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4- Interval Data Envelopment Analysis
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5- Variable Return to Scale
6- Constant Return to Scale
7- Increasing Return to Scale
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1- Fuzzy Data Envelopment Analysis

2- Stochastic Data Envelopment Analysis
3- Robust Data Envelopment Analysis
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_J?Lb 2400 10 0 0 0.5 53 0 1401
Minimum
Slxe Bl
Standard 3364 20.1 215 6.6 154 31 315 64 42129
deviation
o pd o)
Oy
Percentage 39.9 51.2 69 82 85 29.7 54 80
coefficient

of variation

200 cladidly txuie
Source: Research findings

S cbslis 3l s 4y el ol S il il oy YV/S 4
=3 oS e el ol Fy 380, claoaly Jolis jo
g aS el ol gonad L s oniSuly glaasl
w@3gr Y+ 31 YL L elyls s 0 a0 ZAD o p3) -+ Jlass
ShS ooy ne AVE o Ve Jis! maw 3 &S b
b 530 YU LYs et 5 o Yhasnlls ZVe ) 5V
Soslaiowl )3 oljyelods’ (8 il s5ygltS slaasly (8
28l gz ge plio & dagi b (S9i8 ab il iz & slags)sld
B W Gglis 2o YT 5 (V) llSes g se0e adlllas

wlazsls 2V 51 5V

P Lep ohomene (2 LS 3,500 5l Jolb mls Y Joie

ol w3 e oLt |, RDEA 5 DEA (651 g5 3 jlonl olias
Jbeial gghw 5 303V (€) e (el pie v > @l
TN 57N ol (B) 355 oS Caspine 50 il
dye0 o lidss S @l ol clopuw cpn Cuwl 0apd S
3 S slaaialy 3 il £ 4 gl oIS jlital oll 2 ()
g 00 iy +[A) 5 +[A=r[A V= fA o [S=eIY o5
Ol el Lo jadlis ol yen 4 adb y» 15 dgnge (sladsly sl
N RDEA Jas plaasly 8 olLS ccwl osel ¥ Jous )
50355 luws VL /YR 51 (P=0.1) nopd S Jhis! o
OlipsliS gy paseie gasliy S99 pas jl (S SWST
Or=men 9 Ay claoslg I auy osliiwl gl adlats
LS 350 sl oYL iy 45 el ol (sodimd i
O e S s 4 21 3929 39290 (STPHSS b L S5
I3 VY e | 358 5 S Slgie pghis
oiblS L aS 00,8 o danMo ypiead ¥ Joda 4 dogi b amd
b laasly slass o Ve an i Vvl L] maw
o VIV 5l yais oy 5 ilS 5 4 0 51 JalS S



\av

oy By 3 )5 i pie Lyl pd o jlebl oybiw pd (5b lindis o1y b3,

20,3 Y0 g Ve Jloin) Zohaw g oy Vo lisob! pus b ;3 oly15590 ) (3 (215 55915 5l Jeols gl Y Jos>
Table 2- Results of estimation of technical efficiency of the farmers at the level of uncertainty of 10% and probability levels of
100 and 10%
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Category  Average | Maximum Minimum Standard deviation = Frequency @ Percentage coefficient of variation
DEA( P=1)
0.6 oS, 0.5 0.6 0.4 0.1 7 14.8
0.6-0.7 0.6 0.7 0.6 0.03 5 4.9
0.7-0.8 0.8 0.8 0.7 0.03 5 4.1
0.8-0.9 0.9 0.9 0.8 0.02 9 2.7
0.9-1 1 1 0.9 0.02 8 2.9
1 1 1 1 0 51 0
S 0.9 1 0.4 0.2 85 16.7
(Sum)
RDEA (P=0.1)
0.6 Sy 0.5 0.6 0.3 0.1 12 14.7
0.6-0.7 0.7 0.7 0.6 0.03 8 4.9
0.7-0.8 0.7 0.8 0.7 0.02 10 35
0.8-0.9 0.8 0.9 0.8 0.03 6 4.1
0.9-1 1 1 0.9 0.02 13 25
1 1 1 1 0 36 0
S 0.9 1 0.3 0.2 85 22.6
(Sum)
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Figure 2- Average technical efficiency, scale efficiency and pure technical efficiency at 10% uncertainty level and 10%
probability level in RDEA model

ol Hlye5 5

(s=8lg e 4y o odlpd Bpms ials Mo ¥ SS )0
Olaebol Zolaw 13 g duopd Av Cudgasme I Gl oul Jlais] mdaw 4
L 4S 395 o odnliiio .Cawl ool o yd Yo 50 I Caliseo pume
Gpao Gials dopd o Ve 4 bl e licbl o ]3]
Laoslgs g adly yinlS o aBly jlade 4y Cons boodles (colod (gainpe
5y 50 )l B oltl 3y90 (5L yobo 4

WY pile HLS @lelun claodlys 45 398 0 043> e
o S S calnly g 03 DS (a8 (sl 0587 S el
Gyl ol opl 51 cuwlio odlitnl & il dodlys ol o,
wbul doliy S gyl @ cpol lWgie 30,5 o dlggiddin 1V 2505
Jodz as dagi b by Woslys opl Bpae o5 iulj8l ol
s=3lg Jlade do Cuus Laedlyg jl oalaiw] Lials dopy ke
s ool 93 ! e )3 g 0390 (e 9 i yd dliw 4 bgyye
Al e oolatwl jd )5 o YL

Ol (W) ol 5 Gy oS Jpazee 13 dlaily (e 5

Iy slaodlys op ) LSL LiSeisl s fuej slaodles a5 wnls
Jlein! mdaw ) dalllae 3y50 (gadlaio j3 Loy )l 000 i
g ol pae doyd i gl o yd Ve g AL Gl il
S 8l Gpne g +/¥Y 5 +/YY lise 4 OV pile (65,1 5
P Lo Y oYY il b ole e oplply sl o +/Y 9+ /N L
5l osliwl galS aspn Yo g Ve g Y pile (65,50 el
S a9 o3l ptalS ) Laase alg Ghals’ g0 da s cél
hLS pas jlade op g gy S o 0500 b duglio )3 A5
aS amd o liis godgs JLSa ya s olis 4 baye
o LS ainej ol )3 adlllan 390 sadlate ojs (B S 0dgs
ol ldss @lasl )3 byl oYU @l 51 byl (ol g 03905
@l a b Sl g o3y SYsb jes (b 5w s &Sl o
ELa5,1 o 4y g 0355 e slaBl 03]l (59 9,58 5l am ]
hHES I il cpmed gl i3 50 &8 20,5 o duog L5 0L 5
Slodldl 358 Coonl 5 L galold Llsasl o lhlo g 0400 (oYL



L S WS SOV SRRV L SXOUPCISPRVI N IOV I PPN N CIVRPNR i SN T E S L PR

T 3 9 Ggliie sy dguasme 51 Bl ol Jlois] zolaw 13 (28lg Jlalo &y Cond ypundS o )d g At 9 (2Blg p3lho (3l -V Joua
£=0.2 yluob!
Table 3- The average of actual and optimal values and percent change over the actual value at the probability level of
constraints deviation and at the confidence level £ =0.2
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€ cultivation of trees insemination water
level r zer ide nery

Actual 39.1 314 8 13.9 3.7 106 117 52429
value
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oSl
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waky P=1
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Figure 2- The percent reduction in inputs relative to the actual value at P = 0.8 and various confidence levels
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Introduction: Date is one of the strategic and economic horticultural products in Iran due to its important

role in gross domestic product, employment and export. Therefore, investigating the efficiency of date producers
and trying to improve their efficiency through optimum use of resources have special importance. Several
techniques are used to evaluate efficiency of decision making units (DMUs). Data Envelopment Analysis (DEA)
is recognized as a methodology, widely used to evaluate the relative efficiency of a set of DMUs. Although,
DEA is a powerful tool for measuring efficiency, there are some restrictions to be considered. One of the
important restrictions involves the sensitivity of DEA to uncertainty of the data in analysis. In this research, the
linear robust optimization framework of Bertsimas and Sim (2004) was applied in DEA with uncertain data.

Materials and Methods: Data envelopment analysis (DEA) traditionally assumes that input and output data
of different DMUs are measured with precision. However, in many real applications, inputs and outputs are often
imprecise. This paper applied a robust data envelopment analysis (RDEA) model using imprecise data
represented by uncertain set in estimating the efficiency of date producers. The method is based on the robust
optimization approach of Bertsimas and Sim (2004) to seek maximization of efficiency under uncertainty (as
does the original DEA model). In this approach, it is possible to alter the degree of conservatism to let decision
maker know the trade-off between constraint’s protection and its efficiency. The method incorporates the degree
of conservatism in maximum probability bound for constraint violation. 85 date producers were selected by
simple random sampling and necessary data were collected by completing a questionnaire.

Results and Discussion: In this section, the results of evaluating date producers are presented which consists
of eight inputs and one output. For denoting input and output data uncertainty, ten given maximums of
constraint’s violation probability were considered with respect to nominal values: 10%, 20%,...100% (i.e. we
used I' = 0.10, 0.20,...1.00). The results revealed that Gamma value decreases as the probability of constraint
violation increases. The RDEA model result showed how efficiency declines as the level of conservatism of
solution increases or as the constraint violation probability decreases. According to the method, if all Gammas
equal 0, then robust and original DEA models are the same. The most difference between mean of optimal and
actual amount of inputs is related to four inputs including machinery, fertilizer, pesticide, and irrigation water in
both DEA and RDEA models. In this regard, the government and other relevant authorities should provide
producers with extension services to help them optimize inputs. The average technical efficiency for this
category of producers is estimated at 90%, and this result indicates a relatively high level of technical knowledge
of farmers in using current technologies. In simulating violation probabilities ranging from 0.1 to 1.0 (at a
constant the level of €), percentages of average conformity are quite high.

Conclusion: Evaluating the performance of many activities by a traditional DEA approach requires precise
input and output data. However, input and output data in real-world are often imprecise or vague. To deal with
imprecise data, this study used a robust optimization approach as a way to quantify imprecise data in DEA
models. It is shown that the Bertsimas and Sim (2004) approach can be a useful tool in DEA models without
introducing additional complexity into the problem (we called robust data envelopment analysis (RDEA)). A
case study of Ahvaz county date producer is presented to illustrate reliability and flexibility of the model. The
problem was solved for a range of given uncertainty and constraint violation probability levels using the GAMS
software. This case suggests that our approach identifies the tradeoff between levels of conservatism and
efficiency. As a result, efficiency decreases as the constraint violation probability increases. Additionally the
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RDEA approach provides both a deterministic guarantee about the efficiency level of the model, as well as a
probabilistic guarantee that is valid for all symmetric distributions.
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