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Abstract:

Performance measurement has received significant interest during the present industrial
scenario. Researchers are emphasizing the development of newer exotic cutting edge tools
and more effective methods that can be applied to solve organisational problems. Data
Envelopment Analysis (DEA) model measure the efficiencies of a set of homogenous
systems or decision making units (DMUSs) by incorporating multiple input and output factors,
can be applied for the purpose. Performances of all the DMUs, Distribution centres (DCs) as
envisaged in this paper are evaluated by calculating efficiencies. DEA being a non-
parametric technique, the output generated by DEA should be viewed with caution and
should be used only after conducting appropriate sensitivity analysis. Analytic Hierarchy
Process (AHP) which is a powerful and flexible decision making tool for complex, multi-
criteria problems overcomes the deficiencies of DEA. In the next step again performances of
all the DCs are evaluated using the AHP. On the other hand DEA guides the non performing
DCs about the level of improvement required for any given criteria to meet the performance
level of performing DCs. Where, AHP has virtually no contribution to sort out the said
problem. Hence in the third step a hybrid methodology has been proposed combining
performance suggested by both DEA and AHP, to develop an overall performance measure
and to derive the benefit of both the models. Sensitivity analysis has also been reported for
making an eclectic decision.

Key Words: Data Envelopment Analysis (DEA), Decision Making Units (DMUs), Efficiency,
Sensitivity Analysis, Analytic Hierarchy Process (AHP)

Notations:

Yim is]th output of the m th DMU.

Vim is the weight of that output

Xim isith output of the m th DMU.

Uin is the weight of that input

Yin and x i, are j th output and i th input respectively, of the nthDMU, n=1, 2,....... N,
here n includes m.

RW = Relative weight

NW = Normalised weight

C.I = Consistency Index
R.I = Random Index
a= coefficient of attitude

PM = Performance measure
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1. INTRODUCTION

A number of reviews on design and development of performance measurement system exist
[1, 2]. Some of the performance evaluation methods that consider multiple dimensions from a
guantitative modeling focus [3-5]. Multi-Criteria Decision Analysis can be used to identify a
preferred alternative, to rank the alternatives in a decreasing order of preference, or to
classify the alternatives into a small number of categories [6]. Practically almost all the
models conceptualized around manufacturing organization. But very little has been done for
the performance measurement of distribution side of the supply chain. Though these
techniques provide ranking of the alternatives, but do not always indicate how a particular
alternative could improve its position, which is a strong feature of DEA justifying its use. The
root of DEA can be traced long back [7]. Research interest on this topic again started with
the article [8]. Detail comprehensive materials in DEA are available through [9-12]. Moving
average type of time series analysis, analyses the performance of the DMUs with respect to
time for the improvement of inefficient DMUs [13]. DEA being extreme point technique, even
small measurement error can affect DEA results significantly.

AHP developed to structure complex multi attribute problems, overcomes all these above
difficulties [14]. It is based on pairwise comparison of decision elements with respect to a
common criterion. AHP has been extensively used for performance evaluation and decision
making models [15-18]. This paper focused on the usefulness of DEA to generate a
performance model with improvement targets which interfaces with AHP performance model
in the proposed methodology to arrive at a more consistent weighing scheme for the final
ranking of DCs.

Performance being multidimensional and has many contributing factors, it cannot be
gathered and assessed by a single indicator. Performance indicators are not independent;
rather stand in a conflicting or complementary relationship with one another.

1.1 DEA model

DEA is a mathematical programming technique that has found a number of practical
applications for measuring the performance of similar units called as DMUs. DEA is
concerned with a number of alternatives DMUs, whose performance is assessed using the
concept of efficiency by a ratio of total outputs to total inputs. Each of them is analyzed
separately via a mathematical programming model which checks whether the DMU under
consideration could improve its performance by decreasing its input or increasing its output.
The best performing DMU is assigned an efficiency score of 100 percent, other DMUs
perform in between 0 and 100 percent relative to this best performance. A DMU which can
not improve its performance is efficient or non-dominated. Otherwise it is dominated by a
convex combination of other DMUSs.

DEA is an extreme point technique; errors in measurement can affect DEA results
significantly. Furthermore, since DEA being a non-parametric technique, statistical
hypothesis tests are difficult. It is not possible to estimate the confidence with which DEA
efficiencies are computed. Hence the output generated by DEA should be used only after
conducting sensitivity analysis. Checking sensitivity of DEA efficiency of a DMU is to verify
whether the efficiency score of a DMU is affected appreciably if only one input or output is
omitted from the DEA analysis. If efficient DMU become inefficient due to the omission of just
one input or one output should be handled with caution. A similar sensitivity analysis should
be conducted by leaving out an efficient DMU from the analysis. This particular analysis
discussed till now is known as cross sectional analysis. Again performance can be compared
over time, known as time series analysis. The variation of efficiency of DMUs over multiple
time periods can help in improvement analysis. There are two types of time series analysis
known as Window Analysis and Malmquist Productivity Index. In this case Window Analysis
will be used.
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In our case we will use CCR model, suggested by [8] as shown below.

J
max Z v jm y jm (1)

i=1

[
st D UmXim=1
i=1

J |

YVimYijn -2 UimXin S 0; n=1.2...... N

j=1 i=1

VimoUim 2 05 =120 ; i=1,2,......J
1.2 AHP Model

The Analytic Hierarchy Process (AHP) is a practical approach for solving complex decision
problems involving the comparison of attributes or alternatives.

The pair wise comparison matrix is of size nxn, where n is the number of elements to be
compared pair wise.

The matrix will be filled up accordingly to certain procedures:

(a) Each element compared with itself will get a value 1i.e.a(1,1)=a (2,2) = ........ =a(n,n)
=1.

(b) When i th. Element is compaired with j th. Element have got a value a (i ,j) , the j th
element being compaired with i th element have got a value a (j, i) = 1/ a(i ,j) i.e. a (2,1) =
1/a(1,2), a@B,1)=1a(1,3), ........ a(n,1)=1/a(,n).

() RW =" Ja(l) xa(2) xa(31) xa(41)xa(5,1) .
(d) NW = RW / Y RW.

(e) Maximum Eigene Value (A yax) = 2 column 1 x NW value row 1 + 2 column 2 x NW
valuerow 2 +........... + > Column n x NW value row n.

(f) C.h=(Awmax -n)/(n-1).

(9) R.1=1.98%x(n-2) / n.

(h) Consistency Ratio = C.I/ R.1, should be within 10percent.

(i) Composite Rank = Criteria 1 weitage x NW value of that alternative 1 under that criteria +
Criteria 2 weitage x NW value of that alternative 1 under that criteria + ...... + Criteria n
weitage x NW value of that alternative 1 under that criteria.

1.3 Proposed Methodology

Performance measure (PM) for i th alternative (DC) can be calculated as
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PM ;= a (AHP) + (1- a) (DEA) )

AHP; = Composite rank score of i th alternative DC in accordance with AHP technique.
DEA, = Efficiency score of i th alternative DC in accordance with DEA technique.
Where 0 <a <1
To verify the result of proposed methodology, the sensitivity analysis is carried out by
changing the value of a in equation (2).

2. CASE STUDY

This study was conducted for a leading indigenous consumer durable manufacturer having
multi echelon system (Figure 1) with seventeen DCs are coded as A, B, C,........ ,Q. All the
expenditures are in Indian Currency (Rupees).

Suppliers
(n numbers)

\ 4

Manufacturing
plant (1 number)

A 4

Warehouse
(2 numbers)

\ 4

Distribution centre
(17 numbers)

A 4

Dealers
(m numbers)

\ 4

Buyer
(Final product)

Figure 1: Product Flow up to Final Buyer.
2.1 DEA efficiency

In this case DMUs are DCs and inputs considered for the DCs are number of employee,
General expenses, Space occupied in square foot, Inventory at DCs in monetary term.
General expenses do not cover rent and salary of employees. Space is considered instead of
rent, as rent varies abnormally from city to city. Similarly number of employee is considered
instead of salary expenditure as salary is related to seniority and other factors. Outputs
considered are Sales in terms of money, service time in hours and fill rate in percentage.

120



Chakraborty, Majumder & Sarkar: Performance Measurement of Distribution Centre Combining...

Service time is the time required to load the material on vehicle and process the
documentation during dealer replenishment. Higher service time is not desired; we
associated a negative sign with this output value. Fill rate is the percentage fulfillment of
demand by the D.C. in response to the dealers’ demand. This should be 100 % in ideal
condition but whenever organization introduce new product / model it is not always possible
to meet the demand of new product / model from the dealers. Details of various inputs and
outputs of all the D.C. (Table I) are monthly average data.

DEA efficiency scores are calculated (Table I1) in Excel by calling the Solver add-in. D.C.
coded A, B, G, H, I, M, N, P are rated as efficient. Table Ill shows the result of the sensitivity
analysis, improvement targets required for different inputs and outputs for the inefficient D.Cs
to become efficient. For D.C. coded C fill rate is to be increased from 96.95 % to 97.25 % i.e.
an increase of 11.46% to become efficient. Other options available to C are reduce service
time to 2.68 hours, reduce number of employee to 4.53, general expanses to Rs.61830,
space consumption to 13430 square foot and inventory to Rs.9635000. Similarly
improvement targets for D.C. coded D, E, F, J, K, L, O, Q are as shown in Table Ill. In case
of D.C. coded J if fill rate is increased from 95.25 % to 100% keeping other variables
constant, it does not become efficient.

Table I: Details of various input and output of D.C.

=) e~ e S o =
So | g7 | ET o8 Sea |S8_| =3
©) = c n X v 3 Lo T g R cx
= s 58 2 < £ 2 &5 858 c8
=5 n < c £ S E 0 ad ao g3
T3 3= | =H i < =
A 96.95 15336 3.50 4 62.50 14.75 9276
B 98.25 19205 2.90 6 75.60 15.20 11264
C 87.25 16331 3.50 5 66.20 14.80 13490
D 81.90 11938 5.50 4 69.90 16.50 7640
E 87.25 12893 5.00 5 59.65 13.25 9176
F 91.50 13485 3.50 5 69.80 13.90 11048
G 93.85 10605 4.60 4 57.75 13.00 7444
H 91.15 11417 5.20 5 67.95 16.10 7268
I 82.35 12086 4.00 6 63.75 11.90 7772
J 95.25 14287 3.70 5 72.65 16.50 10240
K 92.35 13418 4.80 4 60.20 13.90 8964
L 90.20 12221 3.50 5 58.35 15.80 8452
M 87.85 13327 4.90 5 60.35 12.50 9731
N 89.65 11412 4.50 4 54.55 13.00 9610
@] 90.25 12181 5.00 5 57.95 14.50 9564
P 86.50 16192 4.70 5 56.85 13.55 10388
Q 87.10 10749 5.50 4 67.55 15.10 7388
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Table II: DEA Efficiency Scores of all the DCs.

o
)

Efficiency (%)

100.00
100.00
100.00
100.00
100.00
100.00
100.00
100.00
98.70
98.20
97.10
97.07
96.40
96.12
95.67
95.67
86.32

MO0 |MO|XR|IFr(—®O|T|>|Z2|Z|W I
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Table Ill: Targets and percentage change needed for inefficient D.C. to reach 100 %
relative efficiency as per DEA technique.

. : . neral .
Fill Rate (in | Service Number Genera Space (in :
: . Expenses Inventory (in
percentage | Time (in of . ,000 square .
(in ,000 000 Rs.)
) hours) Employee foot)
Rs.)
[ c c c c
o Qo Q2 = =) 2
S o |3) |3) 3] 3)
(3] o () () [<5) (5] <))
Ol o = |2| ¢ |2| ¢ | 2| | 2| & o | @
I S I S N S N - N S B S e S
C | 97.25 | 11.46 | 2.68 | 23.43 | 453 | 9.40 | 61.83 | 6.60 | 13.43 | 9.26 | 9635 | 28.58

w
0
)

D | 88.69 | 829 | 3.11 | 4345 | 3.40 | 15.00 | 52.01 | 25.59 | 11.90 | 27.88 7345

E | 9247 | 598 | 3.05| 39.00 | 3.60 | 28.00 | 54.88 | 8.00 | 12.43 6.19 7990 12.93

F | 93.74 | 245 |3.07 | 12.29 | 3.77 | 24.60 | 58.48 | 16.22 | 13.49 2.95 8505 23.02

J | | 3.08 | 16.76 | 3.93 | 21.40 | 60.73 | 16.41 | 13.99 | 15.21 8817 13.90

K | 9459 | 243 | 344 | 2833 | 3.82| 450 | 58.36 | 3.06 | 13.61 2.09 8381 6.50

L |91.13 | 1.03 (339 | 3.14 |3.73| 2540 | 5757 | 1.34 | 1343 15.00 8321 155

O | 9434 | 453 |3.34| 33.20 | 3.73 | 25.40 | 55.63 | 4.00 | 12.83 11.52 7839 18.04

Q| 9184 | 544 | 389 | 29.27 | 3.67 | 825 | 54.08 | 19.94 | 12.21 19.14 7136 341

Further sensitivity analysis is attempted excluding fill rate from the criterion set as it is more
dependent on the manufacturing plant distribution capability. The result showed that D.C.
coded G, H, I, M, N became inefficient, only A and B remained efficient. D.C. coded B
recorded highest sale and fill rate. If we exclude B from the list of D.C., then efficiency rating
of C improves to 100 percent.

So far, we have compared the performance of D.C. at a particular point of time. For
improvement of the performance of DCs we will compare the performance over time using
Window Analysis. A DMU in each period is treated as if it is a different DMU. The
performance of a DMU is compared with its performance in other periods, in addition to
comparing it with the performance of other DMUs in the same period.

Consider the performance of D.C. over four year time period with two year window. First
we analyze the D.C. for the current year (year 1) and previous year (year 2). We have 17 x 2
= 34 DMUs in total. D.C. coded B, H in year 1 and D.C. coded E, M in year 2 are the most
efficient ones in the two year window (Table 1V).

Then the window is shifted by one year back and DEA analysis is performed for the all
D.C.s for the year 2 and 3. From Table IV it can be concluded that performance of D.C.
coded C in year 3 was best (98.38 % relative efficiency within 2-3 year window) in all four
years. This implies that C performed best in the third year, if we compare the last four years
data.
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Table 1V: DEA efficiency of D.C. in 1-4 years using 2 years window.

Year 1 2 3 4
A 99.07 08.98
97.80 100.00
98.04 99.96
B 100.00 90.00
92.37 99.12
98.25 97.74
C 94.81 95.67
91.97 98.38
98.04 95.56
D 94.99 95.27
93.91 97.36
97.79 100.00
E 93.53 100.00
08.98 99.99
97.85 96.09
F 95.15 97.74
97.75 97.79
95.00 100.00
G 97.68 96.25
91.10 100.00
93.39 98.84
H 100.00 93.40
96.13 100.00
94.34 100.00
97.61 95.52
97.97 99.99
97.29 100.00
J 89.82 90.93
91.82 89.25
88.04 89.56
K 97.11 91.11
93.33 100.00
93.78 98.71
L 97.50 96.33
91.13 100.00
96.66 96.39
M 99.98 100.00
100.00 98.88
96.60 98.57
N 99.09 94.45
97.77 100.00
92.23 95.29
@] 95.08 91.11
91.99 100.00
98.09 97.65
P 98.66 98.99
99.99 97.56
94.43 100.00
Q 96.87 93.30
98.86 89.91
97.72 93.35
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2.2 AHP ranking

Criteria for evaluation of seventeen numbers of DCs are fill rate, sales, Space, service time,
inventory, number of employee, general expenses. For AHP in detail; interested readers can
refer [16]. First using AHP weightage to the criteria are calculated. Weightage obtained from
AHP for fill rate, sales, Space, service time, inventory, number of employee and general
expenses are 0.05, 0.30, 0.10, 0.05, 0.15, 0.20 and 0.15 respectively. In the second step of
AHP all the DCs are evaluated with respect to each criterion separately. These evaluation
scores can be traced in Table V e.g. comparison of DCs with respect to fill rate can be traced
under fill rate column of Table V. In the third step composite score was calculated as seen in
Table VI. AHP ranking is also shown in the last column.

Table V: Relative worth of alternatives using AHP.

Criteria
2 0 o ~
e | o | o | £ 5| 58 | 82 | %
o @ 8 ® = . 2 0T =
= < N 9 & s 2 S S L0 | x
i @ N 2 2 Z e 0o 29 | 8
§ | © ® -
S
Criteria 8
weightage 0.050 | 0.300 | 0.100 | 0.050 | 0.150 0.200 0.150
A 0.129 0.090 | 0.042 | 0.104 | 0.036 0.089 0.050 0.0735 3
B 0.209 | 0.221 | 0.028 | 0.216 | 0.012 0.026 0.010 0.0989
C 0.030 | 0.128 | 0.042 | 0.104 | 0.052 0.046 0.036 0.0717
D 0.015 | 0.028 | 0.015 | 0.016 | 0.082 0.089 0.018 0.0443 | 15
8 E 0.030 | 0.043 | 0.068 | 0.024 | 0.042 0.046 0.062 0.0472 13
e F 0.053 | 0.053 | 0.055 | 0.104 | 0.015 0.046 0.018 0.0434 | 16
8 G 0.063 0.015 | 0.082 | 0.032 | 0.107 0.089 0.090 0.0648
g H 0.053 | 0.026 | 0.022 | 0.02 | 0.200 0.046 0.026 0.0568
e
.% | 0.015 0.022 | 0.202 | 0.047 | 0.070 0.026 0.042 0.0519 | 10
i J 0.099 | 0.071 | 0.015 | 0.059 | 0.022 0.046 0.014 0.0453 | 14
§ K 0.063 0.043 | 0.055 | 0.028 | 0.050 0.089 0.060 0.0573 7
g L 0.053 0.035 | 0.025 | 0.104 | 0.060 0.046 0.073 0.0500 | 12
< M 0.030 | 0.043 | 0.123 | 0.028 | 0.028 0.046 0.060 0.0505 | 11
N 0.053 0.020 | 0.082 | 0.042 | 0.032 0.089 0.198 0.0713 5
O 0.053 | 0.022 | 0.048 | 0.024 | 0.032 0.046 0.082 0.0416 | 17
P 0.020 | 0.120 | 0.063 | 0.032 | 0.020 0.046 0.130 0.0766
Q 0.030 | 0.020 | 0.033 | 0.016 | 0.140 0.089 0.031 0.0550
Total 1.000 1.000 | 1.000 | 1.000 | 1.000 1.000 1.000 1.0000

2.3 Proposed Methodology

The value of a i.e. coefficient of attitude is taken as 0.67, which is obtained from the brain
storming session between experts from planning, sales and marketing. By putting score
obtained from AHP model and score obtained from DEA model in equation (2), PM for DC ‘A’
can be calculated as
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PMa = 0.67(0.0735) + (1-0.67) 100 = 33.049.

Table VI: DEA efficiency, AHP efficiency and Methodology score of D.C.s.

DC | DEA score | DEArank | AHP score )rbg—rlmi (Methgg/lology) Final rank
A 100.0 1 0.0735 3 33.049 3
B 100.0 1 0.0989 1 33.066 1
C 95.7 8 0.0717 4 31.619 15
D 96.1 7 0.0443 15 31.749 14
E 95.7 9 0.0472 13 31.603 16
F 97.1 5 0.0434 16 32.062 12
G 100.0 1 0.0648 6 33.043 5
H 100.0 1 0.0568 8 33.038 6
[ 100.0 1 0.0519 10 33.035 7
J 86.3 10 0.0453 14 28.516 17
K 98.2 3 0.0573 7 32.444 10
L 98.7 2 0.0500 12 32.605 9
M 100.0 1 0.0505 11 33.034 8
N 100.0 1 0.0713 5 33.048 4
©) 96.4 6 0.0416 17 31.840 13
P 100.0 1 0.0766 2 33.051 2
Q 97.1 4 0.0550 9 32.080 11

PM for other DCs is shown in Table VI. Table VI also shows the ranking in case of DEA and
AHP individually. It is also clear that DC ‘A’ ranked third in terms of PM, though it ranked 1 in
DEA model and Ranked 3 in AHP model. Sensitivity analysis is done by putting various
values of a in equation (2) and the resultant plot can be seen from Figure 2.
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Figure 2: Final Rank of Dcs at Various Values of a.

From Figure 2 it is clearly visible that preference order remains approximately the same
except in the case of DCs L and M when a = 1.0. For a = 0, value of PM = DEA. Fora = 1,
value of PM=AHP.

It is clear that, if value of a move from 0 to 1, dominance also moves from DEA to AHP.
When a = 0, it indicates the decision makers attitude is almost negative without considering
the strength of AHP. On the other hand when a = 1, i.e. attitude is highly positive, indicates
that non availability of the performing and non performance and non performance of DCs.
When we are taking a = 0.67, the decision maker takes into consideration the non performer
and performer DCs with the individual ranking. It envisaged the attitude compromising
between positive and negative.

3. RESULTS AND CONCLUSION

This methodology is a hybrid of DEA and AHP model. DEA being an extreme point
technique, errors in measurement can affect DEA results significantly. Though it was
developed for assessing the relative performance of a set of firms that uses identical inputs
to produce identical output, it has not found popular acceptance. On the other hand it can
guide the non efficient DCs about the percentage improvement required for the inputs or
outputs. AHP is a powerful and flexible decision making tool for complex, multi-criteria
problems, has found mass acceptance. Additional sensitivity analysis has also been reported
at various values of a. Furthermore this methodology can also be applicable for various
problems of performance measure, other than DCs.
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