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Abstract
The main goal of the paper is to measure and to analyse the efficiency results of banking industry by using mathematical linear programming method, Data Envelopment Analysis (DEA). Cost efficiency is tested for the period 2008–2012 on the sample of 28 European banking systems. The results suggest that banking systems of post-transition countries have higher cost efficiency. Those systems still have dominant deposit long-term financing base, but also have specific competition, risk exposure, financial and macroeconomic environment, which have significant influence on financial services prices (i.e. higher margin) and as a consequence potentially higher banking sector earnings. DEA efficiency results are compared with chosen accounting cost efficiency ratios as well, to see if there exists correlation between the results of different cost efficiency measurement methodologies. The main difference in the results was remarked in sense of accounting approach efficiency measurement scores lag. This comparison can help in bringing to more precise conclusion about banking industry efficiency.
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1. Introduction
This paper analyses application of mathematical tool to measure banking industry efficiency. In that sense Data Envelopment Analysis (DEA) is specific mathematical nonparametric linear programming method used to measure efficiency, in this case efficiency of banking industry on the sample of 28 banking systems (EU-28) in the period 2008-2012. In addition, the results of these, mathematical approach, are compared with the results of accounting business performance measurement approach on the same sample and in the same period of time. Accounting profitability ratios are common tool to measure business performance of banks and they are simple to calculate and to interpret, but they are restricted due to variables included into theirs calculation. On the other hand, in case of banking industry efficiency measurement by usage of DEA method, inputs and outputs used in the measurement can be different pairs of variables. In that sense DEA method can be useful independent, alternative or complement tool for better understanding of banks business performance efficiency.  The main objective of the paper is to evaluate the efficiency of banking sectors EU-28 in order to follow the dynamics of efficiency of European banking sector as a whole and to see how the global financial crisis affected the European banking sector. This analysis can help to determine the difference between the period before, and the period after the onset of global financial crisis. Except by accounting approach, this can be done by DEA and it is useful to see the main differences between the results of those two approaches. 
The paper is organized as follows. The main conclusions of previous researches are given in the Section 2. In the Section 3 are introduced data and methods which are used in this research, namely DEA method with a main focus on window analysis on the one side and accounting ratios used to measure banks business performance on the other side, while the Section 4 identifies and discusses the main findings of European banking sectors efficiency measurement. In the Section 5 are given the conclusions and proposals for future researches.
2. Theory and literature review
There are a few common approaches on the financial institutions’ efficiency measurement. The first approach on efficiency measurement is using ratio analysis among several financial institutions by using numerous accounting ratios, which can measure the overall financial soundness of the financial institutions and the operating efficiency of its management. Those ratios promise to provide valuable information about the financial institutions financial performance when compared to previous periods. The main weakness of ratio analysis is that there is a lack of agreement on the relative importance of various types of input and output. For example, a bank may appear to be performing well even if it is poorly managed on certain of these dimensions, as long as it compensates by performing particularly well on other dimensions [19]. Furthermore, the accounting ratios also fail to observe more outputs with more inputs and fail to consider the value of management actions and investment decisions that will affect future as opposed to current performance [19]. Accounting ratios are short-run measures and may be inappropriate for describing the actual efficiency of a bank in the long run. Financial statements are the main source of accounting information used in the financial institutions’ operating efficiency measurement in general through the analysis of relations between specific values, commonly accepted as efficiency indicators. Financial ratios as indicators of banks’ efficiency are divided into four main groups: accounting indicators of relations in the balance sheet, accounting indicators of relations in the profit and loss account, accounting profitability indicators and market profitability indicators, i.e. investment indicators. Accounting ratios as measures of efficiency in general are easier to calculate due to the fact that they are calculated using the common information from financial statements: net profit or profit before taxes, total or average asset and equity, total income, total expenditure, etc. But, disadvantage of Return on Assets (ROA) and Return on Equity (ROE) for example is remarked in the sense of operating efficiency measurement, but we find that those disadvantages can be removed by DEA efficiency measurement approach.
The second approach in the efficiency measurement is the parametric programming approach which has generally been concerned with the production or expense function base. It is focused on estimating the characteristics of the function and measuring economies of scale assuming all DMUs were operating efficiently. Parametric efficiency measurement approaches include Stochastic Frontier Approach (SFA), Thick Frontier Approach (TFA), and Distribution Free Approach (DFA) [4]. The analysis in this paper does not include parametric programming approach in the efficiency measurement. 

The third approach uses DMUs efficiency frontiers to construct measures of efficiency and can be labelled as a non-parametric programming approach. This approach considers how much total efficiency in the financial sector can be improved, and ranks the efficiency scores of DMUs. This efficiency measurement derives from analysing empirical observations obtained from DMUs to define productive units which are characterized by common multiple outputs and common designated inputs [5]. Application of DEA method in efficiency measurement is wide and it has been extensively used to assess school efficiency [20], [25]; hospitals efficiency [13]; efficiency of banks [1], [4], [12], [14], [15], [17], [19], [22], [23], [24]; insurance companies efficiency [9], [10], [15], [18], etc.  

The results of DEA approach vs accounting approach as a measure of efficiency of financial institutions in the Republic of Croatia, on the sample which involves 30 banks and 19 insurance companies operating in the Republic of Croatia over the period 2005-2009, suggest that better DEA approach efficiency results (CCR and BCC models) as well as accounting ratios before the recent crisis were influenced by boom period in Croatian financial sector [15]. The main difference in results between those two approaches was remarked in sense of accounting approach efficiency measurement scores lag after 2008, i.e. after the onset of the financial crisis. DEA efficiency scores (sample of 125 large banks from 14 emerging European countries) before crisis suggest strong correlation to the country’s level of development, but also that banks efficiency suffered in the period before crisis when credit activity expanded, although efficiency scores increased [1]. Foreign owned banks are more efficient than domestic banks, but less than their owners [1]. Foreign ownership increase banks’ efficiency only in less developed countries, and there exists direct correlation of the cost efficiency of banks  (sample of 20 emerging European countries during 1993-2004) with progress in economic reforms, economic stability, capital regulation and market structure in the banking sector [22]. Banking sectors (sample of 289 banks in 15 East European countries for the years 1994-2001) in which foreign owned banks have a larger share of total assets operate with lower expenses and that progress in banking reform has a non-linear association with cost efficiency [12]. An average-sized bank in the sample operated at a point that is close to constant returns to scale, while smaller banks operated with significant unrealised economies of scale. Consolidation of smaller banks would contribute to greater cost efficiency in banking, private banks are more cost efficient than state-owned banks, but privatised banks with majority foreign ownership are the most efficient and those with domestic ownership are the least [12]. Smaller banks (sample of Croatian banks, period 1995-2000) are globally efficient, but large banks are locally efficient; foreign owned banks are on average the most efficient, and new banks are more efficient than the old ones [14]. No researches with whole banking systems as DMUs (DMUs in existing researches mostly encompass individual banks) were made.
3. 
Methodology and data
The most significant ratios as accounting profitability indicators calculated for banks in general as well as for the research criteria are ROA and ROE. ROA is determined by model which includes the profit before taxes divided by average asset. In that sense, ROA is the most important single ratio in comparing the efficiency and operating performance of banks as it indicates the returns generated from the assets financed by them [16]. In that sense, ROA can be observed also as a measure of bank’s management quality. To calculate the indicator ROE, the following model is applied: the profit before taxes is divided by the average shareholder's equity. In that sense, ROE measures the return on investment made by equity investors. In other words, ROE measures how much profit (in %) is earned by the unit of shareholder's equity. ROA is a commonly used accounting ratio as a key measure of bank's operating efficiency. Commonly accepted efficiency frontier is a value of ROA at least 1% and ROE at least 15% in the period of a boom, while in the recession period each bank with value of ROE at least 10% is considered to be profitable, i.e. efficient. Disadvantage of ROA and ROE is that their calculation doesn’t take into consideration total risk exposure. Some other indicators of banks performance efficiency calculated on the basis of information from financial statements and observed in this paper include for example total income and expense ratio as total business efficiency (i.e. cost efficiency), interest rate spread and cost to income ratio. The total income and expense ratio as total business efficiency (i.e. cost efficiency) indicator is the main in the group of accounting indicators of relations in the profit and loss accounts [27]. More concrete, bank efficiency ratio is calculated as total expenses (but excluding interest expenses) divided by total revenue. The main idea of bank efficiency ratio is to measure costs of bank performance as a percentage of revenue. In that sense, costs include salaries and other general and administrative expenses, but interest expenses are excluded because they belong to investing decisions, not operational decisions. The interest rate spread is calculated as the difference between interest income earned on average interest-bearing assets and interest expense incurred on average interest-bearing liabilities. The Cost to income ratio is calculated as a share of bank’s operating expenses in net income. Operating expenses include general administrative expenses and amortization. Due to the fact that inputs and outputs in DEA approach efficiency measurement include expenses and income data, last tree indicators, which also use expenses and income data in calculation, are valuable source of information for a more complete conclusion about banks performance efficiency.
DEA is a linear programming non-parametric approach and enjoys a number of advantages over other traditional parametric efficiency measurement approaches. Also, disadvantages of the accounting approach efficiency measurement and improvement mentioned in the previous section can be removed by DEA approach. If we want to calculate the indicator of business performance that will represent the efficiency of organizational unit within a financial institution, then we have to use input and output ratio. Thus, if we want to calculate the efficiency measure that will take into account more inputs and outputs, it is necessary to make a selection of those that will be included in the calculation and assign them certain weight in order to determine unique efficiency measure, and the methodology that enables this is data envelopment analysis. Unlike statistical methods that derive estimations on the basis of average production unit, DEA is an extreme point method in which each decision making unit (DMU) is compared only with the best one. For the observed inputs and outputs of the DMU’s, it is assumed that connection between them exists, but the shape of that connection is not defined, what is the case with statistical methods. DEA is most useful in cases where accounting and financial ratios are of little value, multiple outputs are produced through the transformation of multiple inputs, and the input-output transformation relationships are not known [5]. The results of DEA can help DMUs to improve their business results. The disadvantage of using DEA as a tool of detecting the relative efficiency is sensitivity in sense of how much can we change the data of observed effective DMU to keep it effective. The basic idea of DEA is to identify the most efficient DMU among all DMUs, where the set of best practice or frontier observations are those for which no other DMU or linear combination of units has as much or more of every output (given inputs) or as little or less of every input (given outputs) [4]. Different DEA models as a result give different types of relative efficiency. CCR model, that assumes constant returns to scale, as a result gives global technical efficiency; on the other hand, BCC model assumes variable returns to scale and as a result gives pure local technical efficiency [6]. The proportion of given results determines efficiency in respect to the returns to scale. If the DMU is perfectly efficient by both models, then its efficiency in respect to the returns to scale is the highest.

Reviewing the literature, it can be concluded that most studies are dealing with a similar principle of approaches in measuring the relative efficiency of banks over a period of time. But, there are several differences in the specific methods used. In that sense, difference is remarked in usage of DEA Window analysis or Malmquist Index analysis (they both use panel data). There are several differences in the specific models considered as well, i.e. considered aspects and goals of analyses [24]. DEA window model is specific in comparison to the DEA BCC or CCR models for example, due to analysis of panel data. For the reason that window analysis model is based on panel data, it is better to capture the variations of efficiency over time and used as more appropriate tool for the European banking systems efficiency measurement in this research as well, but the results are compared also with the results of CCR and BCC models. Window analysis is a tabular DEA method for examining the changes in the efficiencies of a set of DMUs over time. A set of time periods (1..t) is chosen and the efficiency of each DMU (1..n) is computed separately for each period so that the efficiency of a given DMU over each period is treated as a new DMU resulting in a total number of tn DMUs. Window analysis assesses the performance of a DMU over time by treating it as a different entity in each time period. For example, if there are n units with data on their input and output measures in k periods, then a total of nk units need to be assessed simultaneously to capture the efficiency variations over time.  In the traditional window analysis, when a new period is introduced into the window the earliest period is dropped out. However, there are some critical factors one must consider in the application of DEA models. The efficiency scores could be very sensitive to changes in the data and depend heavily on the number and type of input and output factors considered. In general, inputs can include any resources utilized by a DMU, and the outputs can range from actual products produced to a range of performance and activity measures [26]. There are a few different approaches which can be used for measuring relative efficiency in banking sector:
· The production approach views banks as producers of services and products using labour and other resources as inputs and providing deposits, loans and others (in value or number of transactions) as outputs [7];
· Under the intermediation approach the bank’s intermediary role is studied
to examine how efficient the bank is in collecting deposits and other funds from customers (inputs) and then lending the money in various forms of loans, mortgages, and other assets (i.e., investments, etc.) [7];
· The Profitability Approach examines the process of how well a bank uses its inputs (expenses) to produce revenues [21].
In this research it is used the profitability approach (analysis related to banks’ profit efficiency) on the set of input and output data used to follow the model in estimating efficiency. This analysis provides trends of efficiency and the rank of each banking system of EU member countries, evaluated in terms of its profit and operating effectiveness.
The sample in this study involves 28 European banking systems (EU-27 and the Republic of Croatia) which represent 28 DMUs and data set for the period 2008–2012. The DEA method efficiency scores (window model but also CCR and BCC) were primarily compared with ROA and ROE efficiency indicators. All data used in calculation and analysis are taken from European Central Bank database (Consolidated banking data) and from Croatian National Bank (official data). In consolidated statements for Croatian banking sector, ratios Return on Average Assets (ROAA) and Return on Average Equity (ROAE) are calculated and observed.   

For each j-th DMU (i.e. for each banking system) in DEA relative efficiency measurement approach, inputs (xij) include: 

Input 1, (x1j) ( interest expenses

Input 2, (x2j) ( total operating expenses [sum of two positions: fee and commission expenses and other operating expenses (labour-related and capital-related administrative expenses and other expenses from bank’s business activity)].
Output data (yij) include: 

Output 1, (y1j) ( interest income

Output 2, (y2j) ( total operating income (sum of two positions: fee and commission income and other operating income).
The main business activity of banks assumes collection of deposits, lending transactions and payment operations. From those activities main groups of incomes and expenses arise. Interest income category assumes income from interests earned in bank’s lending activities and related revenues and total operating income include incomes from fees and commissions, other related revenues and other incomes from business activity. On the other side, expenses from bank’s business activity include: interest expenses that arise from deposits collection activity and related expenses and operating expenses which include expenses on fees and commissions, other related expenses, the category other operating expenses which includes: labour-related administrative expenses (costs of employees), capital-related administrative expenses (amortization, office supplies, etc.) and other expenses from banks business activity.

4. The main findings and analysis of the results 

The general data for European banking sector and results of DEA efficiency analysis that are acquired from CCR and BCC output oriented models and window analysis model by using software package DEA-Solver-Pro are shown in the next few tables, as well as accounting approach efficiency indicators, i.e. accounting ratios and selected data from consolidated financial statements (table 1, table 2).

	 
	2008
	2009
	2010
	2011
	2012

	Number of credit institutions
	
	
	
	
	

	Stand-alone credit institutions
	4,500
	4,448
	4,350
	4,296
	4,213

	Banking groups
	484
	452
	418
	417
	398

	Domestic credit institutions
	3,928
	3,859
	3,730
	3,691
	3,609

	Foreign-controlled subsidiaries and branches
	1,056
	1,041
	1,038
	1,022
	1,003

	Total 
	4,984
	4,900
	4,768
	4,713
	4,612

	Total assets of credit institutions (EUR billions)
	 
	 
	 

	Domestic credit institutions
	37,770.8
	34,663.5
	34,638.0
	35,901.6
	35,471.9

	Foreign-controlled subsidiaries and branches
	7,045.2
	7,860.6
	8,234.2
	8,916.2
	8,038.6


Table 1:   EU-27 consolidated banking data [11].

	 
	2008
	2009
	2010
	2011
	2012

	Number of credit institutions
	43
	43
	38
	37
	36

	Number of commercial banks
	35
	34
	32
	31
	30

	Total assets of CI (EUR billions)
	50.3
	51.7
	53.7
	54.9
	54


Table 2: General banking data for the Republic of Croatia (HR) [8].
The worst average and median values in the period observed (2008-2012) for the sample of EU-27, ROA and CIR accomplished in the year 2009 and ROE second lowest value (table 3). In case of ROE the lowest value is accomplished in 2012 due to the negative effect of widest spread between MIN (CY) and MAX (EE) values precisely in that year. If we exclude outliers from the calculation, absolute lowest ROE was recorded in the year 2009 as well.

	
	
	MIN
	MAX
	MEAN
	MEDIAN

	2008
	ROA
	-1.5

(BE)
	2.0

(BG)
	0.44

(HR 1.60)
	0.40

	
	ROE
	-44.8

(BE)
	18.8

(RO)
	4.40

(HR 9.91)
	5.20

	
	CIR
	-186.2

(NL)
	-40.5

(EE)
	-63.37

(HR 52.40)
	-55.20

	2009
	ROA
	-4.0

(LV)
	1.8

(MT)
	-0.10

(HR 1.13)
	0.20



	
	ROE
	-70.1

(LT)
	22.5

(HU)
	-2.83

(HR 6.40)
	4.00

	
	CIR
	-76.7

(BE)
	-18.8

(MT)
	-53.36

(HR 49.50)
	-55.00

	2010
	ROA
	-3.1

(IE)
	1.3

(CZ)
	0.2

(HR 1.12)
	0.40

	
	ROE
	-65.2

(IE)
	15.2

(CZ)
	1.9

(HR 6.46)
	5.99

	
	CIR
	-412.2

(IE)
	-26

(MT)
	-69.0

(HR 48.00)
	-57.45

	2011
	ROA
	-4.0

(CY)
	3.1

(EE)
	0.20

(HR 1.17)
	0.23

	
	ROE
	-86.0

(CY)
	25.5

(EE)
	0.31

(HR 6.88)
	4.20

	
	CIR
	-72.1

(AT)
	-30.4

(MT)
	-55.84

(HR 42.80)
	-55.84

	2012
	ROA
	-3.4

(CY)
	2.0

(EE)
	-0.01

(HR 0.86)
	0.20

	
	ROE
	-90.3

(CY)
	14.2

(EE)
	-4.51

(HR 4.84)
	3.42

	
	CIR
	-92.7

(IE)
	-25,1

(MT)
	-59.62

(HR 50.30)
	-58.59


Table 3:  Chosen accounting profitability efficiency indicators for the EU-27 and the Republic of Croatia (HR)* [8],[11].
*The Republic of Croatia (HR) became the 28th EU member state in July 2013, and for that reason it is observed separately in the calculation of accounting efficiency ratios (av. values)

The Republic of Croatia recorded the lowest average values of accounting indicators in 2012 (table 4). This lag in comparison to the EU-27 can be explained with the deep recession and specific political, macroeconomic and financial conditions in Croatia, which deteriorated slowly but every year from 2008 to 2012 even more. As a consequence of that, there is significant lag of effects among other on the banks efficiency indicators as well. The best values were recorded for 2008, since the crisis did not have effect on the results for that year. The main difference in the results (window analysis model and the accounting approach) was remarked in sense of accounting approach efficiency measurement scores lag.
	
	2008
	2009
	2010
	2011
	2012

	Accounting approach

	EU-27 (Average values)

	ROA (%)

ROA (%) without outliers*
	0.44

0.51 (BE)
	-0.10


	0.20

0.32 (IE)
	0.20

0.37 (CY,GR)
	-0.01

0.24 (CY,GR)

	ROE (%)

ROE (%) without outliers*
	4.40

6.22 (BE)
	-2.83

-0.25(LT)
	1.87

4.45 (IE)
	0.31

3.76 (CY,GR)
	-4.51
1.81 (CY,GR)

	CIR (%)

CIR (%) without outliers*
	-63.37

-58.64(NL)
	-53.40
	-69.00

-55.73 (IE)
	-55.84
	-59.62

-57.88 (IE)

	The Republic of Croatia

	ROAA (%)
	1.60
	1.13
	1.12
	1.17
	0.86

	ROAE (%)
	9.91
	6.40
	6.46
	6.88
	4.84

	CIR (%)
	52.40
	49.50
	48.00
	42.80
	50.30

	DEA approach

	window model, output oriented, CRS (length of window=5, average by term)

	No. of DMUs
	28
	28
	28
	28
	28

	No. of efficient DMUs
	0
	1
	1
	2
	1

	Average relative efficiency 
	0.659
	0.715
	0.727
	0.732
	0.726

	CCR - model output oriented, CRS

	No. of DMUs
	28
	28
	28
	28
	28

	No. of efficient DMUs
	5
	3
	4
	4
	4

	Average relative efficiency 
	0.833
	0.794
	0.789
	0.769
	0.766

	SD
	0.125
	0.109
	0.126
	0.134
	0.134

	No. of DMUs - efficiency lower than average
	15
	16
	15
	16
	18

	BCC - model, output oriented, VRS

	No. of DMUs
	28
	28
	28
	28
	28

	No. of  efficient DMUs
	15
	13
	12
	14
	11

	Average relative efficiency 
	0.966
	0.920
	0.944
	0.955
	0.931

	SD
	0.046
	0.091
	0.084
	0.061
	0.075

	No. of DMUs - efficiency lower than average
	11
	12
	9
	11
	11


Table 4:   EU-28 banking industry efficiency measurement summary results

* Outliers - countries with values significantly higher/lower than average

DEA efficiency scores, average for EU-28 (table 4) and for each country in the sample observed apart as well, had mostly the lowest values in 2008 which can be explained as a result of the onset of financial crisis in that year. Average trough window order by rank suggests that best results (higher than average, 0.711) are accomplished in banking systems of post-transition and other EU-12 countries (HR, CZ, SK, HU, PL, RO, BG) which still have dominant deposit long-term financing base, while other sources of fund have relatively low significance, up to 10 percent. However, those systems also have specific competition, risk exposure, financial and macroeconomic environment, which have significant influence on financial services prices (i.e. higher margin) and as a consequence potentially higher banking sector earnings. Such results can be also explained by the fact that last global financial and economic crisis had significantly higher impact on developed banking systems, exposed to mortgage securities instruments as relatively significant sources of funds for the purpose of long-term lending activities. Taking into consideration all facts given above, exceptional interpretation of such results cannot be given without further research in that direction. CCR and BCC models did not give comparable results which can lead to more precise conclusion. Results in the number of efficient DMUs and average relative efficiency scores for the BCC model are better due to the fact that BCC model is based on variable returns to scale (VRS). CCR model based on constant returns to scale (CRS) is better when observing efficiency of financial institutions because under VRS most large banks (banking sectors in this case) might appear fully efficient, possibly because of the lack of truly comparable efficient banks [1]; [3]. On the other side, ROA and ROE accounting ratios had the lowest values just in 2009. This could be explained by the fact that although banks operate more efficiently in the crisis period in sense of expense and income results used as inputs and outputs in DEA efficiency measurement method, variables used in accounting ratios calculation cannot achieve as good scores as in period of a boom, due to the deteriorated market conditions, and more reserved banks business strategy. If input and output values used in the window analysis in this research are observed as accounting efficiency indicators, the same conclusion as in the case of ROA and ROE can be conducted.
5. Conclusion and suggestions for further research

The results of efficiency measurement suggest that higher cost efficiency have banking systems of post-transition countries which still have dominant deposit long-term financing base, while other sources of fund have relatively low significance. However, those systems also have specific competition, risk exposure, financial and macroeconomic environment, which have significant influence on financial services prices (i.e. higher margin) and therefore potentially higher banking sector earnings. Such results can be also explained by the fact that last global financial and economic crisis had significantly higher impact on banking systems exposed to mortgage securities instruments as relatively significant sources of funds for the purpose of long-term lending activities. As a consequence, exceptional interpretation of such results cannot be given without further research in that direction. The main difference in the efficiency measurement results between the DEA approach and the accounting approach was remarked in sense of accounting approach efficiency measurement scores lag. DEA efficiency scores had mostly the lowest values in 2008, while ROA and ROE accounting ratios had the lowest values just in 2009. In that sense, DEA efficiency measurement approach can be useful analytical tool, besides calculating accounting efficiency indicators. The comparison of both results can help in bringing to more precise conclusion about banking industry efficiency. Suggestions for further research also include comparison of window analysis results with the results of Malmquist Index analysis, and consideration of another pairs of inputs and outputs. Further research could classify banking sectors (or individual banks) into two groups depending on if they are developed or belong to the group of post-transition countries or into more groups depending on if they are “large”, “medium” or “small” in terms of asset size of DMUs as a percentage in total assets, and compare the efficiency scores of each one of these groups with the results of other groups, and with total average efficiency scores. The result of this multigroup classification in addition to more variables and more advanced methods could be an even better analytical tool for the determination of the key factors of the efficiency of banking sectors, comparing to accounting efficiency indicators. 
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