=

max z =

e
2
IN
S
]
ISX
LS}

2
AV
(o]

oS 0 o (631 Loled (LP) aliws S 4 |y aliin 135S -3, bous 5l oolaswl b >

10988 ) g dis g

max &g + pt

Aj—bt <3 (\WY.¥)



S8 gy g32)a0b p > sl o> slaly, OA

oS 0 oS Gglas 098 W | alius (9lusli 098 R g 5 (SeS pate (309381 b (95|

max &'§ + pt
(\fF.¥)

57\'557\' > Ov-RN\a-R~\’ > o.

(10.¥)
max(2y, 2y, ¢, 2¢) = ((¢'y)", ('y)™, ('y)", ('y)*) + ()", (p)™, (01)", (pt)*)
s.t.
((@)" (@)™ (a)" (a))@((1)" ()™, ()" (¥)) — ((bt)", (bt)™, (bt)", (b)) +(SY, S7*, S, Sy) =
°+ (BY, BY', By, Ry)
((d'y)"™, (dy)™, (d'y)", (d'y)*) + ((a)", (gt)™, (at)", (at)*) + (S¥, SY", S¢, 8¢) =
\ + (RY, RY', RY, RY)
(W)™ W)™ W) (y)?°) = e
(@ @™, @) (t)°) = °
(SP, ST, ST, 85) > o, (S8, S, S, 5¢) >
(RY, BY', Ry, BY) = ©, (RY, Ry", Ry, Ry) > ©

b o ) 4> Ojgas (FFLFP) J> sl solesidon b,
oS (o0 o5l ) Dz 1) (10.F) abe (51 Gl )bl 4 azgi b 1) plS
(\%.Y)
max(zy, 2y, 2y, 2¢) = ((c'y + pt)", ('y + pt)™, ('y + pt)", ('y + pt)*)
s.t.

(ay)" (ay)™, (ay)",(ay)”) = ((bt)",(b1)™,(bt)", (b1)*) + (SY, 57,5757 ) = © + (R, RY', Ry, &y

d'y + qt)"(d'y + qt)™(d'y + qt)"(d"y + qt)) +(S¢,5¢,5¢.55 ) =V + (RV, Ry, Ry, Ry)

)™, W) ()) 2 o (07 (O (0, (%) = o
ST ST ST.57) 2 o, (57, 57, 5, 5¢) 2 ©

((
((y
(
(

RYLRY R RY) > o, (RY, YR, RY) > °



0 pod gy Z

eyl 1y g alie 00 Lo 4 2Y oF

max(zy, 2y, 2y, 2¢) = ((c'y + pt)™, (c'y + pt)™, (c'y + pt)", (c'y + pt)*)

s.t.

(ay)" — (bt)" + S = ° + RY
(ay)™ — ()™ + S\" = ° + Ry*
(ay)" — (bt)" + Sy =° + Ry
(ay)® — (bt)* + 5y = © + Ry
(d'y+qt)" + S0 =\ + Ry
(d'y +qt)™ + S7" =\ + Ry
(d'y+qt) + S =V + Ry
(d'y+qt)*+ 55 =\ + Ry
()" =

)™ =" =e

W) =@ =e (OV.§)
) =) =

()" =

)" —=@)"=e

@) = ()" =

() —@)" =



S8 gy g3yaelp > sl B sla by, Fo

eld 2y O)gar e &b sl 1) (MOLP) abs 1> 2Y o8

max zy = (c'y + pt)"
max zy = (c'y + pt)™
max 2y = (c'y + pt)”

(

max 2¢ = (c'y + pt)*

= (bt)" + Sy =° + Ry
"= (bt)™ + S{" =° + RY"
" —(bt)" + Sy =° + Ry
*— (b)) + 5§ =° + Ry (\A.¥)
'+ ST =\ + Ry
)™+ 57 =\ + Ry
d'y+qt) + S =\ + Ry
)P+ 5y =V+ Ry
Yz, )" =) =) - )"z (y) —(y) =
O Z o, ()" = ()" Z o, () = ()™ =0, (1) — () =°.
Sy Sy, 57, 5Y) = o, (5¢, 5¢*, 5%, 5¢) =

RY, R\", Ry, Ry) > °, (RY, Ry', Ry, Ry) > ©
g Jo o 4 barye Ll b 2 (sl Ban b :F o8

max z¢ = (c'y + pt)*

s.t.

(ay)® — (bt)° + Sy = ° + Ry

(d'y + qt)* + S¢ =\ + RS (\4.¥)
()" = o, (t)° =

Sy >0,50 >0

Ron’R$Zo

19800 J> ol 4 bgaye bl i b2y sl Ban b 10 8



AT RS L_,]L,,o

max zy = (c'y + pt)”
s.t.

T _ bt T + ST’ — o _"_ R’l"
(ay) ( ) \ \ (Yof)
(d'y+qt)" + S¢ =V + Ry
W) =@ =e, () =) =

S[ 20,80 2 0 Ry 2 0, Y > 0
g Jo ol 4 barye Ll b 2y (sl Ban b 1f 08

max zy = (c'y + pt)™
s.t.

= (bt)™ + Sy = + RY"
(ay)™ — (bt) \ (Y1.%)
(d'y+qt)™ + S" =\ + Ry
W) =)™z, (1) = ()" =

Si >0, S >0 R >0, Ry > o

gde Jo ol 4 barye Ll b 2y sl Bao 5 1Y o8
max 2, = (c'y + pt)"

s.t.

(ay) (bt) \ \ (\'Yf)
(dy+qt)"+ Sy =V + Ry

(W)™ = ()" =, ()" = ()" >,

SP > 0,58 >0 R >0, RY > o

ML"SA (\;\c) alis 4.»...@‘.’ u‘9:> ul-o@ (YY?) alfono LS‘)" OJ.AT w&.’ L.& 4\...».&.’ u‘9.>

tgous Jbo  FL.Y

S o0 > 4okl (B, b ) Jle o Saend (0l o



S8 gy g3)ael p J> sl o> slals, £V

A.F.F Jbo

&8 olacl jloolaswl L YL (658 Ll dad (6, (63,40l alicws (28,5 (a3 o L
2 g |y s Golae 998 4y (S itie (19981 b (Gglunels 9528 hod g (sladizgd
o 995

max 3 = (0, 0/0, VO, )zy — (o, 0/0,V/0, Y )ay + (°,°/0,V/B,Y)
(0,00, VY + (0,020, VO, Y2y + (1, V/0,Y/0,Y)

s.t.
(0,00, VO, Y) &y + (o, /0, VO, Y)ay + Sy = (), VO, Y/0,Y) + R,
(0, 0/0, VO, Y)ay — (°,/0,V/0,Y)@y + Sy = (o, /0, V/D,Y) + Ry

f\va > 075\757\' > 07R~\7R~Y >0

oS o A 50 ) S | alies

( (0,08, VO, ) @ ((y)", (ay)™, ()", (2)°) — )
o AoV T) @ (), ()™, (@) (@9)°) 4 (0,00, VB, V)
( (0,0/8,V/,Y) @ ()", ()™, ()", (a))*)+ )
(0,00, V/0,Y) @ ((zy)™, (zy)™, (zy)", (zv)*) + (1, VO, Y/D,Y)
s.t.

(0,070, VB, ¥) @ ()", (21)™, ()", (21)°) + (0, o/, VB, ¥) @ ()", (wy)™, ()", (1))
+ (SY, Sy, 57,5¢) = (V, V0, Y/0,Y) + (RY, RY", R{, RY)

(0,070, VB, ¥) @ ()", (21)™, ()", (21)%) = (0, /0, VB, ¥) @ ((wx)", (wy)™, (wy)", (2v)°)
+ (S, 57", 8¢, S¢) = (°,°/0,V/0,Y) + (Ry, RY', Ry, Ry)
()" (2y)™ (2y)" (24)°, (2v)", (2y)™, (2y)" (2¢)° > @

ST ST ST, S5, 58, S, Sp, 5§ > o, Ry, Ry, Ry, Ry, Ry, Ry, Ry, Ry > o



Y goue gu

)l ¥ el b

maxZ = (= (y¢) %/ ()™ = VO (yy )" +o/Btx, VO ()" — /By )™ + VOtY (31y)° + Y te)
s.t.

oty + 50 = o+ RY

o/ ()™ + /O (yy )™ — VOty + S = o + R
VO + VO(yy)" = Y/ Oty + ST = o + R}
Y )® + Yy )® = Yte + 55 = + R}
~Y(y)* + 5S¢ =0+ Ry

o/O(yy)™ — VO (yy )" — o/Oty + S¥* = o + R
VO(yy)" — o/ gy )™ — VOty + 5% = o + RY
Y(p)® = Yte + 55 =+ Ry

b+ SE =\ 4 R

o/B(yy)™ + o/ (yy )™ + VBty + S = + Ry’
VO ()" + VO ()" + Y/ Oty + SE =\ + RL

V()" + Y (ye)* +Yte + S¢ =V + Ry

ty = oty =ty 20ty —ty 2 0 tg —ty = °.
(ST, ST, 7, 5¢) 2 o, (57, S, SF, 55) 2 o, (SE, S, Sk, 5§) = °

(RS T RS, R) = o, (R B Ry ) 2 o, (R, R, RELRy) > ©

S 9 0 53y D yge |y alius ¥ a8 5o
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max zy = =Y (yy)°

max zy = o/O(yy)" = VD (yy)" + /Dty

max 2y = VO(yy)" — o/Q(yy)™ + Oty

max z¢ = Y (y))° + Ve

s.t.

°o—ty+ 5S¢ =°+ Ry

o/ ()™ + o/ (yy )™ — MOty + S = o + R
V)" + VO (yy)" — Yty + Sy = o + Ry
V() + V()" —Yte + S5 =0 + Ry
~Y(yy)* +S§ =o + RY

o/O(yy)™ — VO (yy )" — o/Oty + S¥' = o + R
VO ()" — o/ ()™ — VDty + ST = o + RL
V()" —Yeg + S¢ = + Ry

ty+ 5S¢ =)+ R¢

o/ (yy )™ + o/ (yy)™ 4+ Oty + S =\ + RY?
V()" + VO(yy)" + /Oty + Sf =V + Ry

Y(yy) + Y (yy)® +Yte + Sg =\ + RE

tyZ oty =ty 2oty —ly 2ot —ty 2 ©
(S\n’ \Tn’ C’S\S) Z 0’(S;L’S\tn’8;’8\§) 2 07(5@’8@)8\2)3\?‘) 2 °

( <L’ §n’ :,Rf)Zo,(R;L,R;n,R;,R\%)20,(R;L7R$’R€’R€)zo



PO 1gous de

max z¢ =V (y))° + Vtg

s.t.

V()" +V(oy)" = Vte + 5§ =° + Ry
V() = Vie + 5y = + Ry

Y(in)* + Yy ) +Yte +5¢ =\ + Ry
(1) =, (yy)* = o t¢ = °,

S$75\§7S$ 2 O>RsaR$7R\§‘ Z °

:Mﬁ)@“‘:"d}ﬁdz’w":? z; = o/A\ oA.i:Jo(_gd.lLM LS‘\%-Q-.’)‘*-&A

max zy = VO(yy)" — o/B(yy)™ + 1Bty

s.t.

VO™ + VO (yy)" = YDty + S5 = o + Ry
/D) = o/D(yy)™ = Vdty + 5S¢ = © + Ry
D)+ VO (yy)" + Y/t + S¢ = + Ry

()" =0, (yy)" = oty >0, (yy)™ > ©

S§.SY, St > o, Ry, Ry, By > o

29 es S Al o a5 ey Al o 22 = o/F Wb alis S 5l oel sy (s lade

max 2y = o/B(yy)™ — VO(yy)" + /Aty

s.t.

o/ (yy)™ + o/B(yy)™ — Dty + S = © + RY"
/D)™ = VO(yy)" — o/Bty + SY* = ° + Ry’
)™ + /By )™ + VOty + 5S¢ =\ + RY!

()™ >0, (yy)™ >0ty >0, (yy)" > ©

T?S\C,’L?S{”n Z oaRm7R<’naR¢b Z °

ij)@ ).>T 4.L>).4 L KY| z\f = 0/\‘: 03U J?Lgd.]ﬁwwc ng )LXB.A



S8 gy g3yaelp > sl o sla by, £F

max zy = =Y (yy)°
s.t.
o —ty 4+ 5% =0+ R
—Y(y)*+ Sy =°+ Ry
ty+S¢ =)+ Rg
()" =0, (yy)" = 0.ty >0, (yy)* >0
ST, S0, S > o RP, RE,RE > o
tabl g0 5y Dygear dlie dg slacslgz azd jo
gy =L@ W)™ @) (17)°F = (0, /Y, /Y, 2/Y)
oo = )" (w3)™ (gy)"s (1)) = (00,0, 0)
" ={(ty, ty, ty, t¢)} = (o, /Y, /¥, o/Y)
Sy = {(SYy, 8", 87, 8y)} = (o, o/, 2/¥,*/Y)
Sy = {(5¢, 5¢%, 5. 5¢)} = (0, 2.0, °)
Se = {(S%, 8¢, S, 88} = (V, V/E,VEY)
Ry = {(BRY, R", Ry, Ry)} = (°,°,°,°)
Ry = {(Ry, Ry", Ry, Ry)} = (°,°,°,°)
Ry = {(R¢, Re', Re, Re)y = (0,),),Y)
b ol gl dg Olg azss (o
zy = {(})", (27)™, (27)", (27)°} = (¢, ), ,))
Ty = {(2y)", (23)™, (23)", (27)°} = (°,°,0,°)
b e 35 Oygar sladied (g5l sae (gl Bam Bl agy Sl ioxen
2= ()" ()" () (7)) = (0, 0/F, o/F o/h)
danclio o) jloolinnl b oad &l aslpsbl (ol 5o o5 pgo () 9 Jol Gb9) amslio 4 JI>
el S

()7, (2%)%) = (0,0,0/2,0/0) gl g,y dte lo>
2= {(2*)" ()™, (2*), (2%)°} = (0, /%, 0/F,0/M) pgs hgy aty Sloz> g

R(o’o,o/?7o//\) = o/f’



FY  igous Ju

R(o’ o/f" o/f’7 o//\) — o/a
methody = °/§ < methody = °/0
al )10)95 20 (6 e A lor Somsllae Sl pgd b, w0 LA
el slaiied (631 [VF] Luls Jawgs ouds &SIl 2o (658 oy e ez has b
o0l &) g, b 2 = (0, 0/F, 0/, 0/A) poo (s, Slgz anlie & Sl 2 = (0,0/F, o/F o/A)

methody = o/0 = Das.method = /0

e 58 Sl olo gy a8 rpe (g Sl 0als ] pgd og) a0 e Las &S
VI

b o5 wibge [NV] (il Ka 5 ) olelyg bags o ail| Jlie calics el LY.F.F Jbuo
o2l ool Sy lalyz () 4 B osd o o s0lesing b5

- a:L‘\ —|—Yll’y
maxzg = —oc
al’\ +Y3;\« +\
s.t.

Yy +0zy <\O

ax\ +Yl‘y < \o

Ty, Ty > o,

a5 — V5,7,V + (Y, V/0,Y70, ¥)ay
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Aabstract

There are many optimization problems, in which ratios of the objective functions give
better insight rather than their absolute values. Also, there are problems that ratios of the
objectives should be optimized, inherently. One of the efficient tools commonly used for
handling these types of problems is linear-fractional programming. However, in real-world
problems, due to imperfect and inaccurate information, precise models are unavailable.
One of the efficient methods for dealing with imprecise and ambiguous values is using
fuzzy numbers instead of crisp ones. Therefore, the concept of fuzzy linear-fractional pro-
gramming has arisen. In recent decades, many researchers have made a lot of efforts for
developing new efficient methods for solving such problems. In this thesis, first, we de-
scribe fuzzy programming. Then we investigate the fuzzy linear-fractional programming.
Furthermore, we express two new methods for solving fuzzy linear-fractional program-
ming problems, considering the trapezoidal fuzzy numbers. The first method, presented
for solving the fuzzy linear-fractional programming problems with inequality constraints,
solves the problem using the lexicographic method after converting it to a multi-objective
linear programming problem. In the second method, fuzzy linear-fractional programming
problems with inequality constraints are solved by assuming auxiliary variables for con-
verting inequality constraints to equality ones. Finally, we compare the efficiency and

performance of the proposed methods with others by solving some problems.

Keywords: Fuzzy programming, Fractional programming, Fully fuzzy fractional pro-
gramming, Multi-objective linear programming, Trapezoidal fuzzy numbers, Optimal so-

lution, Lexicographic.
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