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Abstract

In order to ensure its maintenance sections to become more efficient and effective, the Tactical Logistics Command (TLC) of the Taiwanese Army experimented with a special performance measurement model know as data envelopment analysis (DEA). A small-sized application of DEA was employed by TLC to assess the performance of its five joint maintenance shops over the time period January-June 2000. The assessment contributed to a study of performance measurement within the Army logistics service carried out in 2000 by the TLC. The application reports improvements in performance and the reactions of the field managers to the use of DEA.
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1. Introduction

This paper reports on an application of Data Envelopment Analysis (DEA) to assess the performance of Joint Maintenance Shops (JMSs) in the Taiwanese Army over the time period January-June 2000. The assessment contributed to a study of performance measurement carried out in 2000 by the Tactical Logistics Command (TLC), a logistical organization, set up by the Army to provide the economic, effective, and efficient provision of maintenance services. The results of this study can be used to assist the TLC charged with reviewing the performance of maintenance services in improving the management of the JMSs. More precisely, we will address a question — “How can the TLC by changed to improve the identification and correction of factors which limit the efficiency of the JMSs’?” in this study. 

The motivation of this study originates from the introduction of joint maintenance logistical reform by the Army in 1999 to help ensure maintenance services at the corps level for various types of equipment, namely as armament, chemical equipment, communication systems, engineering equipment, vehicles and armored vehicles, are efficient and effective. The main reform is to integrate those six types of maintenance services at a JMS, responsible for performing out overhaul maintenance activities. To maintain those six types of equipment, the Army operates five JMSs nationwide in Taiwan. Controlling the performance these JMSs is of crucial importance and monitor their efficiency is a vital part of control system. In that regard, a study of performance measurement for the five JMSs was undertaken by the ALC in July 2000 and the application reported in this paper was a part of that study. 

 Army JMS managers utilize significant manpower, supplies, equipment, and facility resources in the maintenance operations process. The outputs of that process are vital to the mission of the Taiwanese Army. Many potential benefits are possible through performance improvements. However, to realize this potential, the Army needs an objective system to measure and monitor performance of the JMSs over time. For these reasons, the TLC took part in a field experiment which used DEA to evaluate the JMSs. This was nearly three-month field experiment to test the effects of use of an operations research technique in assessing maintenance performance at five JMSs of the Taiwanese Army’s Logistics Command. A major purpose of this field experiment was to design an efficiency measuring and monitor system, by which the performance of the five TLC’s JMSs is evaluated. A second purpose was to assess the reactions of the field managers to the use of DEA.

DEA, a linear programming based model, was originally presented by Charnes, Cooper and Rhodes (1978). The DEA methodology appears to be an appropriate measurement tool for this study due, partly, to the following reasons: 

(1) Performance of the JMSs is characterized by a large number of ‘inputs’ and ‘outputs’ which cannot be readily weighted and compared. 

(2) Although work routines at the JMS level are generally well defined, some maintenance tasks can be performed by different combinations of such routines; and 

(3) It does not require explicit functional relationships between inputs and outputs.

Due to these reasons, assessing the efficiency of the JMSs by conventional techniques (see, e.g. Roll and Sachish, 1981) proved difficult. In addition to its sound theory, transparence and reproducible computational procedure, the DEA method has several advantages over traditional approaches such as ratio analysis and regression analysis (see Sherman, 1986). A major advantage is that DEA has been empirically validated many times over. As Golany (1988) points out, DEA is emerging as the leading method for efficient evaluation, in terms of both the number of research papers published and the number of applications to real world problems. We shall assume throughout this paper some knowledge of DEA. Readers not familiar with DEA are referred to Charnes et al. (1994) and Charnes et al. (2000). 

The paper is organized as follows. Section 2 provides a brief review of the published DEA studies related to assessing performance of maintenance units. Section 3 presents a preliminary data analysis regarding the selection of input and output measures that can be used in DEA models. Section 4 describes the methodology used in the evaluation of the performance of the JMSs. Section 5 presents the empirical results obtained from the DEA assessment and discusses their implications. Section 6 discusses the results of the further assessment in terms of manpower and operations efficiencies. This assessment can shed further light on the performance of the JMSs. Section 7 concludes with a summary of our findings and use of DEA to improve the performance of the JMSs.

2. Review of relevant literature

Published DEA studies of maintenance units can be found in Charnes et al. (1985), Roll et al. (1989) and Clarke (1992). Each of these papers provided important contributions to this area. To provide a detailed review of the many works on performance measurement from the number fields that have researched this topic is beyond the scope of this paper. In what follows we shall only provide a brief discussion on the production model, sample size and DEA models used in the three DEA studies and outline some advantages as well as limitations of these studies.

The first of these applications, Charnes et al (1985), set the pace for all subsequent studies by showing the broad applicability of the methodology. The authors used a basic input orientated CCR model (Charnes, Cooper and Rhodes, 1978) to analyze fourteen tactical fighter wings (TFWs) in the U.S. Air Force using monthly data during the period October 1981 through May 1982. The production model consisted of eight inputs and four outputs. The inputs are: number of officers, percentage of assigned officers to authorized officers in a wing, number of airmen, percentage of assigned airmen to authorized airmen in a wing, 100000 minus total number of hours in a specific month in which the possessed aircraft were not mission capable due to supply problems, average number of aircraft in a wing; 1000 minus number of sortie losses due to external reasons, and cannibalization rate. The outputs include total number of sorties flown by each wing in a specific month, total number of hours that the possessed aircraft were fully or partially mission capable, 100000 minus total number of hours in a specific month in which the possessed aircraft were not mission capable due to maintenance problems, and fix rate within given time intervals. Important to highlight is their attempt to capture in their production model the observed quality of maintenance operations (e.g. the total number of hours in a specific month in which the possessed aircraft in each wing were not mission capable due to maintenance problems). In addition, they used the window analysis technique to increase the number of DMUs in dealing with degrees of freedom problems caused by insufficient number of DMUs. However, these appear to be certain weaknesses in the assessment. Chief among these was that they did not examine whether technical and scale efficiencies existed for any other TFWs (see, Banker et al., 1984). The second weakness was that increasing or decreasing returns as well as constant returns to scale were not identified. See Banker and Thrall (1992) for discussion. The third weakness was that the problem of treating non-discretionary inputs and outputs that discussed in Banker and Morey (1986) was not explicitly addressed by the authors in their paper. Finally, they did not provide an analysis of managerial reactions to DEA.

Roll et al. (1989) used a basic input orientated CCR model to analyze five maintenance units (MUs) in the Israeli Air Force using quarterly data. The production model consisted of three inputs (labor, operational facility, spare parts consumption in dollars) and six outputs (sorties type I and type II, flying hours, ratio max, daily sorties to average, standard deviation of daily sorties and number of cancelled flights. The emphasis of this paper is on the choice of factors to enter the analysis and on assigning numerical values to qualitative factors. This paper attempted to investigate production models with different combination of pre-selected outputs. Performance of various levels of the MUs was evaluated. Unfortunately, the authors did not provide statistical results of correlation analysis of input and output variables, and slack analysis. They also did not examine technical and scale efficiencies of the MUs and the issue of returns to scale. The authors did not explicitly address the presence of treating non-discretionary inputs and outputs in their paper. Lastly, they did not discuss the implication of the results of the DEA model.

 Clarke (1992) also used a basic input orientated CCR model to evaluate vehicle maintenance performance at seventeen bases of the United States Air Force’s Tactical Air Command over a four-year period from the year 1983 to 1986. The production model consisted of four inputs (labor hours, material costs, number of trainees, and adjusted vehicle days) and two outputs (number of in-commission days for the vehicle fleet and number of mechanics trained each year. The selection of input and output measures was chosen by the field-level managers and the headquarters staff managers, but without providing any statistical justification. The author discussed the results of the DEA model and analyzed managerial reactions to the DEA method. Unfortunately, the author did not address crucial issues of technical and scale efficiencies, returns to scale, and the treatment of non-discretionary inputs or outputs in his paper.

In conducting our study, we not only provide a statistical justification for the selection of the input and output measures to be used in the DEA model but also examine overall, technical, and scale efficiencies for the five JMSs by using an output-orientated DEA models. We also explicitly discuss the issue of non-discretionary inputs and outputs in this paper and deal with the possibility of increasing or decreasing returns to scale. In addition, we discuss the results of the DEA models including identification of inefficient units and their efficient peers and specifications of potential improvements for inefficient JMSs to be efficient. Lastly, we use a follow-up questionnaire and oral interviews to assess the reactions of the JMS managers concerning the types of evaluations provided by DEA and the relevance of the reported results as applied to their particular operations. 

3. Preliminary data analysis

Maintenance operations at the corps level fall under the responsibility of the 5 JMSs located nationwide in Taiwan. Each such JMS is responsible for performing breakdown maintenance activities for the Army. Six different categories of maintenance services exist, and are grouped under the heading: ‘armament’, ‘chemical equipment’, ‘communication systems’, ‘engineering equipment’, ‘vehicles’ and ‘armored vehicles’.

In designing an efficiency measuring and monitor system, certain criteria were specified by the TLC as follows.

(1)  The input and out measures selected for this study should highlight key objectives and operating characteristics of a JMS;

(2)  The process of selecting factors in a DEA model should concentrate on finding effects of maintenance activities together with a set of casual factors that enable one to create these effects; and 

(3)  The presence of non-controllable input/output factors need to be considered.

From the review of published sources and the advises provided by the TLC, a general model of the joint maintenance process was constructed in Figure 1. Table 1 generically depicts the kinds of inputs and outputs which need to be considered. Using the general model of the joint maintenance process with data availability, two output measures and four input measures were chosen by the JMS managers and the TLC staff managers.
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Figure 1
General model of the joint maintenance process
The preliminary choice of output factors included two measures: (1) the number of certain type of assigned equipment that are in serviceable condition in a specific month; and (2) the number of personnel trained each month.

While inputs are somewhat easier to measure than outputs, care must be taken to identify both actual resources consumed in the process (labor, hours, parts, supplies, etc.) and equipment characteristics which logically impact output levels. The preliminary choice of input factors: (1) the number of personnel employed for a certain type of maintenance service in a specific month; (2) available labor hours in a specific month; (3) spare parts cost of certain type of equipment (in Taiwanese dollars) in a specific month; (4) the number of certain type of equipment assigned to a JMS in a specific month. 

For six categories of maintenance services, we would have 10 (
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) input measures. Retention of numerous inputs and outputs would overcomplicate the analysis, obscuring an overview of the performance of each JMS. In addition, the size of DMUs is insufficient for the analysis, since it need at least 60 (
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) DMUs. Consequently, a further factor elimination stage was necessary. For the purpose of building a simple and yet fair picture of maintenance operations and productivity, the TLC had decided to group maintenance services by ‘importance of operation’ and ‘complexity of operation’. This had resulted in the following four types of maintenance operations:

( vehicles,

( armament,

( armored vehicles, and 

( ‘other equipment’ (chemical equipment, communication systems, and engineering 

   equipment).

It was agreed that these three operation categories were sufficient to convey an overview of importance and complexity of operation identified and they were retained for the purposes of the assessment reported in this paper. Similarly, the other preliminary identified input and output indicators were aggregated into composite factors, such as labor hours, spare parts costs and personnel trained. Using these operation categories and composite factors the following variables were defined for assessing the performance of these JMSs: 

(1) Input variables: total number of assigned vehicle to a JMS in a specific month (
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);total number of armament assigned to a JMS in a specific month (
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);total number of armored vehicle assigned to a JMS in a specific month (
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);total number of ‘other equipment’ assigned to a JMS in a specific month (
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); and total number of available labor hours (
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); and 

(2) Output variables: total number of assigned vehicles that are in serviceable condition each month (
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);total number of assigned armament that are in serviceable condition each month (
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); total number of assigned armored vehicles that are in serviceable condition each month (
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); total number of assigned ‘other equipment’ that are in serviceable condition each month    (
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 ); and total number of personnel trained each month (
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 Data were obtained from five JMSs in the Taiwanese Army and the headquarters of TLC. The JMS were labeled A, B, …, E for confidentiality. The time period January-June 2000 was chosen for the analysis, since the data prior to the year 2000 did not exist. Some data for outputs that measure the effectiveness of what the JMSs do in performing their operations were not obtained at the time when this study began, average number of in-commission days for certain type of equipment used by the Army users and mean time between failures. 

A preliminary analysis of the analysis of the data was under taken first. The main aim was to identify any associations between the above variables which would have implications for how they are used in the DEA assessment. A secondary aim was to explore the data more generally for any obvious inaccuracies and to make it more familiar. 

Table 1 presents descriptive statistics for the data set. Three features are immediately apparent: (1) The Army can control input resources and output performances and therefore these input and output variables are controllable; (2) Levels of ‘other equipment’ in serviceable condition are much higher than of vehicle, armored vehicle, armament; and (3) There is great variability in serviceable levels of vehicle than of the other three repair item categories.

Correlations were further calculated to analyze the candidate set of inputs and outputs and identify variables which are highly interrelated. Table 2 shows correlations among all the input and output variables.

Table 1
Descriptive statistics for the 5 JMSs (30 observations)
	
	Mean
	Std. Deviation
	Minimum
	Maximum

	Inputs:
	
	
	
	

	X1
	163.6
	90.54634
	22
	424

	X2
	3196.067
	1944.781
	71
	5849

	X3
	108
	97.6026
	7
	299

	X4
	3053.8
	1653.113
	155
	5637

	X5
	8551154.7
	9176527.036
	238691
	38674697

	X6
	3976.157
	4487.693
	286.9
	23487

	Outputs:
	
	
	
	

	Y1
	181.5333
	505.3777
	11
	2781

	Y2
	27.56667
	51.86693
	2
	300

	Y3
	3.666667
	9.741093
	0
	54

	Y4
	309.9
	266.6728
	22
	1014

	Y5
	163.9
	34.18708
	110
	258


Table 2
 Correlation coefficients among inputs and outputs

	
	X1
	X2
	X3
	X4
	X5
	X6
	Y1
	Y2  
	Y3
	Y4
	Y5

	X1
	1
	
	
	
	
	
	
	
	
	
	

	X2
	0.526
	1
	
	
	
	
	
	
	
	
	

	X3
	0.043
	0.356
	1
	
	
	
	
	
	
	
	

	X4
	0.028
	-0.370
	-0.473
	1
	
	
	
	
	
	
	

	X5
	0.440
	0.284
	-0.222
	0.040
	1
	
	
	
	
	
	

	X6
	0.140
	0.290
	0.111
	-0.094
	-0.050
	1
	
	
	
	
	

	Y1
	0.531
	0.266
	0.410
	-0.303
	-0.030
	0.121
	1
	
	
	
	

	Y2
	0.588
	0.243
	0.276
	-0.252
	0.016
	0.076
	0.927
	1
	
	
	

	Y3
	0.542
	0.299
	0.456
	-0.332
	-0.028
	0.112
	0.947
	0.933
	1
	
	

	Y4
	0.539
	0.258
	0.094
	0.068
	0.345
	-0.053
	0.490
	0.479
	0.436
	1
	

	Y5
	0.566
	-0.010
	-0.100
	0.522
	0.212
	-0.048
	0.229
	0.166
	0.219
	0.288
	1


Six points are worthy of note here:

(1) ‘Number of other equipment assigned to a JMS’ has negatively associated ‘numbers of armament and armor vehicles’ and ‘labor hours’. ‘spare parts costs’ is negatively associated with ‘number of armored vehicle’ and ‘labor hours’. 

(2) Only the three types of repair item (i.e. vehicles, armored vehicles and armament) have positively associated levels of assigned repair items in serviceable condition. So JMSs that perform well in one type of repair operation do so in the other two types of operation.

(3) ‘Number of other equipment assigned to a JMS’ is negatively associated with the levels of four types of repair items in serviceable condition. The more number of ‘other equipment’ assigned to a JMS the less levels of the other three types of repair items in serviceable would tend to be achieved.

(4) ‘Labor hours’ has positively associated the numbers of vehicle armament, and other equipment that are in serviceable condition. The more labor hours were used, the more fix rates of these three types of assigned equipment would be increased.

(5) ‘Spare parts costs’ is negatively associated with fix rates of assigned vehicles and armored vehicles. The more material costs were spent, the more spare parts would be available. Thus, fix rates of assigned vehicles and armored vehicles would be increased. This is as we might expect since the fix rates of these two types of equipment generally depend on availability of these types of spare parts.

(6)  
Total number of mechanics trained has positively associated the fix rates of four types of equipment. It might release that number of personnel in trained would not have negative impacts on the fix rates of these four types of equipment. We were told by the TLC that  availability of spare parts for specific equipment would affect the fix rate of this specific equipment. 

The software utilized to perform the data envelopment analysis was the DEA-Solver: Professional Version, developed by Saitech Inc. 

4. Methodology

To investigate the performance of JMSs, we employ the conventional DEA models and some important extensions to DEA models in our study. A general exposition of the DEA methodology and its extensions is given in Cooper et al. (1999).

4.1. The sample

The sample consists of five JMSs of the Taiwanese Army’s TLC. JMSs at the corps level were chosen and are the core centers for overhaul maintenance in the logistics maintenance division (LMD) of the Army. The LMD is a fairly complex organization, structured in several hierarchy levels. The LMD can be divided into four managerial levels. The upper level is the TLC which issues general policy directives and monitor the performance of maintenance units. The second level is JMS at the corps level. Followed by the corps level is the base level, responsible for performing preventive maintenance activities. Finally, the basic lower level is the entire Army companies, responsible for performing the day to day maintenance operations.

4.2. DEA models

Throughout the study, we use output orientated DEA models. Output orientation is a natural choice since the TLC is more concerned about output performances than input resources consumed. Maintenance performances have a great impact on the Army’s operational capabilities and therefore better performances provided by any logistics units of the LMD at all costs in support of the mission of the Army are highly desirable. Hence, these models yield scores and targets consistent with management’s objective of improving maintenance performance at the current of service.

To deal with the degrees of freedom problems with using 6 input measures and 5 output measures to assesse 5 JMSs, we perform window analysis (see Charnes et al. 1985). According to Golany and Roll (1989), the number of DMUs used in a DEA model should be at least two times of sum of the number of inputs and outputs. In order to have sufficient DMUs , we then perform a one-term window over a six-month period in DEA models. Thus, each DMU is represented as if it were a different DMU for each month in a window, and an analysis of the 30 (
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) DMUs. For example, a DMU with a label of A-1 represents for JMS A for January. As Klopp (1985) pointed out, window analysis can be used to analyze trends and potential stability problems which are also considered in this paper.

As Banker and Morey (1986) noted, the presence of non-discretionary inputs/outputs can have some effects on the relative efficiency measured and call for special treatment of these variables. The inputs and outputs selected for this study are controllable. Therefore, the modified DEA mode proposed by Banker and Morey (1986) for treating non-discretionary inputs/outputs is not used in this study. 

Both the CCR and BCC models are used to explore some of the underlying reasons for inefficiency - e.g. to estimate divergence from most productive scale size (MPSS) and returns to scale (RTS). To investigate returns to scale (RTS), we calculate the sum of all lambdas for each JMS to determine the type of scale efficiency affect these JMSs, whether increasing or decreasing returns to scale. According to Banker and Thrall (1992), the sum of all lambdas for a DMU is greater than 1 then there is decreasing return to scale (DRS), if the sum of all lambdas for a DMU is less than 1 there is increasing return to scale (IRS). Constant return to scale occurred when the sum of lambdas for a DMU is one. 

To identify cost efficiencies of DMUs, we used a cost-based DEA/RTS approach proposed by Färe et al. (1994). According to Färe et al. (1994), input cost efficiency can be measured for DMU 
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5. Empirical results

5.1. Window analysis

Table 3 displays the results of overall, technical and scale efficiencies, as well as RTS results by JMS, pooled by month, within the year 2000. This sort of DEA ‘window analysis’ was performed to ensure that a JMS, judged to be relative efficient in a given month, was not deemed so because of unctontrollable external factors unique to a particular, limited time period. That is a JMS that is truly relatively efficient in a given month will be so regardless of the month selected. Table 3 reveals that (1) 13 out of the 30 DMUs were overall inefficient with average overall efficiency score 90.84; (2) some 12 out of the 30 DMUs were technically inefficient with average technical efficiency score 95.51; (3) nearly 13 out of the 30 DMUs were scale inefficient with average scale efficiency score 95.01; and (4) the returns to scale categories for IRS, CRS, and DRS are 0, 27, and 3 DMUs respectively. 

Table 3
Efficiency of the five JMSs
	JMS
	Term
	DMU code
	Efficiency Measures（%）
	RTS

	
	
	
	Overall
	Technical
	Scale
	Cost
	

	A
	1
	A-1
	100
	100
	100
	43.38
	CRS

	
	2
	A-2
	100
	100
	100
	100
	CRS

	
	3
	A-3
	100
	100
	100
	88.24
	CRS

	
	4
	A-4
	100
	100
	100
	88.81
	CRS

	
	5
	A-5
	100
	100
	100
	83.07
	CRS

	
	6
	A-6
	100
	100
	100
	65.09
	CRS

	B
	1
	B-1
	66.11
	87.30
	75.73
	81.16
	CRS

	
	2
	B-2
	81.30
	91.17
	89.17
	93.24
	DRS

	
	3
	B-3
	100
	100
	100
	100
	CRS

	
	4
	B-4
	93.72
	100
	93.72
	55.07
	DRS

	
	5
	B-5
	72.71
	97.87
	74.29
	63.60
	CRS

	
	6
	B-6
	77.55
	97.93
	79.19
	28.73
	DRS

	C
	1
	C-1
	83.37
	83.74
	99.56
	30.27
	CRS

	
	2
	C-2
	90.21
	91.45
	98.64
	83.05
	CRS

	
	3
	C-3
	100
	100
	100
	96.62
	CRS

	
	4
	C-4
	77.44
	79.29
	97.67
	73.10
	CRS

	
	5
	C-5
	70.93
	75.91
	93.44
	79.45
	CRS

	
	6
	C-6
	77.95
	78.79
	98.93
	31.70
	CRS

	D
	1
	D-1
	100
	100
	100
	65.88
	CRS

	
	2
	D-2
	100
	100
	100
	80.20
	CRS

	
	3
	D-3
	100
	100
	100
	69.69
	CRS

	
	4
	D-4
	100
	100
	100
	100
	CRS

	
	5
	D-5
	100
	100
	100
	86.92
	CRS

	
	6
	D-6
	99.55
	89.47
	98.97
	47.18
	CRS

	E
	1
	E-1
	100
	100
	100
	100
	CRS

	
	2
	E-2
	72.88
	97.01
	75.13
	86.48
	CRS

	
	3
	E-3
	100
	100
	100
	100
	CRS

	
	4
	E-4
	100
	100
	100
	75.25
	CRS

	
	5
	E-5
	100
	100
	100
	85.20
	CRS

	
	6
	E-6
	72.36
	95.49
	75.78
	24.32
	CRS

	
	
	Mean
	90.84
	95.51
	95.01
	75.32


Several observations can be made:

(1) JMS A was on the efficient frontier during each of the six successive months. It demonstrated consistency in its relative efficiency rating from month to month. 

(2) JMSs D and E were showed a need for a change in the production-input mix and as well as the absolute level of inputs in certain months. Over time, both moved to the efficient frontier by remedying both these deficiencies. JMS D, being on the efficient frontier in all five months of 2000, did not achieve efficient posture in June 2000. JMS E , being on the efficient frontier in all four months of 2000, did not maintaining position of relative efficiency in February and June 2000. 

(3) JMSs B and C showed movement to the efficient frontier over time. There are clear indications of changes in a need for a change in the production-input mixes as well as the absolute of outputs. 

(4) The average scale efficiency of 95.01 suggests further potential output improvement of 4.99% if it is possible for a JMS to operate at constant returns to scale technology. Investigating the distribution of scale in Table 3 reveals that 27 DMUs (JMSs A, C, D and E) already operate at the appropriate level. On the other hand, 3 DMUs (JMS B) are experiencing decreasing return to scale. This suggests that JMS B could be reduced in size. 

(5) If one compares January and June 2000, more JMSs in the latter month have not achieved the efficient frontier.

Table 4
Mean-variance analysis across window

	JMS
	Overall efficiency
	Technical efficiency
	Scale efficiency

	
	Mean
	Variance
	Group
	Mean
	Variance
	Group
	Mean
	Variance
	Group

	A
	100
	0
	α
	100
	0
	α
	100
	0
	α

	B
	81.90
	164.07
	δ
	95.71
	27.55
	β
	85.35
	110.42
	δ

	C
	83.32
	108.52
	δ
	84.86
	84.37
	γ
	98.04
	5.72
	β

	D
	98.09
	18.20
	β
	98.25
	15.42
	β
	99.83
	0.148
	α

	E
	90.87
	133.25
	δ
	98.75
	2.73
	α
	91.82
	107.17
	δ

	Group: α- very low 
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Table 4 lends itself to a study of trends and the potential problems within the window. Figure 2 shows the efficiency trends for each JMS over the six successive months. Again several observations can be made:

(1)
JMS A demonstrated consistency in its overall, technical and relative efficiency ratings over the six monthly period. 

(2) 
JMS B displayed considerable inconsistency in maintaining positions of relative efficiency. It has not only the lowest mean value of 81.90 but it also has a highest variance in its overall efficiency ratings. The technical and scale efficiency ratings of JMS B are generally low and declining and this unit needs to be further investigation to its performance. These ratings might explain that JMS B, being on the frontier in March 2000, did not achieve in the other five months.

(3) 
JMS C also demonstrated considerable inconsistency in maintaining positions of relative efficiency. JMS C has a downturn in its efficiency ratings starting in April 2000. Due to its technical and scale inefficiencies measured in the other five months, JMS did not achieve the relative efficiency on the frontier.

(4) 
JMS D demonstrated little inconsistency in its efficiency rankings over time. JMS D has a marked downturn in its efficiency ratings starting in June 2000 and should be investigated in more detail. Its scale and technical inefficiencies in June might result in JMS D not being able to achieve the relative efficiency frontier in that month. 
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Figure 2. Efficiency trends for each JMS

 (5) 
JMS E displayed little inconsistency in maintaining positions of relative efficiency over time. JMS E has two marked downturns in its efficiency ratings starting in February and June 2000 and therefore needs to be investigated in more detail. Its scale and technical inefficiencies in these two months might result in JMS E not being able to achieve the relative efficiency frontier. 

5.2. Peer References 

An inspection was made of how frequently each efficient JMS was used as a comparator of ‘efficient peer’ for inefficient JMSs. The purpose of this inspection was to identify an exemplar of good performance according to the number of times efficient JMSs appeared in the reference set. The reference sets and their frequencies for the 30 DMUs are given in Table 5.  The most frequent efficient peers are JMS A (A-2, A-6) and JMS E (E-1). This means that JMS A (A-2, A-6) and JMS E (E-1) have the most usual mixes of input resources in performing better maintenance operations and that is why it is used so often as comparators for inefficient JMSs. These JMS A in the February and June evaluations and JMS E in the January evaluation were ‘good performers’ in terms of all their input-output levels.

Table 5
Reference sets for the 30 DMUs

	DMU code
	BCC Model
	Frequency

	
	Reference set
	

	A-1
	
	0

	A-2
	
	12

	A-3
	
	0

	A-4
	
	4

	A-5
	
	0

	A-6
	
	1

	B-1
	A-2 D-1 E-1
	

	B-2
	A-2 B-3 B-4 D-1 E-1 E-3
	

	B-3
	
	5

	B-4
	
	2

	B-5
	A-2 D-1 E-1
	

	B-6
	A-2 B-3 B-4 D-1 E-1 
	

	C-1
	A-2 A-4 B-3 D-1 E-1 
	

	C-2
	A-2 A-4 A-6 D-1 E-1
	

	C-3
	
	0

	C-4
	A-2 A-4 B-3 D-1 E-1
	

	C-5
	A-2 D-1 E-1
	

	C-6
	A-2 A-4 B-3 D-1 E-1
	

	D-1
	
	11

	D-2
	
	0

	D-3
	
	1

	D-4
	
	0

	D-5
	
	1

	D-6
	A-2 D-3 D-5 E-1
	

	E-1
	
	12

	E-2
	A-2 D-1 E-1 E-3
	

	E-3
	
	3

	E-4
	
	0

	E-5
	
	0

	E-6
	A-2 D-1 E-1 E-3
	


5.3. Slack analysis

In order to find important information indicating by how much and in what areas an inefficient unit needs to improve in order to be efficient, a non-zero slack analysis was used. Non-zero slack analysis can identify marginal contributions in efficiency ratings with an additional increase in specific output amounts or with an addition decrease in specific input amounts. Table 6 represents results of the slack analysis. 

Table 6
Slacks for each input and output for the inefficient DMUs

	DMU Code
	X1
	X2
	X3
	X4
	X5
	X6
	
	Y1
	Y2
	Y3
	Y4
	Y5

	B-1
	133.72
	3360.14
	
	
	1216.72
	2804434.55
	
	360.71
	34.79
	7.69
	92.98
	

	B-2
	149.92
	3033.56
	
	
	
	
	
	211.90
	8.15
	3.54
	
	

	B-5
	145.95
	3517.43
	
	
	12637.45
	3195907.99
	
	484.58
	36.05
	10.64
	24.92
	

	B-6
	87.27
	2493.76
	
	
	
	20787556.4
	
	331.36
	34.82
	6.44
	
	

	C-1
	18.47
	2447.82
	
	
	3023.75
	24636199.70
	
	74.43
	7.92
	
	
	

	C-2
	18.96
	3505.46
	
	
	254.76
	4958959.67
	
	163.92
	21.67
	
	
	

	C-4
	12.09
	4339.11
	
	
	3904.20
	1155390.52
	
	50.21
	1.50
	
	
	

	C-5
	26.69
	5015.15
	
	
	3656.78
	5629787.55
	
	102.16
	6.51
	1.52
	30.66
	

	C-6
	53.88
	4995.04
	
	
	501.09
	21957085.7
	
	87.25
	2.47
	
	
	

	D-6
	
	1859.05
	106.55
	902.32
	
	1348172.6
	
	38.40
	
	0.38
	74.50
	

	E-2
	
	356.21
	80.83
	
	936.34
	1760468.02
	
	586.44
	5.31
	
	351.91
	

	E-6
	
	471.84
	41.46
	
	
	33920356.6
	
	751.26
	50.03
	8090
	196.92
	

	Number

of  DMUs

with slacks 

	9    12    3      1     11         8        12   11   7    6   0 


	Mean
 
	85.99  2949.55  76.28    902.32    3266.39   11104932.12 270.22  1629   5.59  128.65  0


Among the input measures, the total number of armament assigned to a JMS in a specific month has the greatest number of non-zero slacks 12 while the highest number of non-zero slacks for output measures is 12. Holding the level of maintenance operations constant, on average, nine DMUs could reduce the number of assigned vehicles by 85.99; twelve DMUs could reduce the number of assigned armament by 2949.55; three DMUs could reduce the number of armored vehicles by 76.28; one DMU could reduce the number of assigned other equipment by 902.32; eleven DMUs could reduce the total number of labor hours by 3266.39 hours; and eight DMUs could reduce the material costs by NT$ 1104932.12. The output slacks reveal that twelve DMUs could increase the number of vehicles fixed by 270.22; eleven DMUs could increase the number of armament fixed by 1629; seven DMUs could increase the number of armored vehicles fixed by 5.59; six DMUs could increase the number of other equipment by 128.65. Those having zero slack of course require no such addition to achieve their value if efficient. These estimated reductions in inputs would not in themselves suffice. They would also need to be accompanied by the estimated increases in outputs if an inefficient JMS were to achieve 100% efficiency. 

5.4. Targets for inefficient JMSs

The solution of the DEA models yields target input and output level which would render inefficient JMSs efficient, if not already so (see Charnes et al. 1978). Information on target levels is given in Table 7. This information can be used to provide the TLC and the field managers important implications for improving performance of these inefficient units. 

TABLE 7 TO BE INSERTED HERE
The TARGET column shows the amount of inputs and outputs that an inefficient Precinct should be using or producing in order to be efficient while POTENTIAL IMPROVEMENT column shows how much, in percentage terms, an inefficient JM’s use of inputs or production of output needs to change by in order for it to be efficient. For example, Shop B in the January evaluation could reduce the total number of assigned vehicle by 47.25%, armament by 76.40%, available labor hours by 55.90% and total cost of spare parts 41.63%; and increase the total number of fixed vehicles by 735.96%, armament by 330.85%, armored vehicles by 999.90%, other equipment by 103.95% and trained mechanics by 14.55%, in order to become efficient as its peer references. 

5.5 Cost-efficiency analysis

In addition to the use of the six input and five output measures, we added two inputs that have unit costs into the DEA model to assess cost efficiency of JMSs. These input measures are total number of spare parts and employees. As can be seen from Table 3, DMUs A-2, B-3, D-4, E-1, and E-4 were cost efficient units while other DMUs were rated as cost inefficient.

6. Further investigation


In order to have a closer view of variables of the performance of JMSs, it is, however, possible to assess the performance of a JMS in specific areas. Two such areas are the JMS’s resource efficiency given the volume of maintenance volume it has to deal with and its efficiency in securing available repair items given its maintenance level.

JMSs were assessed on their resource efficiency given the volume of maintenance item they face using the following input-output variables: 

(1) Input: total number of personnel employed at a JMS each month; and (2) Outputs: total number of assigned vehicle to a JMS in a specific month; total number of armament assigned to a JMS in a specific month; total number of armored assigned to a JMS in a specific month; and  total number of ‘other equipment’ assigned to a JMS in a specific month.

The efficiencies obtained with this input-output set will be referred to as ‘manpower efficiencies’. These efficiencies can reveal the content to which a JMS may be under-resourced for the level of repair items it faces. JMSs efficient in manpower terms which also secure good levels of available repair items given maintenance levels are not under resourced. However, those which are efficient in manpower terms but do not complete satisfactory proportions of their repair items in serviceable condition may be under resourced. Thus, it is necessary to also assess the efficiencies of JMSs in achieving levels of repair items in serviceable condition given the volume of repair items they deal with. This second assessment was performed using the following input-output variables: (1) Inputs: total number of assigned vehicle to a JMS in a specific month; total number of armament assigned to a JMS in a specific month; total number of armored assigned to a JMS in a specific month; and total number of ‘other equipment’ assigned to a JMS in a specific month, and (2) Outputs: total number of assigned vehicles that are in serviceable condition each month; total number of assigned armament that are in serviceable condition each month; total number of assigned armored vehicles that are in serviceable condition each month; and total number of assigned ‘other equipment’ that are in serviceable condition each month.

The efficiencies obtained with this set of input-output variables are referred to as operation efficiencies’. The operation efficiencies differ from the overall efficiencies obtained in the initial assessment in that they do not take account of the manpower level of a JMS. They merely reflect the proportions of repair items maintained and leave open the question as to whether good fixed rates can be attributed to excessive use of manpower and/or to more effective use of manpower. This question along with the issue of the potential under-resourcing of JMSs can be addressed by looking simultaneously at manpower and operation efficiencies. This is done in Figure 3.

The manpower and operation efficiencies give a two-dimensional view of the performance of each JMS. A JMS should offer a high operation efficiency and a high manpower efficiency. Such as a JMS would be achieving the highest repair levels found any where for its repair items, while also having the lowest manpower level for its repair items.

DMUs have been split subjectively in four groups plotted respectively in areas I, II, II and IV in Figure 3. The performance of the JMSs in each group can be summarized as follows.

 DMUs in area I. These DMUs enjoy high efficiency in both dimensions. There is no DMU found in this area.

DMUs in area II. These DMUs enjoy high manpower efficiency but have lower operation efficiency. Only DMUs A-2, D-5 and D-6 are in this area. Their low operation efficiency could be achieving good operating levels through using excessive rather than effective resources. 

DMUs in area III. These DMUs have relative low manpower levels and relative low operating levels. They need to improve efficiency in at least one and preferably both dimensions and a case can be made for using excessive and effective resources. There is a good number of DMUs in this category.

DMUs in IV. Only DMUs A-3, A-4, A-5, A-6, B-3, D-1,E-1 and E-3 are plotted in area IV. These DMUs have low staffing levels but high operating levels. These DMUs with low manpower efficiency could be achieving good operating levels through using effective rather than excessive resources.

Looking at all the DMUs the correlation coefficient between operation and manpower efficiencies is –0.363 which is significant at the 10% level. Thus there is weak negative association between the two efficiencies indicating only a weak tendency for high staffing levels (i.e. low manpower efficiencies) to go with good fix rates (i.e. high operation efficiencies). This intuitively acceptable in that it indicates that raising manpower levels would lead to more repair items being fixed.
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Figure 3
Assessing separately manpower and operation efficiencies

7. Conclusions

This paper has given an account of a DEA application to the assessment of maintenance performance of JMSs at the TLC. The application was a part of the maintenance performance study on the Army logistics services, undertaken by the Tactical Logistics Command in 2000. 

We have shown that JMSs can be investigated in terms of their relative efficiency. The overall performance of these JMSs was assessed by setting their performance levels against their actual resources consumed in the maintenance process. This identified potentially weak and strong JMSs on performance, their efficient peers and the output levels of performance that would render inefficient JMSs efficient. In particular, JMS A was rated as the most efficient unit over a six monthly period in 2000 in terms of overall, technical, and scale efficiencies. JMS D was the second best unit, being on the relative efficiency frontier in the five successive months of 2000. JMSs A, D, C, and E already operate at the appropriate level. The results of the evaluation of JMS B in February, April and June 2000 reveals that JMS B is experiencing decreasing increasing return to scale and could reduce its size to be efficient. Surprisingly, by June 2000 most of JMSs in this study had not achieved the efficient frontier. Finally, each of JMSs A, B, D, and E had achieved cost efficiency in some certain months while they were cost inefficient most of time.

A few notes of caution are in order here. First, our study is in terms of highly aggregated measures of output and inputs. There are important qualitative dimensions of inputs/outputs that are not taken into account. For example, measuring the quality of maintenance operation and the quality of mechanics. Repair process and stockage-determination also may have critical impacts on maintenance performance. It would be desirable to treat these inputs/outputs explicitly in the models used in this study. Secondly, a test is needed to determine the effects of repeated applications of DEA on the relative efficiency of these five JMSs before the DEA formally is installed for use by the TLC. Lastly, a comparison of the current system and DEA for evaluating organizational performance may be helpful for reducing the uncertainty about the use of DEA. Our basic methodology would still remain valid, however. 

Finally, it is important to note that the findings discussed in this paper are indicators of relative efficiency (or inefficiency) which are a means to an end—efficient operations— and not the end in themselves. As such, the information serves as a guide to the TLC for additional investigation into enhancing the maintenance performance of the JMSs. 
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Table 7
Targets and potential improvements for the inefficient DMUs
	DMU

Code
	Target
	Potential Improvement    （﹪）

	
	X1
	X2
	X3
	X4
	X5
	X6
	Y1
	Y2
	Y3
	Y4
	Y5
	X1
	X2
	X3
	X4
	X5
	X6
	Y1
	Y2
	Y3
	Y4
	Y5

	B-1
	149.27
	1035.86
	
	
	959.89
	3932806.45
	417.98
	47.39
	7.69
	212.11
	205.04
	-47.25
	-76.44
	
	
	-55.90
	-41.63
	735.96
	330.85
	999.90
	103.95
	14.55

	B-2
	147.08
	1351.4
	
	
	

	
	243.71
	25.70
	3.54
	284.09
	205.11
	-50.48
	-69.18
	
	
	
	
	740.37
	60.60
	999.90
	13.55
	2.17

	B-5
	152.05
	1364.57
	
	
	1164.55
	4696693.01
	566.32
	64.65
	10.64
	248.68
	186.98
	-48.98
	-72.05
	
	
	-91.56
	-40.49
	607.90
	130.91
	999.90
	130.55
	2.17

	B-6
	193.73
	2434.24
	
	
	7452.3
	4204033.64
	493.72
	58.31
	9.49
	393.14
	186.87
	31.06
	-50.60
	
	
	
	-83.18
	210.52
	153.52
	216.65
	2.12
	2.12

	C-1
	101.53
	684.18
	
	
	1710.75
	2716751.33
	144.88
	23.44
	2.39
	283.02
	169.57
	-15.39
	-78.16
	
	
	-63.87
	-90.07
	145.56
	80.34
	19.42
	19.42
	19.42

	C-2
	108.04
	670.55
	
	
	2913.74
	3051289.33
	193.45
	31.51
	3.28
	472.40
	155.28
	-14.93
	-83.94
	
	
	-8.04
	-61.91
	616.48
	250.12
	9.35
	9.35
	9.35

	C-4
	114.95
	948.89
	
	
	1563.80
	2301064.46
	75.43
	19.16
	1.26
	239.64
	179.10
	-9.52
	-82.06
	
	
	-71.40
	-33.43
	277.15
	36.85
	26.13
	26.13
	26.13

	C-5
	103.31
	594.85
	
	
	897.22
	2958031.45
	168.02
	22.31
	2.84
	133.41
	185.74
	-20.53
	-89.40
	
	
	-80.30
	-65.56
	236.05
	85.95
	183.67
	71.04
	31.73

	C-6
	113.12
	853.96
	
	
	2212.41
	2582163.31
	150.71
	26.59
	2.54
	387.12
	167.54
	-32.26
	-85.40
	
	
	-18.47
	-89.45
	201.40
	39.92
	26.93
	26.93
	26.93

	D-6
	
	2670.95
	192.45
	2755.68
	
	3777888.4
	50.69
	13.41
	0.38
	172.86
	135.25
	
	-41.04
	-35.64
	-24.67
	
	-78.11
	360.83
	11.77
	999.90
	96.43
	11.77

	E-2
	
	2826.79
	158.17
	
	2043.26
	3138666.98
	618.39
	19.74
	5.15
	499.30
	197.91
	
	-11.19
	-33.82
	
	-31.43
	-35.93
	999.90
	41.01
	3.08
	249.17
	3.08

	E-6
	
	3471.16
	191.54
	
	2315.7
	4754340.42
	958.62
	58.41
	12.04
	586.49
	186.41
	
	-11.97
	-17.79
	
	
	-87.71
	384.15
	630.14
	301.35
	57.66
	4.73














� EMBED Excel.Chart.8 \s ���








Operation efficiency





Manpower efficiency





B-3





C-1





C-4


B-5








B-6





E-5





B-4





C-2





A-3 A-4


A-5 A-6





A-1





E-4





E-6





C-6





C-5





E-2





D-2





E-3





E-1





D-4





D-3





B-2





B-1





D-6





A-2   D-5





D-1





Ⅰ





Ⅱ








Ⅲ





Ⅳ








C-3





In-commission days 





Available items





Trained personnel





Shop maintenance


operation





Major Outputs





Available Resources





Manpower





Repair items





Supplies





Equipment








PAGE  
1

_1030855497

_1045471294.unknown

_1045482846.unknown

_1045483617.unknown

_1045482718.unknown

_1045471332.unknown

_1032497599

_1045471077.unknown

_1045471224.unknown

_1045471278.unknown

_1045471201.unknown

_1032693062.xls
Chart4

		Jan		Jan		Jan

		Feb		Feb		Feb

		Mar		Mar		Mar

		Apr		Apr		Apr

		May		May		May

		Jun		Jun		Jun



Overall Efficiency

Technical Efficiency

Scale Efficiency

Month

Value of Efficicy

JMS C

0.8337397331

0.8373991692

0.995629998

0.9020519258

0.9144713018

0.9864190642

1

1

1

0.7743503418

0.7928626983

0.9766512455

0.7093012856

0.7591414283

0.9343466964

0.779471403

0.7878602084

0.989352419



A Shop效率圖

				No.				Overall Efficiency		Technical Efficiency		Scale Efficiency										No.				Overall Efficiency		Technical Efficiency		Scale Efficiency										No.				Overall Efficiency		Technical Efficiency		Scale Efficiency

				1		Jan		1		1		1										13		Jan		0.8337397331		0.8373991692		0.995629998										25		Jan		1		1		1

				2		Feb		1		1		1										14		Feb		0.9020519258		0.9144713018		0.9864190642										26		Feb		0.7287496292		0.9701266766		0.7511901763

				3		Mar		1		1		1										15		Mar		1		1		1										27		Mar		1		1		1

				4		Apr		1		1		1										16		Apr		0.7743503418		0.7928626983		0.9766512455										28		Apr		1		1		1

				5		May		1		1		1										17		May		0.7093012856		0.7591414283		0.9343466964										29		May		1		1		1

				6		Jun		1		1		1										18		Jun		0.779471403		0.7878602084		0.989352419										30		Jun		0.7235538781		0.9548791476		0.7577439301

				No.				Overall Efficiency		Technical Efficiency		Scale Efficiency										No.				Overall Efficiency		Technical Efficiency		Scale Efficiency

				1		Jan		0.6611479764		0.8730131002		0.7573173601										19		Jan		1		1		1

				2		Feb		0.8130079618		0.9116894112		0.8917597942										20		Feb		1		1		1

				3		Mar		1		1		1										21		Mar		1		1		1

				4		Apr		0.9372265529		1		0.9372265529										22		Apr		1		1		1

				5		May		0.7271132682		0.9787357937		0.742910674										23		May		1		1		1
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				1		Jan		1		1		1										13		Jan		0.8337397331		0.8373991692		0.995629998										25		Jan		1		1		1
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				No.				Overall Efficiency		Technical Efficiency		Scale Efficiency										No.				Overall Efficiency		Technical Efficiency		Scale Efficiency										No.				Overall Efficiency		Technical Efficiency		Scale Efficiency

				1		Jan		1		1		1										13		Jan		0.8337397331		0.8373991692		0.995629998										25		Jan		1		1		1

				2		Feb		1		1		1										14		Feb		0.9020519258		0.9144713018		0.9864190642										26		Feb		0.7287496292		0.9701266766		0.7511901763

				3		Mar		1		1		1										15		Mar		1		1		1										27		Mar		1		1		1

				4		Apr		1		1		1										16		Apr		0.7743503418		0.7928626983		0.9766512455										28		Apr		1		1		1
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				6		Jun		1		1		1										18		Jun		0.779471403		0.7878602084		0.989352419										30		Jun		0.7235538781		0.9548791476		0.7577439301

				No.				Overall Efficiency		Technical Efficiency		Scale Efficiency										No.				Overall Efficiency		Technical Efficiency		Scale Efficiency
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				1		Jan		1		1		1										13		Jan		0.8337397331		0.8373991692		0.995629998										25		Jan		1		1		1

				2		Feb		1		1		1										14		Feb		0.9020519258		0.9144713018		0.9864190642										26		Feb		0.7287496292		0.9701266766		0.7511901763

				3		Mar		1		1		1										15		Mar		1		1		1										27		Mar		1		1		1

				4		Apr		1		1		1										16		Apr		0.7743503418		0.7928626983		0.9766512455										28		Apr		1		1		1

				5		May		1		1		1										17		May		0.7093012856		0.7591414283		0.9343466964										29		May		1		1		1

				6		Jun		1		1		1										18		Jun		0.779471403		0.7878602084		0.989352419										30		Jun		0.7235538781		0.9548791476		0.7577439301

				No.				Overall Efficiency		Technical Efficiency		Scale Efficiency										No.				Overall Efficiency		Technical Efficiency		Scale Efficiency

				1		Jan		0.6611479764		0.8730131002		0.7573173601										19		Jan		1		1		1

				2		Feb		0.8130079618		0.9116894112		0.8917597942										20		Feb		1		1		1

				3		Mar		1		1		1										21		Mar		1		1		1

				4		Apr		0.9372265529		1		0.9372265529										22		Apr		1		1		1

				5		May		0.7271132682		0.9787357937		0.742910674										23		May		1		1		1

				6		Jun		0.7755398341		0.9792834536		0.7919462249										24		Jun		0.8854778996		0.8946550531		0.9897422437
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A Shop效率圖

				No.				Overall Efficiency		Technical Efficiency		Scale Efficiency										No.				Overall Efficiency		Technical Efficiency		Scale Efficiency										No.				Overall Efficiency		Technical Efficiency		Scale Efficiency

				1		Jan		1		1		1										13		Jan		0.8337397331		0.8373991692		0.995629998										25		Jan		1		1		1

				2		Feb		1		1		1										14		Feb		0.9020519258		0.9144713018		0.9864190642										26		Feb		0.7287496292		0.9701266766		0.7511901763

				3		Mar		1		1		1										15		Mar		1		1		1										27		Mar		1		1		1

				4		Apr		1		1		1										16		Apr		0.7743503418		0.7928626983		0.9766512455										28		Apr		1		1		1

				5		May		1		1		1										17		May		0.7093012856		0.7591414283		0.9343466964										29		May		1		1		1

				6		Jun		1		1		1										18		Jun		0.779471403		0.7878602084		0.989352419										30		Jun		0.7235538781		0.9548791476		0.7577439301

				No.				Overall Efficiency		Technical Efficiency		Scale Efficiency										No.				Overall Efficiency		Technical Efficiency		Scale Efficiency

				1		Jan		0.6611479764		0.8730131002		0.7573173601										19		Jan		1		1		1

				2		Feb		0.8130079618		0.9116894112		0.8917597942										20		Feb		1		1		1

				3		Mar		1		1		1										21		Mar		1		1		1

				4		Apr		0.9372265529		1		0.9372265529										22		Apr		1		1		1

				5		May		0.7271132682		0.9787357937		0.742910674										23		May		1		1		1

				6		Jun		0.7755398341		0.9792834536		0.7919462249										24		Jun		0.8854778996		0.8946550531		0.9897422437
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總比較

		

		Shop		Month		Operational Overall Efficiency		Manpower Overall Efficiency		Shop		Month		Operational Technical Efficiency		Manpower Technical Efficiency		Shop		Month		Operational Scale Efficiency		Manpower Scale Efficiency

		A-1		Jan		0.7613636364		0.2013894393		A-1		Jan		1		1		A-1		Jan		0		0

		A-2		Feb		0.4971387292		1		A-2		Feb		1		1		A-2		Feb		0		0

		A-3		Mar		1		9.05E-02		A-3		Mar		1		0.9932491095		A-3		Mar		0		0

		A-4		Apr		1		8.86E-02		A-4		Apr		1		0.9972048108		A-4		Apr		0		0

		A-5		May		1		8.45E-02		A-5		May		1		0.8418937459		A-5		May		0		0

		A-6		Jun		1		7.11E-02		A-6		Jun		1		0.7779222018		A-6		Jun		0		0

		B-1		Jan		0.1656989807		0.3972971252		B-1		Jan		0.8730131002		0.97082607		B-1		Jan		0		0

		B-2		Feb		0.316676233		0.4352434871		B-2		Feb		0.8969145441		1		B-2		Feb		0		0

		B-3		Mar		1		0.1615194733		B-3		Mar		1		1		B-3		Mar		0		0

		B-4		Apr		0.7766805435		3.55E-02		B-4		Apr		1		0.9434947494		B-4		Apr		0		0

		B-5		May		0.3512053105		0.0664580904		B-5		May		0.9787357937		0.9568647802		B-5		May		0		0

		B-6		Jun		0.4879264093		0.1172085812		B-6		Jun		0.9789289899		0.956903193		B-6		Jun		0		0

		C-1		Jan		0.4224849686		8.45E-02		C-1		Jan		0.8373991692		0.7465896706		C-1		Jan		0		0

		C-2		Feb		0.6833017866		0.1407895492		C-2		Feb		0.9144713018		0.9166263577		C-2		Feb		0		0

		C-3		Mar		0.9374348519		0.1234106278		C-3		Mar		1		0.9137295962		C-3		Mar		0		0

		C-4		Apr		0.3407211631		8.69E-02		C-4		Apr		0.7928626983		0.9111483242		C-4		Apr		0		0

		C-5		May		0.2375448208		0.1079918364		C-5		May		0.7591414283		0.9593635667		C-5		May		0		0

		C-6		Jun		0.4863407494		0.2196474681		C-6		Jun		0.7878602084		1		C-6		Jun		0		0

		D-1		Jan		0.9825310571		6.14E-02		D-1		Jan		1		0.1482290619		D-1		Jan		0		0

		D-2		Feb		0.4583783784		0.3258542028		D-2		Feb		0.948922798		0.3711516945		D-2		Feb		0		0

		D-3		Mar		0.4142528736		0.5339139154		D-3		Mar		0.8412245816		0.5893969397		D-3		Mar		0		0

		D-4		Apr		0.4771102646		0.5854734489		D-4		Apr		0.8124950581		0.6816557958		D-4		Apr		0		0

		D-5		May		0.5566231325		1		D-5		May		0.7832392042		1		D-5		May		0		0

		D-6		Jun		0.2887939337		1		D-6		Jun		0.7221453156		1		D-6		Jun		0		0

		E-1		Jan		1		0.4805043801		E-1		Jan		1		1		E-1		Jan		0		0

		E-2		Feb		0.3399657772		0.1558343278		E-2		Feb		0.9701266766		0.8874011129		E-2		Feb		0		0

		E-3		Mar		1		0.1692324373		E-3		Mar		1		0.8683751371		E-3		Mar		0		0

		E-4		Apr		0.626355214		0.2348906524		E-4		Apr		0.9652687531		0.8800592121		E-4		Apr		0		0

		E-5		May		0.5526547452		0.1437914217		E-5		May		0.964791947		0.8227225273		E-5		May		0		0

		E-6		Jun		0.5268797302		0.2425616573		E-6		Jun		0.9499002596		0.815558617		E-6		Jun		0		0





人力作業總體比較

		

		Shop		Month		Operational Overall Efficiency		Manpower Overall Efficiency														Shop		Month		Operational Overall Efficiency		Manpower Overall Efficiency

		A-1		Jan		0.7613636364		0.2013894393														A-1		Jan		0.7613636364		0.2013894393

		A-2		Feb		0.4971387292		1														A-2		Feb		0.4971387292		1

		A-3		Mar		1		9.05E-02														A-3		Mar		1		9.05E-02

		A-4		Apr		1		8.86E-02														A-4		Apr		1		8.86E-02

		A-5		May		1		8.45E-02														A-5		May		1		8.45E-02

		A-6		Jun		1		7.11E-02														A-6		Jun		1		7.11E-02

		Shop		Month		Operational Overall Efficiency		Manpower Overall Efficiency														Shop		Month		0.1656989807		0.3972971252

		B-1		Jan		0.1656989807		0.3972971252														B-1		Jan		0.316676233		0.4352434871

		B-2		Feb		0.316676233		0.4352434871														B-2		Feb		1		0.1615194733

		B-3		Mar		1		0.1615194733														B-3		Mar		0.7766805435		3.55E-02

		B-4		Apr		0.7766805435		3.55E-02														B-4		Apr		0.3512053105		0.0664580904

		B-5		May		0.3512053105		0.0664580904														B-5		May		0.4879264093		0.1172085812

		B-6		Jun		0.4879264093		0.1172085812														B-6		Jun		0.4224849686		8.45E-02

		Shop		Month		Operational Overall Efficiency		Manpower Overall Efficiency														Shop		Month		0.6833017866		0.1407895492

		C-1		Jan		0.4224849686		8.45E-02														C-1		Jan		0.9374348519		0.1234106278

		C-2		Feb		0.6833017866		0.1407895492														C-2		Feb		0.3407211631		8.69E-02

		C-3		Mar		0.9374348519		0.1234106278														C-3		Mar		0.2375448208		0.1079918364

		C-4		Apr		0.3407211631		8.69E-02														C-4		Apr		0.4863407494		0.2196474681

		C-5		May		0.2375448208		0.1079918364														C-5		May		0.9825310571		6.14E-02

		C-6		Jun		0.4863407494		0.2196474681														C-6		Jun		0.4583783784		0.3258542028

		Shop		Month		Operational Overall Efficiency		Manpower Overall Efficiency														Shop		Month		0.4142528736		0.5339139154

		D-1		Jan		0.9825310571		6.14E-02														D-1		Jan		0.4771102646		0.5854734489

		D-2		Feb		0.4583783784		0.3258542028														D-2		Feb		0.5566231325		1

		D-3		Mar		0.4142528736		0.5339139154														D-3		Mar		0.2887939337		1

		D-4		Apr		0.4771102646		0.5854734489														D-4		Apr		1		0.4805043801

		D-5		May		0.5566231325		1														D-5		May		0.3399657772		0.1558343278

		D-6		Jun		0.2887939337		1														D-6		Jun		1		0.1692324373

		Shop		Month		Operational Overall Efficiency		Manpower Overall Efficiency														Shop		Month		0.626355214		0.2348906524

		E-1		Jan		1		0.4805043801														E-1		Jan		0.5526547452		0.1437914217

		E-2		Feb		0.3399657772		0.1558343278														E-2		Feb		0.5268797302		0.2425616573

		E-3		Mar		1		0.1692324373														E-3		Mar

		E-4		Apr		0.626355214		0.2348906524														E-4		Apr

		E-5		May		0.5526547452		0.1437914217														E-5		May

		E-6		Jun		0.5268797302		0.2425616573														E-6		Jun





人力作業總體比較
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技術效率

		0		0

		0		0

		0		0

		0		0

		0		0

		0		0



Operational Overall Efficiency

Manpower Overall Efficiency

Month

Value of Efficiency

A Shop



規模效率
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		Shop		Month		Operational Technical Efficiency		Manpower Technical Efficiency

		A-1		Jan		1		1

		A-2		Feb		1		1

		A-3		Mar		1		0.9932491095

		A-4		Apr		1		0.9972048108

		A-5		May		1		0.8418937459

		A-6		Jun		1		0.7779222018

		Shop		Month		Operational Technical Efficiency		Manpower Technical Efficiency

		B-1		Jan		0.8730131002		0.97082607

		B-2		Feb		0.8969145441		1

		B-3		Mar		1		1

		B-4		Apr		1		0.9434947494

		B-5		May		0.9787357937		0.9568647802

		B-6		Jun		0.9789289899		0.956903193

		Shop		Month		Operational Technical Efficiency		Manpower Technical Efficiency

		C-1		Jan		0.8373991692		0.7465896706

		C-2		Feb		0.9144713018		0.9166263577

		C-3		Mar		1		0.9137295962

		C-4		Apr		0.7928626983		0.9111483242

		C-5		May		0.7591414283		0.9593635667

		C-6		Jun		0.7878602084		1

		Shop		Month		Operational Technical Efficiency		Manpower Technical Efficiency

		D-1		Jan		1		0.1482290619

		D-2		Feb		0.948922798		0.3711516945

		D-3		Mar		0.8412245816		0.5893969397

		D-4		Apr		0.8124950581		0.6816557958

		D-5		May		0.7832392042		1

		D-6		Jun		0.7221453156		1

		Shop		Month		Operational Technical Efficiency		Manpower Technical Efficiency

		E-1		Jan		1		1

		E-2		Feb		0.9701266766		0.8874011129

		E-3		Mar		1		0.8683751371

		E-4		Apr		0.9652687531		0.8800592121

		E-5		May		0.964791947		0.8227225273

		E-6		Jun		0.9499002596		0.815558617
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		Jun
D-6		Jun
D-6



Operational Technical Efficiency

Manpower Technical Efficiency

Month

Value of Efficiency

D Shop

1
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1

1

0.9701266766
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1

0.8683751371

0.9652687531

0.8800592121

0.964791947

0.8227225273

0.9499002596

0.815558617



		

		Shop		Month		Operational Scale Efficiency		Manpower Scale Efficiency

		A-1		Jan		0.7613636364		0.2013894393

		A-2		Feb		0.4971387292		1

		A-3		Mar		1		0.0911440985

		A-4		Apr		1		0.088888006

		A-5		May		1		0.1004228396

		A-6		Jun		1		0.0914154618

		Shop		Month		Operational Scale Efficiency		Manpower Scale Efficiency

		B-1		Jan		0.1898012535		0.409236152

		B-2		Feb		0.3530729155		0.4352434871

		B-3		Mar		1		0.1615194733

		B-4		Apr		0.7766805435		0.0375802739

		B-5		May		0.3588356661		0.0694540042

		B-6		Jun		0.4984288077		0.1224873969

		Shop		Month		Operational Scale Efficiency		Manpower Scale Efficiency

		C-1		Jan		0.5045204057		0.1131833507

		C-2		Feb		0.7472096557		0.1535953533

		C-3		Mar		0.9374348519		0.1350625265

		C-4		Apr		0.4297353928		0.0954155327

		C-5		May		0.3129124718		0.1125661222

		C-6		Jun		0.6172932002		0.2196474681

		Shop		Month		Operational Scale Efficiency		Manpower Scale Efficiency

		D-1		Jan		0.9825310571		0.4141982486

		D-2		Feb		0.4830512865		0.877954237

		D-3		Mar		0.492440286		0.9058647567

		D-4		Apr		0.587216205		0.8588989524

		D-5		May		0.7106681197		1

		D-6		Jun		0.3999111085		1

		Shop		Month		Operational Scale Efficiency		Manpower Scale Efficiency

		E-1		Jan		1		0.4805043801

		E-2		Feb		0.3504344179		0.1756075415

		E-3		Mar		1		0.1948840197

		E-4		Apr		0.6488920438		0.2669032369

		E-5		May		0.5728227178		0.1747751118

		E-6		Jun		0.5546684769		0.2974178094
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