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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 criteriaindependency is the primary assumption of al
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 modd 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(25.25 < ROA < 37.35) * (P(0 < DPS < 500)|(25.25 < ROA < 37.35))]

Aol 1 5 5l (5 Ellnn s Jgl 45 5 o s ym 3 o) b g8y Jlain! el b T8
Sacio ol cpgllae )3 5 0ad drwlre e (adli jd caliste (sladaly bys 4 g98g Jloinl @3S pa j3 Joismo

ol 04 dewls 3)lge (pl zen jl a3 (IS cungllae Colgs 50 g 0l G o Jaiee
(VY el

[P(—11.1 < ROA < 1.01) * (P(—634 < EPS < 146.5)|(—11.1 < ROA < 1.01))]
+[P(1.02 < ROA < 13.12) = (P(—634 < EPS < 146.5)|(1.02 < ROA < 13.12))]
+[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))]

* Uy (—244)

[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))]

*u,(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))]

{ * U, (1317)
+[P(25.25 < ROA < 37.35) * (P(927.02 < EPS < 1707.52)|(25.25 < ROA < 37.35))]

[P(—-11.1 < ROA < 1.01) * (P(1707.53 < EPS < 2488.03)|(—11.1 < ROA < 1.01))]
+[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))]

* 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)
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[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 2bols ds 4,1, [Gi 97 ] 03k ine 2 (o1 ¥ 08
) wlesle (g7) Jhns

lg:-9i] = [-244 50683 101609 152536]
[92+93] =[250 26965 53679  80394]
lgs-93] = [-5.05 1495 34.94 54.94]

a2y L glao po Jeioee polie Cogllas duulxo B Jodo plio) S duwlors (i (97)))ne 2 (sl (5550
DS o0 Sygo YA dlaly 5l ookl b adisly &l j1,8 05l ys5 plaS” 13 jlme opl Jeiee palie aS)

Jbxe 2 Sl 50 b Cngllas 3l ey Joine 3l Cupgllan .0 Jgaa

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) = 0.79u;(14.95) + 0.21u5(34.94)

41 (2098) = 0.05u;(50683) | u,(1750) = 0.06u,(26965) | u3(31.30) = 0.18u5(14.95) + 0.82u5(34.94)

al £ Jgie g5 4 ool ol Jlgte (5550 bliS slacagllas oy alols bl pwip (gloyize & o

Slgie 5550 bl cbcauglho cym dbold bl p 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) — 1, (101609) | wys = u,(80394) — u,(53679) Was = us(54.94) — u5(34.94)

Wit sLoysite s 2 (OBL] cany ) Jol 4255 (e G5} @b o a1 (g]) yolie 5 )3 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 (Y‘\p d\]a.gl)
d9d 0 anmlone Jol 4035 (gl oadoslopns s gy & 38 AL S plo 2l U35 &b i e

(Y5 9 Y0 sl

u(az) = 0.51W11 + 0125W12 + 0.05W13 + 0.51W21 + 0.06W22 + 0.04W23 (\'va 4_‘4_,])
+0.79ws; + 0.71wsy + 0.29wss

u(ag) = 0.03W11 + O.4’8W21 + O.83W31 + O.33W32 (Y‘; ‘\Ja-")
D5 g0 dplre (YY) Luly) IS5 & 35y (35)) 07 (@) 5 07 (@) slales (35 s o 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,; + 0.06w,, + 0.04w,5 (YA alal,
+ 0.79w3; + 0.71ws, + 0.29w33 — ot (ay) + 07 (ay)

1(az) = 0.03w;; + 0.48w,; + 0.83ws3; + 0.33ws, — 0¥ (a3) + 0~ (as) (Y2 alayl,

g o duwwlne (Holome 43S 93 s (glp) a5 ol o5 &ly Jolis 5| Alag, Agq)aeh! 3.YY o8
(¥ 5 ¥+ L))

A(as, a;) = —0.22w;; + 0.46w,; + 0.02w3; + 0.05w3, + 07 (ay) — o~ (a,) (F abay,
—o*(a3) + 07 (az)

A(a3, al) = _0.22W11 + 0.46W21 + 0.02W31 + 0.05W32 + U+(a1) - U_(al) (\C\ 4.‘4.3‘)
—o*(az) + 07 (a3)

Soslsan g o395 o Abl aLdld ()55 Arerr yobre 4035 Ak 435 &S (93)lse (sl Alay, Aperq) yolio

g Jlasl Cadgazme B )3 olas 3o 5 £9090 ol sl §S5 )58 S8 ol due
D9 o ol FY dlaly Jio &jgons (Jad (h)aebp olos Jho Bl alsye 3.0Y o8

(FY e,
[minlz = ) [o* (@) + 0™ (@)

k=1
subject to
—0.22wy; + 0.46w,; + 0.02w3; + 0.05w3,—0% (a3) + 0 (az) + ot (ay) — o (a)+=46

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 (sla e glp odelcunay polie 65 jl38le 5 3 Jae J> 98 = 0.05 5,6 L
Dy oo Jol>

Je (6 puiio 31 S 2 (6l selCuwday polio .V Jgun

c*(a;) =0 0" (ax) =0 c*(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

S els U g 3950 Jobs yio Bun g digy e Jae I 5l odelcawsay sl jyalio ()i el |

Sl Conl )l 35 a0 (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%0.154+ 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

Lalgiind g (5 5 a0
o iz b g 0392 (= ite dlal il wigd g0 4dje (e 4 (S prenal (sl &5 (Jiluwe el g el s>
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