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Introduction

Chronic kidney disease (CKD) is a major cause of premature death globally, and its burden
continues to rise. Patients with CKD heavily depend on specialized medical equipment,
especially dialysis machines. However, the shortage of equipment, aging devices, and
inadequate infrastructure pose significant challenges to effective healthcare delivery. In
countries like Iran, the ratio of patients to dialysis machines and the lifespan of these devices
fall below global standards. These issues highlight the urgent need for smarter hospital
equipment management, effective resource prioritization, and improved maintenance
strategies. Hence, the central question is: what model can be used to prioritize medical
equipment for inclusion in maintenance and repair programs?

Theoretical Background

In the field of preventive maintenance of medical equipment, numerous studies have focused
on identifying and prioritizing equipment by utilizing multi-criteria decision-making
(MCDM) methods. For instance, Saleh et al. (2015) applied the Quality Function
Deployment (QFD) method to analyze equipment requirements and performance. Mahfoud
(2016) employed the Analytic Hierarchy Process (AHP) and PROMETHEE techniques to
assess risks associated with equipment maintenance.In another study, Torkzad and
Beheshtinia (2019) used a combined MCDM approach to evaluate hospital service quality
based on criteria such as environment, responsiveness, equipment, and professional
competence. Hutagalung et al. (2019), using the AHP method, considered criteria including
the complexity of maintenance operations, risk, mission criticality, equipment age,
equipment and user error rates, and classification of medical devices. In the area of
pharmaceutical management, Izadpanah et al. (2020) applied the Fuzzy Decision-making
Trial and Evaluation Laboratory (FDANP) method to identify and analyze standard criteria
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in drug management. Hernandez et al. (2020) proposed the Integrated Preventive
Maintenance Equipment Model (IPMEM), considering factors such as equipment type and
performance, maintenance needs, calibration, age, location, and associated risks.Nourian et
al. (2020) prioritized equipment based on their impact on service quality, failure probability,
and repair costs using MCDM methods. Moreover, Maleki et al. (2020) employed the Delphi
method to analyze equipment value from the perspectives of patients, staff, and the
organization. In a subsequent study, Maleki et al. (2021) identified priority indicators for
equipment including importance, usage rate, impact on patient and staff safety, and service
quality, assigning weights to these indicators using AHP.Ahmed et al. (2021) combined
neutrosophic logic and the Analytic Network Process (ANP) to evaluate healthcare
infrastructure assets considering risk, performance level, and physical condition.
Additionally, Ciklacandir et al. (2023) utilized fuzzy simulation and considered twenty sub-
criteria related to technical, financial, hospital, and device characteristics to support decision-
making in medical equipment procurement. Finally, Pinho et al. (2023) employed the Electre
Tri-nC method to analyze ventilator maintenance conditions based on criticality, life support
function, and role in resuscitation.

Literature Review

In the field of preventive maintenance of medical equipment, numerous studies have focused
on identifying and prioritizing equipment by utilizing multi-criteria decision-making
(MCDM) methods. For instance, Saleh et al. (2015) applied the Quality Function
Deployment (QFD) method to analyze equipment requirements and performance. Mahfoud
(2016) employed the Analytic Hierarchy Process (AHP) and PROMETHEE techniques to
assess risks associated with equipment maintenance.In another study, Torkzad and
Beheshtinia (2019) used a combined MCDM approach to evaluate hospital service quality
based on criteria such as environment, responsiveness, equipment, and professional
competence. Hutagalung et al. (2019), using the AHP method, considered criteria including
the complexity of maintenance operations, risk, mission criticality, equipment age,
equipment and user error rates, and classification of medical devices. In the area of
pharmaceutical management, Izadpanah et al. (2020) applied the Fuzzy Decision-making
Trial and Evaluation Laboratory (FDANP) method to identify and analyze standard criteria
in drug management. Herndndez et al. (2020) proposed the Integrated Preventive
Maintenance Equipment Model (IPMEM), considering factors such as equipment type and
performance, maintenance needs, calibration, age, location, and associated risks. Nourian et
al. (2020) prioritized equipment based on their impact on service quality, failure probability,
and repair costs using MCDM methods. Moreover, Maleki et al. (2020) employed the Delphi
method to analyze equipment value from the perspectives of patients, staff, and the
organization. In a subsequent study, Maleki et al. (2021) identified priority indicators for
equipment including importance, usage rate, impact on patient and staff safety, and service
quality, assigning weights to these indicators using AHP.Ahmed et al. (2021) combined
neutrosophic logic and the Analytic Network Process (ANP) to evaluate healthcare
infrastructure assets considering risk, performance level, and physical condition.
Additionally, Ciklacandir et al. (2023) utilized fuzzy simulation and considered twenty sub-
criteria related to technical, financial, hospital, and device characteristics to support decision-
making in medical equipment procurement. Finally, Pinho et al. (2023) employed the Electre
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Tri-nC method to analyze ventilator maintenance conditions based on criticality, life support
function, and role in resuscitation.

Research Methodology

This study was conducted using a descriptive-analytical approach based on a library research
method. To investigate the methods of identifying and prioritizing equipment in the field of
preventive maintenance of medical devices, relevant studies utilizing multi-criteria decision-
making (MCDM) techniques were first identified and analyzed. Subsequently, various
methods applied in this field, including QFD, AHP, PROMETHEE, FDANP, Delphi,
neutrosophic logic, fuzzy simulation, and ranking methods such as Electre Tri-nC, were
recognized and thoroughly examined according to the research objectives, features, and
evaluation criteria of each method.In this regard, data were extracted through a systematic
review of scientific articles, reports, and credible sources, and using content and comparative
analysis methods, the strengths and limitations of each method were analyzed. This analysis
was conducted to provide a comprehensive model for prioritizing and preventive
maintenance of medical equipment.From the data perspective, the present study utilized
secondary qualitative data focusing on performance, risk, cost, safety, and service quality
criteria of medical equipment. Furthermore, multi-criteria decision-making methods were
employed to weight and rank the criteria and equipment to deliver more accurate and
practical priorities.

Data Analysis

In this study, data analysis was conducted based on the opinions of five expert groups active
in hospital equipment management, including medical equipment engineers, an electronics
and instrumentation engineer, an electrical engineer, engineering technicians, and hospital
managers from public, private, and social security-affiliated hospitals in Alborz Province. In
the first round of the Delphi method, these experts redefined and extracted 22 indicators and
sub-indicators related to prioritizing equipment for maintenance planning. In the second
Delphi round, these indicators were revised, with some removed or added to reach
consensus.The validity and reliability of the research are considered acceptable due to the
careful selection of experts from key hospital decision-makers and the achieved consensus
among the five expert groups. After identifying the indicators and sub-indicators, the weights
of the indicators were determined using the fuzzy analytic hierarchy process (AHP). Experts
were then asked to express their preferences regarding the maintenance of 23 medical
devices based on nine defined sub-indicators. Their opinions were converted into fuzzy
numbers using Chang’s fuzzy scale, and a consensus decision matrix was formed by
aggregating expert opinions through the geometric mean. Subsequently, an improved fuzzy
TOPSIS method was applied to analyze the data and prioritize the equipment. The results
are presented in combined matrices reflecting expert opinions on the sub-indicators and the
calculation of alternatives’ distances from positive and negative ideals using Euclidean
distance. The coefficient p, representing the relative importance of proximity to the positive
ideal versus distance from the negative ideal, was set to 0.5, assuming equal importance for
both criteria.
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Results and Limitations

According to the calculations, the prioritization of dialysis department equipment for maintenance

and repair programs was determined, with the UPS device ranked first and the hospital bed ranked
last. This model is capable of identifying the importance of indirect but vital support equipment,
which is often overlooked in many other models. This is significant because facilities equipment
such as safe power supply and clean water, although less noticed, can disrupt the entire system if
they fail. The use of the improved TOPSIS method in this field is innovative, and the results have
gained experts’ satisfaction. The presented model has the potential to be applied in similar
departments and industries but requires further testing and validation.

Limitations of the study include limited access to experts and a lack of comprehensive maintenance
data.

Recommendations
Considering the weaknesses in hospital equipment management systems, especially in small and
medium-sized hospitals with older equipment, it is essential to improve preventive and predictive

maintenance planning to increase the reliability of the equipment.

Keywords: Fuzzy multi-criteria decision-making, improved fuzzy TOPSIS, prioritization, dialysis
equipment, maintenance and repair (M&R)
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0.0267 | 0.008 0 0| 0.0616 | 0.1956 0| 0.0253]0.0533 | <olx> @il
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0.0533 | 0.036 0]03422 | 04312 044 0.04| 0.0589| 0.08 ol
0 0 0 0 0 0| 0] 0.00420.0267 ok
0.0267 | 0.004 0 0 0 0| o 0 0 SIS
0.0267 | 0.004 0 0 0 0| o 0 0 o=t

£ O30S J g
0.0267 | 0.008 001467 0.2992| 0.44| 0] 0.02530.0533 S
0.0267 | 0.004 0 0 0 0| 0] 0004200267 | *brer b
0.0267 | 0.004 0]0.1467| 0.3784| 0.44| 0] 0004200267 | ©cre2”
0.0533 | 0.016 001467 | 0.3784| 0.44| 0] 0.0126]0.0533| ="
0 0 0 0| 0.044]0.1956| 0| 0.0210 | 0.0533 SN
ol c
0.0267 | 0.004 0 0 0 0| 0] 0.0042|0.0267 S
Canle ot ls gla el 5 0s55e Jbe S 5 36 oledle 5 A s
(3 ST )eanle s e o Slo
Sl oY) b Coale
0] 0.004]00133| 0]0.0071| 0.0311 S

004| 004| 004]007| 007 0.07 5o e o
0.0133 | 0.032 | 0.04 | 0.01 | 0.0442 0.07 Sl e ile

0| 0.006 | 0.0267| 0]0.0071| 0.0311 Y
sy s
0.04| 004 004[007]| 0.07 0.07 RO) - o
0.0267 | 0.034 | 0.04 | 0.01 | 0.0414 0.07 el
0| 0.006 | 0.0133 0]0.0086 | 0.0311 S8 s

0.0133 | 0.028 | 0.04 | 0.01 ] 0.0386 0.07 SIS 53,8,

0 0.006|00133| 000057 | 00311| 25 =555
0.0133 | 0.028| 0.04| 0]0.0343 0.07 Jbin oSt
0] 0018 [0.0267| 0 0 0 ST ST
00133 0026 | 004| 0] 0.02] 00467 | Jx eSI
00024 004| 0]0.0057| 0.0311 ol gl
0.04| 0.04| 0.04]0.01]0.0371 0.07 o s
0 0 0 0| 0.0071 | 0.0467 Ok

0| 0.006 | 0.0133 0] 0.0057 | 0.0311 58t F
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0] 0.004]0.0133| 0]0.0057| 0.0311 ey JI7
0.0133 | 0.024 | 0.04 0]0.0142 | 0.0467 | A9t Sl dsss
0| 0.002 | 0.0133 0| 0.0057 | 0.0311 JE 4l
0.04| 004| 004]| 0]0.0157| 0.0467 Cr T
0.0267 | 0.038 | 0.04| 0]0.0157 | 0.0467 O5eS) oA
0| 0.01]0.0267 0[0.0114 | 0.0467 LN
0] 0.004[00133] 0 0 0 ool o

Cdld Ol el sla asls 55 09590 Jbo i 9 (656 5ledbe i A Jgur

(5L ST ) b Olsae a5 obie 2
0.11 > 0.05 o b Ol e
0| 0.0183 | 0.0733 0| 0.0187 0 St S
011 011 o011 0 | 0.0437 | 0.025 s son o>
0| 0055| 0.11 0 | 0.0437 | 0.025 Sl (Dl ossle
0| 0.0306 | 0.0733 0| 0.0125 | 0.025 ol 4l
0.11]0.1039| 011| 0] 0.0484| 0.05 RO o ol 305 o>
0 | 0.0183 | 0.0367 0 | 0.0313 | 0.025 S5
0| 0.0061 | 0.0367 0 | 0.0063 0 S St
0| 0.0183 | 0.0367 0| 0.0313 | 0.025 SIS 52,8, 5
0 | 0.0061 | 0.0367 0 | 0.0063 0 SIS w3, 5 S s
0| 0.0183 | 0.0367 0| 0.025 0 Hb x2Sl
0| 0.0061 | 0.0367 0 0 0 ST ST P
0] 0.0367| 0.1 0| 0.025|0.025 HE St AL
0| 0.0367 | 0.0733 0| 0.0188 0 Sl gL
0.055 | 0.0978 | 0.11 0 0.0438 | 0.05 s
0 0 0 0 0 0 ol
0 0 0 0 0 0 oosl S5
0 0 0 0 0 0 by 15
0 | 0.0061 | 0.0367 0| 0.05| 0.05 GAd b O3Sl gS
0| 0.0183 | 0.0733 0 0 0 KU ol
0.055 | 0.0794 | 0.11 0| 0.0188 | 0.025 Sr Tt
0] 0.0122 | 0.0367 0| 0.0188 | 0.025 S e
0| 0.0306 | 0.0733 0| 0.0188 0 3
0 0 0 0 0 0 RS alas e




VeV Ol LCJLH oyleds (3 JUo (g G pde pwdigo ganldoad /Y

bl s Getls gla el 5 05550 dbe s 5 30 oledbe 5 N e Jsi

(63 SoO) Ll 0y b
0.05 PR 0.08 = e L5
0| 0.0136 | 0.0167 0] 0.0431 | 0.0533 S o L3S
0| 0.0136 | 0.0167 0 0.08 0.08 503 sen oK
0| 0.0091 | 0.0167 0] 0.0246 | 0.0533 Sl el
0 0 0 0] 0.0369 | 0.0533 sl 4l
0| 0.0455 0.05 0] 0.0369 | 0.0533 o o Kaws
(RO) 5o
0| 0.0091 | 0.0167 0 | 0.0615 0.08 S ]
0| 0.0045 | 0.0167 0| 0.0615 0.08 Sy Sl N s
0| 0.0045 | 0.0167 0] 0.0431 0.08 SIS 4,85 Sl
0 0 0| 0]00431| 0.08| o,y
1KY
0| 0.0090 | 0.0167 0] 0.0492 0.08 b isls
0| 0.0045 | 0.0167 0| 0.0185 | 0.0267 WA
0| 0.0090 | 0.0167 0] 0.0431 0.08 B ST
0| 0.0045 | 0.0167 0| 0.0677 0.08 Sl e L
0.05 0.05 0.05 01 0.0738 0.08 e s
0 0 0 0 0 0 ols,b
0 0 0| 000123 0.0267 s s
0 0 0 0| 0.0062 | 0.0267 Olesily J 5
0| 0.0227 0.05 0] 0.0369 | 0.0533 £ O3Sl J S
S
0 0 0 0| 0.0307 | 0.0533 LG ol
0| 0.0136 | 0.0333 0| 0.0554 0.08 G s
0| 0.0091 | 0.0167 0] 0.0431 0.08 O5eS) s
0 0 0 0] 0.0492 | 0.0533 5,0
0 0 0 0| 0.0062 | 0.0267 i doles S
S 5 oo sadlody] s
A* = (v, v3, ..., v} = {(maxvyli € I), (maxvy|j € )} (V) g b

A~ = {v],v3,..,v3} = {(min v;li € I), (minvy|j € )} (V)J 30 5
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el Cte sladlods! 51 laay 5 dols
1

1 < 2
WA =1——() (v —v}) ' (F)d 5o

el o el Bl dlols el e 5 oo Glaalols 5 e 5 e Jlol Slisloes (V) s s

ol e Jool g g e g Cade gadleds) Y g

Lyl 2 =y o o Kt b Ol Sy S asl LAQA;'-L;
Sl el
0.0012 | 0.002 | 0.002 | 0.000 | 0.000 | 0.078 | 0.003
0.0018 5 5 4 6 6 1 5 0.0015
0.078
0 0 0 0 0 0 1 0 0 e JB
0.009 | 0.004 | 0.002 | 0.005 0.035
0.0073 | 0.005 9 8 6 9 | 0001| 4 0.0062
0.015 | 0.009 | 0.048 0.148
0.2 | 0.0166 | 0.088 | 7 8 0 0 3 0.0533 e JUl
o .\
NIAE ¢
0.799 0.083 | 0.012 | 0.009 | 0.046 | 0.044 | 0.147
5 0.1955 | 0.0129 | 9 9 2 5 2 1 0.0492 Sy 255
0.842 0.055 | 0.011 | 0.005 0.045 | 0.084 B
2 0.1955 | 0.0117 | 9 5 1 0.03 1 8 0.0341 | ks o
0.830 0.079 | 0.011 | 0.006 0.002
4 0.1966 | 0.0138 8 5 6 0.040 1 0.119 | 0.0394 | S Dol
0.082 | 0.012 0.046 | 0.007
0.811 | 0.1994 | 0.0132 | 8 9 | 0000 | 5 3 | 0144 | 0.052 o¥sle 4l
Ao
0.860 0.056 0.005 | 0.029 | 0.000 | 0.081 oo
6 01869 | 0.0132 | 5 | 0011 | 1 8 6 3 0.0337 | ROy
0.840 0.084 | 0.011 | 0.005 | 0.040 | 0.002 | 0.084
9 0.1966 | 0.0119 7 8 7 3 6 3 0.0394 S|
0.812 0.085 | 0.013 | 0.009 | 0.046 | 0.004
6 0.1977 | 0.0119 8 8 2 3 7 0.14 | 0.0528 SEs S M
0.827 0.084 | 0.011 | 0.006 | 0.040 | 0.002 | 0.121 j
1 0.1977 | 0.0125 7 8 8 5 7 7 0.0403 | =S 285
8 o I S
0.812 0.085 | 0.013 | 0.009 | 0.046 | 0.004 | 0.137 7 jfgf S
7 0.1994 | 0.0125 | 8 8 2 6 7 1 0.0528 <
0.827 0.084 | 0.012 | 0.006 | 0.043
9 0.1966 | 0.0122 | 7 5 8 3 | 0.003 | 0.109 | 0.0481 Jbr o=l
0.809 0.0145 | 0.085 | 0.014 | 0.008 | 0.047 | 0.007 | 0.144 J
7 0.1977 8 8 3 5 8 3 4 0.0505 SN

el oUWl 3 Z0ks L (zata) by S S G
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- | L
0.823 0.081 | 0.012 | 0.006 | 0.044 | 0.002 | 0.123 Atk
5 0.1966 | 0.0125 4 1 9 9 9 4 0.04874 Jr
0.814 0.082 | 0.012 | 0.008 | 0.046 | 0.007 | 0.139 -
7 0.1977 | 0.0117 2 9 1 6 2 6 0.0498 | 2 Eils
0.865 0.062 | 0.011 | 0.005 | 0.040 | 0.004 | 0.083
5 0.1457 | 0.0117 | 5 1 1 6 2 9 0.0387 o s 2
0.087 | 0.014 | 0.009 | 0.046 | 0.010 | 0.147
0.806 | 0.1994 | 0.0162 2 3 6 1 2 1 0.052 ol
0.087 | 0.014 | 0.009 | 0.046 | 0.007 | 0.147 .
0.807 | 0.1994 | 0.015 2 3 2 6 3 1 0.0528 st S
0.806 0.087 | 0.014 | 0.009 | 0.046 | 0.007 | 0.147
9 0.1994 | 0.0154 2 3 2 6 3 1 0.0528 loily JI5
L 0uS|
0.827 0.085 0.006 | 0.045 | 0.007 | 0.105 55l S
6 0.1921 | 0.0132 | 8 0011 | 9 5 2 6 0.0499 A
0.808 0.083 | 0.014 | 0.009 | 0.046 | 0.007 | 0.147
9 0.1994 | 0.0135 9 3 3 6 3 1 0.052 g gl
0.834 0.064 | 0.012 | 0.005 | 0.045 | 0.007 ]
9 0.1948 | 0.0121 | 2 5 1 4 3 | 0102 | 0.052 Sr Tt
0.828 0.085 | 0.012 | 0.005 | 0.045 | 0.004 .
3 0.1966 | 0.0125 2 5 6 4 6 0.102 | 0.0508 | ©x5!omo”
0.812 0.082 | 0.012 | 0.008 | 0.045 | 0.010 | 0.140
3 0.1994 | 0.0127 | 8 9 8 7 2 5 0.0502 SN
aolae o
0.806 0.087 | 0.014 | 0.009 | 0.047 | 0.007 | 0.147 o
7 101994 | 00154 | 2 3 2 8 3 1 0.052 i

[

1 X 2
WA =1 —ﬁ(FZ(vi,- — 7))

o ddsl e sladlos] 51 laan ¥ ool aloes

(£)d 50 2
o3l e ool b g e s e ladled Y Jgu
kﬂ\)& J'L.J > e oL){ib- f‘fb O\l ;.<m.i) U:U)‘ LAUA;-LI:
S | A S
0.0018 | 0.0013 | 0.0025 | 0.002 | 0.0006 | 0.0006 | 0.0781 | 0.0035 | 0.00155 st JB!
0 0 0 0 0 0 00781 |0 0
0.0073 | 0.005 | 0.0099 | 0.005 | 0.0026 | 0.006 | 0.001 0.0354 | 0.0062 Cuze JU!
0.2 0.0166 | 0.088 | 0.016 | 0.0098 | 0.048 | O 0.1483 | 0.0533
Aol
0.9776 | 0.0062 | 0.0056 | 0.0052 | 0.004 | 0.0008 | 0.002 | 0.0358 | 0.002 | 0.0053 S s 5
0.9122 | 0.0062 | 0.0100 | 0.0541 | 0.008 | 0.0064 | 0.0299 | 0.038 0.0779 | 0.0327 | Jussen oK
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0.9661 | 0.0044 | 0.0037 | 0.0105 | 0.008 | 0.0032 | 0.0085 | 0.0146 | 0.0312 | 0.0172 e sl
Sl

0.9875 | 0.0011 | 0.005 | 0.0065 | 0.004 | 0.0012 | 0.002 | 0.0101 | 0.0063 | 0.0019 Ssle w0l
0.9105 | 0.0199 | 0.0049 | 0.0538 | 0.009 | 0.0064 | 0.0299 | 0.016 0.0955 | 0.0329 o oaws
RO)_,-: 5o

0.9516 | 0.0044 | 0.0079 | 0.0041 | 0.006 | 0.0046 | 0.0081 | 0.0142 | 0.0782 | 0.0172 S 51
0.9857 | 0.0029 | 0.0079 | 0.003 | 0.002 | 0.0008 | 0.0021 | 0.0116 | 0.0112 | 0.0009 Sy S J s
0.9704 | 0.0029 | 0.0059 | 0.0041 | 0.006 | 0.003 | 0.0078 | 0.0142 | 0.0278 | 0.0167 325,55 I
ol S

0.9839 | 0.0011 | 0.0059 | 0.003 | 0.002 | 0.0008 | 0.0019 | 0.0116 | 0.0205 | 0.0009 S s
Gl S a8

0.9699 | 0.0044 | 0.0066 | 0.0041 | 0.005 | 0.003 | 0.0062 | 0.0139 | 0.0402 | 0.0068 G sl

0.9893 | 0.0029 | 0.0026 | 0.003 | 0.002 | 0.0016 | 0.0003 | 0.0101 | 0.0062 | 0.0035 S sSY

0.9745 | 0.0044 | 0.0059 | 0.0082 | 0.005 | 0.0029 | 0.0038 | 0.014 0.0259 | 0.0058 SaweS1

FU
0.9823 | 0.0029 | 0.0086 | 0.0073 | 0.004 | 0.0022 | 0.0019 | 0.0102 0.0115 | 0.0043 Sl g2 c.w)l.,.ﬁ
0.9039 | 0.1175 | 0.0093 | 0.0304 | 0.008 | 0.0064 | 0.0077 | 0.0122 | 0.0786 | 0.0177 o s

0.9929 | 0.0011 | 0.0007 | 0.0014 | 0.002 | 0.0004 | 0.0026 | 0.0095 | 0.002 | 0.0019 R

0.9927 | 0.0011 | 0.0021 | 0.0014 | 0.002 | 0.0008 | 0.0019 | 0.0101 | 0.002 | 0.0009 olios I

0.9928 | 0.0011 | 0.0016 | 0.0014 | 0.002 | 0.0008 | 0.0019 | 0.0101 | 0.002 | 0.0009 Olaily JI 5

0.9694 | 0.0106 | 0.0049 | 0.003 | 0.009 | 0.0029 | 0.0032 | 0.0102 | 0.0432 | 0.0044 O ipnS1 oS
st

0.9904 | 0.0011 | 0.0043 | 0.0052 | 0.002 | 0.0008 | 0.0019 | 0.0101 | 0.002 | 0.0019 HU ol

0.9611 | 0.0066 | 0.0072 | 0.029 | 0.005 | 0.0064 | 0.0034 | 0.0101 | 0.0474 | 0.0019 Gy s

0.9704 | 0.0044 | 0.0059 | 0.0035 | 0.005 | 0.0048 | 0.0034 | 0.0117 | 0.0474 | 0.0032 O3eS| s >

0.9845 | 0.0011 | 0.0063 | 0.0065 | 0.004 | 0.0013 | 0.0029 | 0.0095 | 0.0109 | 0.004 5,0,
0.993 | 0.0011 | 0.0016 | 0.0014 | 0.002 | 0.0008 | 0.0003 | 0.0101 | 0.002 | 0.0019 wslre Cow

el ool (6 1Sl 5 Sian Jolsh ol e 5 e sadlotl 5l ey 58 alisls anulows (VF) s 5

n
1
(E'(V,A+)=1——Z|vij—”;5| .
ns, (0 305
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min min|v;* — x;;| + p maxmax|v] — x|
Ni(X,A*)=— L J
lvit — x| +p ml_axm];1x|v]fr — x| (D 30 5

).}Jasdn)l?.:}‘y‘jﬁ%ﬁumb&i_}ﬁ.ﬂwéj‘m_jaéf@u&)&p %ﬁQM‘JS‘)Mf)Y
.C,Mh.x&a\:_éjfjlé); .0 )‘J\.iﬁw‘&;.?jﬁdu.’\i‘Qé)}jwdu%‘&)jbdm‘w‘w@bw‘
GrmS 5 Ker oo JBy 51 Juol g Y Jgu

N3% max Min a3 e ol
0.2547 | 0.1954 | 0.0092 0.935 $ i 5
0.3226 | 0.1954 0.0042 0.9534 A sen oK
0.2836 |0.1965 | 0.0017 0.9439 Sl o il
0.2611 |0.1994 | 0.0067 0.9372 sl s
0.3476 |0.1863 | 0.0003 0.9583 o o

(RO) g you
0.2999 | 0.1965 | 0.0021 0.9482 S 5]
0.2628 | 0.1977 | 0.0047 0.9377 Sy S g
0.2794 | 0.1977 | 0.0022 0.9427 SIS 53,085 S
0263 |0.1994 | 0.0047 09378 | SIS s 50 s
028 [0.1965 |0.0025 0.9429 G sl
0.2596 | 0.1977 0.0067 0.9367 S sS5 Y
0.2748 | 0.1965 | 0.0024 0.9414 F s St L
0.2655 | 0.1977 | 0.0066 0.9386 Solpd st
0.3555 | 0.1185 | 0.0041 0.9597 o 2
0.2561 | 0.1994 | 0.0086 0.9355 Sk
0.2569 |0.1994 | 0.0067 0.9358 o5asl
0.2567 |0.1994 | 0.0067 0.9357 Sl J15
0.2801 |0.1919 | 0.0067 09429 | Gt O3S IS
0.2588 | 0.1994 | 0.0067 0.9364 Fs gl
0.2895 | 0.1948 | 0.0042 0.9455 S s
0.2802 | 0.1965 | 0.0046 0.9429 S5S) s
0.263 |0.1994 | 0.0086 0.9378 >
0.2566 |0.1994 | 0.0067 0.9357 S gl S

0.0003 Min
0.1994 Max
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G 5 Ko e ladloy!l 31 baay 55 dhols arsloes

L (V) 3
GW,A7) = 1= vy~ vy
=1
min min|v;” — x;;| + p max max|v; — x| (M) ge
i

(XA =—1
N3( ) |17].— — xi]-| +p miaxm];:lx|v]-_ - xij|

G S 5 Soen e e el 5l Jolss Y s

N- max min & JRELAE
0.6189 | 0.0275 | 0.0006 0.9943 S S 5
0.2759 | 0.0704 | 0.0046 0.9758 AL o oas
0.4767 | 0.0297 | 0.003 0.9899 Sl ol )5l
0.732 | 0.0096 | 0.0006 0.9966 ol by
0.273 | 0.0827 | 0.0038 0.9755 | (RO) s jasl o325 ol
0.3905 | 0.0708 | 0.0034 0.9856 S S
0.7016 | 0.0116 | 0.0005 0.9961 S St J 5
0.5075 | 0.0268 | 0.0023 0.991 SIS 520,185 S
0.6986 | 0.0122 | 0.0005 0.996 SIS a8 5 S s
0.5025 | 0.0395 | 0.0030 0.9909 JLy sla
0.7622 | 0.0096 | 0.0002 0.9971 S SN
0.5475 | 0.0251 | 0.0029 0.9924 JUn St L
0.6589 | 0.0097 | 0.0015 0.9952 Solms ol
0.2619 | 0.0815 | 0.0056 0.974 2
0.8424 | 0.0077 | 0.0002 0.9983 ol
0.8236 | 0.0096 | 0.0005 0.998 oI5l 5
0.8277 | 0.0096 | 0.0005 0.9981 Ol JI5
0.5018 | 0.0428 | 0.0022 0.9908 S OgeSt IS
0.779 | 0.0096 | 0.0005 0.9974 Fz e al
0.44 0.0467 | 0.0014 0.9883 Or o
0.5014 | 0.0467 | 0.0025 0.9908 DSl (57
0.6979 | 0.0080 | 0.0006 0.996 3
0.8313 | 0.0096 | 0.0002 0.9981 e aglee S

0.0002 Min
0.0827 Max
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Si = ugdf +upl; +uzl3
Si =u {y +ul; +u3l;

_ &
G+

uj

.Qm\onTw:SJ.?sﬁj)&)sww(\i)d).)q-)s

(4) Jse 2

(Vo) gm o
(V1) g0 5

a5 a5 S ool il

Z;=S; x(1-5;}) (1Y) 50 5
e 3 e JBl 31 Bl 5 (6 1Sl (Sen Jool 5 s A S 550 0 E Jsas
z s s* Uy T 4 uz N- N+ u; 4 & ot gL
0.2800 | 0.5858 | 0.4744 | 0.5 | 0.2334 | 0.2334 | 0.6762 | 0.532 | 0.2547 | 0.5148 | 0.9919 | 0.935 S S
0.2092 | 0.4754 | 0.4902 | 0.5 | 0.1946 | 0.1946 | 0.4445 | 0.2582 | 0.3226 | 0.5052 | 0.9735 | 0.9534 | slbsses olSrws
0.2387 | 0.5152 | 0.4795 | 0.5 | 0.2109 | 0.2109 | 0.5536 | 0.3516 | 0.2836 | 0.5101 | 0.983 | 0.9439 | Sl e ls
0.2675 | 0.5666 | 0.4783 | 0.5 | 0.2366 | 0.2366 | 0.6446 | 0.4734 | 0.2611 | 0.5136 | 0.9897 | 0.9372 o5l &l
) S
0.1931 | 0.4569 | 0.4937 | 0.5 | 0.1752 | 0.1752 | 0.3948 | 0.2268 | 0.3476 | 0.5027 | 0.9686 | 0.9583 ::!C;:) L
RS
0.2239 | 0.4944 | 0.4834 | 0.5 | 0.202 | 0.202 | 0.5021 | 0.3024 | 0.2999 | 0.5079 | 0.9787 | 0.9482 S 5]
0.2648 | 0.5598 | 0.4767 | 0.5 | 0.2296 | 0.2296 | 0.6367 | 0.4605 | 0.2628 | 0.5134 | 0.9892 | 0.9377 | S5\ J5
0.2432 | 0.5227 | 0.4793 | 0.5 | 0.2157 | 0.2157 | 0.5685 | 0.3681 | 0.2794 | 0.5108 | 0.9842 | 0.9427 | I3 52,5553
3,8 5 J g
0.2644 | 0.5599 | 0.4773 | 0.5 | 0.2312 | 0.2312 | 0.6359 | 0.4592 | 0.263 | 0.5133 | 0.9891 | 0.9378 ” ;}f -
0.2424 | 0.52 0.4778 | 0.5 | 0.2104 | 0.2104 | 0.5662 | 0.3654 | 0.28 0.5107 | 0.984 | 0.9429 FEr sl
0.2701 | 0.5701 | 0.4768 | 0.5 | 0.2341 | 0.2341 | 0.6518 | 0.4859 | 0.2596 | 0.5139 | 0.9902 | 0.9367 S SN
" | L
0.2484 | 0.5298 | 0.4771 | 0.5 | 0.2151 | 0.2151 | 0.5858 | 0.3887 | 0.2748 | 0.5114 | 0.9855 | 0.9414 Jw:i o
L »
0.2608 | 0.5526 | 0.4773 | 0.5 | 0.2277 | 0.2277 | 0.6246 | 0.4417 | 0.2655 | 0.5129 | 0.9883 | 0.9386 | «sln> gl
0.1884 | 0.4414 | 0.4844 | 0.5 | 0.1381 | 0.1381 | 0.3813 | 0.2191 | 0.3555 | 0.5019 | 0.9672 | 0.9597 o
0.2764 | 0.5835 | 0.4778 | 0.5 | 0.2419 | 0.2419 | 0.6688 | 0.5173 | 0.2561 | 0.5145 | 0.9914 | 0.9355 ook
0.2749 | 0.581 | 0.4781 | 0.5 | 0.2417 | 0.2417 | 0.6651 | 0.5101 | 0.2569 | 0.5144 | 0.9911 | 0.9358 ol JIs
0.2752 | 0.5816 | 0.4780 | 0.5 | 0.2418 | 0.2418 | 0.6659 | 0.5117 | 0.2567 | 0.5144 | 0.9912 | 0.9357 oleily JIs
£ 0551 dpms
0.2424 | 0.5169 | 0.4749 | 0.5 | 0.2017 | 0.2017 | 0.5659 | 0.3651 | 0.2801 | 0.5106 | 0.984 | 0.9429 UJ:;: -
0.2715 | 0.5745 | 0.4785 | 0.5 | 0.2404 | 0.2404 | 0.6556 | 0.4927 | 0.2588 | 0.514 | 0.9905 | 0.9364 | Jtxr e«
0.2329 | 0.5051 | 0.4791 | 0.5 | 0.2025 | 0.2025 | 0.5336 | 0.3313 | 0.2895 | 0.5093 | 0.9814 | 0.9455 Or o
0.2423 | 0.5195 | 0.4775 | 0.5 | 0.2096 | 0.2096 | 0.5657 | 0.3649 | 0.2802 | 0.5106 | 0.984 | 0.9429 | o5 xs”
0.2645 | 0.5604 | 0.4779 | 0.5 | 0.233 | 0.233 | 0.6357 | 0.4589 | 0.263 | 0.5133 | 0.9891 | 0.9378 2l
aslee o
0.2755 | 0.582 | 0.4780 | 0.5 | 0.2418 | 0.2418 | 0.6666 | 0.513 | 0.2566 | 0.5144 | 0.9912 | 0.9357 o
s
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