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# CCR method 22713 (Python code)

def SingleCCR(self, x, y, k): # ZF @ x| a4 A
K, m = x.shape
_, n = y.shape
f = np.zeros((n+m))
for i in range(n):
fli] = -y.values[k,i]
Aeq = np.zeros((1,n+m))
for j in range(m):
Aeq[0,n+] = x.values[k,j]

A = np.hstack((y, -x))
b = np.zeros((K, 1)
res = linprog(f, A_ub=A, b_ub=b, A_eq =Aeq,
b_eq=beq, bounds=(0, None), options={“disp“: True})
eff = -res.fun
effl = np.round(eff*10000)/10000

sol = res.x
ul = soll0:n]
vl = sol[n:]
class out:

u = ul; v = vl; eff = effl
return effl, out

def CCR(self, x, y): # A @ x2o] g84 ALt
K, m = x.shape
_, n = y.shape
E = np.zeros((K))
for k in range():
eff, out = self.SingleCCR(x, vy, k)
Elk] = eff
return E

3 1 CCR Z271%
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2.4 BCC =4

BCC ==& Banker, Chames and Cooper (1984)ol] 2] A/d Rd=Z
FAdo A77F Hl=d Gz a848S 834 CCREES 43
A Ed=E Flo ZV|9t AHgle] vUT A88S JHAE A=
ALLE 7] wj &l 2717 g A S Ueydes 848 542 W
st7] oAg€ue @Ho] AT olF HYsiA s AV|AA TP &
42 S x2A " Ay a84S SAseE BCC Edo] 1
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of 7FH = d(Variable Return to Scale)e]zti%® 3l FJES 7|Fo=2
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# OOBCC method
def SingleOOBCC(self, x, vy, k:
K, m = x.shape
_, N = y.shape
f = np.zeros((n+m+1))
for i in range(m):
fln+] = x.values[k,i]
fln+m] = 1
Aeq = np.zeros((1,n+m+1))
for j in range(n):
Aeq[0,j] = y.values[k,j]
beq = 1
A = np.hstack((y, -x, -np.ones((K,1))))
b = np.zeros((K, 1)
Ib=np.vstack(([[0, None]l*(n+m),[-np.inf,None]))
res = linprog(f, A_ub=A, b_ub=b, A_eq =Aeq,
b_eq=beq, bounds=Ib, options={"disp“: True})
eff = 1/res.fun
effl = np.round(eff*10000)/10000

sol = res.x
ul = soll0:n]; vl = solln:n+m] ; v01 =sol[-1:]
class out:

u =ul; v = vl; v0= v01

eff = effl

return effl, out

def OOBCC(self, x, y):
K, m = x.shape
_, N = y.shape
E = np.zeros((K))
for k in range(K):
eff, out = self.SingleOOBCC(x, y, k)

Elk] = eff
return E
2 &3 =4 BCC =21
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# IOBCC method
def SinglelOBCC(self, x, y, k)
K, m = x.shape
_, N = y.shape
f = np.zeros((n+m+1))
for i in range(n):
fli] = -y.values(k,i]
fln+m] = -1
Aeq = np.zeros((1,n+m+1))
for j in range(m):
Aeq[0,n+j] = x.values[k,j]
beq = 1
A = np.hstack((y, -x, np.ones((K,1))))
b = np.zeros((K, 1))
Ib=np.vstack(([[0, None]l*(n+m),[-np.inf,None]))
res = linprog(f, A_ub=A, b_ub=b, A_eq =Aeq,
b_eq=beq, bounds=Ilb, options={“disp“: True})
eff = -res.fun
effl = np.round(eff*10000)/10000
sol = res.x
ul = soll0:n]; vl = solln:n+m] ; u01 =soll-1:]
class out:
u = ul; v = vl; u0= u0l; eff = effl
return effl, out
def IOBCC(self, x, y):
K, m = x.shape
_, N = y.shape
E = np.zeros((K))
for k in range(X):
eff, out = self.SinglelOBCC(x, y, k)
E[k] = eff
return E

<]

3 =9 A BCC =219
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# Additive method
def SingleADD(self, X, vy, k):
K, m = x.shape
_, n = y.shape
f = np.zeros((n+m+1))
for i in range(n):
fli] = -y.values[k,i]
for j in range(m):
fln+] = x.values[k,j]
fln+m] = 1
A = np.hstack((y, -x, -np.ones((K,1))))
b = np.zeros((K, 1)
Ib=np.vstack(([[1, None]l*(n+m),[-np.inf,None]))
res = linprog(f,method="interior-point’, A_ub=A,
b_ub=b, bounds=Ib, options={"disp”: True})
sol = res.x
ul = soll0:n] ; v1 = solln:n+m] ; v01 =sol[-1:]
Y=ul@y.values(k,:] ; X=vl@x.values[k,:]
eff = Y/(X+v01)
effl = np.round(eff*10000)/10000
class out:
u=ul;v-=vl;v0=v0l,; eff = effl
return effl, out

def ADD(self, x, y):

K, m = x.shape

_, N = y.shape

E = np.zeros((K))

for k in range():
eff, out = self.SingleADD(x, vy, k)
E[k] = eff

return E

5 AR =203
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# two stage method (centered methods)
def SingleMCC(self, x, y1, y2, k):
K, m = x.shape
_, n =ylshape ; _, s = y2.shape
f = np.zeros((n+m+s))
for i in range(s):
fli] = -y2.values(k,i]
Aeq = np.zeros((1,n+m+s))
for j in range(m):
Aeq[0,s+n+j] = x.values(k.j]

beq = 1

Al = np.hstack((y2, -y1, np.zeros((K,m))))
A2 = np.hstack((np.zeros((K,s)), y1, -x))
A = np.vstack((A1,A2))

b = np.zeros(2*K, 1))
res = linprog(f, A_ub=A, b_ub=b, A_eq =Aeq,
b_eq=beq, bounds=(0, None), options={“disp“: True})
eff = -res.fun
effl = np.round(eff*10000)/10000
sol = res.x
ul = soll0:s] ; wl = solls:n] ; vl = solln:]
class out:
u=ul; v=vlL w=wl
eff = effl
return effl, out
def MCC(self, x, y1, y2):
K, m = x.shape
E = np.zeros((K))
for k in range(X):
eff, out = self.SingleMCC(x, y1, y2, k)
E[k] = eff
return E

X 7 29 A DEA =219
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AgE ZEO90] Rl 22O HIIEAE ASehe AAE 7t
At Liang Liang et al.[15]olA] 2770 23§ tjf 3] 4]
B FdAo] /g T2 de nvlwste] Zrwe] o
staAl ghoh LiangS AlYlol&L &8st wA ol gt
Aol ou, a8 Suiststet HAe dHE Fdsive= 7HA st
Centralized =9-& ®] a3}

% 8[15]2 2771 &3¥ol oisl A A
2 il 194 ﬁﬂb S = e i )
2 dAslnh & 9 olaw =ddA A 1%741 8, 29
. A &80 U3 Aolt) A A=
13t A37p FLsA e Aoz F
19tk A gd FAHA BHe =
.

(ke ne o
b
Oll rolt

ol
L
B

< #%8. IT data set >

X TAHAOIA 1 A0 o
=3 %?;éra%r I<T10<2+1 l%%) ° ?ﬂ'ﬂ%l)T Oﬁoci* 2ral) T(loﬁc; gy TMBIE
1 0713 0.15 133 14478 0232 0.986
2 1.071 017 16.9 19502 034 0.986
3 1.224 0235 24 20952  0.363 0.986
4 0.363 0211 156 13902 0211 0.982
5 0.409 0.133 18.485 15206 0237 0.984
6 5.846 0497 5642 81186  1.103 0.955
7 0.918 0.06 56.42 81.186 1.103 0.986
8 1.235 0.071 12 11441 0199 0.985
9 18.12 15 8951 124072 1858 0972
10 1.821 0.12 19.8 17425 0274 0983
11 1915 0.12 19.8 17425 0274 0.983
12 0.874 0.05 131 14342 0177 0.985
13 6.918 0.37 125 32491 0648 0.945
14 4432 0.44 419 47653  0.639 0.979
15 4504 0431 411 52.63 0.741 0.981
16 1.241 011 144 17493 0243 0.988
17 045 0053 76 9.512 0.067 098
18 5.892 0.345 155 42469  1.002 0948
19 0.973 0128 126 18987 0243 0.985
20 0.444 0.055 5.9 7.546 0.153 0.987
21 0.508 0057 57 7.595 0.123 0.987
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22 0.37 0.098 141 16.906 0.233 0.981
23 0.395 0.104 146 17.264 0.263 0.983
24 2.68 0.206 196 3643 0.601 0.982
25 0.781 0.067 10.5 11.581 0.12 0.987
26 0.872 0.1 121 22.207 0.248 0.972
27 1.757 0.0106 12.7 20.67 0.253 0.988

< % 9. IT data sets &&3F 284 Ak 23>

- 2 AFxZAN H| W CHAF (LLiang et al, 2008)
o E, L, E, - E, E, E, E, - E,

1 0.638764 0.745885 0.4764 0.6388 0.7459 04764
2 0.650657 0.781852  0.5087 0.6507 0.7819 0.5087
3 0.517901 0.772962 0.4003 0.5179 0.773 0.4003
4 0.598624 0.714203 04275 0.5986 0.7142 0.4275
5 0.555613 0.723554  0.402 0.5556 0.7236 0.402
6 0.75987 0.575836 04376 0.7599 0.5758 0.4376
7 1 0.575836 0.5758 1 0.5758 0.5758
8 0.535208 0.824956 0.4415 0.5352 0.825 0.4415
9 0.624908 0.634711 0.3966 0.6249 0.6347 0.3966
10 0.496094 0.718807 0.3566 0.4963 0.7188 0.3567
11 0.494524 0.718807  0.3555 0.4945 0.7188 0.3555
12 0.668467 0594903 0.3977 0.6685 0.5949 0.3977
13 0.948665 0.858182 0.8141 0.9487 0.8582 0.8141
14 0.587972 0578249 0.34 0.588 0.5783 0.34
15 0.658214 0.603447 0.3972 0.6582 0.6035 0.3972
16 0.664576  0.643375 04276 0.6646 0.6434 0.4276
17 0.71766 0.787687  0.5653 0.7177 0.7877 0.5653
18 1 1 1 1 1 1

19 0.814354 0.592551 0.4825 0.8144 0.5926 0.4826
20 0.693347 1 0.6933 0.6934 1 0.6934
21 0.706732 0.993548 0.7022 0.7067 0.9936 0.7022
22 0.79416 0.640826 0.5089 0.7942 0.6408 0.5089
23 0.780217 0.699264 0.5456 0.7802 0.6993 0.5456
24 0.93002 0.713527 0.6636 0.93 0.7135 0.6636
25 0.627001 0.651584 0.4085 0.627 0.6516 0.4085
26 1 0.515169 0.5152 1 0.5152 0.5152
27 1 0.564416 0.5644 1 0.5644 0.5644
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* Arts and Humanities Research Council (AHRC)

» Biotechnology and Biological Sciences Research Council (BBSRC)
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