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Abstract: In the research of the data envelopment analysis method, when the input and output value of the decision
making unit is interval number, the calculation of the relative interval efficiency depends on the choice of the front face of
the production. Therefore, by the comparison of the interval model of slack based model(SBM) under different production
frontier, it is concluded that it’s most favorable for the decision making unit ranking by the interval efficiencies which
are calculated both by the best production frontier. Then, the interval number similarity theory is introduced, and the
fuzzy similarity matrix of interval efficiency is established. The reference interval efficiency unit similarity method is
proposed, which is used to cluster and sort the decision making units. Finally, a numerical example is given to illustrate

the feasibility and effectiveness of the proposed methods.
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13 U 477774.5 23201.36 2975.92 391033.55 32456.64 5369.26 1.0000
L 717622.8 32432.93 5207.24 591874.45 45500.26 3017.95 0.4108

14 U 770223.5 35154.16 5577.30 662 139.76 50901.89 3376.23 0.6557
L 101281.3 5491.09 4927.33 78813.65 7421.86 578.59 0.2026

15 U 111886.6 6066.08 5443.28 87607.24 8302.96 647.27 0.2503
L 126 969.3 7023.18 3063.38 122170.19 9147.28 1698.28 0.5254

16 U 141594.1 7758.59 3384.15 136 673.82 10233.21 1 899.90 1.0000
L 145850.9 7933.35 5981.42 127122.12 12139.73 757.21 0.202 1

17 U 164 181.9 8573.00 6607.75 144379.11 13437.21 8487.11 1.0000
L 1433473 8101.26 2799.39 126 680.92 11828.34 2366.53 0.6562

18 U 165099.7 8949.56 2904.32 144429.80 13232.56 2647.48 0.9215
L 190173.5 9307.44 661.98 145200.48 13106.07 2027.19 0.8092

19 U 210086.9 10282.04 731.29 162438.18 14661.98 2267.85 1.0000
L 216899.7 9514.11 1910.87 149 165.08 12403.45 4760.57 0.8006

20 U 239611.8 10510.35 2110.96 166 873.45 13875.95 5016.70 1.0000
) L 131203.4 6496.85 3852.75 101 543.04 8989.75 1593.30 0.4395
! U 141507.4 7041.09 4119.01 108 383.65 9644.39 1718.14 0.5211
” L 214511.8 10666.97 4651.90 171767.41 19395.85 3022.84 0.598 5
U 239220.0 11895.62 5187.71 194 236.44 21933.04 3418.26 1.0000

L 155200.1 9242.28 14248.46 91728.20 10657.76 1038.97 0.1895

23 U 167934.4 10000.625 15577.34 105261.87 12003.14 1190.32 0.2305
L 153476.5 7816.278 1619.78 144 453.15 11601.73 918.05 0.5000

24 U 166 608.1 8307.35 1721.55 157371.73 12320.21 969.98 1.0000
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RAIFCL7RU” 73 B3R XA EUK_ETRRR. AR
Pa2 1 P T SEAS AR T 24 ZARAT Y X IA) 250, ml i

2 (9) T BB AT 8] FA) 1 P ARG, AL, O 2 7 4 T A
BARALURE

1 0.68 0.45 0.29 0.39 0.06 0 0 00.59 0.38 0.40.23 0.24 00.52 0.310.42 0 0.01 0 0.5 00.49
0.68 1.0.65 0.41 0.19 0.15 0 0 00.48 0.18 0.350.34 0.08 00.46 0.27 0.6 0 0.1 0 0.53 00.44
0.45 0.65 1 0.65 0.09 0.37 0 0 0 0.58 0.09 0.420.58 0 0 0.55 0.330.980.29 0.31 0 0.64 00.52
0.29 0.41 0.65 1.0.010.69 0 0 00.71 0.01 0.510.91 0 00.67 0.4 0.7 0.6 0.62 00.78 00.64
0.39 0.19 0.09 0.01 1 0 0 0 00.27 0.95 0.33 0 0.63 00.31 0.26 0.07 0 0 0.16 0.19 00. 36
0.06 0.15 0.37 0.69 0 1 0 0 00.49 0 0.360.76 0 00.46 0.28 0.41 0.86 0.9 0 0.54 00.44

0 0 0 0 0 0 1 00.04 0 0 0 0 0 0.31 0 0.11 0 0 0 0 0 0.1 0

0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0.04 0 1 0 0 0 0 0 0.02 0 0.03 0 0 0 0 0 0.75 0
0.59 0.48 0.58 0.71 0.27 0.49 0 0 0 1.0.47 0.730.65 0.18 00.95 0.57 0.59 0.42 0.44 0 0.91 0 0.9
0.38 0.18 0.08 0.01 0.95 0 0 0 0 0.47 1.0.34 0 0.67 00.31 0.270.07 0 0 0.20.18 00.35

0.4 0.35 0.42 0.51 0.33 0.36 0 0 00.73 0.34 10.47 0.39 00.76 0.780.43 0.31 0.32 0.28 0.07 0 0.8
0.22 0.34 0.57 0.91 00.76 0 0 0 0.65 0 0.47 1 0 0 0.61 0.37 0.62 0.65 0.68 00.71 00.58
0.24 0.08 0 0 0.63 0 0 0 0 0.18 0.67 0.39 0 1 00.22 0.31 0 0 0 0.33 0.11 00.26

0 0 0 0 0 0 0.31 00.02 0 0 0 0 0 1 0 0.06 0 0 0 0 0 0.43 0
0.52 0.46 0.55 0.67 0.31 0.46 0 0 00.95 0.31 0.76 0.61 0.22 0 1 0.60.56 0.4 0.42 0 0.86 00.95
0.31 0.27 0.33 0.4 0.26 0.28 0.11 00.03 0.57 0.27 0.780.37 0.31 0.06 0.6 10.330.24 0.25 0.1 0.51 0.030.63
0.42 0.6 0.98 0.7 0.07 0.41 0 0 00.59 0.07 0.430.62 0 0 0.56 0.33 1.0.33 0.35 0 0.65 00.53

0 00.29 0.6 00.86 0 0 0 0.42 0 0.310.65 0 0 0.4 0.240.33 1 0.96 0 0.46 00.38
0.01 0.1 0.31 0.62 0 0.9 0 0 0 0.44 0 0.320.68 0 00.42 0.25 0.35 0.96 1 0 0.49 0 0.4

0 0 0 0 0.16 0 0 0 0 0 0.20.28 0 0.33 0 0 0.1 0 0 0 1 0 00.04
0.49 0.53 0.64 0.78 0.19 0.54 0 0 00.91 0.18 0.070.71 0.11 0 0.86 0.51 0.65 0.46 0.49 0 1 00.82

0 0 0 0 0 0 0.1 00.75 0 0 0 0 0 0.43 0 0.03 0 0 0 0 0 1 0
0.49 0.44 0.52 0.64 0.360.44 0 0 0 0.90.35 0.80.58 0.26 00.95 0.63 0.53 0.38 0.4 0.04 0.82 0 1

B i S AR 7R T SROAT A5 0 R S A R

10.68 0.650.65 0.47 0.65 0.11 0 0.11 0.65 0.47 0.65 0.65 0.47 0.11 0.65 0.65 0.65 0.65 0.65 0.330.650.11 0.65
0. 68 10.650.65 0.47 0.65 0.11 0 0.11 0.65 0.47 0.65 0.65 0.47 0.11 0.65 0.65 0.65 0.65 0.65 0.33 0.650.11 0.65
0.65 0. 65 1 0.7 0.47 0.7 0.11 0 0.11 0.7 0.47 0.7 0.7 0.47 0.11 0.7 0.7 0.98 0.7 0.7 0.33 0.70.11 0.7
0.650.65 0.7 1.0.47 0.76 0.11 0 0.11 0.78 0.47 0.78 0.91 0.47 0.11 0.78 0.78 0.7 0.76 0.76 0.330.780.11 0.78
0.470.47 0.470. 47 1 0.47 0.11 0 0.11 0.47 0.95 0.47 0.47 0.67 0.11 0.47 0.47 0.47 0.47 0.47 0.330.47 0.11 0.47
0.650.65 0.70.76 0.47 10.11 0 0.11 0.76 0.47 0.76 0.76 0.47 0.11 0.76 0.76 0.7 0.9 0.9 0.330.760.11 0.76
0.110.11 0.110.11 0.11 0.11 1 0 0.31 0.11 0.11 0.11 0.11 0.11 0.31 0.11 0.11 0.11 0.11 0.11 0.110.110.31 0.11

0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
0.110.11 0.110.11 0.11 0.11 0.31 0 1.0.11 0.11 0.11 0.11 0.11 0.43 0.11 0.11 0.11 0.11 0.11 0.110.110.75 0.11
0.650.65 0.70.78 0.47 0.76 0.11 0 0.11 1.0.47 0.8 0.78 0.47 0.11 0.950.78 0.7 0.76 0.76 0.330.910.11 0.95
0.470.47 0.47 0.47 0.95 0.47 0.11 0 0.11 0.47 1.0.47 0.47 0.67 0.11 0.47 0.47 0.47 0.47 0.47 0.330.47 0.11 0.47
0.650.65 0.70.78 0.47 0.76 0.11 0 0.11 0.8 0.47 10.78 0.47 0.11 0.8 0.78 0.7 0.76 0.76 0.33 0.80.11 0.8
0.650.65 0.70.91 0.47 0.76 0.11 0 0.11 0.78 0.47 0.78 1.0.47 0.11 0.78 0.78 0.7 0.76 0.76 0.330.780.11 0.78
0.470.47 0.470.47 0.67 0.47 0.11 0 0.11 0.47 0.67 0.47 0.47 1 0.11 0.47 0.47 0.47 0.47 0.47 0.330.47 0.11 0.47
0.110.11 0.110.11 0.11 0.11 0.31 0 0.43 0.11 0.11 0.11 0.11 0.11 1 0.110.110.11 0.11 0.11 0.110.110.43 0.11
0.650.65 0.70.78 0.47 0.76 0.11 0 0.11 0.95 0.47 0.8 0.78 0.47 0.11 10.78 0.7 0.76 0.76 0.330.910.11 0.95
0.650.65 0.70.78 0.47 0.76 0.11 0 0.11 0.78 0.47 0.78 0.78 0.47 0.11 0.78 1 0.7 0.76 0.76 0.330.780.11 0.78
0.650.650.98 0.7 0.47 0.7 0.11 0 0.11 0.7 0.47 0.7 0.7 0.47 0.11 0.7 0.7 1 0.7 0.70.33 0.70.11 0.7
0.650.65 0.70.76 0.47 0.9 0.11 0 0.11 0.76 0.47 0.76 0.76 0.47 0.11 0.76 0.76 0.7 1 .0.96 0.330.760.11 0.76
0.650.65 0.70.76 0.47 0.9 0.11 0 0.11 0.76 0.47 0.76 0.76 0.47 0.11 0.76 0.76 0.7 0.96 10.330.760.11 0.76
0.330.33 0.330.33 0.33 0.33 0.11 0 0.11 0.33 0.33 0.33 0.33 0.33 0.11 0.33 0.33 0.33 0.33 0.33 10.330.11 0.33
0.650.65 0.70.78 0.47 0.76 0.11 0 0.11 0.91 0.47 0.8 0.78 0.47 0.11 0.91 0.78 0.7 0.76 0.76 0.33 10.11 0.91
0.110.11 0.11/0.11 0.11 0.11 0.31 0 0.75 0.11 0.11 0.11 0.11 0.11 0.43 0.11 0.11 0.11 0.11 0.11 0.110.11 1 0.11
0.650.65 0.70.78 0.47 0.76 0.11 0 0.11 0.95 0.47 0.8 0.78 0.47 0.11 0.950.78 0.7 0.76 0.76 0.330.910.11 1

FERRN S FE R R0 b, WO RPN = A ANHISE, AR A Bl B 7 B, AT AR 2 E AT

HX >
RR,

0.47,%F Fib g WitAT f
Dy ={7,8,9,15,23}, Dy = {5,11,14, 21},
D3 ={1,2,3,4,6,10,12,13,
16,17,18,19, 20,22, 24}.
A LASRAGAR B T4 — 2K 1 2 I DMU, B K I N
aq, = (0.219,0.305), aq, = (0.482,0.687),
aq, = (0.809,1.000).
[ i 36 7] DASE Hi 45— 28 DMU 5 A B2 [ 2 16 DMU
Z AN IARBLBE AR, 5 R an 3R 2 R,
H1 32 2 A) K1, = K2R 1) 2 B DMU [ X 8] 200% 58

=W

Z R

EZY)

A
s

PLICMF N aq, < aa, < aq,. FIFS PR ERE)
HER 45 R, W A 24 ZXBRAT HEAT bR, 8 T REE R
Uy L APORE AR SCHE PP 7 ik I AT AT PR AN 5 B R ARSI
HER 7 5 AR BEHE R J7 10 KORT RE FEHE Y T )
BEAT B AP A5 RS K 3.

H1T- DMU (/802 58 244>, R T W A5 BEHERF J5
V2V 5 N HE Y R R REAT 24 IR A e AR B iR 2 4HE
Frai R, B ROR. TR AR 5%k, REE
PETH 5 244> PSRBT AL BT X N2 R 2 I DMU X
1) 2R AR AURE 3t T ARG SR P 45 2R, R % VR S
(RGN
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F7 % AT SBM X ] 42 A 4% i 5 TTARNA L 2097

*2 BRAERFRHEETSRDMUBXERERBMEE

WIS KRR

Slaillaa,] Stail,lag,]  Slail.lad,]

7 (0.219,0.305) 1
8 (0.143,0.175) 0
D, 9 (0.180,0.224) 0.041

15 (0.203,0.250) 0.306
23 (0.186,0.231) 0.097

5 (0.482,0.687) 1
11 (0.472,0.686) 0.95
Dy (0.411,0.656) 0.629
21 (0.440,0.521) 0.158
1 (0.560,0.807) 0
2 (0.620,0.837) 0.0739
3 (0.649,0.910) 0.287
4 (0.680,1.000) 0.596 8
6 (0.779,1.000) 0.8637
10 (0.548,1.000) 04221
12 (0.378,1.000) 0.3068
D, 13 (0.708,1.000) 0.6539
16 (0.525,1.000) 0.4013
17 (0.202,1.000) 0.2391
18 (0.656,0.922) 03266
19 (0.809,1.000) 1
20 (0.801,1.000) 0.9569
22 (0.590,1.000) 04648
24 (0.500,1.000) 03816
F=3 3MEENHIFEEREEER
WATS  EEHR AScHERE: WTREEEHET 5k
1 14 15 13
2 12 14 9
3 8 12 7
4 5 5 5
5 16 16 15
6 3 3 3
7 20 20 20
8 24 24 24
9 23 23 23
10 9 7 10
11 17 17 16
12 13 11 14
13 4 4 4
14 18 18 17
15 21 21 21
16 10 8 11
17 15 13 18
18 10 6
19 1 1 1
20 2 2 2
21 19 19 19
2 6 6 8
23 2 2 2
24 11 9 12

IS A ADURE HE P 7 iR A AT A5 BEHE R 7 R BT
BRI 45 R, D1 2K\ Dy 2K D3 JEDMU AR L
BBCH RAEBE (D) 3R Dy 2R [\ DMU MRS T D3 26

I DMU H A B 72 (0 X TR, 2 AR HE PP D5 12 e
IFHE D3 K2 J7), IX R WIFE R B i Sl 3k
TR A B

SR AT BE B HE 7 7 1, SCHR (8] 48 HIFE S 4 1
T o BT T B S R R o SR AR — BV RE R, BT LK
PR REAT RS HE 5 R PR REAT R 45, 2 & R E5 HUR
HEAN T 9 7] B 2 LB I ARHE AR AE A — B0k, AT 520
HeFr 45 R 0 & BEE. 4025 FE DMU, M1DMU 6, AR5
A REE E B A THRAS 3 DMU 6 AH T DMUS, 1 A]
REFZ N 0.549, BRI 4 EL 25 5 9 DMUy 6 > DMU,, M
G2 5 A7 45 RADMU g <DMU,, —# 7 J&. H
&K A ST HE e 77 725, B IR e HF s DMU 52
[ DMU HIAHABURE A5 21HR e ) B2, HlE Fr b o4 2 ME— D,
R AAE LT . 11 S0 (o) < Slare) faay AR
4 DMU,¢ > DMUs,. [FI, W] REEHEF A&
P 2 A 45 HE e 45 AR R 45 R 7 A A — BUE. 11
U1 DMU, 7 7 R KGR & T D3 25, (A 7] REFEHEF
JriE A A B A 1844 KT Dy K ) DM U1 4
ADMUy . A ECET &, A SRR 7V R R 2R
FLath b AT HE R, A AR S ] R

L5 EPNR, HE T 2 I8 BT IX R R AR R
JIEACAT LLE A % DMU #E47 262870 #r, Atk e
SEMEEE Y 5 (R SRR, 10 ELAE SRS M Bt |
i 2 R /N SR AME 5 R OK A HHE Y BUE, X DMU
BEAT ELHHR R, b 1 AR A B O 0k B A, A A5
FeARtEG—, HE e i R ) L, HE 4 R O &
5 4 ®

ARSI I AN [ TR 6 SBMIX [ A5 R AR
XS R M, W E T LA SR UL B I T 55 SBM X [ 8
R X (8] 23 A F T DMU BIHERF, 9 BoF A X (8]
HORR LA RE B2 0 DMU #EAT B8 S8 8 01, ok i
St 7R T DMU By 5 HIRSRAS . RN H T
BT S B ITIX A AR R R OE, B &
2 WA B HE P A1, PROEX DMU ZEATHEF. %
TiE TR T A GERIANEA E VR O ik h HEFR AR AE A
— BORI SR B ORI Il . e 5 A SC I s 41 B
R T RIS, X DMU BT HEF & A R H AT
1TH.
£ Tk (References)
(1] AREK. AHE 2 8 IR ST &R M. dEat: 1§

R R AL, 2004: 105-155.

(Xu Z S. Uncertain multiple attribute decision

making methods and application[M]. Beijing: Tsinghua

University Press, 2004: 105-155.)



2098 #= % 5 Xk K %32%
[2] Jahanshahloo G R, Lotfi F H, Malkhalifeh M R, et al. (Zhan T S, Lin W Z. Similarity algorithm and

(3]

(4]

(5]

(6]

(71

(8]

(9]

[10]

[11]

A generalized model for data envelopment analysis with
interval data[J]. Applied Mathematical Modelling, 2009,
33(33): 3237-3244.

Wang Y M, Greatbanks R, Yang J B. Interval efficiency
assessment using data envelopment analysis[J]. Fuzzy
Sets & Systems, 2005, 153(3): 347-370.

Hosseinzadeh Lotfi F, Jahanshahloo G R, Esmaeili M.
Classification of decision making units with interval data
using SBM model[J]. Applied Mathematical Sciences,
2007, 1(14): 681-689.

Sohrab  Kordrostami,  Alireza

Hossein  Azizia,

Amirteimoori. Slacks-based measures of efficiency
in imprecise data envelopment analysis: An approach
based on data envelopment analysis with double
frontiers[J]. Computers & Industrial Engineering, 2014,
79(2): 42-51.

Wang Y M, Yang J B. Measuring the performances of
decision-making units using interval efficiencies[J]. J of
Computational and Applied Mathematics, 2007, 198(1):
253-267.

rlEic. ATRERE M X MBS & HEF ()], R TAEHE
52, 2013, 33(8): 2033-2040.

(Gao F J. Possibility degree and comprehensive priority
of interval numbers[J]. Systems Engineering — Theory
& Practice, 2013, 33(8): 2033-2040.)

ARG, B E AL, o0, A T A R R R I X TE]
HERF T35 [0, ] 5 1R 3R, 2016, 31(4): 629-634.

(Li D Q, Han G Z, Zeng W Y, et al. Ranking method
of interval numbers based on Boolean matrix[J]. Control
and Decision, 2016, 31(4): 629-634.)

Wang Y M, Yang J B, Xu D L. Interval weight
generation approaches based on consistency test and
interval comparison matrices[J]. Applied Mathematics &
Computation, 2005, 167(1): 252-273.

VREGTN, 1REK. X ZOH BRI AL 7). $ sk 5
iAIR, 2007, 24(2): 1-8.

(Xu R L, Xu Z S. On Similarity degrees of interval
numbers[J]. Mathematics in Practice and Theory, 2007,
24(2): 1-8.)

FESEAR, MR S ol R A0 23 X T AR BL R B0 K
JS2H (0] B 5B 5 AR, 2009, 39(20): 31-34.

(12]

(13]

(14]

[15]

[16]

(17]

(18]

its application on the data optimization partition[J].
Mathematics in Practice and Theory, 2009, 39(20):
31-34)
X, BE R BT XA R X TR R A AR
U A R, AR DL R, B AN A T 1 0% A
FC 9] R AR 485 5, 2012, 26(2): 81-90.
(Zeng W Y, Zhao Y B. Relationship among the
normalized distance, the similarity measure, the entropy
and the inclusion measure of interval-valued fuzzy
sets based on interval-number measurement[J]. Fuzzy
Systems and Mathematics, 2012, 26(2): 81-90.)
MR, SRER, A1 T AT B8 I DX IR B HE 7 7 VA T
BN REERZ244R, 2011, 44(8): 705-711.
(Xiao J, Zhang Y, Fu C. Comparison between methods
of interval number ranking based on possibility[J]. J of
Tianjin University, 2011, 44(8): 705-711.)
K, SBR[ [ HCHE I 1 T A v K% R (9],
R4 TR, 2003, 18(1): 67-70.
(Xu Z S, Da Q L. Possibility degree method for ranking
interval numbers and its application[J]. J of Systems
Engineering, 2003, 18(1): 67-70.)

. XA HE R T A (0. 38 %5 5 B, 2003,
12(3): 18-22.
(Zhang J J. Research on method for ranking interval
numbers[J]. Operations Research and Management
Science, 2003, 12(3): 18-22.)
BIE, BB R TR T AR A DX IR B ik T
%), R LFEAR, 2008, 23(2): 223-226.
(Li D Q, Gu Y D. Method for ranking interval numbers
based on possibility degree[J]. J of Systems Engineering,
2008, 23(2): 223-226.)
BT BRI B S b S LRI (M. P %2 e T
FHECOR 2 R, 2004: 42-46.
(Gao X B. Fuzzy cluster analysis and its application[M].

Xi’an:  Xi’an Electronic and Science University
Publishing, 2004: 42-46.)
Shiang-Tai, Liu Chiang Kao. Predicting bank

performance with financial forecasts: A case of
Taiwan commercial banks[J]. J of Banking & Finance,

2004, 28(10): 2353-2368.

(Friesit: FEH)



