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 (BC���� � B4PN!U)31 ,"V*( 6NW#! �: B-I�, X62: 5"DC3(,Y:".6 Y@K ,NZ@:

5)@: +6� 6(). B06): ,6N! "@3U�-&)[5P(L3( +(): .L3(<()JMM\; � B*(6"JF +)M[
5)@:+6�5"DC3(,<"M?N%] �: �KN; ": "�P( '"4+)-!(6"�"3 ^�6BJC4N� EM$=;
5,(,5,">-0( "�YMI"S& B*(6"F BZ93 B06): 81@! �-_3 .Y0( 5L45"DC3(, +"�"J�

B! '"9_* `*()4 6,)JaF( /"Jb cJ*( "J: � L4": 5"DJC3(,BZJ93 B*(6"JF"3 P( "J�
 B$M%=; /"0 6, /"a! '(N#O �: L36(,6N]):1386-13858BJC���� �JH: 6,7

5"DC3(, � (6"F23 (BC���� � B4PN!U) EF +(): � (6"F"3 5"DC3(,19 (6"F 5"DC3(,
 �12P( d*"J-3 ',NJ: B&,"J%; P( +)M[NJ$K +(): .L3,N: (6"F"3 5"DC3(, JM! cMD3"

 B0L#�5/"0 B$M%=;1381BJI(1386e"J0( cJ*( )J: .YJ0( 5LJ4 5,">-J0(
5"DC3(, c*);(6"FYMI"S& )W3 P( "�5"DC3(, E!"4 BC���� +"�8P()MJ4 8'()@; +"�

BJ! '(LJ7� � '"-0)I 85"C3"!)F +P(6 8B$M:,6( fA=! 8'"-0,)F L#J4":'(LJ: �
 5"DJC3(, c*( �F Y0"#S!5"DJC3(, �JMA: �J: YZJ93 "J�+,�6� "J: "J� J�8)J-7F +"

BK�)]�-J4(, (6 B*(6"JF c*)-JCM: � 5,NJ73 �J*(6( +)-CM: BC���� +"�� LJ3(
 B*(6"F '(2M! cM#g7�13 5"DJC3(, B*(6"F `0N-! Qh0 P( 5"DC3(,cM*"J� "J�)J;

L3,N:5)@: <()MM\; B06): 6, .5"DC3(, +6� iHC! "�LJ4/"J0 d#J� BJj �JF
 kLO � Y0( 5LC3 E?"b B0N9=! +,NZ@: B$M%=; Y&)CM� eN9=!"3 <()MM\; �

 6, YZa!5)@:5)@: � BC���� +6�B*(6"JF 1JF LJ46 P( BJ4"3 l";LJ7O EF +6�
"J@3U (BC���� � B4PN!U <"3"_!( � <(2M@V; '(2M! � )mN! +)M[6"_:) +nNIN#_;
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1. Total Factor Productivity
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5)@: +6� BC����5"DC3(,8"�i]"J4 +"A;6()*"J0 � YJ0( +nNJIN#_; B*(6"JF
i]"4oNJ7V! 6, .LJ36(, +)J-7F �JA3 � 1@J0 8B#& B*(6"F i]"4 L#3"! "�

5)@: � B*(6"F +"A;6(5"DC3(, +6��J!"3): p"JH;( LJ#!P"M3 "�� q*�;()-J0( +2J*6
5(65)@: ,NZ@: Y*)*L! �])r +P(L3(5"DC3(, 6, +6�.Y0( "�

5n(�+LM$F +"�: <34+�1�21$<=> ?,<-@*� A�<9 A�* ,<39*B&1�+� ,<3C:& D<(6E� ?FG�<C ?�<9
H@�)!I(J:K.

�AZj +L#:JEL:I21 !D24.

1 .�!LA!
A+$<> * 1�:<> �:<L:) 8�<4�M)+ * N>�/) O+ $-3(> 'P$9 1��Q-R+ ,& �� ��S7+ * T*$U V�5� �� T�I4+

1$=> * +��K 8�:0 '> N>�/) F(SW�1�2<34+� .!<R+ 1�$<K ,.<R �* <98�)X<G '<J+�+ 'Y<R+* '<> �
,39*B& * ,CO:)Z[((.� \]4 ?\4+� * H67 N�O:� * X(@:� ��1X//K A��S-U+ '.R:� * XC� �� A+

,) �Q�+'<L�� '<P �<> �<=4Z '<K !<R+ ^$<Y) 1�+:59 _+`R [�+ [�+$>�/> .X/��54D<57 ,�+��<K O+ A+
,)1$=> * X//K_�R ,a �=4Z A�*�+ D)+:7 * 1�$K A$((b� 'P �91$=> A�]�  .X/)+XK �=4Z A�*

#O:)Zc@�K �� 'R�X) dYR O+ $�+$" ,@�7 A�9,) 8�:0 ef�$) 8�IR:) $��R * �9�$<(g
 ?h�$.� ifa *1�234+�'IR`)�� ,4�<I4+ A*$(4 !(>$� * \4+� j�]��+ ?c�*$� kX9 �> 'K !R+ A+

'/()O\9*B& V�l4+ * ,@�7 #O:)Z '�+�+ '> T:/" * V:67 h6-W) A�9A+�:<C e>+:<m �> * '-G+�$&
 O+ DU+Xn #$-Ig3 .XC�> 1XC D(M3� 1XM34+� '.R:� ?T�I4+ D)�M� D(=I� ,@�7 #O:)Z !@�R�

,) '.)�L O�(4 ��:) FSW-) ,4�I4+ A*$(4 #�*$& ?�:3K o/9$" ?\4+� A�/p *.XC�>1

 �:3K �� 1O*$)+ ,6fU A�9�:f5Kr��" O+ A���O Hln [-C+� �> '.)�Ls(SE-@+�<� ,9�234+� T
 A�*Xn!(5K '> O�(4 t�In+ * 1XC NQ�$)?!<(Q(K '> +� �:G A�Li<�$a O+ \<4+� X<(@:� �<4�59
\9*B& �9 �-R+� [�+ �� .!R+ 1�+�,<567 ,>��O�+ 1$<=> A�*,<39*B& \<W> O+ 1B�:<> 1�2<34+��<9

,) [(@`I) X4+:� +� 8:U u�]4 !�:]� �� ,567 8+X(@:� A+$>')�4$> * Av��A+$>h.<m u�]4 N"�
 ,��5/9+�8�*$m .X��541$=> ,R�$> A�91�234+� A�*:O+ X/���f7 �9

x.1O+X4+8��y4 * _$-/K A+$> !(.m* A$(g
z.1�234+� ,39*B& ?,CO:)Z !(.m* d�$3�!>�U� '/()O ��l�+ !=L �9

1. T�g{+*) ?A�*Z [" * 8�](]E� ?V:67 8�+O*1386(
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|.H(5S� �� 1��Q-R+A$(g')�4$> * �91�234+� A�9v��N>�/) '/(=> F(SW� A+$> �9
�.(.�1�234+� �� 1X)Z �:L* '> 8+$((b� * !"$I& ?!"$3(& T+v() [(
1. 1�2<<34+� A�<<9�/2/� * 8sM<<3) T�<<(>A�<<]��+ * !<<�:]� A+$<<> ,��<<9��M9+� '<<�+�+ * �<<9

1$=>�=4Z A�*

2 .fMA=; <"M:,(
\9*B& i>+:R ,R�$> O+ 'K A�:a T�59�9 �� * T+$�+,) FW3) h6-W) A�9�:3K �:<C?$<}K+

 �=4ZA+$>R�E) ,�+��K 'f1$=> * A�*1�234+�1�+� ,3C:& D(6E� #*� O+ �91�$K 1��Q-R+ �9X4+.

2-1 .B$](, <"SI"h!
x.'.@�Y) ��A+11�234+� !�$�X) 1XM34+� 'R ,fI4 ,�+��K* ,��<fa�fa ')s7 ?T+$=� A�9

1�+� ,3C:& D(6E� #*� O+ 1��Q-R+ �> ,-3=> X(=C\9*B<& TZ �� .!R+ 1XC ,R�$> �9
�+X<.� ?X<C�+ * ,<R�/C��K NY]) *� �� T��:l34+� �+X.� D)�C) A�*�* FG�C 'R O+

 D)�C) ,L*$G FG�C ��=P * (!U* V�5� A�+�+ T�/K��K �+X.� * ,567 !~(9 A�;7+
!<~(9 8��<]) * �<-K �+X<.� ?X<C�+ * ,<R�/C��K NY]) *� �� T�2-G:)Z \4+� �+X.�

^$a �+X.� ?,567* ,<567 !~(9 ,39*B& A�9N<Y]) �� 1X<C _:<fU T��:l<34+� �+X<.�
.!R+ 1XC 1��Q-R+ ,�+��K 'fR�E) A+$> (XC�+ ,R�/C��K

z.'.@�Y) ��A+2!4*�.) ,�+��KT�-<R+ �� ,)s<R+ �+OZ 1�2<34+� A�9X<n+* ,<39*B& A�9
A�9X<n+* [(<> O+ Xn+* [�$�+��K [((.� �:y/) '> * !R+ '-"$g �+$U ,>��O�+ ��:) T+$=�

 <f�� _X) O+ +��K'A�*�* \9*B<& [<�+ �� .!<R+ 1X<C 1��Q-<R+ AX</>�+X<.� D)�<C) �<9
?�4�<I(@ �:<" !<U* V�<5� �<In $<> ,6(<SE� Na�<]) �<(MQ� '> ,567 !~(9 A�;7+
,@�<�� #O�+ * ,<39*B& '<L�:> T+v<() ?A$<-K� * �4�<I(@ �:<" !<U* '<5(4 * A$-K�

,L*$G *(8+v(=l�^$a �+X.� D)�C) �9?1X(R� V�5�+ '> ,��](]E� A�9^$a �+X.� A�9
 ,��](]E���?1X<C �+vg$> ,6G+� A�9��/(5R �+X.� ?1XC ��P �-K �+X.� ?+$L+ !R�

[(<> dY<R �� 1XC �+vg$> A�9��/(5R �+X.��+X<.� ?1X<C ��<P 8s<l) �+:<4+ ?,<665@+

1.>$U) ?,4�1383(
2.) ?[J�0 �:& ,m$"1384(
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8�<7+$-G+ �+X<.� ?,-./<0 v<K+$) �<> ,��](]E� A�9�+��+$U1X<�XL 8�:<SE) �+X<.� ?
V$4 �+X.� * 1XC ,n+$a,) 1XC '-C:4 A�9�+v"+|$<K A�9Xn+* \9*B& [�+ �� .X/C�>

�+OZ 1�2<<34+� ,<39*B& !<4*�.) $<y4 O+ �9X<n+* [�$�+��<<K T+:</7 '<> Av<K$) T+$<=� *
1XC '-G�/C ,)sR+.X4+

|.'.@�Y) ��A+2 h6-W) A�=@X) �> T�-IP:6> * T�-I(R T�-R+ ,@�7 #O:)Z vK+$) �$M657
 + 1X<C '-"$g �+$U ,R�$> ��:)1�+� ,<3C:& D<(6E� #*� !<��=4 �� * !<R[�$<-=> �<9

A�*�* �+X<.� T�:<> ��<�O D<(@� '<> .!<R+ 1XC '-"$g ��M> * ,"$.) ,>��O�+ #*�* �<9
,L*$G* z�<W-4+ !<=L ,@�7 #O:)Z vK+$) A�9X</�+$" #*� O+ �<=4Z H<9+ ,��<R�/C

.!R+ 1XC 1��Q-R+ ,f�+$) '6I6R ,R�$> [�+ ��15-<R+ ,@�<7 #O:<)Z vK$)�:K%<) T�
A�*�* .!R+ 1XC z�W-4+'-<C� '<> �$<" '<Us7 ?,<567 !<~(9 A�<;7+ �+X<.� D)�<C �9

,L*$G * T��:l34+� '> !fI4 ,CO:)Z A�;" ?�:G ,6(SE�1X<C '<-"$g $<y4 �� A�9
!(@�." ?T��:l34+� $y4 O+ ���X� !(Q(K D)�C�� T�gX<C _:<fU �+X.� * ,39*B& A�9

,) $���> Na�])l(-4 �� .X/C�>,6K '8 * +��K Xn+*71XC ,��R�/C +��K�4 Xn+*.X4+
�.'<<.@�Y) ��A+3 A�*�* [-<<C+� T:<<P ,<<6��� '<<>) ,��<<](]E� v<<K+$) ,>�<<�O�+ A+$<<> * �<<9

,<<L*$G 1�+� ,<<3C:& D<<(6E� #*� ?(�<<=4Z T�:<<> ,<<Q(K * ,<<5K * t:56)�<<4 A�<<9 �<<9
A+$> +� ,RX/=) T�5���&� c/& ,�+��K .!R+ 1XC ,"$.) _X) [�$-fR�/) _�R 'R ,@+:<-)

1O+X4+ ,6(SE�� .!R+ 1XC A$(g'l(-4 �A�9X</�+$" A$24O�<> T:<P ,�+��=/<3(& A$<(g
A+$<<> �<<R�/) '<L�:> * '��)$<<R F(<SW� ?O�<<(4 ��:<) ,4�<<I4+ A*$<(4 [()�<<� ?,<CO:)Z

\W> .!R+ 1X��$g '�+�+ ��G A�9
1. '<.@�Y) ��A+41*$<<g ,<39*B& * ,<CO:)Z �$<<M657 ,>�<�O�+ A+$<>M<34+� A�<91X A�<<9

1�+� ,3C:& D(6E� _X) O+ t�X) !(>$� 1�234+�1X4�-<R !<(9�) .!R+ 1XC 1��Q-R+ �9-
!��*X<E) �:<L* TZ D<��� * !<R+ 1X<C '<�+�+ 1�gX�� [�$-fR�/) +$gO+ |��<G A�<9

A�*�* \9�K * _$-/K �� !�$�X) 8�XU A�*�* _X<.) T:P ,��98�<(9 A�<]��+ ?�<9
,) 'L�:> \9�K �� ,.R * ,567 X<C�>,<L*$G \�+v<"+ �� !�$�X<) ,.<R �<& ?�<9

1. Patent
2.In([,U:l6R 1�+O) ?1386(
3.?T+��M59 * VX]) ,6K:�)1383(
4.?X4:C�K$�)1385(
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,.U+*,) 1�gX�� [�$�,<R�/C��K T��:l<34+� ,@:<fU _X<.)) A�*�* A�9$(b-) O+ .XC�>
r��<" _X<.)) ,<L*$G * (X(��R+ ,567 '��& ?���X-@+ in �6f) ?XC�+�+X<.� ?,6(<SE-@+

XC 1��Q-R+ (X(��R+ ,>��O�+ 1$54 * D(SE� T�)O _:a ?A$-K� NY]) �� ,@:fU.!R+ 1

2-2 .BK6"] <"SI"h!
x.'.@�Y) �� T+:/7 !E� A+»1O+X4+1�234+� ,�+��K A$(g,<3C:& D<(6E� �<> T�-I624+ A�9

1�+��9« ,/" ,�+��K45 _�<R ,a T�-I624+ 1�234+�A�<981/1980,<@+93/1992V�<l4+
.!R+ 1XC11�234+� ,�+��K 8+$((b� !67,@�) [()�� T+v() �� ���O 8*�Q� �� �9!<@*�

 F@�G ,�+��K ,R�$> [�+ �� .!R+ 1XC ^$Y) ,567 8�(9 '> :l34+� !fI4 FG�C *
'-C+� DK ,�+��K �� +� $(��� [�$-5K t�(]) ,�+��K * $(��� [�$-3(>FG�<C i>�<Y) .X4+

1$=> ?!I(J:K H@�)_�R [(> �� DK A�*T+v<() '<> �:K%<) ,6(<SE� A�<95/51X<0��
 ,�+��K O$) 'K '-C+� \�+v"+.!R+ 1XC 1�+� D]-/) T*$(> '> ,R�R+ �:Y>

z.'.@�Y) �� 1�2<34+� DK ,�+��K $> ,CO:)Z * ,39*B& �(MQ� '> ,�+��K 8+$�+ A+A�<9
.!R+ 1XC ,R�$> T�-I624+21�+� ,<3C:& D<(6E� #*� A$(g��<M> �>!<RX> c��<-4 �<9

 :O+ X/���f7 1X)Z1- 1�2<34+�> '<> !f<I4 A$-<3(> ,�+��<K ?,<CO:)Z \<W> �� �<9\<W
 .X4�+� \9*B&2-     .!<R+ ,<CO:)Z ,�+��<K O+ $-<3(> ��(I> ,39*B& ,�+��K 8+$((b�3-
1�234+� ,�+��K* ']>�<R ?'<]Y/) ?[<R ?!(I/L X/4�) T��:l34+� 8�(0:SG O+ $��-) �9

.!R+ 1�:> '-C%g ,R�(R 8+�$]) [(/�59
|.'.@�Y) ��1$=> * ,�+��K 8+$((b� A+_�R ,a T�-I624+ ,@�7 #O:)Z A�*A�9,6(<SE�

97/1996 ,@+03/2002!R+ 1XC V�l4+.3 H@�<) FG�C �>1$<=> 8+$<((b� !<I(J:K A�*
113�:<a '> 'K 1XC FW3) * ,R�$> �:K%) 1�*� �� T�-I624+ ,@�7 #O:)Z 'IR:)

 '4��R eR:-)5/11$=> XC� X0��!<f}) X<C� O+ ,<C�4 �=4Z A�*3/2,�+��<K X<0��
 ,Q/) XC� * A{:@:/M�8/0� #O:)Z \W> N�$R 8+$((b� .!R+ 1�:> ,/" ,�+��K X0�

T�M)+ ,/" ,�+��K T�:> [(��& �:L* �> A{:@:/M� !f}) $�+ O+ ,C�4 ,@�7,<) $�%<&  .X<4+�
|��<W) ?!<U* V�<5� _��<.) ,<567 8�<(9 ?T��:l<34+�) A�*�* ��=P O+ ,R�$> [�+ ��

1. Flegg, (2004)
2. Lehmann, (2003)
3. Johnes, (2006)
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Ts(<SE-@+ r��<") ,<L*$G '<R * (�4�I(@ �:" T��:l34+� ?,4+$57r��<" ?,<R�/C��K
�:<Y> .!<R+ 1X<C 1��Q-<R+ (\9*B<& O+ ,-"�<��� X<)Z�� * XC�+ ,R�/C��K Ts(SE-@+

1�234+� '7:5l) A+$> �:K%) 1�*� �� eR:-) FG�<C 8+$((b� eR:-) ��:) A�9A�<9
1$=> DK A�*5/1,</" ,�+��<K ?X0��8/0-A{:<@:/M� ?X<0��3/2,�+��<K ?X<0��

 ,-�$�X)5/1) ,�+��K * X0�� t�(]4/0.!R+ 1�:> X0��
�.1$=> * ,�+��K1XM34+� A�*,R�$> �� �� {*$4 ��S-U+ A�91 'K 1XC ^$Y)\�+v<"+ �>

'/�v9'/�v9 '65L O+) !@*� A�91�234+� A�9O+ '<f4�L '<59 �$<M657 ,>��O�+ '> $l/) (�9
N<5L �<6l) T:(<I5K ��<K O+ ,<5=) ,<3W> .!<R+ 1XC �6l) T:(I5K A:R A�*Z

/) 8�7sa+1$=> * ,�+��K 8�fR�E) '> V�l4+ * �R�1�234+� A�*A�=<C*� �>) �9D<(6E�
1�+� ,3C:& * �9 FG�CH@�)!I(J:K .!R+ 1XC (,<R�$> ��:) 1�*�D)�<C_�<R '<R

) ,6(SE�1994?1995?1996( A+$>100T�5���&� h6-W),)XC�>.1�234+� �� ��(.) �9
:Y<<R +� T��:l<<34+� ,4�<<I4+ '��)$<<R \�+v<<"+8�<<4�E-)+ T�<<�$L * ,6(<<SE� h<<6-W) ^2

\9*B& FG�C �> (,/" \4+� \�+v"+ $24�34)8�<](]E� ,@�<) '4+:-3& ?1XC $3-/) A�93

A$<<-K� 1�*� *,7�<<5-L+ 8��<<.Q4+ * D<<." A+$<<> *4 ?'<<)�4O*� 8��<<]) T:<<P A��+:<<)
\��54'4�R� A�9A+5!K��3) ?,):57 A�96�=4:(I5K ?71�*�3) *.!R+ 1XC ^$Y) �9

,L*$G ,R�$> �� D)�C) ,39*B& A�91-'6l) �� 8��]) ,SSW� A�92-8��<])
'6l) �� ,9�234+� A�93- z�-K h(@��4- ,<L*$G * (TO* T*X> z�-K \�+$�*A�<9

 D)�C} ,CO:)Z1-1��:K #O:)Z [(>) 8X)6 ,@+ 1�)2$-<3(> _�<R �� '"�m+ '> _�R
  (,6(SE�2-) 8X)X/6> #O:)Z3> * _�RA�*�* * (($-3(D)�<C) �<91-,<567 8�<(9

2- ,�+$L+ * A�+�+ T+X/)��K3- �v5-R� A�=/) A��L |��W)) ,��(657 |��W) * '/�v9
'/�v9 D}) (8+$(5.� * A�+X=24 ?T�$K v(5� ?[Q6� A�94- �;" T+v() :,4�5-G�R '��)$R

1X<<C '<<-"$g $<<y4 �� {(N<<>$) $<<-) '<<>1�2<<34+� [(<<> '<<M/�+ '<<l(-4 .X<<4+�<<9 �<<> ,<<SSW� A

1. Finn, (1998)
2. Flow of exams, degrees
3. External research funds
4. Interaction society
5. media exposure
6. participation in public
7. commissions
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1�234+�!<f}) $a�<G '<> .X<4�+� �:<L* ,�+��K T+v() $y4 O+ A���O ks-G+ ,):57 A�9
1$=> XC� T�:>1�234+� $}K+ �� A�* .!R+ 1XC D]-/) ��> '> ,�+��K O$) ?�9

1. '<.@�Y) ��T+:</7 !<<E� A+» 1�+� ,<3C:& D<<(6E� 1O+X<<4+ �� TZ A�<9�$>��K * �<<9 A$<<(g
 ,@�<7 #O:)Z ,�+��K«1v) !<�#*� �:</-) 8sM<3) * �<91O+X<4+ A�<9,�+��<K A$<(g

1�+� ,3C:& D(6E� #*� !�v) .!R+ '-"$g �+$U �E> ��:) ,@�7 #O:)Z A�9Xn+* �9
1�2<34+� X</4�) ,<L*$G [�X</P * A�*�* [�X</P �<> ,��9Xn+* A+$> 1��Q-R+ ��$<> �<9

,) 'f6p TZ ���.),�+��<K * ,</" ,�+��<K 'fR�E) A+$> #*� [�+ .X/KO+ \(<> t�<(])
100,6(SE� _�R �� T�-I624+ 1�234+�2001-2000,<L*$G !<(9�) �>��<K '<> +$<g

�<In$> 1�2<34+� T��:l<34+� D<K �+X<.�) ,<L*$G 'R O+ ,R�$> �� .!R+ 1XC '-"$g
TO*r��<" ?1X<C 1�+� A�9,@�<) N>�</) �+X<]) ?h<6-W) ,6(<SE� ^:Y<R �� Ts(<SE-@+

\C * (8�](]E� A+$> ,-"����8�<(9 A�;7+ �+X.� ?,6(5M� T��:l34+� �+X.�) A�*�*
'/�v9 DK ?,39*B& * ,CO:)Z !U* V�5� ,567'/�v9 DK ?,-G+�$& A�9'<4�W>�-K A�<9

�� .!<R+ 1X<C 1��Q-<R+ ('Mf<C * $�:(�)�<K D<}) 8�7sa+ 1XC '�+�+ 8�)XG * AvK$)
 1�2<34+� �� ,�+��K A�]��+ 1v(24+ !��=4\�+v<"+ ?T�-<I624+ A�<9 !<>�U��� �<=4Z AX</)

 .!R+ 1XC ^$Y) $-3(> ,39*B& N>�/) * T��:l34+� [�$-=> z%L
*.1$=> A�*43'<.@�Y) �� ?!<I(J:K H@�<) FG�<C O+ 1��Q-R+ �> ,-@*� 1�234+�!<E� A+

 T+:/7»1�234+� ,>��O�+1$<=> $<((b� * A{:<@:/M� :�(4��<R+ A�9A�*«2�+$<U ,<R�$> ��:<)
 'K 1XC ^$Y) .!R+ '-"$g_$<-/K �<7�> !@*� A+$> '/�v9 \�+v"+ O+ ,C�4 ��3" ��l�+

1$<=> �:<f=> A+$<> $-=> !�$�X) ,���f7 '> * N>�/) '/(=> F(SSW�N>�</) O+ 1��Q-<R+ A�*
,) ,):57 \W>A�*�* .�:C,L*$G * �9�9'/�v9 DK D)�C A 8�(9 A�;7+ �+X.� ?�9

r��" ?,567$(p * ,567](]E� * 8+��3-4+ ?Ts(SE-@+,) 8�,<R�$> ��:<) 1�*� .X/<C�>
_�R ,6(SE� A�91994 ,@+2004,),) T�34 c��-4 .XC�>1$=> X9�1�234+� DK A�* �9

6/4* !<R+ '-<C+� \�+v<"+ '4��<R e<R:-) �:Y> X0��6/0X<C� O+ ,<C�4 TZ X<0��
 * ,<</" ,�+��<<K4,�+��<<K [(<</�59 * !<<R+ 1�:<<> A{:<<@:/M� ,�+��<<K X<<C� O+ X<<0��

$�X))F@�G (,-�5/0 t�(]) ,�+��K * X0��0/1'-C+� XC� X0�� .X4+

1. Johnes, (2005)
2. Gacia-Aracil, (2008)
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O.'.@�Y) �� A+21z:</L �:<3K 1� ,):57 1�234+�+ �<]�$"?z�<W-4+,<R�$> * 1X<C+ X<4 .
1O+X4+ A$(g1�234+� ,fI4 ,�+��K�<9A+$<> _�<R A�<91994,<@+1997D<(6E� #*� �<>

1�+� ,3C:&�9!R+ 1XC V�l4+��):57 . eR:-)T+v()+��K O+ ,�86 _�<R X0��1994'<>
91 _�R �� X0��1995'-"�� \�+v"+?_�R �� ,@* '> AX.> A�989'<> ��<R * X<0��
88 .!R+ '-"�� \9�K X0��,<L*$G O+ '<.@�Y) [�+ �� �<9�+X<.� A r��<" Ts(<SE-@+ *

 �+X<<.�8�<<](]E�A�*�* O+ *T+v<<() A�<<9 D<<K |��<<W) |��<<W) ?'��)$<<RA+* �+X<<.�
 T��:l34+�Q-R+.!R+ 1XC 1��

'<L:� �<� $-5K $2�� 8�](]E� * 8�.@�Y) �� 'K 1XC '-"$g �+$U 'L:� ��:) A��+:) '@�]) [�+ ��
:O+ X/���f7 '65L O+ !R+ 1X34

1.V�<l4+ �<> '<@�]) A+$<> ?!<R�=4Z T�:> [259 ?,R�$> ��:) A�9Xn+* ,fI4 'I��]) u$C
'C:G1�234+� '(6K AX/>'4:54 ?,-@*� A�94+�) [259 A�91�231*$g $}K+ 'K ,��9A�<9

1XC z�W-4+ ('-C+� +� A$-K� NY]) �� ,6(SE� Na�]) ,)�5� A+�+� v(4 * ,CO:)Z  .X4+
2.1�2<34+� 8�(<0:SG ,R�$> �>?(!<@*� e<R:� 1X<57 ,@�<) [()�<�) T+$<�+ ,<-@*� A�<9

!fR�/)A+$<> (,<L*$G [�X</P * A�*�* [�X/P �> ,��9Xn+* A+$> 1��Q-R+ ) _X) [�$�
>��O�+1$=> * ,�+��K ,�=4Z ,39*B& * DK A�* .!R+ 1XC '-"$g ��K '> * ,"$.)

3.A�*�* N(5l� * TO* [((.�,L*$G * �91X<C V�<l4+ ,<567 8�<](]E� '��&$> �:/-) A�9
.!R+

4.1$=> * ,�+��K ,R�$>!<R+ [M5) 1�*� A�=-4+ * +X->+ 'I��]) �� _�R *� �� �� �� A�*
[(24�() [�+$>�/> ?XC�> ,"��S� 1�*� A+$> ,RX/95.!R+ 1XC 1��Q-R+ '@�R

5.FG�C z�W-4+O+ A�:<;n 'fn�<S) * ')�/3R$& 8�:0 '> ,4+X() '.@�Y) �> ,60+ A�9
!��*XE) �:L* '> 'L:� �> '-f@+) 'a:>$) T�g$fG 8�(>$l� * 8+$y4V�<l4+ (A��)Z A�9

 .!R+ '-"$g
6.FG�C A$(g��K '> '��& $> ,R�$>:)Z k+X<9+ '<K ,60+ A�9'<�+�+ * ,<39*B& ?,<CO

!(@�." 'K (,0�S-G+ X)Z�� �IK A+$>) 8�)XG $��R1�2<34+� ,<Q(K * ,5K A�9�<9
 \C:& +� .!R+ '-"$g V�l4+ ?X/9�
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3 .+)W3 B3"Z!
1�234+�,<) �:<G ��<G 8�(0:SG A+�+� �9[�X</P * A�*�* [�X</P A+�+� '<65L O+ * X/<C�>

R�E) D>�U $(p �> (�X.-) 8+X(@:�) ,L*$G'f<R�E) A+$<> [�+$>�</> ?X/-<I9 A�+O�<> !<5(U i<(U� 'f
1$=> * ,�+��K    .!<R+ O�<(4 ,<0�G #*� �=4Z A�* #*� ��1�+� ,<3C:& D<(6E��<9O+ 1��Q-<R+ �<>

 u:>$) 8�7sa+ '7:5l),L*$G '>) �9,��=4 8�:SE)( *A�*�*) �91��=4 * D)+:7��:<) A�<9
1��Q-R+�9Xn+* (#*� �5K '>')�4$>G Av��,�+��K ?,Y ,fI4�9Xn+* T�IM� ,->�U� A�;" ��)

 ([259 * �> 'I��]) ��H91O+X4+A$(g,):C4 .X

3-1 .5,(, BC4N� EM$=;"�
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,) .X/C�>f7 '>1�+� ,3C:& D(6E� #*� �� $2�� 8��,<L*$G T*O:<) !f<I4 �<9 A�*�* * �<9�<9
)H5�vK�,)?X4:C $��R �� ��+$m [(59 'K u$C [�+ '>Xn+*TZ ,�+��K �9$-<3(> X<n+* O+ +� �9

.X��5/4
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,) T�34 1X)Z !RX> $@�MR+ $���]) .X9� 'K ,J+��KXn+*�:<> X<9+:G �<9? u$<C1#&[()�<� +�

,) #*� �� +� �:" _X) .X��54DEA _X)CCR1,)X/)�4.

3-2 . 5,P": YZ935,(, BC4N� EM$=; 6, e"MA! �:"�
,) ^$Y) ,4�)O t�(]) '> 1�O�> V:=Q) �:C'<K +:<W>H(9A�*�* $<g+ H(4+X<>!f<I4 �<� '<> +� �<9

 FW3),L*$G ?H(9� $((b� A$((b� 'P �9.�:54 X/9+:G ��_X)1�+� ,<3C:& D<(6E� ) �<9DEA (
,) �(MQ� t�(]) ,�+��K * ,-�$�X) ,�+��K jvL *� '> ,/" ,�+��K 'M/�+ V*� * ��$g A�9X<n+*

 O+ ��v>A�9Xn+*,) 1�+� v(5� �P:K.�:C

3-2-1 .,P":Y:"m 5 �: YZ93 e"MA!
'<K !R+ _�57+ D>�U ,��:0 �� �=/� t�(]) '> !fI4 !>�� ,9�O�> �$" �9X<n+*'</(=> t�<(]) ��

_X) .X/��54 D57CCR '<4:g '> +� ,J+��K ?t�(]) '> !fI4 !>�� 1�O�> �$" �>,<) '<J+�+ A+ X<9�
�� 'K F@�G ,/" ,J+��K 1X4$(g$> ,/.���K * !�$�X) O+ ,C�4 ,J+��K '"$<0 O+ ,C�4 ,J+,J:<L

 �� t�(])Xn+*!R+@ .($<((b� 8+$(��<� ,>��O�+ A+$> 'K �l4Z O+ [M8+ ns<0+ *8�?A��-G�<R
[-<C+� ?'<4:54 T+$�X<) i�:<3� A+$<> [(</�59 * !<R+ O�(4 ��:) t�(]) ,J+��K ��:) �� ,��7sa+

,) 8�*$m !�$�X) O+ ,C�4 ,J+��K ��:) �� ,��7sa+X>��? !R+ VO�(59+ ,J+��K *� [�+ !'<>
 �(MQ�  .��$g [C*� H9 O+

3-2-2 .M\-! 5,P": YZ93 ) e"MA! �:
$M4�> ?T+��M59 * _X)CCR'4:g '> +�t�<(]) '> !fI4 $(b-) 1�O�> 'K X4�+� eI> A+)BCC(1 +�

.�$(g$> ��')�4$> �� T�g*� '6~I) T�$K '@:)$" �� H=) [�+ V�l4+!<>�� 1�O�<> �$" �> ,YG Av��
1. Charnes, Cooper and Rhodes, (1978)
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> '$2�� 8��f7?9�O�> �:4 !(9�), �� t�(])Xn+*!<@�n �� ,</" ,J+��<K �+X]) 'I��]) �>
9�O�>,t�(]) '> !fI4 A�:.0$(p �> !@�n9�O�>,,<) [(<(.� t�<(]) '> !fI4 $(b-) �:<C.[�X<>

X/C�> A*�I) H9 �> *� [�+ $g+ 'K 8�:0? 1�24ZXn+*t�<(]) '<> !f<I4 ,@*v4 1�O�> �> $y4 ��:)
,) 'L+:)XC�>*8�:0 [�+ $(p ��? A�:.0 1�O�> u$C�+$U$> t�(]) '> !fI4�:> X9+:G._X<)

 #*� �� �:"DEA? _X)BCC,) t�(]) '> !fI4 $(b-) ,9�O�> �$" �>_X<) t�<R+ $<> .X</)�4
BCC_X) �� 1XC 'fR�E) ,�+��K ?CCRH(<I]� t�<(]) ,�+��<K * ,-�$�X<) ,�+��K jvL *� '>

,)�:C.
1�+� ,3C:& D(6E� _X)$9 ��<"+ �:<f=> $(I) $> vK$5� �9 1X4�-<R \�+v1��<=4 \9�<K �<� �<9�<9

T�M)+ .!R+ $�%&1�234+� T+$�X)A�*�* \9�K �� �9\9�<K s}<)) T�:> ,-@*� T:P ,6��� '> �9
!��*XE) �> (1$(p * �:]n T+v() �� ��K A*$(4X/-<I9 '<L+:) ,��9 . '<> [(<59 ?D<(@��<> '<@�]) ��

�:4 '> 'L:�A�*�*�9*,L*$G�9* $��<R !��*X<E) A�<9 1�2<34+� ?�<9 [�$<-=>A+$<> H(5<S�

1. Banker, Charnes and Cooper. (1984)
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\�+v"+,L*$G (�:f=> $(I)) !(9�) ?,�+��K ��W�+ +$g!R+ 1XC.�:E) ,L*$G _X) �� ��1 ?
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1. Output Oriented Model
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3. Non- Archimedean Infinitesimal
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1�234+� [�+ O+ ,G$> !R+ $K� '> VO�O+ ,<C�4 (,<39*B& * ,<CO:)Z) D<K ,�+��<K ��<E@ O+ �<9
,) �+��:G$> ,���> ��(I> ,�+��K dYR O+ ,CO:)Z \W> A��> ,�+��K _*XL) .X/C�>1(
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1��=4 A$(g��M> �> ,9�234+� 8�)XG #$-Ig *,) ?$-3(> A�9,�+��<K T+v<() $> ,-f}) $(��� X/4+:�

1�234+� e�+$C $��R T�:> !>�� 8�:0 ��) �:G1�2<34+� .X<4�+%g A�<L '<> (�<9A+�+� '<K ,��<9
(]) '> !>�� ,9�O�>,) $-3(> 1��=4 O+ 1��Q-R+ �> X/-I9 t��<Qn �> +� �:G ,9�234+� 8�)XG X/4+:�

1�234+� TZ ,39*B& \W> �� .X/9� \�+v"+ �:L:) ,fI4 ,�+��K T+v()?O+$(<C ?T+$<=� D)�<C �<9
,) T�-R$@ * X=3) ,R*�$" .X/C�>

 6(,N732 .B*(6"FB#&315"DC3(,6,/L!5,P":Y:"m YZ93�:MA!e"

11�234+� ._�R $-3(> �� +� t�(]) '> !fI4 ,@*v4 ,9�O�> !@�n) ,R�$> ��:) A�91381-1382 ,@+1386-1385'-C+� (.X4+



5)@: �9*"A!+6�5)@: ": BC����5"DC3(, 6, EF +6�+"� B-I�, GH-#!'()*(93

6(,N733 .B*(6"FB#&315"DC3(,6,5,P": /L! YZ93 )M\-!�:e"MA!

6(,N734.BD-9Z7�i]"4+"�+,�6��BK�)]":B*(6"FB#&

,</" ,�+��<K T+v<() �<> ,<L*$G * A�*�* A�<9$(b-) \9�<K * \�+v<"+ �� ,�:R H9 ,R�$>
If59 ��+$m t�R+$> (t�(]) '> !>�� 1�O�> _X) �>) ,39*B&   :O+ X</���f7 �<(�$� '> ,2-1-�<-K

)30/0 (2-),0�S-G+ X)Z��29/0 (3–  ) ������27/0 (4- !�"#$ & '(��)*+ ,-�. /�0-1�2(3$
)18/0 (5-) 4567 ��*816/0 (6-) 49��*�:9 ;<$-=16/0 (7-4�>�?@A�# & 4(3$A�# /�0-12(3$
)11/0 (8-)  B��C+�# ;(3!��>  ���D.10/0 (9-) A-��E?# ;��C9A F*G(���*�09/04��� ( HI��2� .B?��@�=
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4� 4G")C58 & 40-)58 F0!"2*= 4567 JK*8  �D73 ��=-"E� LM0& ;= 4<&!N  �8!*O"� ;# $-@
L�G2(3$ 428&MP 403A�# �3!**O9 �= 3A A3$-5() .B(A3$ �84(

5-22+89 :*+;;<= .-3$
LQ3B(3L!�R= �3!�**O9  !�*SL!�R= & 4�28&MP T�I= U�#  A& J�*+�V.  A&4�@Q-�W) U�#  ��8 &

L�G2(3$ (428&MP4�� 3A /��E�3 F�03 J�)*X-# Y+��� HN�@ Z0![ Q3 �8\��> 4�[ ;�# B�8$ ��8
L!R= J.!)P �0 J.!2*P J67 ]6"I�U�3-7 U#  A&1^9403A��# �3!�**O9 ^�*E_9 ;= �R(W ^9

 `-+-?E92403A�# �3!**O9 a4?.(4"0!0B�) H+�N3 c��*�� 403A�# �3!**O9 &4/��*=;�= dQ� .$-�@
3 !#e c�*�� ;= JC)( !*O"� 48$Q�= & J=�f 48$Q�= J+�g &$ A$ HN�@ F03  $B7 A3B�� ;# J>

 h0�"( & J>3 !=3!= Y8 �= HN�@ /3i*� �3!**O9L!R=  A& L�G�2(3$��8j&A  ��?C� !�= /W  3i�<3 &
Bg!k#B*+-9  Q�>4� ;+��� A$B@�= a HN�@ F03 /3i*�!G(��*= ^�0 Q3 !"5# T8��# L!�R= &  A&

3 !"2*= != J+�$ ^0 QT03i.3L!R= LA&$ A$  A&.J>3 4>A!= $A-�
L!R=  3i<3 ;mgn� Q3   (c��*�� & 4�?. a4"0!0B�) 403A�# o3-(3 U��@ 428&MP TI= U#  A&

L�G2(3$ A$4� HI2� �84�� LB8��2� ;�p(�?q .$A3B�( $-�<& ��R(W A$ $-�CR= B�(&A ;�# $-@$-�@
!� 4"0!0B� 403A�# �3!**O9 /3i*� F0!"2*= \�> ;= r-=1383-1382 /3i*� ;=6/3T8��#  BsA$

 !**O9 F0!"5# ;# $A3$ /W Q3 J0�Eg J)*X-# Y+�� HN�@ c�>3!= 4?. 403A�# h0�"( .J>3 ;"@3$
\�> A$ 3A �8L!R= /3i*� .J>3 ;"@3$ 4>A!= $A-�J*+�V. U#  A&L�G2(3$ 428&MP TI=  �8 �8

T8�# 45# 46*t:9 \�> h?P F*G(�*� !m( Q3L!R= JCk� B@A 49A�C7 ;= & J>3 ;"@3$$-�<&  A&
 L!�R= B@A ;=  !f-� ;<-9 46*t:9 \�> h?P 4[ A$ & $A3B(/W B�@A 4+��g A$ aJ�>3 LB�2(  A&

L�G�2(3$ J�*5# j!"�)S & B@A r!@ 4")0�=��8L!�R= �3!�**O9 !�G0$ ui�< .B�@�=�3!�**V9  A&
F. &  `-+-?E94� U�"?� 3A B*+-9 v=�9 ;# J>3  A&W;�7-51� U���@  `-+-?E9 403A�# .B0�5(  3

j&A Q3�A�R� & ��W A3i=3 a/-?. a�84� ;03A3 �3B*+-9 /W w>-9 ;# J>3 40�8 A$ /W $�V=3 .$-@
4� A3!x ;<-9 $A-� BV= A�RqF. U��@ ;# B(!*SA3i�.3 /��Q��> & A3i�.3 on�[3 aA3i�.3 /�)(3 a A&W

4�.B?@�=5

1. Total Factor productivity Change Index
2. Technical Chang Index
3. Pure Efficiency Chang Index
4. Scale Efficiency Change Index

5.) a/-?E�1377(



2+89 �>,�?�-3$2+89 �9 @A#$%&2�BA7*. 3. CD -3$-�# @/E$. FG/��)*+,*95

 '$HI1.@A#$%& @,*3�D )*6;�2�BA7*.�#
]

0$AL�G2(3$ d�(

428&MP 403A�#U# 403A�#

 J=�f L$Q�=
c�*�� ;=1

 48$Q�=
 ;= !*O"�
c�*��

 403A�#
c�*��

48$Q�= o-( J=�f L$Q�=
c�*�� ;=

 48$Q�=
 ;= !*O"�
c�*��

 403A�#
c�*��

 o-(
48$Q�=

1i0!C90.3900.3910.9974203i.30.9580.9810.977428�#
2i+3(c) u3!80.4740.6790.6984203i.30.9421.0000.942428�#
3$i00.5510.5710.966428�#0.9470.9900.956428�#
4/�1?).A !t7 4+&0.5920.8760.6644203i.30.9550.9710.984J=�f
5/�1(Q0.5940.7010.8484203i.30.7770.8840.880428�#
6-6= & /�")*>/�")q0.6000.7170.8374203i.30.8930.9620.928428�#
7B?<!*=0.6360.6570.9694203i.30.8690.9540.911428�#
8/�?5>0.6470.7490.8644203i.30.7580.8940.847428�#
9/3AB(Q��0.6960.7010.993428�#0.9450.9900.954J=�f

10/�Si�!80.7121.0000.7124203i.30.9830.9970.9864203i.3
11/�@�#0.7170.9070.7914203i.31.0001.0001.000J=�f
12;*�&A30.7330.7640.9604203i.30.7420.9020.822428�#
13Q3-83 /3!5qB*R@0.7360.8630.8534203i.30.9680.9940.974J=�f
14/n*S0.7530.7580.994428�#0.9740.9840.991J=�f
15F*=465+3d��34?*5N0.7590.7740.9814203i.30.8940.9490.942428�#
16BR2� 4>&$!.0.7700.7730.997J=�f0.8900.9980.891428�#
17cA�. h*6N0.7750.8640.8984203i.30.9060.9420.962428�#
18/��!# !?8�= B*R@0.7850.7880.997428�#0.9470.9910.956428�#
19U=3Q0.8060.8370.9644203i.30.8890.9670.920J=�f
20y3A30.8070.8780.9194203i.30.9631.0000.963J=�f
21/�R_s30.8190.8270.9904203i.30.9690.9900.978J=�f
224"2R= B*R@0.8440.9030.9354203i.30.9770.9950.982428�#
23$!# !R@0.8610.9270.9314203i.30.8410.9330.902428�#
24Yx0.8730.9420.9264203i.30.9350.9770.957J=�f
25/3B58 �?*> 467-=0.8950.9180.975428�#0.8930.9520.938428�#
26/�">!+0.9080.9210.985J=�f0.9370.9690.969428�#
27L�2(��!#  Q3A0.9120.9410.9694203i.30.9390.9620.976428�#
2846*=$A3 Z�:�0.9140.9500.9624203i.30.9940.9990.995J=�f
30/�">$!#0.9240.9260.9974203i.30.9450.9600.985J=�f
31Q3!*@0.9500.9560.994J=�f0.9750.9950.980J=�f
32/3!R90.9880.9900.998J=�f1.0001.0001.000J=�f
-F*G(�*�0.740.8080.916-0.9200.9700.949-

Z*�:9 ��C>�:� :zN��
1-L�G2(3$ \B� A$ 403A�# /3i*� {�:+ Q3 �8CCR Q3 !9 F*0�P L&!S ;> ;=70F*�= a(^0 L&!S) 403A�# BsA$714�+3

80 BsA$ Q3 !9��= & (&$ L&!S) 403A�#80LB@ ^*E_9  (;> L&!S) BsA$.B(3
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 F*G(�*�L!R= �3!**O9  A&428&MP TI=L!R= & (428&MP & 4@Q-�W) U#  A&B�*+-9 U�3-7
31L�G2(3$ |*9!9 ;= 46*t:9 \�> h?P A$ w>-"� A-[ ;=4/5- &4/0!G(��2( & J>3 L$-= BsA$

;��(!= ;# J>3 /W>�*> & �8JL!R= $-CR=  �84?V� !*f�9  A&L�G2(3$ A$  A3$;�# J�>3 ;"@3B( �8
J*+�V. A$ !m( B0B19 �A&!} & ;"@3$ 428�# $-CR= $!E657L�G2(3$ 428&MP TI= LM0& ;= �8 �8

4� HI2� h0�"( Q3 F*?p58 .$A3$ $-<&;# $-@ LB57 TI=4@�( a,-. T8�# �3!**O9 Q3 4_?�
 403A�#4E0`-+-?E9G2(3$L��8L$-�= J�>3~��> $-�CR= J�R< . `-�+-?E9 A$B�*+-9 L�G�2(3$��8

)A�# /W d�1(3  3!= L$�_">3 $A-� �3i*R19 & A�# d�1(3 j&A ;=  A&�?. �0  `-+-?E9 $A3$ LA��@3 (
;��(!= ;= .$A3$ Q�*(  i0A4"0!0B�� 403A��# ��-�:9 ;= r-=!� !0$���a4�@-# JI�> ;�= r-�=!�)

 (... & 48B(��Q�> ajn9428&MP TI= A$3/0-BsA$ B(&A3A ;"�@zS \�> h?P A$ 4_?� i*q�(
4� /�2(L�G2(3$ F*?p58 & B8$ c�*�� 403A�# �3!**O9 a�82/2;"�@3$ 3A 4�_?� B�@A B�sA$& B�(3
4� /�2( B8$\�> 4[ ;#4>A!= $A-�  �8A$ 4>-):� !**O9 a ;?*R= c�*�� B*+-9�A-�s(;�".!G

J>3 .
�> B@A /3i*� B(&AL!R= ;(�L$-�C( 4�>-):� J�Ck� B�(&A  3A3$ /W  3i<3 & U�3-7 U#  A&

J>3\&B�<)2L!�R= 4�_?� B�@A ;�E(W LM�0& ;�= & (L!�R= & 4�28&MP  A&& 4�@Q-�W) U�#  A&
L�G2(3$ (428&MP 46*t:9 \�> A$ ��.!s �81386-1385 |*9!9 ;=2/14- &8/0 .J>3 L$-= BsA$

  `-+-?E9 403A�# JCk� B@A ;"C+3L�G2(3$ 428&MP TI= A$  �R+�> A$ �81383 &1385 LQ3B(3 ;=
9/4 &2/8\�> A$ 4+& L$-= BsA$ �846�s3 J�67 /W ;�# LB�@ A3$A-�N!= 4�_?� B@A Q3  BV=

L!R= J.!)PL�G2(3$ 428&MP TI=  A& .J>3 LB@ �8

 '$HI2.2+89 :*+;;<= J;B7�;� -*+9 )K -*6I* $ -3$312�BA7*.
'�( @L�# @�;�M= -82-1381 @E*86-1385

�!@

428&MPU#
 �3!**O9
 403A�#

4?.

 �3!**O9
 `-+-?E9

 �3!**O9
 403A�#
4"0!0B�

 �3!**O9
 403A�#
c�*��

 �3!**O9
L!R=  A&

U#

 �3!**O9
 403A�#

4?.

 �3!**O9
 `-+-?E9

 �3!**O9
 403A�#
4"0!0B�

 �3!**O9
 403A�#
c�*��

 �3!**O9
L!R=  A&

U#
1383-13820.9741.0490.990.9841.0231.0260.9941.0141.0121.02
1384-13830.9360.9160.9540.9810.8570.9991.0020.9951.0041.001
1385-13840.9861.0821.0170.9691.0670.9940.9941.0020.9920.987
1386-13851.0070.8521.030.9780.8581.0110.9971.0011.011.008

F*G(�*�0.9760.970.9970.9780.9461.0070.9971.0031.0041.004

Z*�:9 ��C>�:� :zN��
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'$HI3.:*+;;<=2+89-3$CD2+89 $ @A#$%& -3$$-*6I*)K N369 @/E$. 2�BA7*. 3.3OAD

]
0$AL�G2(3$

428&MPU#
 �3!**O9
 403A�#

4?.

 �3!**O9
 `-+-?E9

 �3!**O9
 403A�#
4"0!0B�

 �3!**O9
 403A�#
c�*��

 �3!**O9
L!R=  A&

 U#1

 �3!**O9
 403A�#

4?.

 �3!**O9
 `-+-?E9

 �3!**O9
 403A�#
4"0!0B�

 �3!**O9
 403A�#
c�*��

 �3!**O9
L!R=  A&

U#
1F*=4665+3d��34?*5N0.8770.8670.9090.9640.760.97610.9050.9890.9870.883
2y3A30.9990.78910.9990.78810.996110.996
346*=$A3 Z�:�10.8110.78811.019111.019
4/�?5>0.9380.87310.9380.81910.995110.995
5/�")q-6= & /�")*>0.8750.95610.8750.83610.995110.955
6/�1(Q0.9020.93710.9020.8451.0020.981.0210.9810.982
7/�">!+10.866110.86610.966110.966
8Yx0.990.87610.990.86810.94110.94
9cA�. h*6N0.9950.89810.9950.8940.9680.9750.9920.9760.944

10/�">$!#10.9110.91961110.961
11Q3-83 /3!5qB*R@0.8671.0410.8670.90211.01111.01
12/n*S0.9110.9920.9120.9990.90410.99110.99
13/�1?).A !t7 4+&0.8581.05710.8580.90710.869110.869
14;*�&A30.980.9371.0050.9750.9181.0690.9971.0291.0391.066
15/��!# !?8�= B*R@10.95110.9511.023111.023
16(c) u3!8i+30.91.08410.90.97510.973111
17B?<!*=1.0390.9391.0341.0050.97511.0421.0111.0121.067
18$i00.9980.9830.9931.0050.9810.999110.999
19/�@�#0.9870.9961.030.9580.98210.993110.993
20/3AB(Q��10.989110.98911.066111.066
21L�2(��!#  Q3A10.994110.99411.043111.043
22BR2� 4>&$!.11.003111.00311.01411.0271.04
23/�Si�!81.0430.97111.0431.01211110.972
24467-=/3B58 �?*>11.018111.0181.0181.021.01611.039
25i0!C91.021.011.02711.03810.963110.963
26/�R_s311.04111.0410.975110.975
27U=3Q1.0551.0091.0181.0361.0641.0381.1631.0091.0291.207
28Q3!*@11.089111.08911.070.99911.07
30/3!R911.092111.9211.037111.037
31R@4"2R= B*11.139111.13911.032111.032
32$!# !R@1.051.111.051.1551.120.9961.0311.0871.116

F*G(�*�0.9760.970.9970.9780.9461.0070.9971.0041.0041.004

Z*�:9 ��C>�:� :zN��
1-L�G2(3$L!R= B@A {�:+ Q3 �8F*0�P L&!S ;> ;=  A& Q3 !910-Q3 !"2*= a(^0 L&!S) BsA$10-B�sA$ !_�s 4+3

LB@ ^*E_9 (;> L&!S) JCk� B@A �= BsA$ !_s Q3 !9��= & (&$ L&!S).B(3



98 ������!"#$%&'�( )*+,* -.��/0* -�#1 23�41 5#.67�47

L!R= B@A /3i*�L�G�2(3$ (4�28&MP & 4�@Q-�W) U�# & 4�28&MP T�I= ^*E_9 ;=  A& ��8
 \&B< A$ 4>A!= $A-�34� ;mgn��G2(3$ o-51� Q3 ;# $-@ 4� HI2� .B(-@L �821 L�G2(3$

;"@3$ (\�> h?P F*G(�*� A$) 4_?� B@A  3A3$LM�0& ;�= 4�657 ���3B�x3 & ���R<-9 B�?�Q�*( ;# B(3
;��(!=  3!<3L!R=  ��9A3  3!= $-CR=  �8L3A ;65< Q3  A& L!�R= $-CR= ;N!q F0&B9  Q3B(3 A$  A&

L�G2(3$L!R= B@A .J>3 �8�G�2(3$ 4�28&MP T�I= B�*+-9 U��3-7 U�#  A&LB�sA$ |�*9!9 ;�= ��8
4��665+3 F*��= :Q3 B��?9A�C7 J.!��2*P ;��= J.!��)P 4��?*5N d����3 )0/24-a() y3A32/21-a( Z���:�

46*=$A3)0/20-(/�"�)q-6= & /�"�)*> a /�?5�> a)1/18-  )/��1(Q a(5/15-( /�"�>!+ a)4/13- a(Y�x
)2/13-) cA�. h*6N a(6/10-) /�">$!# a(10-Q3-83 /3!5qB*R@ a( )8/9a(/n*S)6/9- 4+& a(

) /�1?).A !t73/9- a(;*�&A3)2/8-()/��!# !?8�= B*R@ a0/5-) u3!8i+3 a (5/2-) B?<!*= a (5/2-a(
) $i00/2-a( /�@�#)8/1-a() /3AB(Q��1/1- L��2(��!#  Q3A a()6/0-a(BR�2� 4�>&$!. )3/0 a(

) /�Si�!82/1 a(/3B58 �?*> 467-=)8/1a(i0!C9)8/3 a(/�R_s3)0/4(a3Q ) U�=4/6 a( Q3!*�@)8/9a(
) /3!R92/9a(4"2R= B*R@)9/13a($!# !R@)5/15.(

L!R= HN�@ o-51� A$L�G2(3$ 428&MP TI=  A&LA&$ w�>-"�  3!�= �85Q3 !"Eq-�# ;+��>
) ;C>�:� ^0946/0L!R= J.!2*P dB7 ;# B0$!S (4� /�2( 3A  A& T8�# U*+B= J.!)P F03 & B8$

L!R=E9 403A�# A$  A&!�*N3  �R+��> A$ ;�"C+3 .J�>3 L$-�= c��*�� 403A��# & 4�?. 403A��# a `-+-?
�3i�*R19 & J�(!"?03 j!"�)S & !9-*����# $3B�V9 /-�p58 428&MP & 4@Q-�W �3i*R19 & ��(�E�3

L�G2(3$ A$ !G0$L�G2(3$ A$  `-+-?E9 403A�# 4+& aJ>3 ;"@3$  $�0Q T03i.3 �8B�@A �Ai�=  �8
45( /�2( 3A 4(3B?q.B8$ 4�� /W J67 3i�1� ;�mgn� .B�@�= ��R(W Q3 !f-�� L$�_"�>3 dB�7 A$ B�(3-9

L�G2(3$4� HI2� �8L$-= Z.-��( 4N!= & Z.-� 4N!= ;# $-@ /3i*� 4C)( A-�= o-51� A$ 4+& aB(3
 B@A4/0L!R= BsA$ .J>3 L$-C( /3B?q (428&MP & 4@Q-�W) U#  A&
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