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Abstract

Objective: One of the well-known methods as to Multi Attribute Utility Theory (MAUT) in the
field of decision making is Utility Additive Method (UTA), which has been developed over time.
Two main deficiencies of such methods are first, ignoring the uncertainty embedded in the values
of different criteria and second, disregarding the possibility of dependencies among various
criteria. The uncertainty problem, either fuzzy or stochastic, has been discussed in various
developments including, fuzzy UTA and stochastic UTA models, respectively. Although it seems
unlikely to apply in real world problems, the criteria independency is the primary assumption of all
these models. Thus, this paper is aimed at developing stochastic UTA model so as to consider the
possibility of dependency among different criteria.

Methods: In this paper, conditional probability is applied in developing the UTA model, so that
the probability of values of each criterion is considered with respect to probable values of other
criteria.

Results: The developed model is presented in 12 steps, and its applicability in practice is shown
using a real example based upon the data extracted from three main criteria of stock investments
for three petrochemical companies.

Conclusion: The proposed model addresses the deficiency of ignoring the probable dependencies
among criteria in stochastic UTA model, and covers the research gap posed by previous
researchers.
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+[P(1.02 < ROA < 13.12) *(P(0 < DPS < 500)|(1.02 < ROA < 13.12))] )

+[P(13.13 < ROA < 25.24) » (P(0 < DPS < 500)|(13.13 < ROA < 25.24))]
+[P(25.25 < ROA < 37.35) * (P(0 < DPS < 500)|(25.25 < ROA < 37.35))]

ALl 2 45 ol (IS gllan @l Jol 43S )5 Jeno g 53 i) o g8y Sl apubno b 108
Jde ‘_ﬂ Cowgllas 50 g 0 dwlbre cle a3 ld o calises sladoly b b a4 £985 Jlainl a5 1o > Joire

ol 04 dewls 3)lge (ol zen jl 4B IS cungllae Coles 50 g 0l G s Jaiee
(VY el

[P(—11.1 < ROA < 1.01) * (P(—634 < EPS < 146.5)|(—11.1 < ROA < 1.01))]
si — ) T[P(1.02 < ROA < 13.12) *(P(~634 < EPS < 146.5)[(1.02 < ROA < 1312))] ( (—244)
1 7 ) 4[P(13.13 < ROA < 25.24) * (P(—634 < EPS < 146.5)|(13.13 < ROA < 25.24))] ( ~ *

+[P(25.25 < ROA < 37.35) * (P(—634 < EPS < 146.5)|(25.25 < ROA < 37.35))]

[P(—11.1 < ROA < 1.01) * (P(146.51 < EPS < 927.01)|(~11.1 < ROA < 1.01))]
+[P(1.02 < ROA < 13.12) * (P(146.51 < EPS < 927.01)|(1.02 < ROA < 13.12))]
+[P(13.13 < ROA < 25.24) » (P(146.51 < EPS < 927.01)|(13.13 < ROA < 25.24))]
+[P(25.25 < ROA < 37.35) * (P(146.51 < EPS < 927.01)|(25.25 < ROA < 37.35))]

*1u,(537)

[P(—11.1 < ROA < 1.01) = (P(927.02 < EPS < 1707.52)|(—=11.1 < ROA < 1.01))]
+[P(1.02 < ROA < 13.12) % (P(927.02 < EPS < 1707.52)|(1.02 < ROA < 13.12))]
+[P(13.13 < ROA < 25.24) » (P(927.02 < EPS < 1707.52)|(13.13 < ROA < 25.24))]
+[P(25.25 < ROA < 37.35) * (P(927.02 < EPS < 1707.52)|(25.25 < ROA < 37.35))]

*u,(1317)

+[P(1.02 < ROA < 13.12) * (P(1707.53 < EPS < 2488.03)|(1.02 < ROA < 13.12)}]
+[P(13.13 < ROA < 25.24) = (P(1707.53 < EPS < 2488.03)|(13.13 < ROA < 25.24))]
+[P(25.25 < ROA < 37.35) = (P(1707.53 < EPS < 2488.03)|(25.25 < ROA < 37.35))]

* U, (2098)

[P(—11.1 < ROA < 1.01) = (P(0 < DPS < 500)|(—11.1 < ROA < 1.01))]
+[P(1.02 < ROA < 13.12) * (P(0 < DPS < 500)|(1.02 < ROA < 13.12))]
+[P(13.13 < ROA < 25.24) = (P(0 < DPS < 500)|(13.13 < ROA < 25.24))]
+[P(25.25 < ROA < 37.35) = (P(0 < DPS < 500)|(25.25 < ROA < 37.35))]

{ [P(—11.1 < ROA < 1.01) *(P(1707.53 < EPS < 2488.03)|(—11.1 < ROA < 1.01))]
{ * U, (250)

[P(~11.1 < ROA < 1.01) * (P(500.01 < DPS < 1000.01)|(~11.1 < ROA < 1.01))]
+[P(1.02 < ROA < 13.12) * (P(500.01 < DPS < 1000.01)|(1.02 < ROA < 13.12))]
+[P(13.13 < ROA < 25.24) = (P(500.01 < DPS < 1000.01)[(13.13 < ROA < 25.24))]
+[P(25.25 < ROA < 37.35) = (P(500.01 < DPS < 1000.01)|(25.25 < ROA < 37.35))]

* U, (750)



B bre (o (Sl (S0l a3 angi b (A3lai (UTA) pidypos Caglae Jio axwgi oy

[P(—11.1 < ROA < 1.01) * (P(1000.02 < DPS < 1500.02)|(~11.1 < ROA < 1.01))]
+[P(1.02 < ROA < 13.12) % (P(1000.02 < DPS < 1500.02)|(1.02 < ROA < 13.12))]
+[P(13.13 < ROA < 25.24) » (P(1000.02 < DPS < 1500.02)|(13.13 < ROA < 25.24))]
+[P(25.25 < ROA < 37.35) * (P(1000.02 < DPS < 1500.02)|(25.25 < ROA < 37.35))]

*U,(1250)

[P(—11.1 < ROA < 1.01) * (P(1500.03 < DPS < 2000.03)|(—11.1 < ROA < 1.01))]
+[P(1.02 < ROA < 13.12) * (P(1500.03 < DPS < 2000.03)[(1.02 < ROA < 13.12))]
+[P(13.13 < ROA < 25.24) » (P(1500.03 < DPS < 2000.03)|(13.13 < ROA < 25.24))]
+[P(25.25 < ROA < 37.35) = (P(1500.03 < DPS < 2000.03)|(25.25 < ROA < 37.35))]

*U,(1750)

+P(—11.1 < ROA < 1.01) * u_3 (=5.05) + P(1.02 < ROA < 13.12) = u_3 (7.07)
+P(13.13 < ROA < 25.24) * u3(19.18) + P(25.25 < ROA < 37.35) * u5(31.30)
= 0.125 * uy (—244) + 0.375 % u;(537) + 0.42 * u,(750) + 0.375 * u, (1317)
+0.125 % 1, (2098) + 0.292 * u,(250) + 0.25 * u, (1250) + 0.042  u,(1750)
+0.125 % u3(—5.05) + 0.167 * u3(7.07) + 0.5 * 15(19.18) + 0.21 * u5(31.30)

2 8y 02y Juolgh 13 (5350 bl (oS oo s (Sgluns 2ols dw 4,1, [Gi 97 ] 03k line 2 (o1 ¥ 08
) wlesle (g7) Hhns

lg:-gi] = [-244 50683 101609 152536]
[92+95] =[250 26965 53679  80394]
lgs-93] = [-5.05 1495 34.94 54.94]

bLs cpglhas pdlio cows by (Ui(g])) e o lp Joie pilie cuglas wulyi o dl>po opl )3 A o
das Lolee yo Jaime jolie Collas dlxs (0 Jgia 3lie) S deusloe (17 (g7)))re o sl 555
238 o g YA dayly 5l oolaiol b el ansls j1,8 o35 plas” 10 jlxe ) Joire ydlie asis)

Jbxe 2 Sl 50 bW Cangllas 3l o 2 Joine 3l Cupgllan .0 Jgan

u, (—244) =0 u,(250) = 0 u3(=5.05) = 0

u,(537) = 0.02u, (50683) u,(750) = 0.02u,(26965) u3(7.07) = 0.6u3(14.95)

u;(1317) = 0.03u;(50683) | u,(1250) = 0.04u,(26965) | u3(19.18) = 0.79u5(14.95) + 0.21u5(34.94)

u1(2098) = 0.05u;(50683) | u,(1750) = 0.06u,(26965) | u3(31.30) = 0.18u3(14.95) + 0.82u5(34.94)

sl £ g gy 4 ool ol Jlgte (5550 bl slacaygllas oy alols bl pwip gloyiie & o

Slgie 550 b5 cbcuuglho cym dbold Loll g Wy b puiiio p3lio T Jgua

Wi = u1(50683) - ul(_24'4') Wy, = u2(26965) — Uy (250) W31 = u3(14'.95) — Uz (_5.05)

Wi = u1(101609) - u1(50683) Wy = u2(53679) — U (26965) W3p = u3(34.94) - U3(14.95)

Wiz = u;(152536) — u; (101609) | wys = u,(80394) — u,(53679) Was = Uus(54.94) — u5(34.94)

Wit sLopsite o 2 (0BL] canbys) ol 4255 (2o G5} @b e a1 (g]) yolie 53 sle LY o8

Al o Cand 4 Y daly O jg0d
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u(al) = 0.25W11 + 0.02W21 + 0.81W31 + 0.28W32 (\N\p 4143‘)

S g0 dmobre Jgl 435 (gly oddorldpsgi (o) 4 i AL S e sly oles LBy @b e ek 4
(P55 Y0 (sladlal,)

u(az) = 0.51W11 + 0125W12 + 0.05W13 + 0.51W21 + 0.06W22 + 0.04W23 (\"a 4.‘4.3‘)
+0.79ws; + 0.71wsy + 0.29wss

u(ag) = 0.03W11 + O.4‘8W21 + 0.83W31 + 0.33W32 (Y‘; 419—")
D950 dpslone (YAYY) Lulyy US54 45 50 (55l 07 () 9 07 (@) slalles (3,5 i )5 L

1(a;) = 0.25wy; + 0.02w,; + 0.81ws; + 0.28ws, — 0 (ay) + 0~ (ay) (VY alal,

u(ay) = 0.51wy; + 0.125w;, + 0.05w;3 + 0.51w,; + 0.06wy, + 0.04w,5 (YA alal,
+ 0.79w3; + 0.71ws, + 0.29w353 — ot (ay) + 07 (ay)

1(az) = 0.03w;; + 0.48w,; + 0.83ws3; + 0.33ws, — 0¥ (a3) + 0~ (as) (v alayl,
D9 o Ao (Holome 43S 93 s glp) a5 ol o5)) @ly Jolds 51 Alag, Aggq)aeh! 3.YY o8
(Y 5 ¥ L))

A(as, a;) = —0.22w;; + 0.46w,, + 0.02w3; + 0.05w3, + 07 (ay) — o7 (a,) (e aby,
—o*(a3) + 07 (az)

A(a3, al) = _0.22W11 + 0.46W21 + 0.02W31 + 0.05W32 + U+(a1) - U_(al) (\c\ dja.f‘)
—o*(az) + 07 (a3)

Soslsan g o395 sho bl &by (655 Arerr yolre 43S p Ak 435 &S (93)ls0 (sl Alay, Aperq) yolio

g o Jlasl Cydgiome B ) leg Jao )3 g9dg0 ol Cunl 5558 SasS b sae

Dy oo bl FY abaly Jae & pgos (b g jaaly oles Jio BT ds e 39Y o8

=
1l

3 (\CY d.‘a_a‘)
[min]z = ) [0%(a)) + 0 (ar)]

=

subject to
—0.22wy; + 0.46w,; + 0.02w3; + 0.05w3,—0%(a3) + 0 (az) + ot (ay) —o (a)+= 6

0.48w;; + 0.125wy, + 0.05wy5 + 0.03W,; + 0.06w,, + 0.04w,5 — 0.04ws, + 0.38ws,
+0.29ws55

—o*(ay)+ o7 (ay) +o%(az) —o7(az) =6
we>0 i=123t=123

ot(a) =0 o (ap) =0 k=123
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Y Jods polie an Joe (sl e glp odelcwnay polie 65 jl38le 5 3 Jae Jo 98 = 0.05 5,8 L
Pgdi e Jol

Je 6 puiio 31 S 2 (gl selCuwday polie VY Jgun

c*(a;) =0 c*(ax) =0 0*(az) =0 0 (a;) =0 a7 (a) =0 0 (az) =0

Wi = 015 Wy = 015 W31 = 0.7 Wi = 0 Wyy = 0 W3, = 0

W13=0 W23=0 W33=0

PSSl L g 395 0 Juols yao Ban b aiuge jlade Jao Jo 5l sdelcwna slas polie (o)l ls L

Sl Cand )l 435 aw yo (gl IS Congllan Wi ol
u(a;) = 0.25 % 0.15 + 0.02 * 0.15 + 0.81 * 0.7 = 0.6
u(a,) = 0.51 % 0.15+ 0.51 %« 0.15+ 0.79 % 0.7 = 0.7
u(az) = 0.03 * 0.15 + 0.48 = 0.15 + 0.83 * 0.7 = 0.65

Lolgiind g (5 o5 a0
e iz b g 0392 (o gite lal il Wigd g0 adje (e 4 (S prenal 1y &5 (Jiluwe el g0l sLid
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