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Abstract

Purpose: The current paper tries to determine the type of returns to scale in a decision-making unit under the condition that
integer-valued inputs or outputs are present.

Methodology: This paper introduces radial models for determining the value and type of Returns to Scale (RTS) in 4 scenarios,
including single integer-valued input — single real output (scenario one), mixed inputs — exclusively real outputs (scenario two),
exclusively integer-valued inputs — exclusively real outputs (scenario three), and exclusively integer-valued inputs — exclusively
integer-valued outputs (scenario four); in each scenario, the values of the left RTS and right RTS are determined, and the RTS
type is then determined on that basis. Finally, by presenting three examples based on two scenarios, namely single integer-
valued input — single real output and single integer-valued input — single integer-valued output, the new method is compared
with previous methods using GAMS software, and the conclusions are provided.

Findings: The type of returns to scale differs when integer-valued inputs or outputs are present as compared with the case
where the inputs and outputs are assumed to have real values.

Originality /Value: This study focuses on the value and type of returns to scale for integer-valued data. For this purpose,
returns to scale was modeled in 4 scenarios using input-oriented radial models, and in the fourth scenario (exclusively integer-
valued inputs — exclusively integer-valued outputs), the modeling was catried out for output orientation as well. The existence
of a difference between the results produced by our proposed model and those of the classical model was demonstrated through
two examples, one using hypothetical data and the other real-world data.
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Table 1- Data of the units under evaluation (input-output).

DMU A B C D E F G H 1 J K L M N
X 4 5 5 6 8 9 10 12 13 16 18 21 22 24
y 2 58 6 9 105 127 15 16 17 171 183 182 188 1838
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Table 2- Efficiency scores of DMUSs.
DMU A B C D E F G H | J K L M N
A C C D E'= F'= G H | ] = K I'= M M
- RANEN L)
10.5 13.5 17.1 18.2
ojlul 1 1 1 0875 1 1 1 1 0875 1 0875 1 0.917
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Table 3- Left and right RTS values.

DMU A B C D E F G H | J K L M N
y* 8 28 25 1 2.3 1.6 0.4 0.8 0.2 0.9 0.1 0.7 0 0

RTS IRS IRS IRS CRS IRS IRS DRS DRS DRS DRS DRS DRS DRS DRS
Y - 33 33 2 0 0.5 1 0.2 0.5 -04 03 -04 01 0

RTS oz IRS IRS IRS DRSS DRS CRS DRS DRS DRS DRS DRS DRS DRS
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Table 4- Unit close to the DMU for evaluating the RTS.

DMU A B C D E F G H | J K L M N
Btx 5 6 6 7 8 10 12 15 16 17 22 22 27 27
aty 6 9 9 105 12 15 163 175 1738 18 188 188 188 188
Bx 3 4 4 5 7 8 9 11 12 15 17 20 21 23
ay 2 2 2 6 105 12 135 157 163 175 18 186 187 188
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Table 5- Comparison of RTS types resulted by the two methods.

Oy (09
DMU A B C D E F G H | ] K L M N
vt 8 28 25 1 2.3 1.6 0.4 0.8 0.2 0.9 0.1 0.7 0 0
&5 IRS IRS IRS CRS IRS IRS DRS DRS DRS DRS DRS DRS DRS DRS
e - 33 33 2 0 0.5 1 0.2 0.5 -0.3 0.2 -0.4 0.1 0
¢ a2 IRS IRS IRS CRS DRS CRS DRS DRS DRS DRS DRS DRS DRS
Sl 3 2 2 1 1 1 0.5 0.5 0.2 0.3 0.1 0.2 0 0
&5 IRS IRS IRS CRS CRS CRS DRS DRS DRS DRS DRS DRS DRS DRS
- - 2 2 2.5 1 1 1 0.4 0.5 0.2 0.2 0.1 0.2 0

¢ was IRS IRS IRS CRS CRS CRS DRS DRS DRS DRS DRS DRS DRS
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Table 6- Data of the units under evaluation (input-output).
DMU A B C D E F G H | J
X 4 5 6 7 8 9 10 12 13 18
y 5 7 9 10 12 13 15 16 17 18
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Table 7- Efficiency scores of DMUEs.

DMU A B C D E F G H [ J
[ A B C D E F G H | J
LS o5l 1 1 1 1 1 1 1 1 1 1
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Table 8- Amount of change per DMU.

DMU A B C D E F G H | J
Bt 1.250 1.200 1.6667 1.1429 1.250 1.222 1.200 1.2500 1.2308 1.222
B- 0.750  0.800 0.833 0.8571 0.75 0.778 0.800 0.75 0.7692  0.778
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Table 9- Unit close to the DMU for evaluating the RTS.

DMU A B C D E F G H | J
Btx 5 6 7 8 9 10 11 13 14 19
aty 7 9 10 12 13 15 15 17 17 18
vt 1.6 1.4 07 1.4 0.7 1.4 0 0.75 0 0

RTS type IRS IRS DRS IRS DRS |IRS DRS DRS DRS DRS
Bx 3 4 5 6 7 8 9 11 12 14
aTy -2 5 6 9 10 12 13 15 16 17

Yy - 14 13 0.7 1.3 0.7 13 075 08 0.3
RTStype oz IRS IRS DRS IRS DRS IRS DRS DRS DRS
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Table 10- Inputs and outputs of 29 textile mills in Canada and comparing efficiency to scale specified by the
proposed method.
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Figure 1- PPS of the units under evaluation (single integer-valued input-single real output).



AYAQ

Wesls iy Jodowi )3 ol gad e SaS 4y uomee b il (9 5 9 (55 (2005 b e 52000 b b)) o glada g ulide 033,

.................

-y L=
‘ VH

K]

.

{ N

e WL

n’ |F
tad
.’r: E
4D
o o | — | — | — | —

=

(oo (5295 S5 - Tutno (639,959 (bl e slaaaly pps - U
Figure 2- PPS of the units under evaluation (single integer-valued input-single integer output).
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