










































































































































































































































































































































































































































































































































































restricted optimal = FALSE);efficiencies(C23 21v)

C23 22v=model profit(h,price input=t(hd[y23,7:9]),rts="vrs",dmu_eval=y23,dmu_ref=y22,
restricted_optimal = FALSE);efficiencies(C23 22v)

writexl::write xlsx(round(data.frame("C1 1v"=efficiencies(C1 1v),"C1 2v"=efficiencies(C1
_2v),"C1 _3v"=efficiencies(C1 _3v),"C1_4v"=efficiencies(C1_4v),"C1_5v"=efficiencies(
C1 5v),"C1_6v"=efficiencies(C1 _6v),"C1_7v"=efficiencies(C1 7v),"C1_8v"=efficienci
es(C1_8v),"C1_9v"=efficiencies(C1 9v),"C1 _10v"=efficiencies(C1_10v),"C1_11v"=eff
iciencies(C1_11v),"C1_12v"=efficiencies(C1 12v),"C1_13v"=efficiencies(C1 13v),"Cl1
_l4v"=efficiencies(C1 _14v),"C1_15v"=efficiencies(C1_15v),"C1_16v"=efficiencies(C1
_16v),"C1 _17v"=efficiencies(C1 17v),"C1 18v"=efficiencies(C1 18v),"C1 19v"=effic
iencies(C1_19v),"C1_20v"=efficiencies(C1_20v),"C1_21v"=efficiencies(C1 21v),"CI1 __
22v"=efficiencies(C1_22v),"C1_23v"=efficiencies(C1_23v)),3),path="C:/Users/DELL
E7450/Documents/costeff1.x1sx")

writexl::write xlsx(round(data.frame("C2_1v"=efficiencies(C2_1v),"C2 2v"=efficiencies(C2
_2v),"C2 3v"=efficiencies(C2_3v),"C2 4v"=efficiencies(C2 4v),"C2_ Sv"=efficiencies(
C2 5v),"C2_6v"=efficiencies(C2_6v),"C2_7v"=efficiencies(C2_7v),"C2_8v"=efficienci
es(C2_8v),"C2 9v'"=efficiencies(C2 9v),"C2 10v"=efficiencies(C2 10v),"C2 11v"=eff
iciencies(C2 11v),"C2 12v"=efficiencies(C2_12v),"C2 13v"=efficiencies(C2_13v),"C2
_l4v"=efticiencies(C2_14v),"C2_ 15v"=efficiencies(C2 15v),"C2 16v"=efficiencies(C2
_16v),"C2_17v"=efficiencies(C2_17v),"C2 18v"=efficiencies(C2 18v),"C2_19v"=eftic
iencies(C2_19v),"C2_20v"=efficiencies(C2_20v),"C2 21v"=efficiencies(C2_21v),"C2 _
22v"=efficiencies(C2 22v),"C2 23v"=efficiencies(C2 23v)),3),path="C:/Users/DELL
E7450/Documents/costeff2.x1sx")

writexl::write xlsx(round(data.frame("C3_1v"=efficiencies(C3_1v),"C3 2v"=efficiencies(C3
_2v),"C3_3v"=efficiencies(C3 3v),"C3_4v"=efficiencies(C3 4v),"C3 5v"=efficiencies(
C3 5v),"C3_6v"=efficiencies(C3_6v),"C3 7v"=efficiencies(C3 7v),"C3_ 8v"=efficienci
es(C3_8v),"C3 9v"=efficiencies(C3 9v),"C3 10v"=efficiencies(C3 10v),"C3 11v"=eff
iciencies(C3 11v),"C3 12v"=efficiencies(C3 12v),"C3 13v"=efficiencies(C3 13v),"C3
_l4v"=efticiencies(C3_14v),"C3 15v"=efficiencies(C3 15v),"C3 16v"=efficiencies(C3
_16v),"C3_17v"=efficiencies(C3_17v),"C3 18v"=efficiencies(C3 18v),"C3_ 19v"=effic
iencies(C3_19v),"C3_20v"=efficiencies(C3_20v),"C3 21v"=efficiencies(C3 21v),"C3 _
22v"=efficiencies(C3 22v),"C3 23v"=efficiencies(C3 23v)),3),path="C:/Users/DELL
E7450/Documents/costeff3.x1sx")

writexl::write_xIsx(round(data.frame("C4_1v"=efficiencies(C4 1v),"C4 2v"=efficiencies(C4
_2v),"C4 3v"=efficiencies(C4 3v),"C4 4v"=efficiencies(C4 4v),"C4 Sv"=efficiencies(
C4 5v),"C4 _6v"=efficiencies(C4 6v),"C4 7v"=efficiencies(C4 7v),"C4 8v"=efficienci
es(C4_8v),"C4 9v"=efficiencies(C4 9v),"C4 10v"=efficiencies(C4 10v),"C4 11v"=eff
iciencies(C4 11v),"C4 12v"=efficiencies(C4 12v),"C4 13v"=efficiencies(C4 13v),"C4
_l4v"=efficiencies(C4 14v),"C4 15v"=efficiencies(C4 15v),"C4 16v"=efficiencies(C4
_16v),"C4_17v"=efficiencies(C4 17v),"C4_18v"=efficiencies(C4 18v),"C4 19v"=eftic
iencies(C4_19v),"C4 20v"=efficiencies(C4 20v),"C4 21v"=efficiencies(C4 21v),"C4
22v"=efficiencies(C4 22v),"C4 23v"=efficiencies(C4 23v)),3),path="C:/Users/DELL
E7450/Documents/costeff4.x1sx")

writexl::write_xIsx(round(data.frame("C5_1v"=efficiencies(C5_1v),"C5_ 2v"=efficiencies(C5
_2v),"C5_3v"=efficiencies(C5_3v),"C5_ 4v"=efticiencies(C5_4v),"C5_ 5Sv"=efficiencies(
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C5 5v),"C5_6v"=efficiencies(C5_6v),"C5_7v"=efficiencies(C5_7v),"C5 8v'"=efficienci
es(C5_8v),"C5_9v"=efficiencies(C5 9v),"C5 10v"=efficiencies(C5 10v),"C5 11v"=eff
iciencies(C5 11v),"C5 12v"=efficiencies(C5 12v),"C5 13v"=efficiencies(C5 13v),"C5
_l4v"=efticiencies(C5_14v),"C5 15v"=efticiencies(C5_15v),"C5 16v"=efficiencies(C5
_16v),"C5_17v"=efficiencies(C5 17v),"C5 18v"=efficiencies(C5 18v),"C5 19v"=effic
iencies(C5_19v),"C5_20v"=efficiencies(C5 20v),"C5 21v"=efficiencies(C5 21v),"C5
22v"=efticiencies(C5 22v),"C5 23v"=efficiencies(C5 23v)),3),path="C:/Users/DELL
E7450/Documents/costeffs.x1sx")

writexl::write_xIsx(round(data.frame("C6_1v"=efficiencies(C6_1v),"C6 2v"=efficiencies(C6
_2v),"C6_3v"=efficiencies(C6 3v),"C6 4v"=efficiencies(C6 4v),"C6 Sv"=efficiencies(
C6_5v),"C6_6v"=efficiencies(C6_6v),"C6_ 7v"=efficiencies(C6_7v),"C6 8v"=efficienci
es(C6_8v),"C6_9v"=efficiencies(C6 9v),"C6 10v"=efficiencies(C6 10v),"C6 11v"=eff
iciencies(C6_11v),"C6_12v"=efficiencies(C6 12v),"C6 13v"=efficiencies(C6 13v),"C6
_14v"=efficiencies(C6_14v),"C6_15v"=efficiencies(C6_15v),"C6 16v"=efficiencies(C6
_16v),"C6_17v"=efficiencies(C6_17v),"C6_18v"=efficiencies(C6 18v),"C6 19v"=eftic
iencies(C6_19v),"C6_20v"=efficiencies(C6 20v),"C6 21v"=efficiencies(C6 21v),"C6
22v"=efficiencies(C6_22v),"C6 23v"=efficiencies(C6 23v)),3),path="C:/Users/DELL
E7450/Documents/costeff6.xIsx")

writexl::write xlsx(round(data.frame("C7_1v"=efficiencies(C7 1v),"C7 2v"=efficiencies(C7
_2v),"C7_3v"=efficiencies(C7 _3v),"C7_4v"=efficiencies(C7_4v),"C7 5v"=efficiencies(
C7 _5v),"C7_6v"=efficiencies(C7_6v),"C7 7v"=efficiencies(C7_7v),"C7 8v"=efficienci
es(C7_8v),"C7 9v"=efficiencies(C7_9v),"C7 10v"=efficiencies(C7 10v),"C7 11v"=eff
iciencies(C7_11v),"C7 12v"=efficiencies(C7_12v),"C7 13v"=efficiencies(C7 13v),"C7
_l4v"=efticiencies(C7_14v),"C7_15v"=efficiencies(C7 15v),"C7 16v"=efficiencies(C7
_16v),"C7_17v"=efficiencies(C7_17v),"C7_18v"=efficiencies(C7 18v),"C7_19v"=eftic
iencies(C7_19v),"C7_20v"=efficiencies(C7_20v),"C7 21v"=efficiencies(C7 _21v),"C7_
22v"=efficiencies(C7_22v),"C7 23v"=efficiencies(C7 23v)),3),path="C:/Users/DELL
E7450/Documents/costeff7.x1sx")

writexl::write_xIsx(round(data.frame("C8 1v"=efficiencies(C8 1v),"C8 2v"=efficiencies(C8
_2v),"C8 3v"=efficiencies(C8 3v),"C8 4v"=efficiencies(C8 4v),"C8 Sv"=efficiencies(
C8 5v),"C8_o6v"=efficiencies(C8 6v),"C8 7v"=efficiencies(C8 7v),"C8 8v"=efficienci
es(C8_8v),"C8 9v"=efficiencies(C8 9v),"C8 10v"=efficiencies(C8 10v),"C8 11v"=eff
iciencies(C8 11v),"C8 12v"=efficiencies(C8 12v),"C8 13v"=efficiencies(C8 13v),"C8
_l4v"=efticiencies(C8 14v),"C8 15v"=efficiencies(C8 15v),"C8 16v"=efficiencies(C8
_16v),"C8_17v"=efficiencies(C8 17v),"C8 18v'"=efficiencies(C8 18v),"C8 19v"=effic
iencies(C8 19v),"C8 20v"=efficiencies(C8 20v),"C8 21v"=efficiencies(C8 21v),"C8
22v"=efficiencies(C8 22v),"C8 23v"=efficiencies(C8 23v)),3),path="C:/Users/DELL
E7450/Documents/costeff8.xIsx")

writexl::write_xlsx(round(data.frame("C9_1v"=efficiencies(C9 1v),"C9 2v"=efficiencies(C9
_2v),"C9_3v"=efficiencies(C9_ 3v),"C9_4v'"=efficiencies(C9 4v),"C9 Sv"=efficiencies(
C9 5v),"C9_6v"=efficiencies(C9_6v),"C9 7v"=efficiencies(C9_7v),"C9 8v"=efficienci
es(C9_8v),"C9_9v"=efficiencies(C9_9v),"C9 10v"=etficiencies(C9_10v),"C9 11v"=eff
iciencies(C9_11v),"C9 _12v"=efficiencies(C9 12v),"C9 13v"=efficiencies(C9 13v),"C9
_l4v"=efficiencies(C9 14v),"C9 15v"=efficiencies(C9_15v),"C9_16v"=efficiencies(C9
_16v),"C9_17v"=efficiencies(C9_17v),"C9_18v"=efficiencies(C9 18v),"C9_19v"=eftic
iencies(C9_19v),"C9 20v"=efficiencies(C9 20v),"C9 21v"=efficiencies(C9 21v),"C9
22v"=efficiencies(C9 _22v),"C9 23v"=efficiencies(C9 23v)),3),path="C:/Users/DELL
E7450/Documents/costeff9.x1sx")

174



writexl::write xIsx(round(data.frame("C10 1v"=efficiencies(C10 1v),"C10 2v"=efficiencies
(C10_2v),"C10_3v"=efficiencies(C10 3v),"C10_4v"=efficiencies(C10_4v),"C10_5v"=e
fficiencies(C10_5v),"C10_6v"=efficiencies(C10 6v),"C10 7v"=efficiencies(C10 7v),"
C10_8v"=efficiencies(C10_8v),"C10_9v"=efficiencies(C10 9v),"C10_10v"=efficiencie
s(C10_10v),"C10_11v"=efficiencies(C10_11v),"C10_12v"=efficiencies(C10_12v),"C10

_13v"=efticiencies(C10_13v),"C10_14v"=efticiencies(C10 14v),"C10_15v"=efficienci

es(C10 _15v),"C10 _16v"=efficiencies(C10 16v),"C10 17v"=efficiencies(C10 17v),"Cl1
0 18v"=efficiencies(C10 18v),"C10_19v"=efficiencies(C10 19v),"C10_20v"=efficienc
ies(C10 20v),"C10 21v"=efficiencies(C10 21v),"C10 22v"=efficiencies(C10 22v),"C
10_23v"=efficiencies(C10_23v)),3),path="C:/Users/DELL
E7450/Documents/costeff10.x1sx")

writexl::write xlsx(round(data.frame("C11 1v"=efficiencies(C11 1v),"C11 2v"=efficiencies
(CI11_2v),"C11_3v"=efficiencies(C11_3v),"C11_4v"=efficiencies(C11_4v),"C11_5v"=e
fficiencies(C11_5v),"C11_6v"=efficiencies(C11_6v),"C11_7v"=efficiencies(C11_7v),"C
11_8v"=efficiencies(C11_8v),"C11_9v"=efficiencies(C11 9v),"C11_10v"=efficiencies(
CI1 _10v),"C11_11v"=efficiencies(C11_11v),"C11_12v"=efficiencies(C11_12v),"C11 1
3v"=efficiencies(C11_13v),"C11_14v"=efficiencies(C11_14v),"C11_15v"=efficiencies(
CI1_15v),"C11_16v"=efticiencies(C11_16v),"C11_17v"=efficiencies(C11_17v),"C11 1
8v"=efficiencies(C11 18v),"C11 19v"=efficiencies(C11 19v),"C11_ 20v"=efficiencies(
CI1 _20v),"C11 2lv"=efficiencies(C11 _21v),"C11_22v"=efficiencies(C11_22v),"C11 2
3v"=efficiencies(C11_23v)),3),path="C:/Users/DELL
E7450/Documents/costeff11.xIsx")

writexl::write_xIsx(round(data.frame("C12_1v"=efficiencies(C12_1v),"C12 2v"=efficiencies
(C12_2v),"C12_3v"=efficiencies(C12 3v),"C12 4v"=efficiencies(C12 4v),"C12 5v"=e
fficiencies(C12_5v),"C12 6v"=efficiencies(C12_6v),"C12_ 7v"=efficiencies(C12_7v),"
C12_8v"=efficiencies(C12 8v),"C12 9v"=efficiencies(C12 9v),"C12 10v"=efficiencie
s(C12_10v),"C12_1lv"=efficiencies(Cl2 11v),"Cl2 12v"=efficiencies(C12 12v),"C12

_13v"=efficiencies(C12_13v),"C12 14v"=efficiencies(C12 14v),"C12 15v"=efficienci

es(C12_15v),"C12_l6v"=efficiencies(C12 16v),"C12 17V”—efﬁc1enc1es(C12 17v),"C1
2 18v"=efficiencies(C12 18v),"C12_19v"=efficiencies(C12 19v),"C12 20v"=efficienc
ies(C12_20v),"C12_21v"=efficiencies(C12 21v),"C12 22v"=efficiencies(C12_22v),"C
12 23v"=efficiencies(C12 23v)),3),path="C:/Users/DELL
E7450/Documents/costeff12.xlsx")

writexl::write xlsx(round(data.frame("C13_1v"=efficiencies(C13 1v),"C13 2v"=efficiencies
(C13_2v),"C13 3v"=efficiencies(C13 3v),"C13 4v"=efficiencies(C13 4v),"C13 5v"=e
fficiencies(C13_5v),"C13_6v"=ecfficiencies(C13 6v),"C13_ 7v"=efficiencies(C13_7v),"
C13_8v"=efficiencies(C13_8v),"C13_9v"=efficiencies(C13 9v),"C13 10v"=efficiencie
s(C13_10v),"C13_11v"=efficiencies(C13 11v),"C13 12v"=efticiencies(C13 12v),"C13

_13v"=efficiencies(C13_13v),"C13 14v"—efﬁ01en01es(C13 14v),"C13 _15v"=efficienci

es(C13_15v),"C13_16v"=efficiencies(C13_16v),"C13 17V"—efﬁ01enc1es(C13 17v),"Cl1
3_18v"=efficiencies(C13 18v),"C13 19v"=efficiencies(C13_19v),"C13_20v"=efficienc
ies(C13 _20v),"C13_21v"=efficiencies(C13 21v),"C13 22v"=efficiencies(C13 22v),"C
13 23v"=efficiencies(C13_23v)),3),path="C:/Users/DELL
E7450/Documents/costeff13.xIsx")

writexl::write_xlsx(round(data.frame("C14 1v"=efficiencies(C14 1v),"C14 2v"=efficiencies
(C14_2v),"C14 3v"=efficiencies(C14 3v),"C14 4v"=efficiencies(C14 4v),"C14 5v"=e
fficiencies(C14_5v),"C14_6v"=efficiencies(C14_6v),"C14 7v"=efficiencies(C14 7v),"
C14 8v"=efficiencies(C14_8v),"C14 9v"=efficiencies(C14 9v),"C14 10v"=efficiencie
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s(C14 _10v),"C14_11v"=efficiencies(C14 _11v),"C14_12v"=efficiencies(C14 12v),"C14

_13v"=efficiencies(C14 13v),"C14_14v"=efticiencies(C14 14v),"C14_15v"=efficienci
es(Cl14 15v),"C14 16v"=efficiencies(C14 16v),"C14 17v"=efficiencies(C14 17v),"C1
4 18v"=efficiencies(C14 18v),"C14 19v"=efficiencies(C14 19v),"C14 20v"=efficienc
ies(C14 20v),"C14 21v"=efficiencies(C14 21v),"C14 22v"=efficiencies(C14 22v),"C
14 23v"=efficiencies(C14_23v)),3),path="C:/Users/DELL
E7450/Documents/costeff14.x1sx")

writexl::write xlsx(round(data.frame("C15_ 1v"=efficiencies(C15 1v),"C15 2v"=efficiencies
(C15_2v),"C15_3v"=efficiencies(C15_3v),"C15 4v"=efficiencies(C15_4v),"C15 5v"=e
fficiencies(C15 5v),"C15_6v"=efficiencies(C15 6v),"C15 7v"=efticiencies(C15 7v),"
C15_8v"=efficiencies(C15 8v),"C15 9v"=efficiencies(C15 9v),"C15 10v"=efficiencie
s(C15_10v),"C15_11v"=efficiencies(C15 11v),"C15_12v"=efficiencies(C15_12v),"C15

13V"—efﬁ01en01es(C15 13v),"C15_14v"=efficiencies(C15_14v),"C15 15v"=efficienci

es(C15_15v),"C15_16v"=efficiencies(C15 16v),"C15 17V"—efﬁ01enc1es(C 15 17v),"C1
51 8V"—efﬁc1en01es(C 15 18v),"C15 1 9V”—efﬁ01en01es(C 15 19v),"C15_20v"=efficienc
ies(C15_20v),"C15_21v"=efficiencies(C15 21v),"C15 22v"=efficiencies(C15_22v),"C
15 23v"=efficiencies(C15_23v)),3),path="C:/Users/DELL
E7450/Documents/costeff15.x1sx")

writex]::write xlsx(round(data.frame("C16_1v"=efficiencies(C16_1v),"C16 2v"=efficiencies
(C16_2v),"C16_3v"=efficiencies(C16 3v),"C16_4v"=efficiencies(C16 4v),"C16_5v"=e
fficiencies(C16_5v),"C16 6v"=efficiencies(C16_6v),"C16 7v"=efficiencies(C16_7v),"
C16_8v"=efficiencies(C16 8v),"C16 9v"=efficiencies(C16 9v),"C16 10v"=efficiencie
s(C16_10v),"C16_11v"=efficiencies(C16 11v),"C16_12v"=efficiencies(C16_12v),"C16

_13v"=efticiencies(C16 13v),"C16_14v"=efticiencies(C16 _14v),"C16 15v"=efficienci

es(C 16 15v),"C16_16v"=ecfficiencies(C16 16v),"C16 17v"=efficiencies(C16_17v),"C1
6_18v"=efficiencies(C16 18v),"C16_19v"=efficiencies(C16_19v),"C16 20v"=efficienc
1es(C16_20v),"Cl6_21v"=efficiencies(C16 21v),"Cl16 22v"=efficiencies(C16 22v),"C
16 _23v"=efficiencies(C16_23v)),3),path="C:/Users/DELL
E7450/Documents/costeff16.x1sx")

writexl::write xlsx(round(data.frame("C17_1v"=efficiencies(C17 1v),"C17 2v"=efficiencies
(C17_2v),"C17 3v"=efficiencies(C17 3v),"C17 4v"=efficiencies(C17 4v),"C17 5v"=e
fficiencies(C17 5v),"C17_6v"=efficiencies(C17 _6v),"C17 7v"=efticiencies(C17_7v),"
C17_8v"=efficiencies(C17_8v),"C17 9v"=efficiencies(C17 9v),"C17 10v"=efficiencie
s(C17_10v),"C17_11v"=efficiencies(C17_11v),"C17 12v"=efficiencies(C17 12v),"C17

_13v"=efticiencies(C17_13v),"C17 14v"=efficiencies(C17 14v),"C17 15v"=efficienci

es(C 17 15v),"C17_16v"=efficiencies(C17 16v),"C17 1 7V”—eff101enc1es(C 17 _17v),"C1
7_18v"=efficiencies(C17_18v),"C17_19v"=efficiencies(C17 19v),"C17 20v"=efficienc
1es(C17_20v),"C17_21v"=efficiencies(C17 21v),"C17 22v"=efficiencies(C17 22v),"C
17 _23v"=efficiencies(C17 23v)),3),path="C:/Users/DELL
E7450/Documents/costeff17.xIsx")

writexl::write_xlsx(round(data.frame("C18 1v"=efficiencies(C18 1v),"C18 2v"=efficiencies

(C18_2v),"C18_3v"=efficiencies(C18 3v),"C18 4v"=efticiencies(C18 4v),"C18 5v"=e
fficiencies(C18 5v),"C18_ 6v"=efficiencies(C18 6v),"C18 7v"=efficiencies(C18 7v),"
C18_8v"=efficiencies(C18 8v),"C18 9v"=efficiencies(C18 9v),"C18 10v"=efficiencie

s(C18 10v),"C18 11v"=efficiencies(C18 11v),"C18 12v"=efficiencies(C18 12v),"C18
_13v"=efficiencies(C18 13v),"C18 14v"=efficiencies(C18 14v),"C18 15v"=efficienci
es(C18 _15v),"C18 16v"=efficiencies(C18 16v),"C18 17v"=efficiencies(C18 17v),"Cl

8 18v"=efficiencies(C18 18v),"C18 19v"=efficiencies(C18 19v),"C18 20v"=efficienc
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ies(C18 20v),"C18 21v"=efficiencies(C18 21v),"C18 22v"=efficiencies(C18 22v),"C
18 23v"=efficiencies(C18 23v)),3),path="C:/Users/DELL
E7450/Documents/costeff18.x1sx")

writexl::write xlsx(round(data.frame("C19 1v"=efficiencies(C19 1v),"C19 2v"=efficiencies
(C19_2v),"C19 _3v"=efficiencies(C19 3v),"C19_ 4v"=efficiencies(C19 4v),"C19 5v"=e
fficiencies(C19 5v),"C19_6v"=efficiencies(C19 6v),"C19 7v"=efticiencies(C19 7v),"
C19_8v"=efficiencies(C19 8v),"C19 9v"=efficiencies(C19 9v),"C19 10v"=efficiencie
s(C19_10v),"C19_11v"=efficiencies(C19_11v),"C19_12v"=efficiencies(C19 12v),"C19

_13v"=efficiencies(C19_13v),"C19_14v"=efticiencies(C19 14v),"C19_ 15v"=efficienci

es(C19 15v),"C19 _16v"=efficiencies(C19 16v),"C19 17v"=efficiencies(C19 17v),"Cl1
9 18v"=efficiencies(C19 18v),"C19_19v"=efficiencies(C19 19v),"C19 20v"=efficienc
1es(C19 20v),"C19 21v"=efficiencies(C19 21v),"C19 22v"=efficiencies(C19 22v),"C
19 23v"=efficiencies(C19_23v)),3),path="C:/Users/DELL
E7450/Documents/costeff19.x1sx")

writexl::write xlsx(round(data.frame("C20_1v"=efficiencies(C20 1v),"C20 2v"=efficiencies
(C20 2v),"C20 3v"=efficiencies(C20 3v),"C20_ 4v"=efficiencies(C20 4v),"C20 5v"=e
fficiencies(C20_5v),"C20_6v"=efficiencies(C20 _6v),"C20_ 7v"=efficiencies(C20_ 7v),"
C20_8v"=efficiencies(C20 8v),"C20_ 9v"=efficiencies(C20 9v),"C20 10v"=efficiencie
s(C20_10v),"C20_11v"=efficiencies(C20_11v),"C20_12v"=efficiencies(C20_12v),"C20

_13v"=efticiencies(C20 13v),"C20 14v"=efficiencies(C20 14v),"C20 15v"=efficienci

es(C20_15v),"C20_16v"=efficiencies(C20 16v),"C20 17v"=efficiencies(C20 17v),"C2
0_18v"=efficiencies(C20 18v),"C20 19v"=efficiencies(C20 19v),"C20 20v"=efficienc
ies(C20_20v),"C20_21v"=efficiencies(C20 21v),"C20 22v"=efficiencies(C20 22v),"C
20 23v"=efficiencies(C20 23v)),3),path="C:/Users/DELL
E7450/Documents/costeff20.x1sx")

writexl::write_xIsx(round(data.frame("C21_1v"=efficiencies(C21_1v),"C21 2v"=efficiencies
(C21_2v),"C21 3v"=efficiencies(C21 3v),"C21 4v"=efficiencies(C21 4v),"C21 5v"=e
fficiencies(C21 5v),"C21_6v"=cfficiencies(C21_6v),"C21 7v"=efficiencies(C21_7v),"
C21_8v"=efficiencies(C21 8v),"C21 9v"=efficiencies(C21 9v),"C21 10v"=efficiencie
s(C21_10v),"C21_llv"=efficiencies(C21 11v),"C21 12v"=efficiencies(C21 12v),"C21

1 3V"—efﬁc1enc1es(C2 1 13v),"C21 14v'"=efficiencies(C21 14v),"C21 15v"=efficienci

es(C2 1 15v),"C21 1 6v'= =efficiencies(C21_16v),"C21 1 7V"—efﬁc1enc1es(C2 1 17v),"C2
11 8V"—efﬁc1en01es(C2 1 18v),"C21 1 9V"—efﬁ01en01es(C2 1 19v),"C2 1_20V"—efﬁ01enc
ies(C21_20v),"C21_21v"=efficiencies(C21 _21v),"C21 22v"=efficiencies(C21 22v),"C
21 23v"=efficiencies(C21_23v)),3),path="C:/Users/DELL
E7450/Documents/costeff21.xlsx")

writexl::write_xlsx(round(data.frame("C22_ 1v"=efficiencies(C22 1v),"C22 2v"=efficiencies
(C22_2v),"C22 3v"=efficiencies(C22 3v),"C22 4v"=efficiencies(C22 4v),"C22 5v"=e
fficiencies(C22_5v),"C22 6v"=efficiencies(C22 6v),"C22 7v"=efficiencies(C22_7v),"
C22 8v"=efficiencies(C22 8v),"C22 9v"=efficiencies(C22 9v),"C22 10v"=efficiencie
s(C22_10v),"C22 11v"=efficiencies(C22 11v),"C22 12v"=efficiencies(C22_ 12v),"C22

_13v"=efficiencies(C22 13v),"C22 14v"=efticiencies(C22 14v),"C22 15v"=efficienci

es(C22_15v),"C22_16v"=efficiencies(C22_16v),"C22 17v"=efficiencies(C22 17v),"C2
2 18v"=efficiencies(C22 18v),"C22 19v"=efficiencies(C22 19v),"C22 20v"=efficienc
ies(C22 20v),"C22 21v"=efficiencies(C22 21v),"C22 22v"=efficiencies(C22 22v),"C
22 23v"=efficiencies(C22_23v)),3),path="C:/Users/DELL
E7450/Documents/costeff22.x1sx")
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writexl::write xIsx(round(data.frame("C23 1v"=efficiencies(C23 1v),"C23 2v"=efficiencies
(C23_2v),"C23 3v"=efficiencies(C23 3v),"C23 4v"=efficiencies(C23 4v),"C23 5v"=e
fficiencies(C23 5v),"C23 6v"=efficiencies(C23 6v),"C23 7v"=efficiencies(C23 7v),"
C23_8v"=efficiencies(C23 8v),"C23 9v"=efficiencies(C23 9v),"C23 10v"=efficiencie
s(C23_10v),"C23_11v"=efficiencies(C23 11v),"C23 12v"=efficiencies(C23 12v),"C23
_13v"=efficiencies(C23 13v),"C23 14v"=efticiencies(C23 14v),"C23 15v"=efficienci
es(C23 15v),"C23 16v"=efficiencies(C23 16v),"C23 17v"=efficiencies(C23 17v),"C2
3 18v"=efficiencies(C23 18v),"C23 19v"=efficiencies(C23 19v),"C23 20v"=efficienc
1es(C23 20v),"C23 21v"=efficiencies(C23 21v),"C23 22v"=efficiencies(C23 22v),"C
23 23v"=efficiencies(C23_23v)),3),path="C:/Users/DELL
E7450/Documents/costeff23.x1sx")

#CALCULATING MALMQUIST PRODUCTIVITY INDEX
#Fare et al (1994)

#calculated in Excel

#CALCULATING COST MALMQUIST PRODUCTIVITY INDEX
#Maniadakis & Thanassoulis (2004)

#calculated in Excel

#CALCULATING GLOBAL MALMQUSIT PRODUCTIVITY INDEX USING DeaR
#Pastor & Lovell (2005)

gelv=model basic(h,orientation
="10",rts="vrs",dmu_eval=y1l,dmu_ref=yg);efficiencies(gelv)#Tec Eff for yrl rel to GF,
column for year is not included in data for cal

ge2v=model basic(h,orientation

—_n;

10", rts="vrs",dmu_eval=y2,dmu_ref=yg);efficiencies(ge2v)#Tec Eff for yr2 rel to GF

ge3v=model basic(h,orientation
="10",rts="vrs",dmu_eval=y3,dmu_ref=yg);efficiencies(ge3v)#Tec Eff for yr3 rel to GF

gedv=model basic(h,orientation
="10",rts="vrs",dmu_eval=y4,dmu_ref=yg);efticiencies(ge4v)#Tec Eff for yr4 rel to GF
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geSv=model basic(h,orientation
="10",rts="vrs",dmu_eval=y5,dmu_ref=yg);efticiencies(ge5v)#Tec Eff for yr5 rel to GF

ge6v=model basic(h,orientation
="10",rts="vrs",dmu_eval=y6,dmu_ref=yg);efficiencies(ge6v)#Tec Eff for yr6 rel to GF

ge7v=model basic(h,orientation

10",rts="vrs",dmu_eval=y7,dmu_ref=yg);efficiencies(ge7v)#Tec Eff for yr7 rel to GF

ge8v=model basic(h,orientation
="10",rts="vrs",dmu_eval=y8,dmu_ref=yg);efficiencies(ge8v)#Tec Eff for yr8 rel to GF

ge9v=model basic(h,orientation

10",rts="vrs",dmu_eval=y9,dmu_ref=yg);efficiencies(gedv)#Tec Eff for yr9 rel to GF

gelOv=model basic(h,orientation
="10",rts="vrs",dmu_eval=y10,dmu_ref=yg);efficiencies(gel0v)#Tec Eff for yr10 rel to
GF

gellv=model basic(h,orientation
="10",rts="vrs",dmu_eval=yl1,dmu_ref=yg);efficiencies(gel1v)#Tec Eff for yr1l rel to
GF

gel2v=model basic(h,orientation
="io",rts="vrs",dmu_eval=yl2,dmu_ref=yg);efficiencies(gel2v)#Tec Eff for yr12 rel to
GF

gel3v=model basic(h,orientation
="10",rts="vrs",dmu_eval=y13,dmu_ref=yg);efficiencies(gel3v)#Tec Eff for yr13 rel to
GF

gel4v=model basic(h,orientation
="io",rts="vrs",dmu_eval=yl4,dmu_ref=yg);efficiencies(gel4v)#Tec Eff for yr14 rel to
GF

gelSv=model basic(h,orientation
="i0",rts="vrs",dmu_eval=yl5,dmu ref=yg);efficiencies(gelSv)#Tec Eff for yrl5 rel to
GF

gel6v=model basic(h,orientation
="i0",rts="vrs",dmu_eval=yl6,dmu_ref=yg);efficiencies(gel6v)#Tec Eff for yrl16 rel to
GF

gel7v=model basic(h,orientation
="io",rts="vrs",dmu_eval=y17,dmu ref=yg);efficiencies(gel 7v)#Tec Eff for yr17 rel to
GF

gel8v=model basic(h,orientation
="10",rts="vrs",dmu_eval=y18,dmu ref=yg);efficiencies(gel18v)#Tec Eff for yr18 rel to
GF

gel9v=model basic(h,orientation
="10",rts="vrs",dmu_eval=y19,dmu_ref=yg);efficiencies(gel19v)#Tec Eff for yr19 rel to
GF

ge20v=model basic(h,orientation
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="10",rts="vrs",dmu_eval=y20,dmu_ref=yg);efficiencies(ge20v)#Tec Eff for yr20 rel to
GF

ge2lv=model basic(h,orientation
="10",rts="vrs",dmu_eval=y21,dmu_ref=yg);efficiencies(ge21v)#Tec Eff for yr21 rel to
GF

ge22v=model basic(h,orientation
="io",rts="vrs",dmu_eval=y22,dmu_ref=yg);efficiencies(ge22v)#Tec Eff for yr22 rel to
GF

ge23v=model basic(h,orientation
="10",rts="vrs",dmu_eval=y23,dmu_ref=yg);efficiencies(ge23v)#Tec Eff for yr23 rel to
GF

gm_pll2v=mean(efficiencies(gelv))/mean(efficiencies(ge2v))
gm_pl23v=mean(efficiencies(ge2v))/mean(efficiencies(ge3v))
gm_pl34v=mean(efficiencies(ge3v))/mean(efficiencies(ge4v))
gm_pl45v=mean(efficiencies(ge4v))/mean(efficiencies(ge5v))
gm_pl56v=mean(efficiencies(ge5v))/mean(efficiencies(ge6v))
gm_pl67v=mean(efficiencies(ge6tv))/mean(efficiencies(ge7v))
gm_pl78v=mean(efficiencies(ge7v))/mean(efficiencies(ge8v))
gm_pl89v=mean(efficiencies(ge8v))/mean(efficiencies(gedv))
gm_pl910v=mean(efficiencies(ge9v))/mean(efficiencies(gel0v))
gm_pl1011v=mean(efficiencies(ge10v))/mean(efficiencies(gellv))
gm_pll112v=mean(efficiencies(ge11v))/mean(efficiencies(gel2v))
gm_pl1213v=mean(efficiencies(gel2v))/mean(efficiencies(gel3v))
gm_pll1314v=mean(efficiencies(gel3v))/mean(efficiencies(gel4v))
gm_pl1415v=mean(efficiencies(ge14v))/mean(efficiencies(gelSv))
gm_pll1516v=mean(efficiencies(gelSv))/mean(efficiencies(gel6v))
gm_pll1617v=mean(efficiencies(gel6v))/mean(efficiencies(gel7v))
gm_pl1718v=mean(efficiencies(gel7v))/mean(efficiencies(gel8v))
gm_pll1819v=mean(efficiencies(gel8v))/mean(efficiencies(gel9v))
gm_pl1920v=mean(efficiencies(gel9v))/mean(efticiencies(ge20v))
gm_pl2021v=mean(efficiencies(ge20v))/mean(efticiencies(ge21v))
gm_pl2122v=mean(efficiencies(ge21v))/mean(efficiencies(ge22v))
gm_pl2223v=mean(efficiencies(ge22v))/mean(efficiencies(ge23v))
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writexl::write xlIsx(data.frame(gm_pl12v,gm pl23v,gm pl34v,gm pl45v,gm pl56v,gm pl67
v,gm_pl78v,gm pl89v,gm pl910v,gm pll1011v,gm pll112v,gm pl1213v,gm pll1314v,g
m_pll415v,gm pl1516v,

gm pl1617v,gm pl1718v,gm pl1819v,gm pl1920v,gm pl2021v,gm pl2122v,gm pl222
3v),path="C:/Users/DELL E7450/Documents/my_gm_pl.xIsx")

#Asmild & Tam (2007)
#Global Technical Index

TI1v<-model basic(h,orientation
="io",rts="vrs",dmu_eval=yg,dmu_ref=y1);efficiencies(TI1v)#Eff for all yrs rel to
F1,column for year is not included in cal

TI2v<-model basic(h,orientation
="i0",rts="vrs",dmu_eval=yg,dmu_ref=y?2);efficiencies(TI2v)#Eff for all yrs rel to
F2,column for year is not included in cal

TI3v<-model basic(h,orientation
="10",rts="vrs",dmu_eval=yg,dmu_ref=y3);efficiencies(TI3v)#Eff for all yrs rel to
F3,column for year is not included in cal

TI4v<-model basic(h,orientation
="i0",rts="vrs",dmu_eval=yg,dmu_ref=y4);efficiencies(TI4Vv)#EfT for all yrs rel to
F4,column for year is not included in cal

TISv<-model basic(h,orientation
="10",rts="vrs",dmu_eval=yg,dmu_ref=y5);efficiencies(TI5v)

TI6v<-model basic(h,orientation
="io",rts="vrs",dmu_eval=yg,dmu_ref=yo6);efficiencies(TI6v)
TI7v<-model basic(h,orientation

10", rts="vrs",dmu_eval=yg,dmu_ref=y7);efficiencies(TI7v)

TI8v<-model basic(h,orientation
="10",rts="vrs",dmu_eval=yg,dmu_ref=y8);efficiencies(TI8V)

TI9v<-model basic(h,orientation

—_n;

10", rts="vrs",dmu_eval=yg,dmu_ref=y9);efficiencies(TI9v)

TI10v<-model basic(h,orientation
="10",rts="vrs",dmu_eval=yg,dmu_ref=y10);efficiencies(T110v)

TI11v<-model basic(h,orientation
="10",rts="vrs",dmu_eval=yg,dmu_ref=y11);efficiencies(TI11v)

TI12v<-model basic(h,orientation
="io",rts="vrs",dmu_eval=yg,dmu_ref=y12);efficiencies(T112v)
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TI13v<-model basic(h,orientation
="10",rts="vrs",dmu_eval=yg,dmu_ref=y13);efficiencies(TI13v)

TI14v<-model basic(h,orientation
="10",rts="vrs",dmu_eval=yg,dmu_ref=y14);efficiencies(T114v)

TI15v<-model basic(h,orientation
="10",rts="vrs",dmu_eval=yg,dmu_ref=y15);efficiencies(TI15v)

TI16v<-model basic(h,orientation
="10",rts="vrs",dmu_eval=yg,dmu_ref=y16);efficiencies(TI16v)

TI17v<-model basic(h,orientation
="10",rts="vrs",dmu_eval=yg,dmu_ref=y17);efficiencies(TI17v)

TI18v<-model basic(h,orientation
="10",rts="vrs",dmu_eval=yg,dmu_ref=y18);efficiencies(TI18v)

TI19v<-model basic(h,orientation
="10",rts="vrs",dmu_eval=yg,dmu_ref=y19);efficiencies(TI19v)

TI20v<-model basic(h,orientation
="io",rts="vrs",dmu_eval=yg,dmu_ref=y20);efficiencies(TI120v)

TI21v<-model basic(h,orientation
="10",rts="vrs",dmu_eval=yg,dmu_ref=y21);efficiencies(TI21v)

TI22v<-model basic(h,orientation
="i0",rts="vrs",dmu_eval=yg,dmu_ref=y22);efficiencies(TI22v)

TI23v<-model basic(h,orientation
="i0",rts="vrs",dmu_eval=yg,dmu_ref=y23);efficiencies(TI23v)

writexl::write xlsx(data.frame(hd[,1],"TT1v"=efficiencies(TI1v),"TI2v"=efficiencies(TI2v),"
TI3v"=efficiencies(TI3v),"TI4v"=efficiencies(T14v)," TISv"=efficiencies(TI5v),"TI6v"=
efficiencies(T16v),

"TI7v"=efficiencies(TI7v),"TI8v"=efficiencies(TI8v),"TI9v"=efficiencies(TI9v),"TI10v"
=efficiencies(TI10v),"TI11v"=efficiencies(TI11v),"TI12v"=efficiencies(TI12v),

"TI13v"=efficiencies(TT13v),"TI14v"=efficiencies(TI14v),"T115v"=efficiencies(TI15v),
"TI16v"=efficiencies(TI16v),"TT17v"=efficiencies(TI17v),"T118v"=efficiencies(TI18v),

"TI19v"=efticiencies(TI19v),"TI20v"=efficiencies(TI20v),"TI2 1 v"=efficiencies(TI21v),
"TI22v"=efficiencies(T122v),"TI23v"=efficiencies(TI23v)),path="C:/Users/DELL
E7450/Documents/my_gfs.xlsx")

#Global Efficiency Change

gecl2v=exp(mean(log(efficiencies(E2_2v))))/exp(mean(log(efficiencies(E1 1v)))) #Global
Effyrl to yr2
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gec23v=exp(mean(log(efficiencies(E3 3v))))/exp(mean(log(efficiencies(E2 2v)))) #Global
Eff yr2 to yr3

gec34v=exp(mean(log(efficiencies(E4 4v))))/exp(mean(log(efficiencies(E3_3v)))) #Global
Eff yr3 to yr4d

gec4Sv=exp(mean(log(efficiencies(E5_5v))))/exp(mean(log(efficiencies(E4 4v))))
gecS6v=exp(mean(log(efficiencies(E6_6v))))/exp(mean(log(efficiencies(ES_5v))))
gec67v=exp(mean(log(efficiencies(E7_7v))))/exp(mean(log(efficiencies(E6_6v))))
gec78v=exp(mean(log(efficiencies(E8 8v))))/exp(mean(log(efficiencies(E7 7v))))
gec89v=exp(mean(log(efficiencies(E9 9v))))/exp(mean(log(efficiencies(E8 8v))))
gec910v=exp(mean(log(efficiencies(E10 10v))))/exp(mean(log(efficiencies(E9 9v))))
gecl011v=exp(mean(log(efficiencies(E11_11v))))/exp(mean(log(efficiencies(E10 10v))))
gecl112v=exp(mean(log(efficiencies(E12_12v))))/exp(mean(log(efficiencies(E11_11v))))
gec1213v=exp(mean(log(efficiencies(E13 13v))))/exp(mean(log(efticiencies(E12_12v))))
gecl314v=exp(mean(log(efficiencies(E14 14v))))/exp(mean(log(efficiencies(E13 13v))))
gecl415v=exp(mean(log(efficiencies(E15 15v))))/exp(mean(log(efficiencies(E14 14v))))
gecl516v=exp(mean(log(efficiencies(E16_16v))))/exp(mean(log(efficiencies(E15 15v))))
gecl617v=exp(mean(log(efficiencies(E17_17v))))/exp(mean(log(efficiencies(E16 16v))))
gecl718v=exp(mean(log(efficiencies(E18 18v))))/exp(mean(log(efficiencies(E17 17v))))
gec1819v=exp(mean(log(efficiencies(E19 19v))))/exp(mean(log(efficiencies(E18 18v))))
gec1920v=exp(mean(log(efficiencies(E20 20v))))/exp(mean(log(efficiencies(E19 19v))))
gec2021v=exp(mean(log(efficiencies(E21_21v))))/exp(mean(log(efficiencies(E20 20v))))
gec2122v=exp(mean(log(efficiencies(E22 22v))))/exp(mean(log(efficiencies(E21 21v))))
gec2223v=exp(mean(log(efficiencies(E23 23v))))/exp(mean(log(efficiencies(E22 22v))))

writexl::write_xIsx(data.frame(gecl2v,gec23v,gec34v,gec45v,gecS56v,gec67v,gec78v,gec89v,g
ec910v,gec1011v,gecl112v,gec1213v,gec1314v,gecl415v,gec1516v,

gecl617v,gec1718v,gecl819v,gec1920v,gec2021v,gec2122v,gec2223v),path="C:/Users/
DELL E7450/Documents/my_gec.xlsx")

#Global Frontier Shift
#Calculated in Excel

#Global Malmquist Index
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#Calculated in Excel

#CALCULATING GLOBAL COST MALMQUIST PRODUCTIVITY INDEX
#Tohidi et al (2012)

gcelv=model profit(h,price input=t(hd[y1,7:9]),rts="vrs",dmu_eval=yl,dmu ref=yg,restrict
ed optimal = FALSE);efficiencies(gcelv)#Global Cost Eff for yrl rel to GF

gce2v=model profit(h,price input=t(hd[y2,7:9]),rts="vrs",dmu_eval=y2,dmu_ref=yg,restrict
ed optimal = FALSE);efficiencies(gce2v)

gce3v=model profit(h,price input=t(hd[y3,7:9]),rts="vrs",dmu_eval=y3,dmu_ref=yg,restrict
ed_optimal = FALSE);efficiencies(gce3v)

gcedv=model profit(h,price input=t(hd[y4,7:9]),rts="vrs",dmu_eval=y4,dmu_ref=yg,restrict
ed_optimal = FALSE);efficiencies(gce4v)

gceSv=model profit(h,price input=t(hd[y5,7:9]),rts="vrs",dmu_eval=y5,dmu_ref=yg,restrict
ed_optimal = FALSE);efficiencies(gce5v)

gece6v=model profit(h,price_input=t(hd[y6,7:9]),rts="vrs",dmu_eval=y6,dmu_ref=yg,restrict
ed optimal = FALSE);efficiencies(gce6v)

gce7v=model profit(h,price input=t(hd[y7,7:9]),rts="vrs",dmu_eval=y7,dmu_ref=yg,restrict
ed_optimal = FALSE);efficiencies(gece7v)

gce8v=model profit(h,price input=t(hd[y8,7:9]),rts="vrs",dmu_eval=y8,dmu_ref=yg,restrict
ed_optimal = FALSE);efficiencies(gce8v)

gce9v=model profit(h,price input=t(hd[y9,7:9]),rts="vrs",dmu_eval=y9,dmu_ref=yg,restrict
ed_optimal = FALSE);efficiencies(gce9v)

gcelOv=model profit(h,price_input=t(hd[y10,7:9]),rts="vrs",dmu_eval=y10,dmu_ref=yg,rest
ricted_optimal = FALSE);efficiencies(gcel0v)

gcellv=model profit(h,price input=t(hd[y11,7:9]),rts="vrs",dmu_eval=y11,dmu_ref=yg,rest
ricted_optimal = FALSE);efficiencies(geellv)

geel2v=model profit(h,price_input=t(hd[y12,7:9]),rts="vrs",dmu_eval=y12,dmu_ref=yg,rest
ricted_optimal = FALSE);efficiencies(gcel2v)

geel3v=model profit(h,price_input=t(hd[y13,7:9]),rts="vrs",dmu_eval=y13,dmu_ref=yg,rest
ricted_optimal = FALSE);efficiencies(gcel3v)

gceld4v=model profit(h,price input=t(hd[y14,7:9]),rts="vrs",dmu eval=y14,dmu_ref=yg,rest
ricted_optimal = FALSE);efficiencies(gcel4v)

geelSv=model profit(h,price input=t(hd[y15,7:9]),rts="vrs",dmu_eval=y15,dmu_ref=yg,rest
ricted_optimal = FALSE);efficiencies(gcel5v)

gcel6v=model profit(h,price_input=t(hd[y16,7:9]),rts="vrs",dmu_eval=y16,dmu_ref=yg,rest
ricted_optimal = FALSE);efficiencies(gcel6v)

gcel7v=model profit(h,price input=t(hd[y17,7:9]),rts="vrs",dmu_eval=y17,dmu_ref=yg,rest
ricted_optimal = FALSE);efficiencies(gcel7v)
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gcel8v=model profit(h,price input=t(hd[y18,7:9]),rts="vrs",dmu_eval=y18,dmu_ref=yg,rest
ricted _optimal = FALSE);efficiencies(gcel8v)

gcel9v=model profit(h,price_input=t(hd[y19,7:9]),rts="vrs",dmu_eval=y19,dmu_ref=yg,rest
ricted optimal = FALSE);efficiencies(gcel19v)

gce20v=model profit(h,price_input=t(hd[y20,7:9]),rts="vrs",dmu_eval=y20,dmu_ref=yg,rest
ricted optimal = FALSE);efficiencies(gce20v)

gce2lv=model profit(h,price input=t(hd[y21,7:9]),rts="vrs",dmu_eval=y21,dmu ref=yg,rest
ricted optimal = FALSE);efficiencies(gce21v)

gce22v=model profit(h,price input=t(hd[y22,7:9]),rts="vrs",dmu_eval=y22,dmu_ref=yg,rest
ricted optimal = FALSE);efficiencies(gce22v)

gce23v=model profit(h,price_input=t(hd[y23,7:9]),rts="vrs",dmu_eval=y23,dmu_ref=yg,rest
ricted_optimal = FALSE);efficiencies(gce23v)

gem_tl2v=mean(efficiencies(gcelv))/mean(efficiencies(gce2v))

gem t23v=mean(efficiencies(gce2v))/mean(efficiencies(gce3v))
gemt34v=mean(efficiencies(gce3v))/mean(efficiencies(gce4dv))

gem t45v=mean(efficiencies(gce4v))/mean(efficiencies(gceSv))
gem_tS6v=mean(efficiencies(gce5v))/mean(efficiencies(gceov))
gem_t67v=mean(efficiencies(gce6v))/mean(efficiencies(gee7v))

gem t78v=mean(efficiencies(gce7v))/mean(efficiencies(gce8v))

gem t89v=mean(efficiencies(gce8v))/mean(efficiencies(gce9v))
gem t910v=mean(efficiencies(gce9v))/mean(efficiencies(gcel0v))
gem_t1011v=mean(efficiencies(gce10v))/mean(efficiencies(gecellv))
gem_tl112v=mean(efficiencies(gcellv))/mean(efficiencies(gcel2v))
gem_ t1213v=mean(efficiencies(gcel2v))/mean(efficiencies(gcel3v))
gem_tl314v=mean(efficiencies(gce13v))/mean(efficiencies(gecel4v))
gem t1415v=mean(efficiencies(gcel14v))/mean(efficiencies(gcelSv))
gem_t1516v=mean(efficiencies(gcelSv))/mean(efficiencies(gcel 6v))
gem_t1617v=mean(efficiencies(gcel6v))/mean(efficiencies(gcel7v))
gem_t1718v=mean(efficiencies(gcel7v))/mean(efficiencies(gcel18v))
gem_t1819v=mean(efficiencies(gcel8v))/mean(efficiencies(gce19v))
gem_t1920v=mean(efficiencies(gce19v))/mean(efficiencies(gce20v))
gem_t2021v=mean(efficiencies(gce20v))/mean(efficiencies(gce21v))

gem_t2122v=mean(efficiencies(gce21v))/mean(efficiencies(gce22v))
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gem_t2223v=mean(efficiencies(gce22v))/mean(efficiencies(gce23v))

writexl::write xlsx(data.frame(gecm_t12v,gem t23v,gcm_t34v,gem t45v,gcm_t56v,gem t67v
,gcm_t78v,gcm t89v,gcm t910v,gecm t1011v,gem t1112v,gem t1213v,gecm t1314v,gc
m_t1415v,gecm_t1516v,

gecm t1617v,gem t1718v,gem t1819v,gem t1920v,gecm t2021v,gecm t2122v,gcm 12223
v),path="C:/Users/DELL E7450/Documents/my_gcm_t.xlsx")

#PROPOSED MODEL (2024)-Working Paper
#Global Cost Technical Index

CTIlv=model profit(h,price_input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu_ref=yl,restrict
ed_optimal = FALSE);efficiencies(CTI1v)

CTI2v=model profit(h,price input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu ref=y2,restrict
ed optimal = FALSE);efficiencies(CTI2v)

CTI3v=model profit(h,price_input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu_ref=y3,restrict
ed_optimal = FALSE);efficiencies(CTI13v)

CTI4v=model profit(h,price input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu_ref=y4,restrict
ed_optimal = FALSE);efficiencies(CT14v)

CTISv=model profit(h,price_input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu_ref=y5,restrict
ed_optimal = FALSE);efficiencies(CTISv)

CTI6v=model profit(h,price_input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu ref=y6,restrict
ed_optimal = FALSE);efficiencies(CTI6v)

CTI7v=model profit(h,price input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu_ref=y7,restrict
ed_optimal = FALSE);efficiencies(CTI17v)

CTI8v=model profit(h,price_input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu_ref=y8§,restrict
ed_optimal = FALSE);efficiencies(CTIS8v)

CTI9v=model profit(h,price_input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu_ref=y9,restrict
ed_optimal = FALSE);efficiencies(CTI9v)

CTI10v=model profit(h,price_input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu_ref=y10,restr
icted_optimal = FALSE);efficiencies(CTI10v)

CTI11v=model profit(h,price_input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu_ref=yl1,restr
icted_optimal = FALSE);efficiencies(CTI11v)

CTI12v=model profit(h,price input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu_ref=y12,restr
icted_optimal = FALSE);efficiencies(CTI12v)

CTI13v=model profit(h,price_input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu_ref=y13,restr
icted_optimal = FALSE);efficiencies(CTI13v)
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CTI14v=model profit(h,price_input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu_ref=y14,restr
icted_optimal = FALSE);efficiencies(CTI14v)

CTI15v=model profit(h,price_input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu_ref=y15,restr
icted optimal = FALSE);efficiencies(CTI15v)

CTI16v=model profit(h,price_input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu_ref=y16,restr
icted optimal = FALSE);efficiencies(CTI16v)

CTI17v=model profit(h,price input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu_ref=y17,restr
icted_optimal = FALSE);efficiencies(CTI17v)

CTI18v=model profit(h,price_input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu_ref=y18,restr
icted optimal = FALSE);efficiencies(CTI18v)

CTI19v=model profit(h,price_input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu_ref=y19,restr
icted_optimal = FALSE);efficiencies(CTI19v)

CTI20v=model profit(h,price input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu_ref=y20,restr
icted_optimal = FALSE);efficiencies(CTI20v)

CTI21v=model profit(h,price input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu_ref=y21,restr
icted_optimal = FALSE);efficiencies(CTI21v)

CTI22v=model profit(h,price input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu_ref=y22,restr
icted_optimal = FALSE);efficiencies(CTI22v)

CTI23v=model profit(h,price input=t(hd[yg,7:9]),rts="vrs",dmu_eval=yg,dmu_ref=y23 restr
icted_optimal = FALSE);efficiencies(CTI23v)

writexl::write_xlsx(data.frame(hd[,1],"CTI1v"=efficiencies(CTI1v),"CTI2v"=efficiencies(CT
12v),"CTI3v"=efficiencies(CTI3v),"CTI4v"=efficiencies(CTI4v),"CTISv"=efficiencies(
CTI5v),"CTIlev"=efficiencies(CTI6V),

"CTI7v"=efficiencies(CTI7v),"CTI8v"=efficiencies(CTI8V),"CTI9v"=efficiencies(CTI9
v),"CTI10v"=efficiencies(CTI10v),"CTIL 1v"=efficiencies(CTI11v),"CTI12v"=efficienci
es(CTI12v),

"CTI13v"=efficiencies(CTI13v),"CTI14v"=efficiencies(CTI14v),"CTI15v"=efficiencies
(CTI15v),"CTI16v"=efficiencies(CTI16v),"CTI17v"=efficiencies(CTI17v),"CTI18v"=ef
ficiencies(CTI18v),

"CTI19v"=efficiencies(CTI19v),"CTI20v"=efficiencies(CTI20v),"CTI21v"=efficiencies
(CTI21v),"CTI122v"=efficiencies(CTI22v),"CTI23v"=efficiencies(CTI23v)),path="C:/Us
ers/DELL E7450/Documents/my_gcfs.xlsx")

#Global Cost Efficiency Change

gcecl2v=exp(mean(log(efficiencies(C2_2v))))/exp(mean(log(efficiencies(C1 1v)))) #Global
Cost Eff yrl to yr2
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gcec23v=exp(mean(log(efficiencies(C3_3v))))/exp(mean(log(efficiencies(C2 2v)))) #Global
Cost Eff yr2 to yr3

gcec34v=exp(mean(log(efficiencies(C4 4v))))/exp(mean(log(efficiencies(C3 3v)))) #Global
Cost Eff yr3 to yr4

gcec4Sv=exp(mean(log(efficiencies(C5 5v))))/exp(mean(log(efficiencies(C4 4v))))
gcecS6v=exp(mean(log(efficiencies(C6_6v))))/exp(mean(log(efficiencies(C5_5v))))
gecec67v=exp(mean(log(efficiencies(C7_7v))))/exp(mean(log(efficiencies(C6 6v))))
gcec78v=exp(mean(log(efficiencies(C8 8v))))/exp(mean(log(efficiencies(C7 7v))))
gcec89v=exp(mean(log(efficiencies(C9 9v))))/exp(mean(log(efficiencies(C8 8v))))
gcec910v=exp(mean(log(efficiencies(C10_10v))))/exp(mean(log(efficiencies(C9_9v))))
gcecl011v=exp(mean(log(efficiencies(C11_11v))))/exp(mean(log(efficiencies(C10_10v))))
gcecl112v=exp(mean(log(efficiencies(C12_12v))))/exp(mean(log(efficiencies(C11_11v))))
gcec1213v=exp(mean(log(efficiencies(C13_13v))))/exp(mean(log(efficiencies(C12_12v))))
gcecl314v=exp(mean(log(efficiencies(C14 14v))))/exp(mean(log(efficiencies(C13 13v))))
gcecl415v=exp(mean(log(efficiencies(C15 15v))))/exp(mean(log(efficiencies(C14 14v))))
gcecl516v=exp(mean(log(efficiencies(C16 16v))))/exp(mean(log(efficiencies(C15_15v))))
gcecl617v=exp(mean(log(efficiencies(C17 17v))))/exp(mean(log(efficiencies(C16_16v))))
gcecl718v=exp(mean(log(efficiencies(C18 18v))))/exp(mean(log(efficiencies(C17 _17v))))
gcecl819v=exp(mean(log(efficiencies(C19 19v))))/exp(mean(log(efficiencies(C18 18v))))
gcec1920v=exp(mean(log(efficiencies(C20 20v))))/exp(mean(log(efficiencies(C19_19v))))
gcec2021v=exp(mean(log(efficiencies(C21_ 21v))))/exp(mean(log(efficiencies(C20 20v))))
geec2122v=exp(mean(log(efficiencies(C22 22v))))/exp(mean(log(efficiencies(C21_21v))))
gcec2223v=exp(mean(log(efficiencies(C23 23v))))/exp(mean(log(efficiencies(C22 22v))))

writexl::write xlsx(data.frame(gcecl2v,gcec23v,gcec34v,geecdSv,geec56v,gcec67v,gecec7 v,
gcec89v,gecec910v,gceclO11v,gcecl112v,gcecl213v,gcecl314v,gcecl415v,gcecl516v,

gcecl617v,gcecl1718v,gcec1819v,gcec1920v,gcec2021v,gcec2122v,gcec2223v),path="C
:/Users/DELL E7450/Documents/my _gcec.xlsx")

#Global Cost Frontier Shift
#Calculated in Excel
#Global Cost Malmquist Index

#Calculated in Excel
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Appendix 2: R Codes for Descriptive Analysis

##HDATA ANALY SIS###
ins=read.delim("clipboard")

str(ins)

is.na(ins)

(colMeans(is.na(ins)))*100

library(psych)

library(skimr)

describe(ins)

skimr::skim(ins)

attach(ins)

###Description of Data by Time###
describeBy(ins, Year)
X1Year=aov(X1~Year);summary(X1 Year)
X2Year=aov(X2~Year);summary(X2Year)
X3Year=aov(X3~Year);summary(X3Year)
Y 1Year=aov(Y 1~Year);summary(Y 1 Year)
Y2Year=aov(Y2~Year);summary(Y2 Year)
W1Year=aov(W 1~Year);summary(W 1 Year)
W2Year=aov(W2~Year);summary(W2 Year)
W3Year=aov(W3~Year);summary(W3Year)

#correlation
library(Hmisc)

rcorr(as.matrix(round(cor(ins[sapply(ins,is.numeric)]),2)))

#HHRETURNS TO SCALE##H#
p=read.delim("clipboard") ##Loading the Dataset
names(p)

options(max.print=999999)
X0<-cbind(p$X1[1:495],p$X2[1:495],p$X3[1:495])
YO0<-cbind(p$Y1[1:495],p$Y2[1:495])
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IDO=p$dmu[1:495]

##Loading all Required Packages
require(Benchmarking)
require(stats)
require(KernSmooth)
require(MASS)

require(psych)

require(abind)

require(RemdrMisc)

###Test of hypothesis in DEA model

# Null hypothesis is that technology is CRS and the alternative is VRS
# Bogetoft and Otto (2011) pages 183--185.
X0=matrix(cbind(p$X1,p$X2,p$X3),nrow=3 }##Matrix of inputs

Y O=matrix(cbind(p$Y1,p$Y2),nrow=2)##Matrix of Outputs

ec <- dea(t(X0),t(Y0),RTS=3)
Ec <- eff(ec)
ev <- dea(t(X0),t(Y0),RTS=1)
Ev <- eff(ev)

# The test statistic; (Bogetoft & Otto, 2011, equation 6.1)
S1 <- (sum(Ec/Ev))/495 #mean of ratios

# To calculate CRS and VRS efficiency in the same bootstrap replicas
# we reset the random number generator before each call of the

# function dea.boot.

# To get the an initial value for the random number generating process
# we save its state (seed)

save.seed <- sample.int(1e9,1)
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# The bootstrap and calculate CRS and VRS under the assumption that
# the true technology is CRS (the null hypothesis) and such that the

# results corresponds to the case where CRS and VRS are calculated for
# the same reference set of firms; to make this happen we set the

# random number generator to the same state before the calls.
set.seed(save.seed) #save record for other works

nrep=2000 #no of bootstrap replications

bc <- dea.boot(t(X0),t(Y0), nrep, RTS="crs"

head(bc)

set.seed(save.seed)

bv <- dea.boot(t(X0),t(Y0), nrep, RTS="vrs", XREF=t(X0),YREF=t(Y0), EREF=ec$efY)

# Calculate the statistic for each bootstrap replica

bs1 <- colSums(((bc$boot)/(bv$boot))/495)

# The critical value for the test (default size \code{alpha} of test is 1%)
critValue(bs1, alpha=.05)

critValue(bs1, alpha=.01)

S1

# Accept the hypothesis at 1% level?

critValue(bs1, alpha=.05) <= S1

critValue(bs1, alpha=.01) <= S1

# The probability of observing a smaller value of S when the
# hypothesis is true; the p--value.

typelerror(S1, bs1)

# Accept the hypothesis at size level 1%?
typelerror(S1,bs1) >= .05 #false means reject Ho at 5%

typelerror(S1, bs1) >= .01 #True means accept Ho @ 1%- Means that the Ho it is not
significant at 1%
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# The test statistic; (Bogetoft & Otto, 2011, equation 6.1)

S2 <- sum(Ec)/sum(Ev)#ratio of means

# To calculate CRS and VRS efficiency in the same bootstrap replicas
# we reset the random number generator before each call of the

# function dea.boot.

# To get the an initial value for the random number generating process
# we save its state (seed)

save.seed <- sample.int(1e9,1)

# The bootstrap and calculate CRS and VRS under the assumption that
# the true technology is CRS (the null hypothesis) and such that the

# results corresponds to the case where CRS and VRS are calculated for
# the same reference set of firms; to make this happen we set the

# random number generator to the same state before the calls.
set.seed(save.seed) #save record for other works

nrep=2000 #no of bootstrap replications

bc <- dea.boot(t(X0),t(Y0), nrep, RTS="crs"

head(bc)

set.seed(save.seed)

bv <- dea.boot(t(X0),t(Y0), nrep, RTS="vrs", XREF=t(X0),YREF=t(Y0), EREF=ec$ef)

# Calculate the statistic for each bootstrap replica

bs2 <- colSums(bc$boot)/colSums(bv$boot)

# The critical value for the test (default size \code{alpha} of test is 1%)
critValue(bs2, alpha=.05)

critValue(bs2, alpha=.01)

S2

# Accept the hypothesis at 1% level?

critValue(bs2, alpha=.05) <= S2

critValue(bs2, alpha=.01) <= S2
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# The probability of observing a smaller value of S when the
# hypothesis is true; the p--value.

typelerror(S2, bs2)

# Accept the hypothesis at size level 1%?

typelerror(S2, bs2) >= .05 #false means reject Ho at 5%

typelerror(S2, bs2) >= .01 #True means accept Ho @ 1%- Means that the Ho it is not
significant at 1%

# The test statistic; (Bogetoft & Otto, 2011, equation 6.1)
S3 <- (sum((Ec/Ev)-1))/495 #mean of ratios minus 1

# To calculate CRS and VRS efficiency in the same bootstrap replicas
# we reset the random number generator before each call of the

# function dea.boot.

# To get the an initial value for the random number generating process
# we save its state (seed)

save.seed <- sample.int(1e9,1)

# The bootstrap and calculate CRS and VRS under the assumption that
# the true technology is CRS (the null hypothesis) and such that the

# results corresponds to the case where CRS and VRS are calculated for
# the same reference set of firms; to make this happen we set the

# random number generator to the same state before the calls.
set.seed(save.seed) #save record for other works

nrep=2000 #no of bootstrap replications

bc <- dea.boot(t(X0),t(Y0), nrep, RTS="crs")

head(bc)

set.seed(save.seed)

bv <- dea.boot(t(X0),t(Y0), nrep, RTS="vrs", XREF=t(X0),YREF=t(Y0), EREF=ec$efY)

# Calculate the statistic for each bootstrap replica

bs3 <- (colSums((bc$boot)/(bvSboot))/495)
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# The critical value for the test (default size \code{alpha} of test is 1%)
critValue(bs3, alpha=.05)

critValue(bs3, alpha=.01)

S3

# Accept the hypothesis at 1% level?

critValue(bs3, alpha=.05) <= S3

critValue(bs3, alpha=.01) <= S3

# The probability of observing a smaller value of S when the
# hypothesis is true; the p--value.

typelerror(abs(S3), bs3)

# Accept the hypothesis at size level 1%?

typelerror(abs(S3), bs3) >= .05 #false means reject Ho at 5%

typelerror(abs(S3), bs3) >= .01 #True means accept Ho @ 1%- Means that the Ho it is not
significant at 1%

#HHPLOTS
vp=read.delim("clipboard") #imports the compiled Global Productivity scores from excel

vp$Component <- as.factor(vp$Component) #Converts the variable dose from a numeric to a
factor variable

attach(vp)

library(ggplot2)

geplot(vp, aes(x=Component, y= CP, fill=Component)) + geom_violin(trim=TRUE) +
geom_boxplot(width=0.1, fill="gold") + labs(x="Component of GCMI", y =
"Component Scores") #Change color by groups

###Statistical Tests of Differences in Productivity Measurement Types##Null Hypothesis-the
population mean/median of all the group are equal, Alternate Hypothesis- atleast one
population mean/median is different from the others#

vpl=read.delim("clipboard")
attach(vpl)

kruskal.test(Type~MI) #non-parametric test of differences of MI between Type
(KruskalWallistest)
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data <- data.frame(

Type =c(1.104, 1.097, 1.16, 0.869, 1.029, 0.875, 0.939, 1.286, 0.993, 0.955,
1.105, 1.038, 1.048, 1.108, 0.924, 0.929, 1.015, 1.084, 0.982, 0.951,
1.025, 0.899, 1.116, 1.075, 0.886, 1.113, 1.079, 1.075, 1.007, 0.756,
0.993, 1.014, 0.926, 0.916, 0.901, 0.948, 1.096, 0.965, 1.152, 0.794,
0.932, 0.949, 0.852, 1.035, 0.932, 1.020, 1.026, 0.952, 0.972, 0.937,
0.927, 0.967, 0.963, 0.895, 1.279, 0.855, 1.077, 0.903, 0.804, 0.919,
0.984, 1.043, 0.723, 0.880, 0.863, 0.867),

MI = factor(c(rep("CPI", 22), rep("GCMT", 22), rep("GCMI", 22)))

)

# Verify the data structure
str(data)

# Run ANOVA
MIType <- aov(Type ~ MI, data=data)

# Get ANOVA summary

summary(MIType)

data_wide <- data.frame(
CPI = data$ Type[data$MI == "CPI"],
GCMT = data$Type[data$MI == "GCMT"],
GCMI = data$§Type[data$MI == "GCMI"]

)

# Function to calculate Cohen's d for paired data
cohens d paired <- function(x, y) {

d <- (mean(x) - mean(y)) / sd(x - y)

return(d)

}

# 1. Paired t-test: CPI vs GCMI
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t test cpi_gemi <- t.test(data wide$SCPI, data wideSGCMI, paired = TRUE)
d cpi_gcemi <- cohens_d paired(data wide$CPI, data wide$SGCMI)

# 2. Paired t-test: GCMT vs GCMI
t test gcmt gemi <- t.test(data wide$GCMT, data wide$GCMI, paired = TRUE)
d_gemt _gemi <- cohens d_paired(data wideSGCMT, data wide$GCMI)

# Print results

cat("Paired t-test Results:\n\n")

# CPI vs GCMI

cat("2. CPI vs GCMI:\n")

cat("Mean difference:", round(mean(data_wide$CPI - data wideSGCMI), 4), "\n")

cat("t-value:", round(t_test cpi gcmiS$statistic, 4), "\n")

cat("degrees of freedom:", t test cpi_gcmi$parameter, "\n")

cat("p-value:", round(t_test cpi_gemi$p.value, 4), "\n")

cat("95% CI:", round(t_test_cpi_gemi$conf.int[1], 4), "to",
round(t_test_cpi_gcmiSconf.int[2], 4), "\n")

cat("Cohen's d:", round(d_cpi_gemi, 4), "\n\n")

# GCMT vs GCMI

cat("3. GCMT vs GCMI:\n")

cat("Mean difference:", round(mean(data wideSGCMT - data_ wide$GCMI), 4), "\n")

cat("t-value:", round(t_test gemt gcmi$statistic, 4), "\n")

cat("degrees of freedom:", t test gemt gemi$parameter, "\n")

cat("p-value:", round(t_test_gcmt gcmi$p.value, 4), "\n")

cat("95% CI.", round(t_test_gcmt_gcmiSconf.int[1], 4), "to",
round(t_test_gcmt_gecmi$conf.int[2], 4), "\n")

cat("Cohen's d:", round(d_gemt_gcmi, 4), "\n\n")
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