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Abstract

Purpose: The fair allocation and distribution of fixed costs in a set of competitive entities is one of the most important
management issues. Fair cost allocation between stages is of particular importance.

Methodology: Data envelopment analysis plays an important role in evaluating and comparing between units, efficiency
and fixed cost allocation between different units. In cost allocation, in addition to the approach of maintaining and
increasing efficiency, attention should also be paid to the competitive conditions and cooperation. Since cross-efficiency
in data envelopment analysis handles these conditions of competition and cooperation between units well.

Findings: In this article, using the improved cross-efficiency and the proposed algorithm, we allocate a unique fixed
cost to the units under evaluation in single-stage and two-stage supply chain systems fairly. This method does not have
the complexity of calculations of previous methods.

Originality/Value: The results of the proposed method have been analyzed on real data, 29 branches of Iranian banks
in a one-stage. Cost allocation is obtained uniquely. Then, to generalize the model in a two-stage mode, the data of 24
insurance companies with input, intermediate and output indicators have been used.
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Table 1- Cross efficiency matrix.
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Figure 1- Proposed cost allocation algorithm.
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Table 2- Data related to example 1.

bS5

A B C

Vo 0.25 0.3 0.45

Y ke 05 0.25 0.25

Y ,lss 0125 0.5 0375

polie oy il 9 0o heS eSilen -V Jgor
Table 3- The average of the lowest and highest values.
CRY
A B C Sum
e i 05 05 045 145
e pezeS 0425 025 025 0.625
ole 03125 0375 035 1.0375

N Lo slaosls 55) 2 s3lgitn w9 Jolye 2! -F Jyuz
Table 4- Implementation of the steps of the proposed algorithm on the data of example 1.

looSo sk
A B C Sum
X; = Max 05 0.5 0.45 Z=1.45
Y; = Min 0.125 0.25 0.25 T=0.625
X;  Max 0.5 0.5 0.45
Z Y Max 1.45 1.45 145
Y, Min 0.125 0.25 0.25
T Y min 0.625 0.625 0.625
X, Yi 02724137931 0.3724137931 0.355172413793 1
p-Z T
=
2
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Table 5- Values of inputs and outputs example 2.

sz't&:l J.Z.n)ls )331.3.4[: dtbtlﬂl: KIES WY Lbﬁl))s.ul Lb‘o‘s b}a)ls
1 0.9503 0.70 0.1550  0.1900 0.5214 0.2926
2 0.7962 0.60 1 0.2266 0.6274 0.4624
3 0.7982 0.75 05125 0.2283 0.9703  0.2606
4 0.8651 0.55 0.2100 0.1927 0.6324 1
5 0.8151 0.85 0.2675 0.2333 0.7221  0.2463
6 0.8471 0.65 0.5000 0.2069 0.6025 0.5689
7 0.7189 0.60 0.3500 0.1824 0.9000 0.7158
8 0.7853 0.75 0.1200 0.1250 0.2340 0.2977
9 0.4756 0.60 0.1350 0.0801 0.3643 0.2439
10 0.6782 0.55 0.5100 0.0818 0.1835 0.0486
11 0.7112 1 0.3050 0.2117 0.3179 0.4031
12 0.8113 0.65 0.2550 0.1227 0.9225 0.6279
13 0.6586 0.85 0.3400 0.1755 0.6452+ 0.2605
14 0.9763 0.80 0.5400 0.1443  0.5143 0.2433
15 0.6845 0.95 0.4500 1 0.2617 0.0982
16 0.6127 0.90 0.5250 0.1151 0.4021 0.4641
17 1 0.60 0.2050  0.0900 1 0.1614
18 0.6337 0.65 0.2350 0.0591  0.3492 0.0678
19 0.3715 0.70 0.2375 0.0385 0.1898 0.1112
20 0.5827 0.55 0.5000 0.1101 0.6145 0.7643

(1) a8lisgrge COR )5 Joo 5l Jol> (S 0005 9 (2905 «g0919 slowsg -F Jguz
Table 6- Weights of input, output and efficiency score obtained from the
improved CCR efficiency model (3).

cad uy u, uz Vi v V3 Y
1 26747 0.7319 0.3765 0 0 6.4516 1
2 1.3649 0.8344 0 0 1.6666 [0 0.8328
3 0.6290 0.8732 0+ 1.2528 0 0 0.9909
4 1.9742 0.5403 0.2779 0 0 4.7190 1
5 0.9832 0.9272 0 0.6644 0 1.7135 0.8989
6 1.2866 0.5816 0.2304 0 1.5385 0 0.7477
7 1.1066 0.7817 0.1321 0.2885 0.6031 1.2306 1
8 3.4548 0.9454 0.4864 0 0 8.3333 0.7978
9 22237 1.4862 0.2834 0.7690 0 4.6979 0.7887

10 1.4890 0.9103 0 0 1.8181 0 0.2888
11 0.8473 0.3458 0.7808 1.2633 0 0.3328 0.6040
12 1.2205 0.8157 0.1555 0.4221 0 25785 1
13 0.7623 1.0583 0 1.5183 0 0 0.8166
14 1.0237 0.6258 0 0 1.2499 0 0.4696
15 0.8118 0.6172 0.2715 0.6444 0 1.2420 1
16 0.8880 0.6540 0.5905 1.6321 0 00 0.6392
17 1.6404 0.8524 0 0 0 4.8780 1
18 1.0477 1.1785 0 1.0563 0 1.4067 0.4734
19 13515 1.8762 0 2.6917 0 0 0.4081
20 12032 0.4455 0.7768 1.0285 0.7285 0 1
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Table 8- Values of inputs and outputs and cost allocation to each unit.

DMU iy ool wwa ol Wgm oY oA Shaue jaats Ay anass
8 sl oblSes 5 J @oleiden B,

1 74115 375944 2420 374 150,236 41,917 87.1106 142.8732
2 84713 381974 3464 224 106177 68,738 106.8298 174.4780
3 76087 299,056 2848 363 224356 42,603 154.3165 180.2188
4 109150 420,650 1645 397 133291 48536 102.0796 178.3685
5 114462 356,279 1661 324 301229 60,390 314.1732 308.1870
6 104493 427,276 3024 356 200101 60,148 156.9450 157.4165
7 118825 392,056 4220 351 253,604 125641 400.4142 243.7236
8 159,620 283,154 3136 290 160,096 102,599 2736742 245.6999
9 193873 391,289 1976 341 160441 120,832 351.0359 228.4449
10 146680 278,386 2246 442 97847 49,659 53.4210 1405891
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Table 9 - Input and output values of example 4.

bDMU X1 X2 X3 Y1 Y2 CCrR
1 350 39 9 67 751 0.7567
2 298 26 8 73 611 0.9230
3 422 31 7 75 584 0.7470
4 281 16 9 70 665 1
5 301 16 6 75 445 1
6 360 29 17 83 1070 0.9612
7 540 18 10 72 457  0.8604
8 276 33 5 78 590 1
9 323 25 5 75 1074 1
10 444 64 6 74 1072 0.8318
11 323 25 5 25 350 0.3333
12 444 64 6 104 1199 1
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Table 10- Cost allocation with different approaches.

bMuU e oS 9SS (I 535S olengg ol Kea Lislis oher s ONew
6‘3['&""":"3"« 4 (.Y (Y++0) ¥-\%) ¥-\%) ARAYS)

1 7.156 14.52 6.78 11.22 5.79 6.75 5.538 0.874
2 8.130 6.74 7.21 0 7.95 8.04 7.532 0.985
3 7.353 9.32 6.83 16.95 6.54 7.28 7.350 1
4 9.297 5.60 8.47 0 11.10 9.37 7.873 1
5 9.648 5.70 7.08 0 8.69 9.86 6.377 1
6 8.092 8.15 10.06 15.34 13.49 8.10 11.499 1
7 7.163 8.86 5.09 0 7.10 7 5.901 1
8 8.498 6.26 7.74 0 6.83 8.83 7.770 1
9 13.184 7.31 15.11 17.62 16.68 13.13 11.899 1
10 7.707 10.08 10.08 21.15 5.42 7.89 11.378 0.9691
11 4.338 7.31 1.58 17.62 0 4.32 2.735 0.6187
12 9.428 10.08 13.97 0 10.41 9.44 14.142 1
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Figure 2- Two-stage system with fixed cost allocation.
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Table 11- Input and output data of example 4.

DMU X1 Xz Z1 ) Y1 Y2
1178744 673512 7451757 856735 984143 681687
1381822 1352755 10020274 1812894 1228502 834754
1177494 592790 4776548 560244 293613 658428

601320 594259 3174851 371863 248709 177331
6699063 3531614 37392862 1753794 7851229 3925272
2627707 668363 9747908 952326 1713598 415058
1942833 1443100 10685457 643412 2239593 439039
3789001 1873530 17267266 1134600 3899530 622868
1567746 950432 11473162 546337 1043778 264098
10 1303249 1298470 8210389 504528 1697941 554806
11 1962448 672414 7222378 643178 1486014 18259
12 2592790 650952 9434406 1118489 1574191 909295
13 2609941 1368802 13921464 811343 3609236 223047
14 1396002 988888 7396396 465509 1401200 332283
15 2184944 651063 10422297 749893 3355197 555482
16 1211716 415071 5606013 402881 854054 197947
17 1453797 1085019 7695461 342489 3144484 371984
18 757515 547997 3631484 995620 692731 163927
19 159442 182338 1141950 483291 519121 46857
20 145442 53518 316829 131920 355624 26537

O©CoO~NO UL WNPE

21 84171 26224 225888 40542 51950 6491
22 15993 10502 52063 14574 82141 4181
23 163297 28408 245910 49864 0.1 18980

24 1544215 235094 476419 644816 142370 16976
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F;= i=1,..,24,

k= 2= 3
01X;4) + (V%) 01X;1) + (V%) wyzj1) + (wyzpp)

Yo AT a5 gt 53308 Fledalin b oS o (s5lmesly b lite LIS dador sbaesls ool (655 2 1y 3leen o580 ol s
oM Al SO bl S dmlg g 4575 S CBls i Ol s 5 050 S e DMUS el g 500 4 o o0 Jpokor
R 48 Al ) sl Ol g0 sl 4Bl 223 dly 2 4 (s B 5 (62505 GG el cCmd & oo () Sl @ a5 5 S
dalis 0l e dpdor ¥ 531y DMU; & 8y ol s V8 s B g5 53 Stz ol iy ozt DMU s &, g1l
S o o oo e S 5L S 015 o sl A3 s sl el o Slns3 54 33 alom o s 5 50055 ol 2 VY sk 38
W dgder ol odaline BB NY Jodm 53 ol s 5 5 adsl 69505 ool a8 Garads pl ol 09,5 s s 1y She sla s s
A S0 bl (Sl b 5 Sl lade oS bl 1y 4 58 20nasS Ol or 5 A anly SoISs 4 VF d g

b e )l a8 )8 s adsl (35,5 GLatis @ Sl (s 5 Sle 2005 4 psd > e

n

1 2) 1 2
Z(R]-+R/.)—R, RLR? >0,
i=1

Uj=aRf + 1= a)R? plply (lSL R Hlds plp 5 alo e 5 sl o o odosls [oluats| 4 3o ¢ gaes b

S Dl Ly alo o n 53 DMU & s 5 43S J5 53 @ = 0.5 e 1S oSS S5l oS 51 (514 i 0 ST Jlepl ey
ABb 5SS o ke Il o S 553 50 |y sl o o 5 0 oS5 (gl 53 s 4 (S)Lis o oS3 3l bl S e
A S 53 50 pss ale e SISl 535 dalis i Colb a5l 5l 55J6 g 5 050 alsE a8 Hdd 4 sdsidles ol 4y 5o

gl 6 ks Sl pl 53 535 r e 506 4 (5 eSSl 4y pa AL S5 5 @ e 4



v 39 el 4 dlaaio awads [ o) Sen 5 3 soeha 03l rry

2 Se 53 ol o Ailo 1) s oS - (61 DMUY g S50 0l 53 A3 dolg Vo0 e 4Bl yannass an 32 (s oS 25
bl e VY dgdor b

R! = 0.05741 x 100 = 5.741.

R} =0.5%0.05515 x 100 = 2.757, R? = 0.5x 0.04431 x 100 = 2.21, RK = 2.757 + 2.21 = 4.967.
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