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newest technology the data is more important which means the focus will 

need to be changed. 

• Third, the research can be applied to other industries and domains in the 

service industries, which might share a similar environment and business 

approach. In this context, we can use the fast-food industry as an analogy to 

the mobile telecom industry to generalize my model for nontechnical people 

(Dabab et al. 2019). Historically, the telephone system developed from a 

fixed telephone (a landline telephone) that uses a metal wire and fixed 

telephone device that is typically located in a place such as a home. To receive 

the cellular services, the person must be in the situation in that location, 

similar to how customers must be in the restaurants to receive the 

foodservice. However, the new technology of drive-throughs allows 

customers to purchase products and get the services just bypassing the 

restaurant without leaving their cars. This process is similar to the 

development of telephone services, where the mobile phone can operate 

wirelessly. Based on this analogy, we can match the BTS units in the cellular 

network to the restaurant’s branches in the fast-food chain like McDonald’s. 

In practice, I was able to implement a similar model and work with the 

Campus Sustainability Office at Portland State University. The PSU Sustainability 

Dashboard shows the proposed DEA efficiency benchmarking modeling to 
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measure building efficiency using the fifty-eight buildings of the PSU campus. The 

model will give the best practice recommendations as operation management 

strategy changes and other factors as well, to improve the inefficient building. The 

issue was with the method of a EUI, which is common practice and one way to 

compare efficiencies across sectors. It does not provide a comprehensive picture 

of a building’s actual efficiency. Looking at the multidimensional aspects of a 

building can lead to a more robust model to help give us a clearer picture of the 

building’s actual efficiency. This model provides multiple ways to analyze utility 

data and provide some best practice research that can help inform decision 

making to move towards more sustainable operations and maintenance practices 

on campus. The results of this work will assist the operation management team to 

understand the best practices of energy consumption benchmarking for the 

campus buildings. This will maintain the sustainable operations and facilities on 

campus and track the utilities to help practitioners and policymakers. 



 

171 
 

Chapter 8  Discussion 

 

8.1 Results and Examination 

This analytic approach allows operators with multiple input and outputs to 

compare the efficiency of the BTSs. This allows them to know the best practices 

for the BTSs, and for the network efficiency frontier to determine the inefficient 

resources in order to make the right decisions about them. The models are 

assessing the performance of the BTSs based on the output-oriented method and 

the concept of VRS (Banker, Charnes, & Cooper 1984). 

While the individual KPIs provide sufficient insights to the degree of use 

radio indicators, this analysis suggests detailed information on the relative 

performance of each BTS, which leads to high-level insight for network 

performance improvements. The efficiency score ranges from 1 to 0 and 1 is 

efficiency. Appendix B shows the efficiency of the BTSs in the five models including 

the BTS index and 5 efficiency results.  After determining the efficiency score for 

each BTS, the super-efficiency was found to differentiate between the efficient 

BTSs, and the super efficiency tables for each model in Chapter 6 illustrate that. 

Across the five models, only one BTS, BTS_219, is efficient.  It is interesting since 

the super efficiency of this one is 1. This highlights that the highest super-efficient 

BTS is not always the best, but sometimes it means that maybe it was overloaded 

or taking more than the capacity. This might extend research in the future.  
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As a second step in the analyses, the performance matrix was implemented 

to get the four categories, and these four groups of the Decision-Making Units 

(DMU) were based on 0.7 efficiency and 550 revenue thresholds, so the 

recommendations are divided into four main points. These points are course of 

action guidelines for the top management: 

• The first group (Optimal BTSs): these are the most important BTSs since 

they have high-level customer satisfaction, and they make a high profit. 

• The second group (High Opportunity BTSs): these have the priority for the 

top management to undertake some action for efficiency enhancements. 

The reason is that even though they do not perform well and have low 

efficiency, they are making high profits. Therefore, by improving the 

efficiency of these branches, we will have a high opportunity for increasing 

profitability. 

• The third group (Might Opportunity BTSs): these have the second priority 

for actions to enhance the efficiency to move them to group one or group 

two. Basically, after enhancing the efficiency, we might get more profit, or it 

will be the same. 

• The fourth group (Low Opportunity BTSs): these branches, even though the 

customers receive satisfactory services, still do not make enough profit. 
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However, since we need or sometimes have to provide the services 

everywhere, probably we cannot close them, but we might relocate them. 

Because of the importance of Category 2, in the recommendation section of 

the dissertation, I will focus on this group as an area where more actions can be 

taken in terms of efficiency, and to conduct a deep analysis of these 7 BTSs in the 

general mode. Appendix C shows the reference set for Category 2 (high 

opportunity BTSs) of each model with the weights of the reference count. Looking 

at the reference set of each inefficient branch that is in the high opportunity 

group, we can suggest some actions based on the parameter information, which 

is the second group of the tuning parameters dataset. I take them as an example 

of the recommendation to improve efficiency since they have the highest 

profitability, and Chapter 9 illustrates that. 

These models and groups explain the best practices in terms of the 

significance of each BTS in relation to other inefficient BTSs. The potential usage 

of the reference set is to give guidelines for the network engineers. They can 

improve the inefficient BTSs by comparing the configuration with the BTSs in the 

references set for improvement initiatives to achieve a high level of network 

optimization. For instance, in the general model, the BTS 71 and BTS 75 have 

almost the same efficiency, but they have a different reference set that should be 

used to gain suggestions for better practices. The reference set will provide 
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opportunities for given improvements that the network engineers can use. Also, 

network engineers can validate the results by implementing some changes in the 

inefficient BTSs based on the setting of the BTSs in the reference set, and then 

check the new data later to see if there is the desired improvement in the 

efficiency of the inefficient BTS.  

The statistical and regression analysis was conducted as a third step to gain 

insights and provide specific direction. With these results, we can suggest 

enhancements to the BTSs to maximize the efficiency of the inefficient BTSs based 

on best practices BTSs, which helps the operators spend more effort and time on 

those areas. Some of these insights can be summarized as: 

• Most of the BTSs, which have RBS Type 3, have high efficiency while the RBS 

Type 2 has low efficiency. 

• The BTSs within Site Category 4 have better efficiency compared with other 

categories. 

• BTSs with Antenna Types 4 and 5 tend to have low efficiency, so check 

these types if there are any manufacturing issues. 

• There is a negative correlation between the efficiency of the BTS and the 

tile of the antenna, which makes sense, especially in the urban area. While 

there is a positive correlation between the efficiency and the height of the 
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tower, if we put artificial BTS with more height we will see something 

different. 

8.2 An Appropriate or Inappropriate Model 

It is difficult to evaluate performance and efficiency in the service industry 

through a single indication. Therefore, it is very important to establish an 

evaluated method that includes multiple indications. Thus, due to the fact that 

genuine customer service can encourage customers to come again, while a bad 

service experience could be enough to convince a customer to never return, it is 

critical to the cellular providers to assist the performance of the critical assets 

because those operational improvements are reflected in provider’s performance. 

Additionally, because mobile services are quick to serve, they have many 

challenges with delivering a high level of customer service and quality of service. 

With these needs, building a model to evaluate the overall efficiency regarding 

customer satisfaction for BTSs creates a brand identity that stands up among 

competition. 

The nature of the cellular phone network functions differently than the 

traditional fixed phone business. In the traditional customer satisfaction 

measurement in fixed service, people evaluate the efficiency based on many 

factors, such as cost, maintenance, etc. However, due to the new way of service 

in the phone industry, the customers are concerned with many things, including 
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the flexibility to move, the quality of the voice, and the data speed. The 

telecommunication branches’ goal is to exceed those expectations to maintain 

efficient service. However, this research focuses on 2G technology data and does 

not include the data. This might be a future work consideration to make the model 

more robust since it is difficult to distinguish whether this performance is 

attributable to the efforts of the efficient voice or data. 

In operations, we should understand reasonably well the relationships 

between operational inputs and outputs (Johnston and Jones 2004). Where all the 

inputs are uncontrollable, the DMUs are equally faced with difficult or more 

difficult operating environments in the output-oriented approach. In the 

foodservice industry, for instance, uncontrollable factors might include a 

restaurant’s maximum seating capacity, parking availability, and the number of 

nearby competitors (Reynolds and Thompson, 2002). However, in the case of 

using controllable inputs in the model, the high performance becomes a function 

of management decisions, which leads in turn to identifying best practices. 

Productivity measurement, monitoring, and improvement lead to overall 

gains to companies. In terms of profitability, leading service firms focus on 

achieving productivity gains as an overarching objective (Eccles 1991). Therefore, 

integrating the profitability in the performance matrix is an effective contribution 

and makes the research unique. Thus, one of the reasons that this study is relevant 

to the leading research is that cellular networks in particular have attracted 
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growing attention due to the high risk for disruptive innovation. While some 

mobile providers rely on analyzing social media posts across the top three social 

channels and call centers to evaluate the services, this model counts on data 

measurements and best practices to build efficiency. For this study, we provide a 

representative sample of area data that interprets the service flow through the 

BTSs, and the levels of the operation in the 434 BTSs. The recommendation of 

actions will lead to an increase in the efficiency of BTSs in terms of 

recommendations and suggestions to the high opportunity BTSs group.  

8.2.1 The Analogy with Another Application 

Historically, the telephone system developed from a fixed telephone (a 

landline telephone) that used a metal wire and fixed telephone device typically 

located in a place such as a home. To get the services, the person has to be in the 

same location as the phone line. Similar to the idea of the restaurants where 

people go to get the food. However, the new technology, the drive-thru, allows 

customers to purchase products and get the services just bypassing the restaurant 

without leaving their cars. This process is similar to what happened to the 

telephone services with a mobile phone that wireless operated. Based on this 

analogy, I matched the BTS units in the cellular network to the restaurant’s 

branches in the fast-food chain like MacDonald’s. Figure 8.1 illustrates the main 
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components of the cellular network. Similarly, Figure 8.2 illustrates the main 

components of the fast-food chain. 

 

 

 

FIGURE 8.1: CELLULAR NETWORK COMPONENTS 
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FIGURE 8.2: FAST-FOOD CHAIN COMPONENTS 

 

 

From both Figures 8.1 and 8.2, we can conclude these assumptions and 

analogies: 

• The mobile switching center (MSC) is similar to a warehouse. 

• The Base Station Controller (BSC) is equivalent to a distribution center. 

• The base transceiver station (BTS) is equivalent to a restaurant. 

• The interface connects and delivers the signal between the three main 

parts of the cellular network, and on the other hand, trucks deliver the 

food between the three main components. 

• The customers are people who are the same. 
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Thus, some industries and applications might share a similar environment and 

business approach. In the context of that, these industries sometimes have a 

similar problem that we can solve by using the same technique. Thus, the complex 

application can be simplified using the analogy with an understandable 

application to understand the results and the implications. In this context, I used 

the fast-food industry as an analogy to my application, which is the mobile 

telecom industry, to generalize my model for non-technical people. 

8.2.1.1 BTSs and Restaurants Comparison 

In the mobile network, the signal is delivered using Abis-interface through 

BTS. Similarly, trucks deliver the food to the restaurant through the distribution 

center. In other words, the BTS is the part of the network where the subscribers 

get their information from, and in case of the food industry, how customers get 

food from the restaurant. We can visually imagine how the BTS is similar to 

restaurants in terms of analogs, and many factors affect the quality of service in 

both examples. Some of them are similar in concept and others are different, 

which can be summarized into: 

• Similarities: 

– In both systems, resource efficiency has a direct impact on the 

quality of service (QoS). For instance, unstable and limited resources 
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may lead to undesirable and potentially disruptive application 

behavior which means more issues. 

– Both industries build on customer satisfaction, so not maintaining 

high performance of services would induce customer dissatisfaction 

toward the provider. 

– Both BTS and the restaurant are the interface component with the 

customers since they do not know or deal with other parts of the 

network. As a result, it is imperative to focus on handling the 

interface and improving the efficiency of these to improve the QoS. 

– There are large and small operators across the network, which is 

applied to both cases. In other words, the restaurant’s branches are 

similar to the BTS in that they have different capacities and 

surrounding environments. 

– Overcapacity of both the restaurant and BTS may lead to low service 

quality, which is why the providers are interested in the quality of 

their service, and why they make sure to provide the required space 

for customer capacity. Also, the capacity of the size will control the 

number of subscribers that can be served at the same time. The 

number of the frequencies or TRUs are similar to the lines and 

windows in the drive-thru case. 
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– A study emphasizes the importance of understanding the traffic 

pattern over 24 hours, and it highlighted that the peak hour of a 

system, the hour when the system handles the highest traffic, needs 

more focus (Oladeji et al. 2013). This is similar to the restaurant 

case. 

• Differences: 

– Some factors, especially in the parameter group, were matched in 

terms of general style; however, they have different functions or 

influence. For instance, the height of the tower in the mobile system 

has a significant impact on the service, but the height of the 

advertisement for a restaurant sign or billboard has a minimal effect 

on the number of orders the restaurant receives, and has no 

influence on the QoS of the branch. 

– In most cases, the customer of the telecom provider relies on one 

provider for a period of time, as customers do not switch to another 

operator every day. On the other hand, customers in the food 

industry can change daily, and frequently try a different kind of 

restaurant. But here we assume that the customer eats at the same 

chain in different locations. And, in Libya, as I pointed out before 

people have lines with both providers, and it’s natural that 
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customers switch and use another sim card in a different location 

where the services are inadequate. With this case, this feature turns 

out to be almost similar. 

– Regarding the models which, in this report, is a fast-food efficiency 

analysis, I use three types: a general model, a model that represents 

the precision and correctness, and a model of mobility and fluency. 

However, analyzing the BTS efficiency includes more KPIs, and the 

models will be divided based on the service quality indicators to 

accessibility, retainability, mobility, and service integrity. The last 

model comprises all factors. 
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Chapter 9  Recommendation 

 

9.1 Improving the Inefficient BTSs of GM 

To express the recommendation for radio optimization engineering, I 

removed the zero columns in the lambda table for each BTS of the 7 BTS’s in the 

high opportunity group in the general model with its peer to tune the parameters. 

Tables 9.1, 9.2, 9.3, 9.4, 9.5, 9.6, 9.7 include each of these 7 BTSs with their peer 

BTSs with the tuning parameters with which we can highlight the recommended 

parameters that should be changed. Also, I recommend crossing the BTS_286 in 

the set references since the tuning parameters show that this BTS does not match 

the others. My recommendations are: 

• For BTS_105: The antenna tilt should be changed from 4 to 0, or height of 

the tower should be increased to approximately the 30s. Also, the BTS 

should define more neighbors to the site from 60 to something in the 

70s. Lastly, the DTHNAMR should be changed to be 45. 
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Appendixes 

Appendix A: The R Code  

The libraries that are used 

library(float) 
library(knitr) 
library(kableExtra) 
library("pander", quietly=TRUE) 
library(lpSolveAPI) 
library(DJL) 
library(MultiplierDEA) 
library(dplyr) 
library(pastecs) 
library(ggplot2) 
library(plotly) 
library(TRA) 
library(ggcorrplot) 

 

Analysis 

Loading the data in R environment 

Data <- read.csv("All_Data_Factored_Final_Final.csv", header = TRUE) 
 
Data_0 <- Data[,-c(11:12)] 
Data_1 <- Data_0[, -c(12:21)] 
Data_2 <- Data_0[, -c(2:11)] 
 
pander(head(Data_1), caption="Sample Data of the BTS of Building the Models") 
pander(head(Data_2), caption="Sample Data of the BTS of Tuning the Parameters") 

# Showing descriptive statistics of the data 
 
Data_desc_stat <- stat.desc(Data_1, basic=F) 
 
pander(head(Data_desc_stat), caption="Basic descriptive statistics of the data") 
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General Model (GM) 

### Drawing the diagram 
 
XFigNames <- c("R1 (TCH_NO)", "R1 (SDCCH_NO)")   
YFigNames <- c("KPI1 (TCH_T)", "KPI2 (SDCCH_T)",  
               "KPI3 (TCH_SUC)", "KPI4 (SDCCH_SUC)",  
               "KPI5 (RACH_SUC)", "KPI6 (HO_SUC)",  
               "KPI7 (SQI_G)") 
 
Figure_GM<-DrawIOdiagram(XFigNames,YFigNames,  
                         '"\n\n\n\n\nDEA\nGeneral\nModel\n\n\n\n\n "' ) 
Figure_GM 

### model 
 
x <- Data_1 %>% select(TCH_NO, SDCCH_NO) 
  row.names(x)<-Data_1[,1] 
   
y_G <- Data_1 %>% select(TCH_T, SDCCH_T, TCH_SUCC, SDCCH_SUC, RACH_SUC, HO_S
UC, SQI_G) 
  row.names(y_G)<-Data_1[,1]  

 

### VRS-OUTPUT results  
 
DEA_VRE_OUT_GM <- dm.dea(x, y_G, rts="vrs", orientation="o") 
BTS_Efficiency_GM <- (1/DEA_VRE_OUT_GM$eff) 

Results_DEA_GM <- data.frame(Data_1$Index , BTS_Efficiency_GM) 
pander(head(Results_DEA_GM), caption="VRS-OUTPUT Efficiency Sample Results") 

 

### Drawing the results graphically 
 
plot_ly(Results_DEA_GM, x=~ BTS_Efficiency_GM, type="histogram") 

 

### Super efficiency VRS-OUTPUT-S results  
 
DEA_Super_OUT_VRS_GM <- dm.dea(x, y_G, rts="vrs", orientation="o", se=TRUE) 
Result_Supr_GM <- data.frame (sort(1/DEA_Super_OUT_VRS_GM$eff, decreasing = TR
UE)) 
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colnames(Result_Supr_GM) <- c("BTS_Super_Efficiency_GM") 
pander(head(Result_Supr_GM), caption="BTS's Super Efficiency Sample Results")  

#### Drawing the results graphicaly 
 
plot_ly(Result_Supr_GM, x=~ BTS_Super_Efficiency_GM, type="histogram") 

All_Results_DEA_GM <- data.frame(Data_1$Index, BTS_Efficiency_GM, (1/DEA_Super_
OUT_VRS_GM$eff)) 
colnames(All_Results_DEA_GM) <- c("BTS", "BTS_Efficiency_GM", "BTS_Super_Efficienc
y_GM") 
Results_DEA_Print_GM <-dplyr::filter(All_Results_DEA_GM, BTS_Super_Efficiency_GM 
>=1) 

 

### Drawing the performance matrix 
 
All_Results_DEA_GM <- dplyr::mutate(All_Results_DEA_GM,BTS_Revenue= Data_1$Rev
enue) 
 
plot_ly(All_Results_DEA_GM, x= ~ BTS_Revenue, y= ~ BTS_Efficiency_GM, type="scatter
",mode = "markers")%>%  
 
  add_markers(marker=list( size=ifelse(All_Results_DEA_GM$BTS_Revenue >550,10,5), 
opacity=0.9, color=ifelse(All_Results_DEA_GM$BTS_Efficiency_GM>0.7,"blue","red")),       
              showlegend = FALSE)%>%   
 
  add_lines(x = c(550, 550), y = c(0, 1), name = "Revenue Threshold") %>%   
  add_lines(x = c(0, 700), y = c(0.7, 0.7), name = "Efficiency Threshold")%>% 
  layout(showlegend = FALSE) 

 

#### Dividing the DMUs to groups 
 
Category_1_GM <- dplyr::filter(All_Results_DEA_GM, BTS_Revenue >550, BTS_Efficienc
y_GM >0.7) 
pander(head(Category_1_GM), caption="Category 1 of General Model (Optimal BTSs)") 
 
Category_2_GM <-dplyr::filter(All_Results_DEA_GM, BTS_Revenue >550, BTS_Efficiency
_GM <0.7) 
pander(head(Category_2_GM), caption="Category 2 of General Model (High Opportunit
y BTSs)") 
 
Category_3_GM <-dplyr::filter(All_Results_DEA_GM, BTS_Revenue <550, BTS_Efficiency
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_GM <0.7) 
pander(head(Category_3_GM), caption="Category 3 of General Model (Medium Opport
unity BTSs)") 
 
Category_4_GM <-dplyr::filter(All_Results_DEA_GM, BTS_Revenue <550, BTS_Efficiency
_GM >0.7) 
pander(head(Category_4_GM), caption="Category 4 of General Model (Low Opportunit
y BTSs)") 

BTS <- 434 
BTSNAMES <- lapply(list(rep("BTS_", BTS)), paste0, 1:BTS) 
All_BTSNAMES <- as.matrix(data.frame(BTSNAMES), ncol=1,nrow=434) 
colnames(All_BTSNAMES) <- "BTS" 

GM_DEA_mult<-DeaMultiplierModel(x,y_G,rts = "vrs", orientation="output") 
 
Lambda_data_GM <- as.matrix(GM_DEA_mult$Lambda) 
Final_Lambda_Data_GM_G2 <- matrix(c(Lambda_data_GM), ncol=434,nrow=434, dimn
ames = c(BTSNAMES, BTSNAMES)) 
 
Results_GM_G2_3 <- (poscol((Final_Lambda_Data_GM_G2))) 
Results_GM_G2_4 <- cbind(All_BTSNAMES, Results_GM_G2_3) 
Results_GM_G2_5 <- merge(Category_2_GM, Results_GM_G2_4, by.x = "BTS", by.y = "B
TS", all.x=TRUE) 
 
Clean1 <- Results_GM_G2_5 [,-3] 
 
Clean11 <- data.frame (Clean1) 
Clean2 <- data.matrix (Clean11) 
Final_Table_GM_G2 <- poscol(cbind(Clean2)) 
 
panderOptions('table.continues', '') 
pander((Clean1), caption="Sample of Final Results of Category 2 for General Model with 
the Reference Set") 

 

Accessibility Model (AM) 

### Drawing the diagram 
 
XFigNames <- c("R1 (TCH_NO)", "R1 (SDCCH_NO)")   
YFigNames <- c("KPI1 (TCH_T)", "KPI2 (SDCCH_T)",  
               "KPI3 (TCH_SUC)", "KPI4 (SDCCH_SUC)",  
               "KPI5 (RACH_SUC)") 
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Figure_AM<-DrawIOdiagram(XFigNames,YFigNames,  
                         '"\n\n\nDEA\nGeneral\nAccess\n\n\n"' ) 
Figure_AM 

 

## Analysis 
 
x <- Data_1 %>% select(TCH_NO, SDCCH_NO) 
  row.names(x)<-Data_1[,1] 
   
y_A <- Data_1 %>% select(TCH_T, SDCCH_T, TCH_SUCC, SDCCH_SUC, RACH_SUC) 
  row.names(y_A)<-Data_1[,1]  

 

### VRS-OUTPUT results  
 
DEA_VRE_OUT_AM <- dm.dea(x, y_A, rts="vrs", orientation="o") 
BTS_Efficiency_AM <- (1/DEA_VRE_OUT_AM$eff) 

Results_DEA_AM <- data.frame(Data_1$Index , BTS_Efficiency_AM) 
pander(head(Results_DEA_AM), caption="VRS-OUTPUT Efficiency Sample Results") 

 

### Drawing the results graphically 
 
plot_ly(Results_DEA_AM, x=~ BTS_Efficiency_AM, type="histogram") 

 

### Super efficiency VRS-OUTPUT-S results  
 
DEA_Super_OUT_VRS_AM <- dm.dea(x, y_A, rts="vrs", orientation="o", se=TRUE) 
Result_Supr_AM <- data.frame (sort(1/DEA_Super_OUT_VRS_AM$eff, decreasing = TR
UE)) 
colnames(Result_Supr_AM) <- c("BTS_Super_Efficiency_AM") 
pander(head(Result_Supr_AM), caption="BTS's Super Efficiency Sample Results") 

  

### Drawing the results graphically 
 
plot_ly(Result_Supr_AM, x=~ BTS_Super_Efficiency_AM, type="histogram") 
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All_Results_DEA_AM <- data.frame(Data_1$Index, BTS_Efficiency_AM, (1/DEA_Super_
OUT_VRS_AM$eff)) 
colnames(All_Results_DEA_AM) <- c("BTS", "BTS_Efficiency_AM", "BTS_Super_Efficienc
y_AM") 
Results_DEA_Print_AM <-dplyr::filter(All_Results_DEA_AM, BTS_Super_Efficiency_AM >
=1) 
pander(head(Results_DEA_Print_AM), caption="BTS's Efficiency Sample results") 

 

### Drawing the performance matrix 
 
All_Results_DEA_AM <- dplyr::mutate(All_Results_DEA_AM,BTS_Revenue= Data_1$Rev
enue) 
 
plot_ly(All_Results_DEA_AM, x= ~ BTS_Revenue, y= ~ BTS_Efficiency_AM, type="scatter
",mode = "markers")%>%  
 
  add_markers(marker=list( size=ifelse(All_Results_DEA_AM$BTS_Revenue >550,10,5), 
opacity=0.9, color=ifelse(All_Results_DEA_AM$BTS_Efficiency_AM>0.7,"blue","red")),       
              showlegend = FALSE)%>%   
 
  add_lines(x = c(550, 550), y = c(0, 1), name = "Revenue Threshold") %>%   
  add_lines(x = c(0, 700), y = c(0.7, 0.7), name = "Efficiency Threshold")%>% 
  layout(showlegend = FALSE) 

 

### Dividing the DMUs to groups 
 
Category_1_AM <- dplyr::filter(All_Results_DEA_AM, BTS_Revenue >550, BTS_Efficiency
_AM >0.7) 
pander(head(Category_1_AM), caption="Category 1 of Access Model (Optimal BTSs)") 
 
Category_2_AM <-dplyr::filter(All_Results_DEA_AM, BTS_Revenue >550, BTS_Efficiency
_AM <0.7) 
pander(head(Category_2_AM), caption="Category 2 of Access Model (High Opportunity 
BTSs)") 
 
Category_3_AM <-dplyr::filter(All_Results_DEA_AM, BTS_Revenue <550, BTS_Efficiency
_AM <0.7) 
pander(head(Category_3_AM), caption="Category 3 of Access Model (Medium Opportu
nity BTSs)") 
 
Category_4_AM <-dplyr::filter(All_Results_DEA_AM, BTS_Revenue <550, BTS_Efficiency
_AM >0.7) 
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pander(head(Category_4_AM), caption="Category 4 of Access Model (Low Opportunity 
BTSs)") 

AM_DEA_mult<-DeaMultiplierModel(x,y_A,rts = "vrs", orientation="output") 
Lambda_data_AM <- as.matrix(AM_DEA_mult$Lambda) 
Final_Lambda_Data_AM_G2 <- matrix(c(Lambda_data_AM), ncol=434,nrow=434, dimn
ames = c(BTSNAMES, BTSNAMES)) 
 
Results_AM_G2_3 <- poscol(cbind(Final_Lambda_Data_AM_G2)) 
Results_AM_G2_4 <- cbind(All_BTSNAMES, Results_AM_G2_3) 
Results_AM_G2_5 <- merge(Category_2_AM, Results_AM_G2_4, by.x = "BTS", by.y = "B
TS", all.x=TRUE) 
 
Final_Table_AM_G2 <- Results_AM_G2_5 [,-3] 
pander(head(Final_Table_AM_G2), caption="Sample of Final Results of Category 2 for A
ccess Model with the Reference Set") 

 

 

Retainability Model (RM) 

### Drawing the diagram 
 
XFigNames <- c("R1 (TCH_NO)", "R1 (SDCCH_NO)")   
YFigNames <- c("KPI3 (TCH_SUC)", "KPI4 (SDCCH_SUC)") 
 
Figure_RM<-DrawIOdiagram(XFigNames,YFigNames,  
                         '"\n\nDEA\nRetain\nModel\n "' ) 
Figure_RM 

 

### Analysing 
 
x <- Data_1 %>% select(TCH_NO, SDCCH_NO) 
  row.names(x)<-Data_1[,1] 
   
y_R <- Data_1 %>% select(TCH_SUCC, SDCCH_SUC) 
  row.names(y_R)<-Data_1[,1]  

 

### VRS-OUTPUT results  
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DEA_VRE_OUT_RM <- dm.dea(x, y_R, rts="vrs", orientation="o") 
BTS_Efficiency_RM <- (1/DEA_VRE_OUT_RM$eff) 

Results_DEA_RM <- data.frame(Data_1$Index , BTS_Efficiency_RM) 
pander(head(Results_DEA_RM), caption="VRS-OUTPUT Efficiency Sample Results") 

 

### Drawing the results graphically 
 
plot_ly(Results_DEA_RM, x=~ BTS_Efficiency_RM, type="histogram") 

 

 

### Super efficiency VRS-OUTPUT-S results  
 
DEA_Super_OUT_VRS_RM <- dm.dea(x, y_R, rts="vrs", orientation="o", se=TRUE) 
Result_Supr_RM <- data.frame (sort(1/DEA_Super_OUT_VRS_RM$eff, decreasing = TRU
E)) 
colnames(Result_Supr_RM) <- c("BTS_Super_Efficiency_RM") 
pander(head(Result_Supr_RM), caption="BTS's Super Efficiency Sample Results") 

  

### Drawing the results graphically 
 
plot_ly(Result_Supr_RM, x=~ BTS_Super_Efficiency_RM, type="histogram") 

All_Results_DEA_RM <- data.frame(Data_1$Index, BTS_Efficiency_RM, (1/DEA_Super_
OUT_VRS_RM$eff)) 
colnames(All_Results_DEA_RM) <- c("BTS", "BTS_Efficiency_RM", "BTS_Super_Efficiency
_RM") 
Results_DEA_Print_RM <-dplyr::filter(All_Results_DEA_RM, BTS_Super_Efficiency_RM >
=1) 
pander(head(All_Results_DEA_RM), caption="BTS's Efficiency Sample results") 

 

### Drawing the performance matrix 
 
All_Results_DEA_RM <- dplyr::mutate(All_Results_DEA_RM,BTS_Revenue= Data_1$Rev
enue) 
 
plot_ly(All_Results_DEA_RM, x= ~ BTS_Revenue, y= ~ BTS_Efficiency_RM, type="scatter
",mode = "markers")%>%  
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  add_markers(marker=list( size=ifelse(All_Results_DEA_RM$BTS_Revenue >550,10,5), 
opacity=0.9, color=ifelse(All_Results_DEA_RM$BTS_Efficiency_RM>0.7,"blue","red")),       
              showlegend = FALSE)%>%   
 
  add_lines(x = c(550, 550), y = c(0, 1), name = "Revenue Threshold") %>%   
  add_lines(x = c(0, 700), y = c(0.7, 0.7), name = "Efficiency Threshold")%>% 
  layout(showlegend = FALSE) 

 

### Dividing the DMUs to groups 
 
Category_1_RM <- dplyr::filter(All_Results_DEA_RM, BTS_Revenue >550, BTS_Efficiency
_RM >0.7) 
pander(head(Category_1_RM), caption="Category 1 of Retain Model (Optimal BTSs)") 
 
Category_2_RM <-dplyr::filter(All_Results_DEA_RM, BTS_Revenue >550, BTS_Efficiency
_RM <0.7) 
pander(head(Category_2_RM), caption="Category 2 of Retain Model (High Opportunity 
BTSs)") 
 
Category_3_RM <-dplyr::filter(All_Results_DEA_RM, BTS_Revenue <550, BTS_Efficiency
_RM <0.7) 
pander(head(Category_3_RM), caption="Category 3 of Retain Model (Medium Opportu
nity BTSs)") 
 
Category_4_RM <-dplyr::filter(All_Results_DEA_RM, BTS_Revenue <550, BTS_Efficiency
_RM >0.7) 
pander(head(Category_4_RM), caption="Category 4 of Retain Model (Low Opportunity 
BTSs)") 

RM_DEA_mult<-DeaMultiplierModel(x,y_R,rts = "vrs", orientation="output") 
Lambda_data_RM <- as.matrix(RM_DEA_mult$Lambda) 
Final_Lambda_Data_RM_G2 <- matrix(c(Lambda_data_RM), ncol=434,nrow=434, dimna
mes = c(BTSNAMES, BTSNAMES)) 
 
 
Results_RM_G2_3 <- poscol(cbind(Final_Lambda_Data_RM_G2)) 
Results_RM_G2_4 <- cbind(All_BTSNAMES, Results_RM_G2_3) 
Results_RM_G2_5 <- merge(Category_2_RM, Results_RM_G2_4, by.x = "BTS", by.y = "B
TS", all.x=TRUE) 
 
Final_Table_RM_G2 <- Results_RM_G2_5 [,-3] 
pander(head(Final_Table_RM_G2), caption="Sample of Final Results of Category 2 for G
eneral Model with the Reference Set") 
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Mobility Model (MM) 

### Drawing the diagram 
 
XFigNames <- c("R1 (TCH_NO)", "R1 (SDCCH_NO)")   
YFigNames <- c("KPI6 (HO_SUC)") 
 
Figure_MM<-DrawIOdiagram(XFigNames,YFigNames,  
                         '"\nDEA\nGeneral\nModel\n\n"' ) 
Figure_MM 

 

 

### Analysing 
 
x <- Data_1 %>% select(TCH_NO, SDCCH_NO) 
  row.names(x)<-Data_1[,1] 
   
y_M <- Data_1 %>% select(HO_SUC) 
  row.names(y_M)<-Data_1[,1]  

 

### VRS-OUTPUT results  
 
DEA_VRE_OUT_MM <- dm.dea(x, y_M, rts="vrs", orientation="o") 
BTS_Efficiency_MM <- (1/DEA_VRE_OUT_MM$eff) 

Results_DEA_MM <- data.frame(Data_1$Index , BTS_Efficiency_MM) 
pander(head(Results_DEA_MM), caption="VRS-OUTPUT Efficiency Sample Results") 

 

### Drawing the results graphically 
 
plot_ly(Results_DEA_MM, x=~ BTS_Efficiency_MM, type="histogram") 
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### Super efficiency VRS-OUTPUT-S results  
 
DEA_Super_OUT_VRS_MM <- dm.dea(x, y_M, rts="vrs", orientation="o", se=TRUE) 
Result_Supr_MM <- data.frame (sort(1/DEA_Super_OUT_VRS_MM$eff, decreasing = TR
UE)) 
colnames(Result_Supr_MM) <- c("BTS_Super_Efficiency_MM") 
pander(head(Result_Supr_MM), caption="BTS's Super Efficiency Sample Results") 

  

### Drawing the results graphically 
 
plot_ly(Result_Supr_MM, x=~ BTS_Super_Efficiency_MM, type="histogram") 

All_Results_DEA_MM <- data.frame(Data_1$Index, BTS_Efficiency_MM, (1/DEA_Super_
OUT_VRS_MM$eff)) 
colnames(All_Results_DEA_MM) <- c("BTS", "BTS_Efficiency_MM", "BTS_Super_Efficien
cy_MM") 
Results_DEA_Print_MM <-dplyr::filter(All_Results_DEA_MM, BTS_Super_Efficiency_MM 
>=1) 
pander(head(Results_DEA_Print_MM), caption="BTS's Efficiency Sample results") 

 

### Drawing the performance matrix 
 
All_Results_DEA_MM <- dplyr::mutate(All_Results_DEA_MM,BTS_Revenue= Data_1$Re
venue) 
 
plot_ly(All_Results_DEA_MM, x= ~ BTS_Revenue, y= ~ BTS_Efficiency_MM, type="scatt
er",mode = "markers")%>%  
 
  add_markers(marker=list( size=ifelse(All_Results_DEA_MM$BTS_Revenue >550,10,5), 
opacity=0.9, color=ifelse(All_Results_DEA_MM$BTS_Efficiency_MM>0.7,"blue","red")),       
              showlegend = FALSE)%>%   
 
  add_lines(x = c(550, 550), y = c(0, 1), name = "Revenue Threshold") %>%   
  add_lines(x = c(0, 700), y = c(0.7, 0.7), name = "Efficiency Threshold")%>% 
  layout(showlegend = FALSE) 

 

### Dividing the DMUs to groups 
 
Category_1_MM <- dplyr::filter(All_Results_DEA_MM, BTS_Revenue >550, BTS_Efficien
cy_MM >0.7) 
pander(head(Category_1_MM), caption="Category 1 of Mobility Model (Optimal BTSs)"
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) 
 
Category_2_MM <-dplyr::filter(All_Results_DEA_MM, BTS_Revenue >550, BTS_Efficienc
y_MM <0.7) 
pander(head(Category_2_MM), caption="Category 2 of Mobility Model (High Opportuni
ty BTSs)") 
 
Category_3_MM <-dplyr::filter(All_Results_DEA_MM, BTS_Revenue <550, BTS_Efficienc
y_MM <0.7) 
pander(head(Category_3_MM), caption="Category 3 of Mobility Model (Medium Oppor
tunity BTSs)") 
 
Category_4_MM <-dplyr::filter(All_Results_DEA_MM, BTS_Revenue <550, BTS_Efficienc
y_MM >0.7) 
pander(head(Category_4_MM), caption="Category 4 of Mobility Model (Low Opportuni
ty BTSs)") 

MM_DEA_mult<-DeaMultiplierModel(x,y_M,rts = "vrs", orientation="output") 
Lambda_data_MM <- as.matrix(MM_DEA_mult$Lambda) 
Final_Lambda_Data_MM_G2 <- matrix(c(Lambda_data_MM), ncol=434,nrow=434, dim
names = c(BTSNAMES, BTSNAMES)) 
 
 
Results_MM_G2_3 <- poscol(cbind(Final_Lambda_Data_MM_G2)) 
Results_MM_G2_4 <- cbind(All_BTSNAMES, Results_MM_G2_3) 
Results_MM_G2_5 <- merge(Category_2_MM, Results_MM_G2_4, by.x = "BTS", by.y = "
BTS", all.x=TRUE) 
 
Final_Table_MM_G2 <- Results_MM_G2_5 [,-3] 
pander(head(Final_Table_MM_G2), caption="Sample of Final Results of Category 2 for 
General Model with the Reference Set") 

 

 

Service Integrity Model (SIM) 

### Drawing the diagram 
 
XFigNames <- c("R1 (TCH_NO)", "R1 (SDCCH_NO)")   
YFigNames <- c("KPI7 (SQI_G)") 
 
Figure_SIM<-DrawIOdiagram(XFigNames,YFigNames,  
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                         '"\nDEA\nService Integrity\nModel\n "' ) 
Figure_SIM 

 

### Analysis 
 
x <- Data_1 %>% select(TCH_NO, SDCCH_NO) 
  row.names(x)<-Data_1[,1] 
   
y_S <- Data_1 %>% select(SQI_G) 
  row.names(y_S)<-Data_1[,1]  

 

### VRS-OUTPUT results  
 
DEA_VRE_OUT_SIM <- dm.dea(x, y_S, rts="vrs", orientation="o") 
BTS_Efficiency_SIM <- (1/DEA_VRE_OUT_SIM$eff) 

Results_DEA_SIM <- data.frame(Data_1$Index , BTS_Efficiency_SIM) 
pander(head(Results_DEA_SIM), caption="VRS-OUTPUT Efficiency Sample Results") 

 

### Drawing the results graphically 
 
plot_ly(Results_DEA_SIM, x=~ BTS_Efficiency_SIM, type="histogram") 

 

### Super efficiency VRS-OUTPUT-S results  
 
DEA_Super_OUT_VRS_SIM <- dm.dea(x, y_S, rts="vrs", orientation="o", se=TRUE) 
Result_Supr_SIM <- data.frame (sort(1/DEA_Super_OUT_VRS_SIM$eff, decreasing = TR
UE)) 
colnames(Result_Supr_SIM) <- c("BTS_Super_Efficiency_SIM") 
pander(head(Result_Supr_SIM), caption="BTS's Super Efficiency Sample Results")  

 

### Drawing the results graphically 
 
plot_ly(Result_Supr_SIM, x=~ BTS_Super_Efficiency_SIM, type="histogram") 

All_Results_DEA_SIM <- data.frame(Data_1$Index, BTS_Efficiency_SIM, (1/DEA_Super_
OUT_VRS_SIM$eff)) 
colnames(All_Results_DEA_SIM) <- c("BTS", "BTS_Efficiency_SIM", "BTS_Super_Efficienc
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y_SIM") 
Results_DEA_Print_SIM <-dplyr::filter(All_Results_DEA_SIM, BTS_Super_Efficiency_SIM 
>=1) 
pander(head(Results_DEA_Print_SIM), caption="BTS's Efficiency Sample results") 

 

### Drawing the performance matrix 
 
All_Results_DEA_SIM <- dplyr::mutate(All_Results_DEA_SIM,BTS_Revenue= Data_1$Re
venue) 
 
plot_ly(All_Results_DEA_SIM, x= ~ BTS_Revenue, y= ~ BTS_Efficiency_SIM, type="scatte
r",mode = "markers")%>%  
 
  add_markers(marker=list( size=ifelse(All_Results_DEA_SIM$BTS_Revenue >550,10,5), 
opacity=0.9, color=ifelse(All_Results_DEA_SIM$BTS_Efficiency_SIM>0.7,"blue","red")),       
              showlegend = FALSE)%>%   
 
  add_lines(x = c(550, 550), y = c(0, 1), name = "Revenue Threshold") %>%   
  add_lines(x = c(0, 700), y = c(0.7, 0.7), name = "Efficiency Threshold")%>% 
  layout(showlegend = FALSE) 

 

### Dividing the DMUs to groups 
 
Category_1_SIM <- dplyr::filter(All_Results_DEA_SIM, BTS_Revenue >550, BTS_Efficienc
y_SIM >0.7) 
pander(head(Category_1_SIM), caption="Category 1 of Service Integrity Model (Optimal 
BTSs)") 
 
Category_2_SIM <-dplyr::filter(All_Results_DEA_SIM, BTS_Revenue >550, BTS_Efficiency
_SIM <0.7) 
pander(head(Category_2_SIM), caption="Category 2 of Service Integrity Model (High Op
portunity BTSs)") 
 
Category_3_SIM <-dplyr::filter(All_Results_DEA_SIM, BTS_Revenue <550, BTS_Efficiency
_SIM <0.7) 
pander(head(Category_3_SIM), caption="Category 3 of Service Integrity Model (Mediu
m Opportunity BTSs)") 
 
Category_4_SIM <-dplyr::filter(All_Results_DEA_SIM, BTS_Revenue <550, BTS_Efficiency
_SIM >0.7) 
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pander(head(Category_4_SIM), caption="Category 4 of Service Integrity Model (Low Op
portunity BTSs)") 

SIM_DEA_mult<-DeaMultiplierModel(x,y_S,rts = "vrs", orientation="output") 
Lambda_data_SIM <- as.matrix(SIM_DEA_mult$Lambda) 
Final_Lambda_Data_SIM_G2 <- matrix(c(Lambda_data_SIM), ncol=434,nrow=434, dimn
ames = c(BTSNAMES, BTSNAMES)) 
 
 
Results_SIM_G2_3 <- poscol(cbind(Final_Lambda_Data_SIM_G2)) 
Results_SIM_G2_4 <- cbind(All_BTSNAMES, Results_SIM_G2_3) 
Results_SIM_G2_5 <- merge(Category_2_SIM, Results_SIM_G2_4, by.x = "BTS", by.y = "
BTS", all.x=TRUE) 
 
Final_Table_SIM_G2 <- Results_SIM_G2_5 [,-3] 
pander(head(Final_Table_SIM_G2), caption="Sample of Final Results of Category 2 for G
eneral Model with the Reference Set") 

 

Further Analysis of the General Model 

RegData_1 <- cbind(Data_1, Results_DEA_GM) 
RegData_2 <- RegData_1 [,-11][,-11] [,-1] 
 
RegData_3 <- lm(data = RegData_2, BTS_Efficiency_GM~. ) 
summary(RegData_3) 

ComData_2 <- cbind(Data_2, Results_DEA_GM) 
New_ComData_2 <- ComData_2 [,-1] [,-11] [,-3] [,-3] [,-3] [,-3] 
 
corr <- round(cor(New_ComData_2), 3) 
ggcorrplot(corr, lab = TRUE, colors = c("#fc1442", "white","#1ad4af")) 

plot_ly(data = ComData_2, y=~BTS_Efficiency_GM, x=~Antenna_Type, type = "box") 

plot_ly(data = ComData_2, y=~BTS_Efficiency_GM, x=~Technology, type = "box") 

plot_ly(data = ComData_2, y=~BTS_Efficiency_GM, x=~RBS_Type, type = "box") 

plot_ly(data = ComData_2, y=~BTS_Efficiency_GM, x=~Site_Catogary, type = "box") 
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Recommendation Chapter 

BTS_105 <- dplyr::filter(Data_2,Index=="BTS_105") 
BTS_222 <- dplyr::filter(Data_2,Index=="BTS_222") 
BTS_286 <- dplyr::filter(Data_2,Index=="BTS_286") 
BTS_304 <- dplyr::filter(Data_2,Index=="BTS_304") 
BTS_313 <- dplyr::filter(Data_2,Index=="BTS_313") 
ComData_1 <- rbind(BTS_105, BTS_222, BTS_286, BTS_304, BTS_313) 
 
pander(head(ComData_1), caption="Tuning Parameters Data of the Reference Set of BT
S_105") 

 

For BTS_138 

BTS_138 <- dplyr::filter(Data_2,Index=="BTS_138") 
ComData_2 <- rbind(BTS_138, BTS_286, BTS_304, BTS_313) 
 
pander(head(ComData_2), caption="Tuning Parameters Data of the Reference Set of BT
S_138") 

 

For BTS_19 

BTS_19 <- dplyr::filter(Data_2,Index=="BTS_19") 
ComData_3 <- rbind(BTS_19, BTS_304, BTS_313) 
 
pander(head(ComData_3), caption="Tuning Parameters Data of the Reference Set of BT
S_19") 

 

For BTS_71 

BTS_71 <- dplyr::filter(Data_2,Index=="BTS_71") 
BTS_38 <- dplyr::filter(Data_2,Index=="BTS_38") 
BTS_282 <- dplyr::filter(Data_2,Index=="BTS_282") 
 
ComData_4 <- rbind(BTS_71, BTS_38, BTS_222, BTS_282, BTS_313) 
 
pander(head(ComData_4), caption="Tuning Parameters Data of the Reference Set of BT
S_71") 
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For BTS_75 

BTS_75 <- dplyr::filter(Data_2,Index=="BTS_75") 
ComData_5 <- rbind(BTS_75, BTS_222, BTS_286, BTS_304, BTS_313) 
 
pander(head(ComData_5), caption="Tuning Parameters Data of the Reference Set of BT
S_75") 

 

BTS_76 

BTS_76 <- dplyr::filter(Data_2,Index=="BTS_76") 
 
ComData_6 <- rbind(BTS_76, BTS_304, BTS_313) 
 
pander(head(ComData_6), caption="Tuning Parameters Data of the Reference Set of BT
S_76") 

 

BTS_77 

BTS_77 <- dplyr::filter(Data_2,Index=="BTS_77") 
ComData_7 <- rbind(BTS_77,BTS_222, BTS_286, BTS_304, BTS_313) 
 
pander(head(ComData_7), caption="Tuning Parameters Data of the Reference Set of BT
S_77") 

 

Final Table of all models 

xx1 <- mean(BTS_Efficiency_GM) 
xx2 <- mean(BTS_Efficiency_AM) 
xx3 <- mean(BTS_Efficiency_RM) 
xx4 <- mean(BTS_Efficiency_MM) 
xx5 <- mean(BTS_Efficiency_SIM) 
 
zz1 <- sd(BTS_Efficiency_GM) 
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zz2 <- sd(BTS_Efficiency_AM) 
zz3 <- sd(BTS_Efficiency_RM) 
zz4 <- sd(BTS_Efficiency_MM) 
zz5 <- sd(BTS_Efficiency_SIM) 
 
yy1 <- length(which(BTS_Efficiency_GM == 1)) 
yy2 <- length(which(BTS_Efficiency_AM == 1)) 
yy3 <- length(which(BTS_Efficiency_RM == 1)) 
yy4 <- length(which(BTS_Efficiency_MM == 1)) 
yy5 <- length(which(BTS_Efficiency_SIM == 1)) 
 
X1 <- c("General", "Accessibility", "Retainability", "Mobility", "Service Integrity") 
X2 <- c(19,8,7,5,5) 
X3 <- c(xx1,xx2,xx3,xx4,xx5) 
X4 <- c(zz1,zz2,zz3,zz4,zz5) 
 
MM <- data.frame("Model" = X1, "No._of_efficient_BTS"=X2,  "Average_of_the_efficien
cy"=X3, "Std.dev."= X4) 
 
pander(head(MM), caption="Overall Network Efficiency Results")
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Appendix B: The All Results 

 

Index 
BTS 

Efficiency 
GM 

BTS 
Efficiency 

AM 

BTS 
Efficiency 

RM 

BTS 
Efficiency 

MM 

BTS 
Efficiency 

SIM 

BTS_1 0.159 0.115 0.09576 0.03281 0.159 

BTS_2 0.2184 0.2184 0.08637 0.01641 0.1019 

BTS_3 0.5104 0.5104 0.5104 0.1895 0.3037 

BTS_4 0.1845 0.1845 0.07752 0.009455 0.06626 

BTS_5 0.3548 0.2871 0.232 0.08253 0.3548 

BTS_6 0.421 0.3489 0.3437 0.101 0.421 

BTS_7 0.7717 0.6835 0.6835 0.5621 0.7373 

BTS_8 0.8538 0.8186 0.8186 0.7217 0.6248 

BTS_9 0.9005 0.8419 0.8419 0.3398 0.9005 

BTS_10 1 0.9465 0.9465 0.7148 0.7682 

BTS_11 0.296 0.2727 0.2169 0.2886 0.2635 

BTS_12 0.8092 0.7 0.7 0.7738 0.4917 

BTS_13 0.3295 0.3295 0.3295 0.1851 0.3007 

BTS_14 0.5439 0.5335 0.5335 0.3165 0.4985 

BTS_15 0.7567 0.5744 0.5744 0.7267 0.5013 

BTS_16 0.3661 0.3064 0.3064 0.3441 0.1728 

BTS_17 0.6159 0.4934 0.4645 0.4527 0.4405 

BTS_18 0.4687 0.3712 0.2906 0.4004 0.3837 

BTS_19 0.6293 0.4798 0.4075 0.5145 0.5359 

BTS_20 0.4531 0.4531 0.4531 0.2901 0.4384 

BTS_21 0.5987 0.5179 0.4529 0.4533 0.5388 

BTS_22 0.3451 0.1788 0.1554 0.3451 0.173 

BTS_23 0.363 0.2791 0.2719 0.3201 0.2689 

BTS_24 0.2617 0.2068 0.1773 0.203 0.2149 

BTS_25 0.7685 0.6187 0.6187 0.5991 0.3834 

BTS_26 0.4986 0.3461 0.2582 0.4622 0.3325 
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BTS_27 0.102 0.06392 0.05775 0.08704 0.06113 

BTS_28 0.2959 0.2224 0.2181 0.227 0.2045 

BTS_29 0.5648 0.4202 0.3938 0.4816 0.4687 

BTS_30 0.3745 0.2838 0.2375 0.3065 0.2923 

BTS_31 0.667 0.5066 0.3849 0.424 0.6662 

BTS_32 1 0.9182 0.7383 0.7736 1 

BTS_33 0.4955 0.4045 0.3847 0.3098 0.4755 

BTS_34 0.3792 0.3027 0.2894 0.2706 0.2885 

BTS_35 0.8408 0.8408 0.8308 0.3957 0.4719 

BTS_36 1 1 1 0.6249 0.7183 

BTS_37 0.5751 0.4333 0.3474 0.4683 0.4464 

BTS_38 1 0.7001 0.7001 1 0.5583 

BTS_39 0.3811 0.3244 0.3142 0.2258 0.3721 

BTS_40 0.3817 0.3026 0.2168 0.2914 0.3375 

BTS_41 0.4301 0.2873 0.2554 0.4063 0.2638 

BTS_42 0.3249 0.3011 0.2497 0.2143 0.2904 

BTS_43 0.3712 0.3125 0.2884 0.1729 0.3712 

BTS_44 0.7725 0.6242 0.5497 0.2583 0.7725 

BTS_45 0.807 0.6314 0.6314 0.6811 0.5389 

BTS_46 0.588 0.5586 0.5586 0.4011 0.3031 

BTS_47 0.7563 0.6278 0.5692 0.485 0.7196 

BTS_48 0.3568 0.3038 0.286 0.2258 0.341 

BTS_49 0.8225 0.7288 0.6318 0.5528 0.767 

BTS_50 0.2736 0.2269 0.2238 0.1908 0.2514 

BTS_51 0.5932 0.3977 0.3751 0.4833 0.3435 

BTS_52 0.5929 0.5193 0.5193 0.5188 0.5021 

BTS_53 0.7537 0.5425 0.3935 0.6589 0.6778 

BTS_54 0.765 0.708 0.708 0.5827 0.5062 

BTS_55 0.3229 0.2507 0.2114 0.2684 0.2624 

BTS_56 0.5092 0.4258 0.3922 0.3924 0.4461 

BTS_57 0.5135 0.4015 0.2483 0.3743 0.4652 

BTS_58 0.2982 0.2203 0.2028 0.2474 0.2559 

BTS_59 0.4324 0.3483 0.3184 0.3159 0.3901 

BTS_60 0.5182 0.4229 0.3561 0.3918 0.4596 

BTS_61 0.5599 0.4673 0.4104 0.3682 0.5281 
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BTS_62 0.7523 0.6807 0.6807 0.5412 0.5729 

BTS_63 0.4498 0.354 0.354 0.4174 0.309 

BTS_64 0.8336 0.6774 0.6774 0.7258 0.5768 

BTS_65 0.323 0.2677 0.2677 0.283 0.2084 

BTS_66 0.4715 0.376 0.3532 0.3826 0.4029 

BTS_67 0.3456 0.2736 0.2371 0.2912 0.2889 

BTS_68 0.5743 0.4024 0.3856 0.4641 0.378 

BTS_69 0.544 0.4475 0.333 0.4569 0.4651 

BTS_70 0.6668 0.3926 0.3814 0.6532 0.3991 

BTS_71 0.6308 0.4317 0.371 0.5578 0.488 

BTS_72 0.2184 0.1767 0.148 0.1872 0.1778 

BTS_73 0.3463 0.283 0.2723 0.2736 0.2808 

BTS_74 0.3087 0.2544 0.206 0.2508 0.257 

BTS_75 0.5515 0.4331 0.4249 0.4241 0.4848 

BTS_76 0.5253 0.3807 0.3063 0.4277 0.4483 

BTS_77 0.6237 0.5122 0.4448 0.4983 0.5363 

BTS_78 0.5805 0.5043 0.5043 0.4731 0.4591 

BTS_79 0.4158 0.2541 0.2456 0.3523 0.2103 

BTS_80 0.5525 0.5025 0.3675 0.4288 0.5495 

BTS_81 0.4718 0.3288 0.2856 0.4207 0.3648 

BTS_82 0.4914 0.4001 0.2975 0.3512 0.4484 

BTS_83 0.4448 0.2974 0.2964 0.4202 0.2415 

BTS_84 0.536 0.5135 0.5092 0.3228 0.4793 

BTS_85 0.5522 0.4498 0.3449 0.327 0.5393 

BTS_86 0.4916 0.4065 0.3296 0.3165 0.4671 

BTS_87 0.4237 0.3842 0.3529 0.2414 0.4186 

BTS_88 0.805 0.6017 0.6016 0.7035 0.5218 

BTS_89 0.7324 0.7147 0.7147 0.4357 0.5932 

BTS_90 0.1856 0.1492 0.136 0.1212 0.1755 

BTS_91 0.689 0.5642 0.4854 0.4533 0.6497 

BTS_92 0.4484 0.3624 0.3134 0.2586 0.4414 

BTS_93 0.5581 0.4183 0.3994 0.4188 0.4057 

BTS_94 0.4891 0.4149 0.3756 0.3078 0.4684 

BTS_95 0.2409 0.1842 0.1778 0.2013 0.2024 

BTS_96 0.2006 0.1591 0.1472 0.1663 0.1692 
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BTS_97 0.4897 0.412 0.412 0.3838 0.4253 

BTS_98 0.7084 0.557 0.4782 0.6116 0.5966 

BTS_99 0.4236 0.3203 0.2703 0.337 0.3663 

BTS_100 0.4109 0.3278 0.2968 0.2725 0.3864 

BTS_101 0.8473 0.4809 0.4809 0.8334 0.4428 

BTS_102 0.2744 0.2063 0.1604 0.1958 0.2509 

BTS_103 0.1841 0.1381 0.09368 0.1591 0.1484 

BTS_104 0.2431 0.1885 0.1741 0.2102 0.1999 

BTS_105 0.3422 0.2834 0.2578 0.2514 0.3077 

BTS_106 0.2403 0.1884 0.1795 0.1902 0.2083 

BTS_107 0.6943 0.5783 0.5783 0.5893 0.5245 

BTS_108 0.4246 0.3048 0.2647 0.3875 0.3207 

BTS_109 0.4938 0.3405 0.2494 0.4183 0.4125 

BTS_110 0.3716 0.2979 0.2711 0.2853 0.3274 

BTS_111 0.2736 0.1858 0.1841 0.2456 0.166 

BTS_112 0.3313 0.2902 0.2902 0.2556 0.1818 

BTS_113 0.4459 0.3752 0.3752 0.3718 0.3137 

BTS_114 0.3456 0.2438 0.1895 0.3137 0.2326 

BTS_115 0.3532 0.2713 0.2224 0.2146 0.3427 

BTS_116 0.5577 0.3978 0.2599 0.4816 0.5039 

BTS_117 0.4958 0.382 0.3328 0.3137 0.474 

BTS_118 0.2581 0.194 0.1571 0.2138 0.2179 

BTS_119 0.5154 0.332 0.2682 0.4689 0.348 

BTS_120 0.5861 0.398 0.398 0.5776 0.4134 

BTS_121 0.5671 0.4554 0.4554 0.5089 0.3426 

BTS_122 0.3481 0.2668 0.233 0.2507 0.3115 

BTS_123 0.267 0.2034 0.1832 0.2297 0.2203 

BTS_124 0.3859 0.2897 0.206 0.3276 0.3211 

BTS_125 0.375 0.2955 0.286 0.3229 0.3092 

BTS_126 0.42 0.2942 0.2563 0.3897 0.2766 

BTS_127 0.4082 0.3369 0.2915 0.255 0.3918 

BTS_128 0.3799 0.2922 0.2133 0.2704 0.3491 

BTS_129 0.388 0.346 0.346 0.2502 0.374 

BTS_130 0.3481 0.2269 0.2081 0.3073 0.2237 

BTS_131 0.157 0.09043 0.05538 0.1524 0.08991 
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BTS_132 1 0.8109 0.8109 0.9305 0.6587 

BTS_133 0.6234 0.4312 0.3858 0.6072 0.4642 

BTS_134 0.6428 0.4379 0.3654 0.6182 0.5056 

BTS_135 0.8283 0.7739 0.7739 0.6163 0.7248 

BTS_136 0.8659 0.7738 0.7738 0.8223 0.6975 

BTS_137 0.3936 0.3194 0.3194 0.3392 0.3165 

BTS_138 0.5427 0.4587 0.4587 0.3942 0.513 

BTS_139 0.5517 0.4224 0.4224 0.4983 0.4139 

BTS_140 0.4549 0.3895 0.3858 0.3972 0.36 

BTS_141 0.5379 0.4307 0.3376 0.4478 0.418 

BTS_142 0.5625 0.4315 0.3784 0.4768 0.5155 

BTS_143 0.5838 0.4029 0.4029 0.5523 0.3886 

BTS_144 0.3445 0.2657 0.1994 0.2019 0.3375 

BTS_145 0.4698 0.4145 0.4055 0.3309 0.3558 

BTS_146 0.4192 0.3262 0.2753 0.3357 0.3457 

BTS_147 0.2246 0.1836 0.1715 0.1817 0.1924 

BTS_148 0.4317 0.318 0.2846 0.3915 0.3047 

BTS_149 0.2635 0.2036 0.1464 0.2319 0.1957 

BTS_150 0.4918 0.3963 0.3963 0.4177 0.3934 

BTS_151 0.4803 0.3135 0.1823 0.4441 0.3228 

BTS_152 0.3097 0.2245 0.1749 0.2606 0.2591 

BTS_153 0.3443 0.2795 0.25 0.2386 0.3183 

BTS_154 0.4287 0.3179 0.3179 0.3882 0.2996 

BTS_155 0.2915 0.2282 0.1799 0.2392 0.2476 

BTS_156 0.4661 0.4255 0.4176 0.2857 0.4502 

BTS_157 0.6698 0.6081 0.4736 0.5184 0.6133 

BTS_158 0.3906 0.3046 0.2703 0.3284 0.327 

BTS_159 0.6005 0.5003 0.4582 0.4458 0.5038 

BTS_160 0.6469 0.5161 0.5161 0.5467 0.5398 

BTS_161 0.3264 0.2545 0.2413 0.2645 0.2794 

BTS_162 0.4476 0.359 0.3084 0.332 0.4015 

BTS_163 0.6005 0.5575 0.5575 0.4063 0.5303 

BTS_164 0.3158 0.2377 0.2131 0.2525 0.2557 

BTS_165 0.2043 0.177 0.1521 0.1529 0.163 

BTS_166 0.3201 0.2353 0.1778 0.2809 0.2565 
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BTS_167 0.2755 0.2691 0.2691 0.1755 0.1846 

BTS_168 0.3812 0.3405 0.316 0.2308 0.3688 

BTS_169 0.1865 0.1242 0.07379 0.1663 0.1369 

BTS_170 0.5364 0.2727 0.2559 0.5025 0.3007 

BTS_171 0.393 0.3468 0.3412 0.2556 0.3383 

BTS_172 0.2957 0.2132 0.1901 0.2191 0.2551 

BTS_173 0.9316 0.7383 0.7383 0.8103 0.6329 

BTS_174 0.2004 0.1548 0.1169 0.1538 0.1769 

BTS_175 0.3094 0.2479 0.1986 0.2506 0.2646 

BTS_176 0.2439 0.1891 0.1422 0.1727 0.2237 

BTS_177 0.6967 0.4402 0.4402 0.6504 0.4134 

BTS_178 0.2142 0.1646 0.1215 0.1454 0.1997 

BTS_179 0.4973 0.3958 0.2784 0.4138 0.4309 

BTS_180 0.255 0.1749 0.1749 0.2364 0.1587 

BTS_181 0.8357 0.5434 0.5434 0.7094 0.5119 

BTS_182 0.6836 0.5535 0.4966 0.5064 0.613 

BTS_183 0.8059 0.7579 0.6875 0.5182 0.6402 

BTS_184 0.176 0.1509 0.1505 0.1123 0.1675 

BTS_185 0.2426 0.206 0.206 0.202 0.1895 

BTS_186 0.5527 0.4702 0.4312 0.3715 0.5167 

BTS_187 0.5072 0.3282 0.2833 0.4865 0.3325 

BTS_188 0.4722 0.3178 0.3063 0.4441 0.3192 

BTS_189 0.4046 0.3136 0.2968 0.2998 0.2973 

BTS_190 0.4327 0.3368 0.2938 0.3234 0.3858 

BTS_191 0.9652 0.6442 0.6442 0.9029 0.5262 

BTS_192 0.3196 0.2544 0.2193 0.2558 0.2753 

BTS_193 0.4711 0.3261 0.2007 0.3908 0.4042 

BTS_194 0.5188 0.3457 0.2334 0.4755 0.3391 

BTS_195 0.329 0.2173 0.1876 0.2811 0.2198 

BTS_196 0.4144 0.2928 0.204 0.3676 0.3162 

BTS_197 0.4273 0.2763 0.2661 0.3768 0.2887 

BTS_198 0.2466 0.1775 0.1517 0.1974 0.2125 

BTS_199 0.3003 0.271 0.2238 0.1496 0.3003 

BTS_200 0.5402 0.4118 0.3801 0.4789 0.4074 

BTS_201 0.4082 0.2445 0.2425 0.3737 0.2142 
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BTS_202 0.4886 0.3952 0.3586 0.3551 0.3534 

BTS_203 0.3493 0.2685 0.2297 0.2642 0.3043 

BTS_204 0.5835 0.4659 0.4365 0.3949 0.5444 

BTS_205 0.5722 0.4469 0.4469 0.4711 0.4848 

BTS_206 0.4847 0.3679 0.2956 0.4244 0.3346 

BTS_207 0.4141 0.3431 0.3242 0.3337 0.345 

BTS_208 0.4869 0.4535 0.4535 0.322 0.3287 

BTS_209 0.2888 0.2213 0.1729 0.2351 0.2536 

BTS_210 0.5609 0.4601 0.3756 0.465 0.4868 

BTS_211 0.3106 0.2426 0.233 0.2308 0.2778 

BTS_212 0.7101 0.6206 0.5584 0.7101 0.5895 

BTS_213 0.3179 0.2193 0.2181 0.2481 0.2517 

BTS_214 0.4181 0.3851 0.3078 0.3206 0.4096 

BTS_215 0.6016 0.5138 0.4607 0.495 0.4607 

BTS_216 0.4017 0.3129 0.3129 0.3209 0.2857 

BTS_217 0.4 0.3752 0.3752 0.2633 0.375 

BTS_218 0.7798 0.6375 0.5803 0.3937 0.7798 

BTS_219 0.3712 0.3159 0.2904 0.2477 0.3539 

BTS_220 0.9232 0.9025 0.9025 0.4761 0.7595 

BTS_221 0.5599 0.3957 0.3805 0.5122 0.4072 

BTS_222 1 1 1 0.8954 1 

BTS_223 0.5506 0.2962 0.2471 0.5506 0.2595 

BTS_224 0.6139 0.5328 0.5258 0.4648 0.5422 

BTS_225 0.3587 0.3524 0.3524 0.2611 0.3202 

BTS_226 0.456 0.3356 0.2678 0.3509 0.3884 

BTS_227 0.7313 0.5195 0.4718 0.5673 0.5802 

BTS_228 0.6364 0.6364 0.5978 0.4734 0.6155 

BTS_229 1 0.927 0.927 1 0.856 

BTS_230 0.8282 0.8135 0.8135 0.7627 0.7039 

BTS_231 0.6181 0.61 0.5056 0.5164 0.6181 

BTS_232 0.8383 0.7531 0.7531 0.6874 0.6571 

BTS_233 0.5687 0.56 0.5213 0.4785 0.5687 

BTS_234 0.575 0.575 0.575 0.2245 0.4151 

BTS_235 0.416 0.3766 0.3766 0.3325 0.3602 

BTS_236 0.4872 0.4069 0.3208 0.2848 0.4777 
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BTS_237 0.839 0.7225 0.7225 0.7915 0.708 

BTS_238 0.3372 0.2782 0.2782 0.25 0.3011 

BTS_239 0.4066 0.2838 0.2272 0.3699 0.2741 

BTS_240 0.6155 0.5911 0.5629 0.5722 0.5866 

BTS_241 0.3283 0.2469 0.2127 0.2934 0.2514 

BTS_242 0.2747 0.2073 0.189 0.2347 0.2249 

BTS_243 0.346 0.2877 0.2689 0.2619 0.3124 

BTS_244 0.4477 0.2758 0.2699 0.4085 0.2635 

BTS_245 0.3221 0.2903 0.2709 0.2102 0.2716 

BTS_246 0.593 0.4473 0.3536 0.4655 0.5167 

BTS_247 0.2696 0.2021 0.143 0.2108 0.2355 

BTS_248 0.4035 0.2918 0.2607 0.3635 0.3021 

BTS_249 0.2648 0.2196 0.1928 0.2044 0.2319 

BTS_250 0.3726 0.1575 0.1194 0.3726 0.1625 

BTS_251 0.4618 0.2993 0.2869 0.3971 0.2896 

BTS_252 0.4576 0.3818 0.3482 0.2475 0.4576 

BTS_253 0.3386 0.2465 0.2392 0.3087 0.2427 

BTS_254 0.5387 0.4628 0.4253 0.4091 0.4738 

BTS_255 0.7061 0.5592 0.5592 0.5909 0.4511 

BTS_256 0.8171 0.7222 0.7222 0.5245 0.8171 

BTS_257 0.4382 0.3134 0.2421 0.3557 0.3744 

BTS_258 0.3784 0.2427 0.2212 0.3656 0.2436 

BTS_259 0.8599 0.6755 0.57 0.6068 0.7899 

BTS_260 0.6871 0.6871 0.6871 0.4634 0.6281 

BTS_261 0.381 0.3795 0.3795 0.2341 0.2507 

BTS_262 0.4752 0.339 0.3287 0.4228 0.3891 

BTS_263 0.2561 0.199 0.1884 0.1924 0.1818 

BTS_264 0.8905 0.8299 0.8299 0.6669 0.7662 

BTS_265 0.5874 0.4359 0.376 0.4944 0.4914 

BTS_266 0.5805 0.5016 0.5016 0.4588 0.4425 

BTS_267 0.2465 0.1974 0.1542 0.1785 0.2238 

BTS_268 0.2171 0.1753 0.1239 0.1385 0.2069 

BTS_269 0.347 0.3079 0.2876 0.257 0.3151 

BTS_270 0.2475 0.2034 0.1642 0.1204 0.2475 

BTS_271 0.2694 0.181 0.1293 0.243 0.2027 
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BTS_272 0.42 0.3358 0.2902 0.2959 0.3859 

BTS_273 0.4267 0.292 0.2537 0.3582 0.3534 

BTS_274 0.2515 0.1807 0.16 0.2211 0.2008 

BTS_275 0.3654 0.2986 0.2629 0.2703 0.3342 

BTS_276 1 0.9513 0.9513 0.9364 0.8734 

BTS_277 0.3723 0.2912 0.279 0.2909 0.3249 

BTS_278 0.4445 0.3523 0.3225 0.3398 0.3798 

BTS_279 0.8026 0.7903 0.7903 0.5151 0.6167 

BTS_280 0.5172 0.4085 0.3995 0.3757 0.426 

BTS_281 0.96 0.96 0.96 0.3166 0.8151 

BTS_282 1 1 0.9105 0.8863 0.7294 

BTS_283 0.6335 0.5873 0.5873 0.3691 0.6335 

BTS_284 1 1 1 1 0.827 

BTS_285 1 1 1 0.7647 1 

BTS_286 1 1 1 0.6892 1 

BTS_287 0.674 0.6542 0.6542 0.4443 0.674 

BTS_288 0.5798 0.5798 0.5798 0.2489 0.4317 

BTS_289 0.7222 0.7222 0.7222 0.3631 0.5268 

BTS_290 1 1 1 1 1 

BTS_291 0.3265 0.2827 0.2827 0.257 0.2826 

BTS_292 0.343 0.2653 0.2528 0.3051 0.2308 

BTS_293 0.398 0.2893 0.2893 0.364 0.2864 

BTS_294 0.4229 0.3235 0.3055 0.3432 0.3616 

BTS_295 0.3913 0.3165 0.3005 0.3034 0.282 

BTS_296 0.3698 0.3112 0.2614 0.309 0.3057 

BTS_297 0.6397 0.4145 0.4145 0.6104 0.3901 

BTS_298 0.5393 0.4 0.4 0.5017 0.3475 

BTS_299 0.3074 0.2321 0.1943 0.2606 0.1972 

BTS_300 0.6047 0.4555 0.3731 0.4664 0.5321 

BTS_301 0.6422 0.4877 0.405 0.5125 0.5545 

BTS_302 0.7713 0.577 0.577 0.7314 0.4887 

BTS_303 0.4725 0.3549 0.2707 0.3991 0.3945 

BTS_304 1 0.7908 0.6917 0.7233 0.9095 

BTS_305 0.332 0.2558 0.2558 0.2951 0.2587 

BTS_306 0.4992 0.3485 0.2604 0.4591 0.2934 
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BTS_307 0.6592 0.5596 0.5343 0.4499 0.6115 

BTS_308 0.8198 0.67 0.6398 0.572 0.7149 

BTS_309 0.5639 0.4179 0.381 0.4513 0.4861 

BTS_310 0.544 0.3548 0.2539 0.4942 0.3848 

BTS_311 0.4879 0.3151 0.284 0.4469 0.3537 

BTS_312 0.3856 0.32 0.3001 0.2948 0.3396 

BTS_313 1 0.8224 0.8224 0.8679 0.8204 

BTS_314 0.3722 0.2914 0.2545 0.2631 0.3416 

BTS_315 0.5876 0.5678 0.5429 0.3493 0.5479 

BTS_316 0.5987 0.4663 0.4482 0.4327 0.5138 

BTS_317 0.6919 0.6919 0.6919 0.2675 0.5931 

BTS_318 0.9145 0.9145 0.9145 0.3807 0.8152 

BTS_319 0.5843 0.5685 0.5685 0.4374 0.3539 

BTS_320 0.7515 0.7216 0.7216 0.5423 0.4701 

BTS_321 0.3761 0.3761 0.3761 0.2169 0.2722 

BTS_322 0.4065 0.4031 0.4031 0.2551 0.3855 

BTS_323 0.2067 0.2012 0.1969 0.121 0.1921 

BTS_324 0.5665 0.4941 0.3213 0.1835 0.5665 

BTS_325 0.9873 0.9359 0.9359 0.2452 0.9873 

BTS_326 1 0.7786 0.7616 1 0.7156 

BTS_327 0.854 0.854 0.854 0.4659 0.5924 

BTS_328 0.4045 0.3858 0.3858 0.2917 0.2728 

BTS_329 0.8804 0.7277 0.7277 0.8128 0.4106 

BTS_330 0.7069 0.5837 0.5837 0.6093 0.4946 

BTS_331 0.7764 0.6906 0.6906 0.5798 0.6384 

BTS_332 0.5625 0.4818 0.3822 0.4327 0.5012 

BTS_333 0.779 0.5354 0.5212 0.6299 0.4988 

BTS_334 0.4112 0.3395 0.3018 0.3126 0.3634 

BTS_335 0.903 0.6334 0.6334 0.7636 0.6135 

BTS_336 0.8726 0.6984 0.6984 0.7236 0.5597 

BTS_337 0.9075 0.5621 0.5144 0.8151 0.601 

BTS_338 0.8838 0.6682 0.6682 0.7989 0.6619 

BTS_339 0.3641 0.3016 0.267 0.2439 0.3411 

BTS_340 0.2386 0.1779 0.17 0.183 0.2105 

BTS_341 0.3989 0.3113 0.2794 0.3309 0.3366 
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BTS_342 0.4326 0.4082 0.3183 0.3053 0.4175 

BTS_343 0.3736 0.3316 0.3316 0.2597 0.3428 

BTS_344 0.6799 0.5248 0.5248 0.6196 0.4992 

BTS_345 0.2952 0.2545 0.2537 0.2041 0.2719 

BTS_346 0.726 0.5818 0.5459 0.5244 0.5338 

BTS_347 0.8767 0.5283 0.514 0.765 0.5822 

BTS_348 0.8478 0.766 0.766 0.6542 0.7148 

BTS_349 0.9982 0.8661 0.8661 0.7353 0.605 

BTS_350 0.8031 0.7251 0.7251 0.5927 0.6748 

BTS_351 0.5155 0.3182 0.3182 0.4735 0.248 

BTS_352 0.9862 0.613 0.5774 0.8679 0.5187 

BTS_353 1 0.9738 0.9738 0.7547 0.8711 

BTS_354 0.8921 0.7111 0.5998 0.6485 0.8087 

BTS_355 0.9313 0.9313 0.9313 0.3884 0.6363 

BTS_356 0.5149 0.5149 0.5149 0.1905 0.4433 

BTS_357 0.8734 0.8593 0.8593 0.6331 0.666 

BTS_358 0.8694 0.8694 0.8694 0.3896 0.8301 

BTS_359 0.5775 0.4601 0.4367 0.4143 0.4488 

BTS_360 0.4386 0.3592 0.3455 0.3229 0.3419 

BTS_361 0.3036 0.2172 0.2172 0.2887 0.1826 

BTS_362 0.7137 0.5071 0.4904 0.6363 0.5068 

BTS_363 0.2781 0.2015 0.1836 0.2447 0.2117 

BTS_364 0.7582 0.5596 0.494 0.689 0.5687 

BTS_365 0.3132 0.2663 0.2479 0.1888 0.3041 

BTS_366 0.2782 0.2201 0.1799 0.2214 0.2406 

BTS_367 0.6458 0.4667 0.4535 0.5756 0.4998 

BTS_368 0.2868 0.2117 0.1915 0.2494 0.2319 

BTS_369 0.2692 0.2039 0.2031 0.2289 0.2238 

BTS_370 0.4129 0.3251 0.2964 0.3561 0.3418 

BTS_371 0.2176 0.1877 0.1496 0.1407 0.2064 

BTS_372 0.3151 0.2754 0.2465 0.2171 0.2966 

BTS_373 0.7926 0.6666 0.6666 0.6613 0.639 

BTS_374 0.5647 0.4663 0.4663 0.3971 0.4651 

BTS_375 0.5123 0.3848 0.3329 0.416 0.4379 

BTS_376 0.3476 0.2548 0.2462 0.2931 0.2439 
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BTS_377 0.3109 0.2564 0.2437 0.2525 0.2486 

BTS_378 0.3851 0.3155 0.2819 0.2906 0.3417 

BTS_379 0.2934 0.2391 0.233 0.2239 0.2587 

BTS_380 0.2201 0.2201 0.2201 0.1126 0.2047 

BTS_381 0.437 0.3209 0.2388 0.3162 0.3974 

BTS_382 0.4536 0.3992 0.3703 0.3115 0.4063 

BTS_383 0.6918 0.5446 0.5171 0.5451 0.4685 

BTS_384 0.3757 0.3085 0.2603 0.282 0.3254 

BTS_385 0.3089 0.2469 0.2063 0.1947 0.2957 

BTS_386 0.3281 0.2615 0.2205 0.2486 0.2912 

BTS_387 0.9079 0.5804 0.5804 0.8975 0.4133 

BTS_388 1 0.9155 0.8412 0.8034 0.8349 

BTS_389 0.2697 0.2218 0.2218 0.2241 0.2269 

BTS_390 0.6137 0.4797 0.4448 0.5131 0.5155 

BTS_391 0.3388 0.2715 0.2715 0.2948 0.2764 

BTS_392 0.5452 0.4688 0.4688 0.4363 0.4231 

BTS_393 0.4599 0.3591 0.3315 0.3364 0.4227 

BTS_394 0.495 0.4108 0.4023 0.3395 0.4183 

BTS_395 0.6161 0.3006 0.2511 0.6037 0.2744 

BTS_396 0.2904 0.1836 0.1521 0.2842 0.1744 

BTS_397 0.3596 0.2859 0.24 0.2686 0.3217 

BTS_398 0.2701 0.2172 0.2031 0.2141 0.2338 

BTS_399 0.3789 0.2474 0.1787 0.3384 0.2803 

BTS_400 0.3811 0.3042 0.2292 0.2403 0.3648 

BTS_401 0.3392 0.2823 0.2823 0.2867 0.2826 

BTS_402 0.6707 0.502 0.3814 0.485 0.6101 

BTS_403 0.2605 0.1882 0.146 0.2308 0.1817 

BTS_404 0.5519 0.4686 0.4469 0.3382 0.5332 

BTS_405 0.5156 0.5017 0.4682 0.3273 0.462 

BTS_406 0.3763 0.3197 0.262 0.2417 0.3579 

BTS_407 0.4203 0.3551 0.3034 0.3284 0.3634 

BTS_408 0.586 0.4286 0.3452 0.522 0.4338 

BTS_409 0.4599 0.3682 0.3464 0.3746 0.3191 

BTS_410 0.4625 0.4058 0.4058 0.3345 0.417 

BTS_411 0.447 0.3493 0.2993 0.356 0.3864 
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BTS_412 0.5926 0.4262 0.3434 0.52 0.3973 

BTS_413 0.3664 0.291 0.2545 0.3142 0.2932 

BTS_414 0.4232 0.3132 0.2616 0.3788 0.3245 

BTS_415 0.4888 0.4337 0.4203 0.319 0.3998 

BTS_416 0.2232 0.1751 0.1463 0.1777 0.193 

BTS_417 0.3233 0.275 0.2262 0.2659 0.2812 

BTS_418 0.3346 0.23 0.2151 0.3092 0.2199 

BTS_419 0.396 0.325 0.325 0.3385 0.2601 

BTS_420 0.5418 0.5038 0.5038 0.3618 0.4936 

BTS_421 0.5701 0.408 0.3847 0.5172 0.4231 

BTS_422 0.3176 0.2732 0.2732 0.2219 0.1795 

BTS_423 0.6326 0.5747 0.5747 0.4815 0.531 

BTS_424 0.3644 0.3644 0.3644 0.1883 0.3439 

BTS_425 0.464 0.3877 0.3413 0.3319 0.4414 

BTS_426 0.5166 0.366 0.3022 0.4416 0.4279 

BTS_427 0.1872 0.1351 0.1228 0.1718 0.1346 

BTS_428 0.5793 0.5513 0.5341 0.3906 0.3579 

BTS_429 0.729 0.6384 0.6172 0.5086 0.6704 

BTS_430 0.3716 0.2507 0.2194 0.3012 0.2543 

BTS_431 0.4796 0.3491 0.2885 0.4118 0.3886 

BTS_432 0.6231 0.4772 0.4679 0.4711 0.432 

BTS_433 1 1 1 0.5651 0.9338 

BTS_434 0.6793 0.6644 0.6035 0.4857 0.6793 
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Appendix C: Category 2 (High Opportunity BTSs) with the Reference Set 

Accessibility Model 

BTS 
BTS Efficiency 

AM 
BTS_222 BTS_285 BTS_286 

BTS_101 0.4809 0.0425 0 0.9574 

BTS_105 0.2834 0 0.1538 0.8461 

BTS_138 0.4587 0.0212 0 0.9787 

BTS_19 0.4798 0 0.1538 0.8461 

BTS_191 0.6442 0.0425 0 0.9574 

BTS_227 0.5195 0.0170 0.0920 0.8908 

BTS_259 0.6755 0 0.1538 0.8461 

BTS_302 0.577 0.0425 0 0.9574 

BTS_373 0.6666 0.0425 0 0.9574 

BTS_47 0.6278 0 0.1538 0.8461 

BTS_71 0.4317 0 0.1538 0.8461 

BTS_75 0.4331 0 0.1538 0.8461 

BTS_76 0.3807 0 0.1538 0.8461 

BTS_77 0.5122 0 0.1538 0.8461 
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Retainability Model 

BTS BTS Efficiency 

RM 

BTS_36 BTS_222 BTS_286 

BTS_101 0.4809 0 0.0425 0.9574 

BTS_105 0.2578 0 0.0425 0.9574 

BTS_138 0.4587 0 0.0212 0.9574 

BTS_19 0.4075 0 0.0425 0.9574 

BTS_191 0.6442 0 0.0425 0.9574 

BTS_227 0.4718 0.4482 0.0139 0.9574 

BTS_259 0.57 0 0.0425 0.9574 

BTS_302 0.577 0 0.0425 0.9574 

BTS_304 0.6917 0.4435 0.0142 0.9574 

BTS_373 0.6666 0 0.0425 0.9574 

BTS_47 0.5692 0 0.0425 0.9574 

BTS_71 0.371 0 0.0425 0.9574 

BTS_75 0.4249 0 0.0425 0.9574 

BTS_76 0.3063 0 0.0425 0.9574 

BTS_77 0.4448 0 0.0425 0.9574 

 

 

 

 

 

 

 

 

 

 



 

295 
 

Mobility Model 

BTS BTS Efficiency 

MM 

BTS_38 BTS_326 

BTS_105 0.2514 1 0 

BTS_138 0.3942 0.6666 0.3333 

BTS_19 0.5145 1 0 

BTS_227 0.5673 1 0 

BTS_259 0.6068 1 0 

BTS_373 0.6613 1 0 

BTS_47 0.485 1 0 

BTS_71 0.5578 1 0 

BTS_75 0.4241 1 0 

BTS_76 0.4277 1 0 

BTS_77 0.4983 1 0 
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Service Integrity Model 

BTS BTS Efficiency 

SIM 

BTS_222 BTS_286 

BTS_101 0.4428 0.0425 0.9574 

BTS_105 0.3077 0.0425 0.9574 

BTS_132 0.6587 0.0212 0.9787 

BTS_138 0.513 0.0212 0.9787 

BTS_19 0.5359 0.0425 0.9574 

BTS_191 0.5262 0.0425 0.9574 

BTS_227 0.5802 0.0425 0.9574 

BTS_302 0.4887 0.0425 0.9574 

BTS_373 0.639 0.0425 0.9574 

BTS_38 0.5583 0.0425 0.9574 

BTS_71 0.488 0.0425 0.9574 

BTS_75 0.4848 0.0425 0.9574 

BTS_76 0.4483 0.0425 0.9574 

BTS_77 0.5363 0.0425 0.9574 
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Appendix D: Letter of Invitation to Experts 

This letter was attached to the email that was sent to the experts to participate 
and join the consultation. 
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Appendix E: Qualtrics Surveys to Evaluate the Model 

 



 

299 
 

 



 

300 
 

 

 



 

301 
 

 

 



 

302 
 

 



 

303 
 

Appendix F: The Results of the Qualtrics Surveys 
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