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Abstract

The Malmquist productivity index, a non—parametric productivity analysis
technique, is used for productivity analysis in various fields. When the variables
considered as input and output variables in the DEA (Data Envelopment
Analysis) model have negative values, there is a case where the solution of the
DEA model does not exist, and for this reason, the existing methodology has a
problem that the Malmquist productivity index cannot be calculated. In order to
solve this problem, this study presented a Biennial Malmquist productivity
analysis method that can process negative values and developed a system that
can support it. The results of this study are summarized as follows.

First, the Biennial Malmquist productivity index, which can analyze negative
values in input and output variables, is presented, and the productivity index is
subdivided into technological efficiency change index and technological change

index. Second, an empirical analysis was conducted using performance data from
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public corporations for five years from 2007 to 2021 to prove the applicability of
the Biennial Malmquist productivity index presented in this study. Third, a
web—based productivity analysis system was developed to support the analysis

of the Biennial Malmquist productivity index proposed in this study.

Keywords : Negative DEA, Biennial Malmquist Productivity Index, Web—based
Productivity Analysis System
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<3 2> Biennial Malmquist YA =] W 3}30]

DMU 2017-2018 2018-2019 2019-2020 2020-2021 B
27141 0.9478 1 0.3737 0.6021 0.7309
7142 1.1009 1 0.9186 1.0705 1.0225
7143 0.8920 1 0.5261 0.8689 0.8218
714 0.9521 1.2794 0.5773 1.0141 0.9557
27145 1.9054 1.0414 0.4443 4.4559 1.9618
7146 1.0167 0.7229 1.5265 0.8024 1.0171
27147 1 0.9760 1 1 0.9940
7148 1 0.9256 0.9768 1 0.9756
7149 0.9712 0.9851 0.7399 0.9855 0.9204

71410 0.8332 1 1.2490 1.1803 1.0656
B 1.0619 0.9930 0.8332 1.2980 1.0465
Max 1.9054 1.2794 1.5265 4.4559 1.9618
Min 0.8332 0.7229 0.3737 0.6021 0.7309
SD 0.3050 0.1343 0.3712 1.1209 0.3369

< 3> 7|&=4 a&4 W50

DMU 2017—2018 | 2018-2019 | 2019-2020 | 2020—2021 4t
7191 1 1 1 1 1
371%2 1 1 1 1 1
37143 1 1 1 1 1
Z7]14 1.2173 1.2419 0.5473 0.9446 0.9878
7145 1.8276 1.0379 0.5586 41171 1.8853
27146 1.0336 0.7263 3.6815 0.7678 1.5523
37147 1 1 1 1 1
27148 1 1 1 1 1
371499 0.8621 1.0290 0.8513 0.9627 0.9263

71910 1 1 1 1 1
L 1.0941 1.0035 1.1639 1.2792 1.1352
Max 1.8276 1.2419 3.6815 41171 1.8853
Min 0.8621 0.7263 0.5473 0.7678 0.9263
SD 0.2716 0.1227 0.9033 0.9997 0.3183

AlZke] Wsle] W Ve a&y WstE Fotelr] dElA Vs asd WskA
TE Adtetd <x 3>3 Zrh 244 mEd A 3UIEEY Vsd a8
A AE 20170 E 20219704 5 Fek Wit 13.5% SUHE Aoem #AHAY
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<¥ 4> 7|EHsA 4 Fol

DMU 2017—2018 | 2018—2019 | 2019—2020 | 2020—2021 o7t
7141 0.9478 1 0.3737 0.6021 0.7309
71492 1.1009 1 0.9186 1.0705 1.0225
37143 0.8920 1 0.5261 0.8689 0.8218
37144 0.7821 1.0302 1.0548 1.0735 0.9852
37145 1.0425 1.0034 0.7954 1.0823 0.9809
371516 0.9837 0.9953 0.4146 1.0450 0.8597
7147 1 0.9760 1 1 0.9940
71418 1 0.9256 0.9768 1 0.9756
3719 1.1265 0.9573 0.8692 1.0237 0.9942
71410 0.8332 1 1.2490 1.1803 1.0656

ot 0.9709 0.9888 0.8178 0.9946 0.9430

Max 1.1265 1.0302 1.2490 1.1803 1.0656

Min 0.7821 0.9256 0.3737 0.6021 0.7309

SD 0.1103 0.0291 0.2904 0.1590 0.1041
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Biennial Malmquist A2 EA 28-S 7|5l 54 S e8] $13k
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Biennial MPI Data aadh

Define Biennial MPI Variables

Number of period(time-series) Number of DMUs Number of Inputs Number of Outputs File input °

s Ay ok gEe aeore

1 2017 108050 12356810 2499104 1464147
2 2017 16646 37139439 2172158 1035163
3 2017 143082 4564550 anes 27328
4 2017 419001 61080748 a050819 arise2
5 2017 263495 19511700 2312480 175871
6 2017 w2143 20867205 3975560 w116
7 2017 1689030 181788915 59814862 053152
a 2017 140074 s721591 1804422 119796
9 2017 2430519 19878343 s786709 459912
10 2017 s90425 173682867 23550413 a001428
" 2018 122515 12301156 226885 1208658
12 2018 21065 29689691 26105038 1275959
2 2010 167240 4659697 912250 155101
1 2018 s20996 s2s21165 7194450 ser490
15 2018 302761 18230001 3140205 543361
® 2018 460368 21796758 301568 476022
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<% 4> Biennial Malmquist A2 B85S Y5t 715 S UEl=d 54
A myga AEAF RPS HAEsta ‘MPI Analysis’ MES et A 24
A7t 22 Aedd. B4 A3= DMU, Period, 7142 S84 WA, 7]&W 3
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<% 4> Biennial Malmquist 2Hd 414 =}
@ weo usa % [ ® = - O x
<« C 0 © 1270014354 Q2 BE 03 » 0% :
Biennial MPI analysis results
Crientation MP1 Analysis
O Input oriented @ Output oriented
& Download results to Excel file
DMU Period ECB TCB mMCB

1 0.9478 0.9478

1 1.1009 1.1009

1 0.892 0.892

12173 0.7821 09521

1.8276 1.0425 1.9054

10336 09837 1.0167

1 1 1

1 1 1

0.8621 1.1265 0.9712
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