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ABSTRACT: The work aims to study the comprehensive cost measurement of product packaging alternative in the un-
certain information environment and realize the optimization of product packaging alternative. The hierarchical model of
the comprehensive cost measurement index system was established, and the membership degree method was applied to
standardize the initial score value of measurement index. The weight was introduced to distinguish the importance of each
measurement index. The packaging alternatives were considered as the focal elements in the identification framework, and
the weighted basic probability assignment value of all focal elements under each measurement index was calculated for
the two-order Dempster combination. Finally, the comprehensive cost of the packaging alternatives was measured based
on the confidence interval. A case study of the comprehensive cost measurement of packaging alternatives of a small
electrical cabinet was carried out and the optimal packaging alternative was identified, so that the feasibility and effec-
tiveness of the proposed method were verified. The proposed method can provide a solution to the comprehensive cost
measurement of product packaging alternatives with uncertain information on the expert scores.

KEY WORDS: packaging alternatives; comprehensive cost; uncertain information; theory of evidence; membership de-
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Fig.1 Hierarchical model of comprehensive cost measurement
index system for product packaging alternative
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Tab.1 Rating values on the two-level index of packaging alternatives
e A Ivaterial Tyse Tcircutate

Ipurchase  IDesign Tproduce Ipiswibute  Ipack  Istock Trransit Istevedore  IRecovery

A, 0.61 0.82 0.74 0.78 0.85 0.82 — 0.86 0.66

A, 0.86 0.73 [0.76, 0.85] 0.70 — 0.62 0.60 0.63 0.87

As 0.93 — [0.54, 0.68] 0.72 0.73 0.75 [0.70, 0.80] 0.78 0.92

Ay 0.55 0.55 0.66 0.88 0.48 0.86 0.55 0.85 0.60

As 0.74 0.70 0.78 0.35 0.52 0.70 0.42 0.56 0.75

As 0.45 0.88 [0.80, 0.88] 0.46 0.83 0.75 0.38 0.88 0.80

F2 HFREEFRITFSENIELE
Tab.2 Normalization of rating values for packaging alternatives
e Iaterial Tyse Icircutate

Ipurchase Ipesign Iproduce Ipistribute Ipack Isock Trransit Isievedore IRecovery
A, 0.3667 0.7545 0.5706 0.7491 0.9000 0.7667 — 0.8500 0.2500
A, 0.7833 0.5364 0.7235 0.6283 — 0.1000 0.5190 0.2750 0.7750
As 0.9000 — 0.2978 0.6585 0.6405 0.5333 0.8048 0.6500 0.9000
Ay 0.2667 0.1000 0.3824 0.9000 0.1000 0.9000 0.4238 0.8250 0.1000
As 0.5833 0.4636 0.6647 0.1000 0.1865 0.3667 0.1762 0.1000 0.4750
As 0.1000 0.9000 0.8059 0.2660 0.8568 0.5333 0.1000 0.9000 0.6000
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Tab.3 Weighted and normalized BPA values of all the focal elements under the two-level index

%ﬁ m'Purchase(Ak) m/Design(Ak) m'Produce(Ak) m/Distribute(Ak) m'Pack(Ak) m/Stock(Ak) m'Transit(Ak) m'Stevedore(Ak) m'Recovery(Ak)

A 0.1100 0.2328 0.1159 0.1928 03186  0.2156 — 0.2007 0.0645
A, 0.2350 0.1655 0.1470 0.1617 — 0.0281 0.1923 0.0649 0.2000
A 0.2700 — 0.0605 0.1695 0.2267  0.1500 0.2983 0.1535 0.2323
Ay 0.0800 0.0309 0.0777 0.2317 0.0354  0.2531 0.1571 0.1948 0.0258
As 0.1750 0.1431 0.1351 0.0257 0.0660  0.1031 0.0653 0.0236 0.1226
Ag 0.0300 0.2777 0.1638 0.0685 0.3033  0.1500 0.0371 0.2125 0.1548
2) 0.1000 0.1500 0.3000 0.1500 0.0500  0.1000 0.2500 0.1500 0.2000
F4 1RIEHRTEETH BPAE *6 ERZEEFRVNEEIHE. URE

Tab.4 BPA values of all the focal elements under
one-level index

oo Material(4r) myse(Ay) Mcircutate(4 )
A, 0.2170 0.4592 0.0407
A, 0.3554 0.0033 0.1763
As 0.0348 0.2310 0.4923
Ay 0.0299 0.1037 0.1105
As 0.2328 0.0217 0.0305
Asg 0.1301 0.1812 0.1496
O 0.0640 0.0108 0.0944

AHEREEXE
Tab.6 Confidence function values, likelihood function
values and confidence interval of packaging alternatives

BHMEETTE  Bel(d)  PlA)  [Bel(4y),PI(4))]
A, 0.4482  0.5351  [0.4482, 0.5351]
4, 0.1057  0.1926  [0.1057, 0.1926]
A 0.2047  0.2916  [0.2047, 0.2916]
A, 0.0314  0.1183  [0.0314, 0.1183]
As 0.0324  0.1193  [0.0324, 0.1193]
Ag 0.1776  0.2645  [0.1776, 0.2645]

ﬁ%’JX‘T 1 Z&?E‘*ﬁ IMaterials IUse *H ICirculate ‘F%%ﬁ
(&I RN 0) 1Y BPA {HIEHT AR LAk
B, BBHMAGREIL BPA fH, WK 5.
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Tab.5 Weighted and normalized BPA values of all the
focal elements under the one-level index

o M Material(A) m'use(Ar) M Circulate(A)
A, 0.1938 0.3861 0.0279
A, 0.3173 0.0028 0.1208
As 0.0311 0.1942 0.3374
Ay 0.0267 0.0872 0.0757
As 0.2079 0.0182 0.0209
Asg 0.1162 0.1524 0.1025
O 0.1071 0.1591 0.3147
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) BPA {H K : mrow(41)=0.4482, mroni(42)=0.1057,
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