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5 B @l colps el &Sl b 4 [T
Slodd 48,8 Jay 1y lie (o318 e 4 codgame
Gua ol aw 4 b Gua ply I S e plpl
S e wimen kbad S bas alad
s bl Codgdme aw @ (BB slacydgion

.JJ]DJ.:{‘);
b s s 4 5 g0 4 gJB pl s 5
Ded oo Joi
Pi .
Min(Max) (bj; —a;1)Cin X;
Pil : Max (Mln) (bil)CilXi (\"/\)

Max (Min) (¢;1—b;i1)Cix X;

Min(Max) (biz—a;2)Ci2X;
Piz . Max (Mln) (biZ)CiZXi (Yo‘)
Max (Min) (¢i2—bi2)Ci2X;

Min(Max) (by,—a;.)CipX;
PiL : < Max (Mln) (biL)CiLXi (\"‘)
Max (Min) (¢, —bi)Ci X;

Jo 88 whie )0 w9 0l 45 dle

20,5 ddy pj Oygo 4 Bl o dllue 45 .00,5
Max (Min)f (X, Uy) =
ZjeN,-ZZ':ifm (X, U1k) = ZjeN,-ZZ':i U1k C1iV 1 (X))
Max (Min)f,(X,U3) =
ZjeN,-ZiZika (Xj,Uzk) = Sje N,-ZZZQ U2k CorVar(X;)

Max (Min)f,(X,U,) = (\-‘;)
ZjeN,-ZZﬂf,_k X, Upx) = Z,-e:v,-zii’; Uk CriVin(X;)

3 jen,8;(X;) < B;

S.t. FS;= {ﬁx —yN B (X~<B
i(X) 21:1 z]( n=

i=12,..,w

2j ogdie o> (¥) o)led dlus )3 &5 yob lon
Jdo opl 53 b 0 Bua @b L Jolis pl-I dlus
2 el b Bua b el e lp b Pyt
flij(Xj) = abaly )d Cpismen 3,0 g9 pl— [ Allune
J e Sy o Jsie 4 Ry o Tjpdijhy;
olps oled pimed il o pl T Codgime 45 gl
e il Sopo 4 adgize 5 Bun @l o

Gl 0 45,8

Sl 2 (il gy S5 @ Ja d,
,sbas VIKOR 4 TOPSIS o s,
ool s Lo Jilwe Jo sl plojen

SO el po b (s o S5
sshate 4 ilyy — Szl wpd hyy oS ol
25 il g a5 4 ady) S5 el Al
@ ool 03503 s S sS bl b (oS 5 Al
ilgg — S5l 4o ey 22 ) A L S ©)le
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siie g o SlaJlonl 5 ) 4 b Qe w50
e 05Ns 5 el sl Sl plojer oslinl
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PIS fij*=fij ) S.t.
i =V(Xijep: W — )+
@ e, i(fij ~fij ) ((Vim1dim (X)) < by
(1-v) (max; <f—fij*' _ffij_>) vimZZimEx? = Zimz m=s;_;+1,..
ij —fij v; im (X1) < b;
NS fij—fij_ im3*%im im3
Qi =V ZJEBL Wj fii ~fij~ + 9 (*Y)
(1~ ) min, (271}, Sy =T
"\ri=fi” Xiii 0yzeX; < 5y i=12..,w
bl \ Z} 10L}3eL}X < t
Min Q; \tg
Max Q;"" Joxl 5 (PIS) cuta Jlonl slactss ¥ olf
X €EFS;

LS ol S ey Jho Bk cond )
Baa &l 93 Sl 4 e —eSle il Ay Blate
Jlo 3 03l g (el by Jae cpl 23,50 (Bpme
S ey g G 9 005 (Byme VAV

Ly v sl

WSl e pj ©ygar o ol slapls

b glas |, dVIS S dPIS oo ol V-0 o

ud S5 (¥ 9)) JSSo

Jw)l.sudo Y J,{w) Q)y@ dPIS LS‘)’. wya.c ésl.s
Q"H - @™

Q NIS)— (QLNIS)*

p(x) = (V)

2abbge ¥ USS @ yga AN (1 cyguie g
QiF15)-(@1%)~
Q15— (@F15)-

pp(x) = (YA)

S dle g e S5 ol 5 51 S
el o 2l Sl 8l jolate 4| aidl

max A

Q:F15)-(:F15)”
se. | @™ @y = "
o 0;N1Sy*—(;N'5) -
QNS —@NH- =
0<A<1 X€EFS;

23 gy — Sy elal  oad )l gy ©)lagld

il ol (F) S5

aBBls Hob a4 Shal 5l Syl (NIS) Lo
Aoled dwbre p Slial ple 8,8 a0

) Sy
PIS: f, j* =
{Max (Min)f,;(X;) (f; (X;),
Vb (Vc)} (¥7)
NIS: f,, j_ =
{Min (Max)fy,; (X;) (fe;(X;),
Vb (Vc)} (*Y)
foj (Xj) Benefit objective for
maximization
fcj(Xj) Cost  objective for
maximization

dule i g cute sla Jlons] (30,18 4 L F o

ol oy 208) Gin b 93 b Blao e pl5 3 005

5l (ke Jlons] 5l alols oy tio 5 cute o] ]
PIS fij" =fi

5 = Do (L) 15 e

fij =fij~ ;
Zieas (7E55)
R, = max; (2” fi”) (V)
1 = Bien (755 ¢
Yjec, W (%) (va)
RS = min, (740

by dlus (Silo Ol prie 4 2295 L0 P

oS oo (Byme yolate cpl 4]y 5 ddum 93 (g
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max f,(x) =
(0.1534,0.1861,0.6514)x;
()

min f3(x) =
(0.0549,0.1637,0.2725) (x; + 1)?
Subject to:

FS; =
! (0.1345,0.1883,0.2421)x; — (0.1170,0.1637,0.2105)x2 +
(0.0901,0.1261,0.1621)x;2 < (0.1345,0.1883,0.2421)
(0.1511,0.2519,0.3527)x, — (0.1632,0.2720,0.3808)x2 +
(0.1820,0.3034,0.4247)x;2 < (0.1511,0.2519,0.3527)
(0.0227,0.0682,0.1136)x, — (0.0222,0.0667,0.1111)x2 +
(0.0213,0.0640,0.1066)x;2 < (0.0227,0.0682,0.1136)
(0.1953,0.2734,0.3515)x, % + (0.1170,0.1637,0.2105)x;, < (0.1170,0.1637,0.2105)
(0.1667,0.2778,0.3889)x, % + (0.1632,0.2720,0.3808)x, < (0.1632,0.2720,0.3808)
(0.0054,0.0162,0.0270)x, % + (0.0222,0.0667,0.1111)x;, < (0.0222,0.0667,0.1111)
(0.0000,0.0000,0.0000) < (0.1379,0.1930,0.2481)x, < (0.1170,0.1637,0.2105)

st oy 35 pod Al 5 gl dluns 5 LSlan

Sygo & X3 pite cus p pow Al 15 g X
bl 2

P,:

max f1(x) =

(0.0359,0.0935,0.1942) (x, + 1)2

Max f,(x) =
(0.6394,0.1930,0.5127,2,3)x5 +
(0.6394,0.1930,0.5127, 2, 3)x,
(¥Y)

min f3(x) =
(0.0071,0.0889,0.3111)x,

Subject to:
FS; =
( : (0.1345,0.1883,0.2421)x, — (0.1170,0.1637,0.2105)xZ +

| (0.0901,0.1261,0.1621)x3% < (0.1345,0.1883,0.2421)
I (0.1511,0.2519,0.3527)x; — (0.1632,0.2720,0.3808)x2 +
| (0.1820,0.3034,0.4247)x3% < (0.1511,0.2519,0.3527)
4 (0.0227,0.0682,0.1136)x; — (0.0222,0.0667,0.1111)x2 +
| (0.0213,0.0640,0.1066)x3% < (0.0227,0.0682,0.1136) |
| (0.1953,0.2734,0.3515)x, % + (0.1170,0.1637,0.2105)x, < (0.1170,0.1637,0.2105) |
. ,0.. , 0. x1~ + (0. ,0. , 0. x, < (0. ,0. , 0.
| (0.1667,0.2778,0.3889)x, % + (0.1632,0.2720,0.3808) (0.1632,0.2720,0.3808) |
| (0.0054,0.0162,0.0270)x;2 + (0.0222,0.0667,0.1111)x, < (0.0222,0.0667,0.1111) |
(0,0,0) <(0.0833,0.2500,0.4167)x, < (0.0025,0.0075,0.0126)

——

P3:
max f; (x) =
(0.0902,0.0188,0.4339) x5

max f,(x) =
(0.0575,0.1557,0.7007)x52
(¥Y)

sdxe Jlo

Ll d> gy slopls Jlte S @l L ise ol )
Gua b dw Jlo cpl 10 00,5 oy 09> & ol
lpo g Wl (Sen culps & o) sy
Lol 0008 Zilae ie (518 Gygo 4 Codgae

ol 030,5 7ykao ) g 4 Juol e
P:
max f; (x) =
(0.1345,0.1883, 0.4402)x13 +
(0.0359,0.0935,0.1942) (x, + 1)2 +
(0.0902,0.0188,0.4339) x5
max f, (x) =
(0.1534,0.1861,0.6514)x, +
(0.6394,0.1930,0.5127, 2, 3)x§ +
(0.6394,0.1930,0.5127,2,3)x, +
(0.0575,0.1557,0.7007) x32
(*+)
min f,(x) =
(0.0549,0.1637,0.2725) (x; + 1)2 +
(0.0071,0.0889,0.3111)x, +
(0.0972,0.2026,0.4662) x32
Subject to:

FS =
(0.1345,0.1883,0.2421)x, — (0.1170,0.1637,0.2105)x2 +
(0.0901,0.1261,0.1621)x32 < (0.1345,0.1883,0.2421)
(0.1511,0.2519,0.3527)x; — (0.1632,0.2720,0.3808)x2 +
(0.1820,0.3034,0.4247)x;2 < (0.1511,0.2519,0.3527)
(0.0227,0.0682,0.1136)x; — (0.0222,0.0667,0.1111)xZ +
(0.0213,0.0640,0.1066)x32 < (0.0227,0.0682,0.1136)
(0.1953,0.2734,0.3515)x,2 + (0.1170,0.1637,0.2105)x;, < (0.1170,0.1637,0.2105)
(0.1667,0.2778,0.3889)x, 2 + (0.1632,0.2720,0.3808)x;, < (0.1632,0.2720,0.3808)
(0.0054,0.0162,0.0270)x, % + (0.0222,0.0667,0.1111)x;, < (0.0222,0.0667,0.1111)
(0,0,0) < (0.1379,0.1930,0.2481)x; < (0.1170,0.1637,0.2105)
(0,0,0) < (0.0833,0.2500,0.4167)x, < (0.0025,0.0075,0.0126)
(0,0,0) < (0.0227,0.0682,0.1136)x5 < (0.0054,0.0162,0.0270)

4 o Do 150w gl e 4Si) L35 b
o Wl 5 4 @y ol s il o S50,
25 o 3 dlas o clopls cplply ol o133

ol 0l 031> LS
25 4 2 T ol s 58,5 5 5 L -\ gl
X1 seitn ol gy o) e S o 025 Al

1l 32 ©)ga

P;:
max f; (x) =
(0.1345,0.1883,0.4402)x,3
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Pyy:
min f; = 0.1279x,2 + 0.1279x,
max f,(x) = 0.1930x,2 + 0.1930x,
max f3(x) = 0.3197x,2 + 0.3197x,
Subject to:
XEFS, (A

Py3:

max f; (x) = 0.0818x,

min f,(x) = 0.0889x,

min f5(x) = 0.2222x,
Subject to:
XEFS, (%)

Ps:

P3q:

min f; (x) = 0.0982x,

max f,(x) = 0.1884x;

max f5(x) = 0.2455x;
Subject to:
XEFS, ()

Ps3,:
min f; (x) = 0.0982x,2
max f,(x) = 0.1557x32
max f3(x) = 0.5450x52
Subject to:
X€EFS; ()

P33:
max f; (x) = 0.1054x;2
min f,(x) = 0.2026x;
min f3(x) = 0.2636x;°
Subject to:
X EFS; (o)

dlxe |y Late g Cute o Jlon] polie —Y p8
S 0

min f5(x) =
(0.0972,0.2026,0.4662)x52

Subject to:

FS; =
(1,2,3)x; — (1,2,3)x, + (2,4,6)x; < (6,7,8)
(1,2,3)%,2+ (1,3,5)x, + (1,2,3)x3 < (10,11,12)
(0,0,0) <(1,2,3)x; < (2,3,4)

5 Ban @l colps aen &S Lbel 5l - B
Slonyd S oo o i Oypo 4 b Codgime
o Alas dw 4 (56 Pl pj jl oy cplple
Slas S 5o () Ll 51 odizd b 35550 oo

1) Cyeo & ol b aed Plue 4 ) g5l

P;:

P;;: min f;(x) = 0.0538 x,3
max f,(x) = 0.1883x,3
max f3(x) = 0.2519x,3
Subject to:

XEFS, ()

Pi,: min f(x) = 0.0327x,
max f,(x) = 0.1861x;
max f5(x) = 0.4653x;
Subject to:

XEFS, (¥

P;3: max f;(x) = 0.1088(x; + 1)?
min f,(x) = 0.1637(x; + 1)?
min f3(x) = 0.2720(x; + 1)?
Subject to:
XEFS, (%)

PZ:

Pyq:
min f; (x) = 0.0576(x, + 1)?
max f,(x) = 0.0935(x, + 1)
max f3(x) =0.1007(x, + 1)
Subject to:
XEFS, (V)



af

PIS, i awle ylis jl cySomo b —0 oF o
Sz 1, dPIS and NS gl L3 55 5 NIS

) Cope &R oo
Q,""° = 0.6918x,3 + 8.1353x,2 —

16.7973X, — 6.2747 (o)
Q,""* =0.55004.75x,3-0.1140x,% +
0.33.0191X; — 0.8756 (0¥)

5 Q171 Ly 1y e s cute slaJlony) ol
ol i Jgie B QN

By slp e g cute sbaJlon) polie —Y Jois
Py s 1pQ1 " 50,77

cuto Jl o)

e I o]

min Q,”"*  -6.7728  -6.2747

max Q" -12.3818 -14.8756

Aoz b oS Jo 1) ol g by ) ol dles
Sl e ol

max A
(0.6918x13+8.1353x12-16.7973X,—6.2747)—(6.7728) >
—6.2747+6.7728 -

A (00)

.—12.3818—(55004.75x13—0.1140x12+0.33.0191X, —0.8756) S

Slaal G e clp cute o Jlon] polie =Y Jois
P]_ s d]); Sloal )JL» ud)f )hs 2 O

fi f fz X1 X2 X3
min f; 0* 0 0 0 0 0
14671 5.1351 6.8695 0.030

fu maxfio 9076 %107 x10° 1 o 0
maxs, L4671 51351 68695 0030
1 %107 x107® x107¢" 1
minf, 0 0 0 0 0 0
fi, maxf; 0'%98 0.0056" 0'%14 0'0130 0 0
max f, 0'%98 0.0056  0.0140* 0'0130 0 0
maxf, 0.1154° 0'1773 2886 0'0130 0 0
fis  minf, 0'208 0.1637* 0'2072 o 0 o

0.108 0.163

8 0.2720 0 0 0

min f;

7

PIS: fiu =LA AT =
(0.0000, 5.1351 x 107%,6.8695 x
10767)

f12* = (f1*'f2*’f3*) =
(0.0000,0.0056,0.0140)

f13* = (f1*'f2*’f3*) =
(0.1154,0.1637,0.2720)
Slial I G e lp e o Jloss] polis =Y Jois

P]_ é\Jl.w.n d]); c_‘)]JJb] )JL» ud)f )hs ).) usAJ

—12.3818+14.8756

A

0<A<1, X€EFS,

A*=0.0000 x" = 0.0301

p9d e 5 sy 1y polie (pl oSG dlue 5 a0
oS 0 LSS 3

lial I S ya gl cate sla o] polie =¥ Jgi>
P2 s LS‘)’. Sl )g.L.u ud)f )H).) C9

fi f fz X1 X2 X3

fi f f X1 X X3

minf, 0.0576° 0'%93 0'1700 o 0 0
0.196 . 0344 0.84

P,y maxf; 7 0.3195 1 0 84 0
0319 . 0.84

macf, 01967 *317 0zaarr 0 O

minf, 0 0 0 o 0 0

P, maxf, 0'6872 1.0197* 16821 0 05‘4 0
0672 1.019 . 0.84

max fi 8 7 1.6821° 0 84 0
. 0032  0.080 0.

max f; 0.0295 1 1 0 3607 0

0 0 0o 0 0

Py3;  minf;
minf; 0 0 0"

(=}
(=}
(=}

14671 5.1351 6.8695 0.030

maxfi 106" x10 x10° 1 0 0
P;;  minfy 0 0~ 0 0 0 0
min fj 0 0 0~ 0 0 0
maxf, 0.0985 0.0056 0'%14 0'0130 0 0
Py, minf; 0 0~ 0 0 0 0
min fj 0 0 0~ 0 0 0
minf, 0.1088" 0.1637 0'2077 0 0 0
Py maxs, 015 173 0288 0030
4 6 1
maxf, 01154 01737  0.2886" 0'0130 0 0

NIS: fir = (f1_’f2_’f3_) =
(1.4671 x 107%,0.0000,0.0000)
f12_ = (fl_'fz_’f3_) =
(0.0985,0.0000,0.0000)
f13_ = (fl_'fz_’f3_) =
(0.1088,0.1737,0.2886)

The obtained PIS, NIS are shown in
Table 3.
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max A
(—0.3966x,%+1.1948X,+2.586)—2.586 >
3.3142-2.586 -
(44)

2.414—(-0.3966x,%+1.1948X,+2.586)
2.414+0.3112

0<A<1 X€EFS,

A®=0.0000 x,"=0.0000

> A

Slaal G e clp cute o Jlo] polio =Y Jois
P3 s d‘)’. Sloal )g.L.u ud)f ).E?).) 9

PIS: fiu =LA AT =
(0.0576,0.3195,0.3441)

f12* = (f1*'f2*’f3*) =
(0.0000,1.0197,1.6821)

f13* = (f1*'f2*’f3*) =
(0.0295,0.0000,0.0000)

Slial I G e lp e o Jloss] polie =0 Jois
P2 Ao d‘)’ lual )JL» ud)f)hs).) 9

fi f fz X1 X2 X3

fi f fz X1 X X3
min f; 0* 0 0 0 0 0

Py maxf, 0.0233 0.0447° 0'0258 0 0 0-2237
macf 00233 *0M o0se2r 0 o 0%V
min f; 0" 0 0 0 0 0
P;, maxf, 0.0055 0.0876° 0'0730 0 0 0-2237
maxf 00055 *%7 00307 0 o 0%V
, 0011 0014 0.237
max f; 0.0059 4 8 0 0 .
P33 minf; 0 0* 0 0 0 0
min f; 0 0 0 0 0 0

PIS: fiu =LA AT =
(0.0000,0.0447,0.0582)

f12* = (f1*'f2*’f3*) =
(0.0000,0.0876,0.0307).

f13* = (f1*'f2*’f3*) =
(0.0059,0.0000,0.0000)

Slial I G e lp e o Jloss] polis —A Jgis
P3 Ao d‘)’. lual )g.L.u ud)f ).E?).) C9

fi f fz X1 X X3

_ 0.011 0.014 0.23
max f; 0.0059 4 P 0 0 s
P33 minf 0 0~ 0 0 0 0
min f; 2 0 0 0 o 0
_ 0.087 0.030 0.23
max f; 0.0055 6 7 0 0 iy
P;, minf 0 0~ 0 0 0 0
min f; 0 0 0 0 0 0
min f; 0~ 0 0 0 o 0
Pss maxf, 00059 0.0114~ 0-%14 N 0&223
max f; 0.0059 0‘(111 0.0148~ 0 0 0&223

maxf, O1067- 0319 03H o 084
1 0 5 1 84
Py minf 0'%57 0.0935~ 0'1700 o 0 0
min f; 0'%57 0'%93 01007~ 0 0 0
maxf, 0.6728" 1'0719 1'6182 0 05‘4 0
P, minf; 0 0~ 0 0 0 0
min f; 0 0 0~ 0 0 0
minf, 0 0 0 o 0 0
Py maxf, %9%2°  oo0321- 0'0180 0 32(']7 0
max f, 0'%29 0'0132 0.0801~ 0 0(']376 0
NIS: i =L )=
(0.1967,0.0935,0.1007)
fiz = (fl_'fz_’f3_) =
(0.6728,0.0000,0.0000)
fis = (fl_'fz_’f3_) =
(0.0000,0.0321,0.0801)
0,5 = —0.3966x,% + 1.1948X, +
2.586 (%)
Q.M =0.3015x,2-3.4679X, +

2.414 (ov)

é’]}’ d‘)’ u_o.m 9 Cudo dL!inoJu‘ )J.)Lmo —;Jsb
NIS PIS

Py dlus 10277 5 Q2
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