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HD87 A J E Kw<+`u: C I B+J m C m <+9HE I <+Aq7 9+gwb�7 9;7 =+C b�C 9HEqb�C m 5�7 9+J : b�: O&] 5;Cv` <+A A <	��J 9;= E 5+I C C
m <+b�f;<+9+C 9HE :�7 I C�9;C m C : : 7 I K�E <�g+C A J B+C Iie�<;V'7 m I <;: :�7�5;C E C I <+=+C 9+C <HD8:i9+C E ��<HI F 3

•
e�<;V ��J E 5;J 9&7j: J 9+=+A C$9+C E ��<HI F"C A C b�C 9HE k ��5;J m 5&J 9;m A D;g+C :�
HD;C D;J 9;=;k�: m 58C gHD;A J 9+=;k�7 9+g
E I 7 ` ` J m�: 587 f;J 9+=�` C 7 E D;I C : k C E m�	

•
e�<;Vj: J =+9;7 A J 9+=�E C m 5;9+J 
HD;C :�` <HI�m <+<+I g+J 9;7 E J 9+=�e�<;V$` I <+bdC 9+g;Y E <;Y C 9;g�_;C E ��C C 9'9+C E ��<+I F
elements;

•
e�<;Vqf;<+A J m J 9+=q7 9+g�b�7 9;7 =HC b�C 9HE�` D;9+m E J <+9;:$E <�m <+9HE I <+A'7 9+gq7 g+b�J 9+J : E C I$C 9+g;Y E <8Y C 9+g
E I 7 ` ` J m�7 m I <;: :�7�9+C E ��<HI F�O
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2.2.1
� /=B 8(3IA(-IB 8(O��.8(A(@I; H(8(1

]65;C"` D;9+g;7 b�C 9HE 7 A�J g+C 7&<+`�G 9HE V8C I B � ���j7 I m 5;J E C m E D+I C^J :jE <�I C : C I B+C"I C : <HD+I m C :#: D;m 5�7 :
_87 9+g	��J gHE 5&7 9+gj_+D;` ` C I : ki7 9+g&7�f+I J <HI J�` <HI�7�=HJ B+C 9%E I 7 ` ` J m$` A <	� E <%C 9;: D+I C�E 587 E�E 5;C$e�<;V
I C 
HD;J I C g'_;K'E 5;C�` A <	�uJ :�: 7 E J : ` J C g8O�G 9$7 g+g+J E J <+9'E <'_;C : E Y C ` ` <HI E�: C I B+J m CHk�G 9HE V8C I B�<+` ` C I :�E ��<
J 9HE C =HI 7 E C g�: C I B+J m C : 3H=HD87 I 7 9HE C C g�: C I B+J m C � P Q�� kH7 9+g�m <+9HE I <+A A C g;Y A <;7 g�: C I B+J m C � P+P � O

2.2.1.1 Framework

� J = D;I C
1
J A A D8: E I 7 E C :iE 5;C�` I 7 b�C ��<HI F�<+`iG 9HE V8C I B8OHG E J 9+m A D;g+C :�7�9HD;b�_8C Ii<+`6m <+b�f;<+9+C 9HE : kHJ O CHO k

: J =H9;7 A J 9;=�f+I <HE <+m <+A k�7 g+b�J : : J <+9�m <+9HE I <+A k f87 m F;C E�m A 7 : : J ` J C Ii7 9+g�f�7 m F;C E�: m 5;C gHD;A C I O

�60 �+S�T .
1

� ,�- . �+T �+- . �'� . T R+0 � . ���;T � ��0 - . � - S�T .

��� ��	�
�� � 	����� ��� ��� ���

a�V8��@ � P M���J :�J 9+B+C 9HE C g%7 :�7�: J =+9;7 A J 9+=$f;I <HE <+m <+A�` <HI�7 f+f;A J m 7 E J <+9;:�E <jI C : C I B;C'I C : <HD+I m C : O
]65;C�: J =+9;7 A J 9+=�f+I <+m C : :�J :�J A A D8: E I 7 E C g�J 9 � J = D+I C

2
O;] 5;C�: C 9+g;C I�: C 9+g;:�7�@8l�] � b�C : : 7 =+C�E <

E 5;C#I C m C J B+C I$: f;C m J ` K+J 9;="E 5;C#m 5�7 I 7 m E C I J : E J m :$<+`�E 5;C%E I 7 ` ` J mHO�hiB+C I K^J 9HE C I b�C g+J 7 E C#I <HD+E C I
7 A <+9+=�E 5;C�f87 E 5'` <HI ��7 I g;:�E 5;C�@8l�] � b�C : : 7 =+C�E <�E 5;C�9+C �HE 5;<Hf'g+C E C I b�J 9+C g�_;K�E 5;C�I <HD+E J 9+=
f+I <HE <+m <+A O ��f;<+9�I C m C J B+J 9;=�7�@8l�] � b�C : : 7 =+CHk E 5;C�I C m C J B;C I6I C : f;<+9+g;: ��J E 5�a�h�V8��b�C : : 7 =+C
E <�I C 
HD;C : E8I C : <HD;I m C :�` <HI E 5;C�` A <	��O h�B+C I K�J 9HE C I b�C g+J 7 E C�I <HD+E C Ii7 A <+9;=�E 5;C�f87 E 5�m 7 9�I C L C m E <HI
7 m m C f+E�E 5;C�I C 
HD8C : E�<+`�a�h�V8��b�C : : 7 =HCHO6G `�E 5;C�I C 
HD;C : E�J :�7 m m C f+E C g8k A J 9HFj_87 9+g	��J gHE 5#7 9+g
_+D;` ` C I�: f87 m C�7 I C�7 A A <+m 7 E C g$` <HI�E 5;C�` A < ��k�7 9+g'E 5;C�I C A 7 E C g�` A <	��Y : E 7 E C Y J 9+` <+I b�7 E J <+9���J A A6_;C
J 9;: E 7 A A C g�J 9�E 5;C�I <HD+E C I OHG `�E 5;C�I C 
HD;C : E8J :6I C L C m E C g8k E 58C�I <HD+E C I���J A A�: C 9+g�7 9�C I I <HI6b�C : : 7 =+C�E <
E 5;C�I C m C J B+C I k+7 9+g�E 5;C�: J =+9;7 A J 9+=�f;I <+m C : : ��J A A;E C I b�J 9;7 E CHO
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�������$� 0 �+,���� 0 , �

a�V8��@jI C : C I B;7 E J <+9'I C 
HD;C : E�: f;C m J ` J C :�E 5;C'7 b�<HD;9HE�<+`�I C : <HD;I m C :�E <'_;C�I C : C I B+C g$` <+I�7 A A k�<HI
: <+b�C�: D+_8: C E : k�<+`�E 5;C�f87 m F8C E :iJ 9�7�f87 I E J m D;A 7 I�: C : : J <+98O�] 5;C�I C : <HD+I m C�
HD87 9HE J E K�J :�: f;C m J ` J C g
_;K�7�` A <	�q: f;C m J ` J m 7 E J <+9 � � A < ��V;f;C m � k ��5;J A C�E 5;C�f87 m F;C Ei: D+_8: C E E <�I C m C J B+C�E 5;<;: C�I C : <HD+I m C :
J :�: f;C m J ` J C gv_;K 7 ` J A E C Iu: f;C m J ` J m 7 E J <+9 � � J A E C I V;f;C m � Ojl�: : D;b�J 9;= 7 g+b�J : : J <+9 m <+9HE I <+A
: D;m m C C g;: k6E 5;C � A <	��V;f;C m���J A A�_;C'D8: C gjE <%f87 I 7 b�C E C I J � C$7'I C : <HD+I m C$m A 7 : :�J 9jE 5;C�f87 m F;C E
: m 5;C gHD;A C I ki7 9+gjE 5;C � J A E C I V;f;C m���J A A�_;C'J 9;: E 7 9HE J 7 E C gjJ 9jE 5;C�f87 m F;C E�m A 7 : : J ` J C I�E <%b�7 fjE 5;C
7 f+f+I <Hf+I J 7 E C�f87 m F8C E :iJ 9HE <�E 5;J :im A 7 : : O

����� � � � � ��	�����	�� � ���

l�g+b�J : : J <+9&m <+9HE I <+A�J b�f;A C b�C 9HE :�E 5;Cjg+C m J : J <+9"7 A =+<HI J E 5;bwE 587 E�7$I <HD+E C I�<HI�5;<;: E�D8: C :�E <
g+C E C I b�J 9+C���5;C E 58C I�7�9;C �d` A <	� m 7 9$_;C$=HI 7 9HE C g ��J E 5;<HD+E�J b�f87 m E J 9+=jCH7 I A J C I�=HD87 I 7 9HE C C : O
l�g+b�J : : J <+9�m <+9HE I <+A�J :�J 9+B+<HF;C g�7 E C 7 m 5�9+<+g+C�E <�b�7 F;C�7�A <+m 7 A 7 m m C f+E � I C L C m E g+C m J : J <+9 ��5;C 9
7�5;<;: E8I C 
HD;C : E :�7�I C 7 A Y E J b�C�: C I B+J m C�7 A <+9+=�: <+b�C�f87 E 5�E 5+I <HD8= 5�E 5;C�G 9HE C I 9+C E O ]65;C�7 g+b�J : : J <+9
m <+9HE I <+A67 A =H<+I J E 5;b�b�D8: E _;C�m <+9;: J : E C 9HE���J E 5�E 5;C�: C I B+J m C�b�<+g+C A k87 9+g�J E6J :�A <+=+J m 7 A A K�f87 I E6<;`
E I 7 ` ` J m�m <+9HE I <+A O

G 9%7 g+g+J E J <+9$E <$C 9;: D+I J 9+=�E 587 E�e�<;V#= D87 I 7 9HE C C :�7 I C�b�C E k67 g+b�J : : J <+9jm <+9HE I <+A�J :�m <+9+m C I 9+C g
��J E 5^C 9+` <HI m J 9+="7 g+b�J 9+J : E I 7 E J B+Cjf;<+A J m J C :'<+9&I C : <HD+I m CjI C : C I B87 E J <+9;: O�V8<+b�Cjf;<+A J m J C :���J A A
g+C b�7 9+g^7 D+E 5;C 9HE J mH7 E J <+9"<+`�E 5;<;: CjI C 
HD8C : E J 9+=&I C : C I B;7 E J <+9;: O �C : J g+C : k�7 g+b�J : : J <+9^m <+9HE I <+A
f;A 7 K;:�7 9�J b�f;<HI E 7 9HE8I <+A C�J 9�7 m m <HD;9HE J 9+=�7 9+g�7 g+b�J 9+J : E I 7 E J B+C�I C f;<HI E J 9+=;O

��
�� 	 
 ��� � 
�� � � �� 
 �

@ 7 m F;C E6m A 7 : : J ` J C I�b�7 f8:�C 7 m 5'J 9+m <+b�J 9+=�f87 m F;C E6J 9HE <': <+b�C�m A 7 : : C : O ��5;<+J m C�<;`�7�m A 7 : :�b�7 K
_;C%_87 : C g"D+f;<+9&E 5;C#m <+9HE C 9HE :�<+`�E 5;C#C �+J : E J 9+=&f87 m F;C E�5;C 7 g+C I :$7 9+g � <HI�: <+b�C#7 g+g+J E J <+9;7 A
m A 7 : : J ` J m 7 E J <+9�9HD;b�_;C I�7 g+g+C g�E <�C 7 m 5�f87 m F;C E O
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�� 	 
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]65;C�f87 m F8C E�: m 5;C gHD;A C I�b�7 9;7 =+C :�E 5;C�` <HI ��7 I g+J 9;=�<+`�g+J ` ` C I C 9HE6f87 m F8C E�: E I C 7 b�:�D8: J 9+=�7�: C E
<+` 
HD;C D;C :�7 9+g�f;C I 587 f8:�<HE 5;C I�b�C m 5�7 9+J : b�:�A J F;C�E J b�C I : OHl�A A8f87 m F;C E :�J 9�E 5;C�: 7 b�C�m A 7 : :�=HC E
E 5;C : 7 b�C�E I CH7 E b�C 9HE&` I <+b{E 5;Cuf87 m F;C E": m 5;C gHD;A C I O$] 5;C�f87 m F8C E": m 5;C gHD;A C Iqb�D8: E&_;C
J b�f;A C b�C 9HE C g'7 E�E 5;C�f;<+J 9HE���5;C I C�f�7 m F;C E :�7 I C�
HD8C D;C g 	HE 5;J :�J :�E 5;C�<HD+E f+D+E6gHI J B+C I�A C B+C A <+`�7
E KHf;J m 7 A;<Hf8C I 7 E J 9;=�: K;: E C b'kH7 9+g�m <+I I C : f;<+9+g;:6E <�E 5;C�A J 9HF�A 7 K+C I f+I <HE <+m <+A O
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2.2.1.2
��. T R+0 � .�� � �+� � . �

� � 
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 � ��
 � � � � 
 =HD87 I 7 9HE C C :&E 587 E%g;7 E 7 =HI 7 b�:���J A Aj7 I I J B+C ��J E 5;J 9uE 5;Cp=HD87 I 7 9HE C C g
g+C A J B+C I KjE J b�Cj7 9+g ��J A A�9+<HE�_;C$g+J : m 7 I g+C g#gHD;C'E < 
HD;C D;C$<+B+C I ` A <	��: k ��5;J m 5#C 9;: D+I C :�E 5;C
` A <	� � :�E I 7 ` ` J m�: E 7 K;:���J E 5;J 9'J E :�: f;C m J ` J C g�E I 7 ` ` J m�f87 I 7 b�C E C I : O8]65;J :�: C I B+J m C�J :�J 9HE C 9+g+C g'` <HI
7 f+f;A J m 7 E J <+9;: ��5;J m 5%9+C C gj7�` J I b =HD87 I 7 9HE C C�E 587 E�7�g;7 E 7 =HI 7 b ��J A A�7 I I J B+C'9+<jA 7 E C I�E 587 9%7
m C I E 7 J 9�E J b�C�7 ` E C I�J E���7 :�E I 7 9;: b�J E E C g�_;K�J E :�: <HD+I m CHO;V;D;m 5�` <HI�C �87 b�f;A C�m 7 9�_;C�: <+b�C�I C 7 A Y
E J b�C�7 D;g+J < � B+J g+C <�7 f+f;A J m 7 E J <+9;: O

����	�� � ��� � 
 ����� ��
 � ��
 � � � � 
 J 9HE C 9+g;:�E <": D+f+f;<HI E�7�_+I <;7 g&m A 7 : :�<+`�7 f+f;A J m 7 E J <+9;:�E 587 E ��C I C
<HI J =HJ 9;7 A A K�g+C B+C A <Hf;C g�` <HI�E <+g87 K�� :�G 9HE C I 9+C E k;_+D+E�J :�5;J = 5;A K$: C 9;: J E J B+C�E <�9+C E ��<HI F$<+B+C I A <;7 g8O
��<+9HE I <+A A C g;Y A <;7 gr: C I B+J m C : E I J B+C :dE < 7 f+f+I <��;J b�7 E C E J = 5+E A KwE 5;C _;C 587 B+J <HIdB+J : J _;A C E <
7 f+f;A J m 7 E J <+9;:iI C m C J B+J 9+=�_8C : E Y C ` ` <HI E : C I B+J m C�gHD+I J 9;=�D;9+A <;7 g;C g�m <+9+g+J E J <+9;: O+] 5;J :�J b�f;A J C :iE 587 E
_;<HE 5�E 5;C�f87 m F;C E A <;: :iI 7 E J <�7 9+g�b�J 9+J b�D;bug+C A 7 K ��J A A�I C b�7 J 9�D;9+m 587 9;=HC g�I C =;7 I g+A C : :�<+`6E 5;C
<+B+C I 7 A A;A <;7 g�A C B+C A ��J E 5;J 9�E 5;C�9+C E ��<+I F�O

]i<'C 9;: D+I C�E 587 E6E 5;C : C�I C 
HD;J I C b�C 9HE :�7 I C�` D;A ` J A A C g8k : D+_8: m I J _8C I :�I C 
HD8C : E J 9+=�m <+9HE I <+A A C g;Y A <;7 g
: C I B+J m C�J 9+J E J 7 A A K�f+I <+B+J g+C�E 5;C�J 9HE C I b�C g+J 7 E C�9+C E ��<HI F%C A C b�C 9HE :���J E 5%7 9jC : E J b�7 E J <+9$<+`�E 5;C
g;7 E 7�E I 7 ` ` J m�E 587 E�E 5;C K ��J A A�=+C 9+C I 7 E CHO+G `6E 5;C�E I 7 ` ` J m�=+C 9+C I 7 E C g�_;K�E 5;C�: D+_8: m I J _;C I�: 5;<HD;A g�` 7 A A
<HD+E : J g+C�<+`�E 5;C�I C =HJ <+9�g+C : m I J _;C g'_;K'E 5;J :�g+C : m I J f+E J B+C�C 9+B+C A <Hf;CHk;E 5;C'e�<;V$f+I <+B+J g+C g'E <'E 5;C
: D+_8: m I J _;C I6b�7 K�g;C E C I J <HI 7 E C�J 9�E C I b�:i<+` g+C A 7 K�7 9+g�f87 m F;C E8A <;: : O

2.2.1.3 Problems

G 9HE V8C I B 7 I m 5;J E C m E D+I C I C f+I C : C 9HE :v7 ` D;9+g87 b�C 9HE 7 Aum 587 9+=+C E < E 5;Crm D+I I C 9HEdG 9HE C I 9+C E
7 I m 5;J E C m E D+I CHk���5;J m 5%J :�` <HD;9+g+C g%<+9$E 5;C�m <+9+m C f+E�E 587 E�7 A A�` A <	��Y I C A 7 E C g#: E 7 E C�J 9+` <HI b�7 E J <+9
: 5;<HD;A g�_;C�J 9�E 5;C�C 9+g�: K;: E C b�: O � < ��C B+C I6J E�b�C C E :�: <+b�C�f+I <H_;A C b�: 3

•
]65;C�7 b�<HD;9HE�<+`6: E 7 E C�J 9+` <HI b�7 E J <+9�J 9+m I C 7 : C :6f+I <Hf;<HI E J <+9;7 A A K���J E 5�E 5;C�9HD;b�_;C Ii<+`6` A <	��: O
]65;J :�f;A 7 m C :�7�5+D;=+C�: E <HI 7 =HC�7 9+g�f+I <+m C : : J 9+=�<+B;C I 5;CH7 g�<+9�E 5;C�I <HD+E C I : O;] 5;C I C ` <HI CHk+E 5;J :
7 I m 5;J E C m E D+I C�g+<+C :i9+<HE : mH7 A C ��C A A 	

•
]65;C�I C 
HD;J I C b�C 9HE�<+9jE 5;C�I <HD+E C I :�J :�5;J = 5�O l�A A�I <HD+E C I :�b�D8: E�587 B+C�a�V8��@6ki7 g+b�J : : J <+9
m <+9HE I <+A k f87 m F;C E�m A 7 : : J ` J m 7 E J <+98kH7 9+g�f�7 m F;C E�: m 5;C gHD;A J 9;= 	

•
��_;J 
HD;J E <HD8:�g+C f;A <+KHb�C 9HE�J :iI C 
HD;J I C g�` <HIi=HD87 I 7 9HE C C g�: C I B+J m CHO+G 9+m I C b�C 9HE 7 A�g+C f;A <+K+b�C 9HE
<+`'m <+9HE I <+A A C g;Y A <;7 g�: C I B+J m C#J :�f;<;: : J _;A C%_;K�g+C f;A <+K+J 9+=^m <+9HE I <+A A C g;Y A <;7 g�: C I B+J m C&7 9+g
a�V8��@%` D;9+m E J <+9;7 A J E K$7 E�E 5;C�_;<HE E A C 9+C m Fj9+<+g+C :�<+`�7�g+<+b�7 J 9$7 9+g�E D;9+9+C A J 9+='E 5;C�a�V8��@
b�C : : 7 =+C :i<+B+C I6<HE 58C I f87 I E :i<+`�E 5;C�g+<+b�7 J 98O

2.2.2
J?; E E 8(A(8(/.B ; -0B 8(O��=8�A(@I; H(8�1

��J ` ` V8C I B�� P [ � � P ����7 I m 5;J E C m E D+I CjJ :�_87 : C g&<+9^7j: J b�f;A Cjb�<+g+C A���5;C I C$E I 7 ` ` J mjC 9HE C I J 9;=&7
9+C E ��<HI FjJ :�m A 7 : : J ` J C gj7 9+g�f;<;: : J _;A K$m <+9+g+J E J <+9+C gj7 E�E 5;C�_;<HD;9+g87 I J C :�<;`�E 5;C�9+C E ��<HI F�k67 9+g
7 : : J =+9+C g�E <'g+J ` ` C I C 9HE6_;C 587 B+J <HI�7 =+=HI C =;7 E C : O$h�7 m 5'_;C 5�7 B+J <HI�7 =+=HI C =;7 E C�J :�J g+C 9HE J ` J C g�_;K$7
: J 9+=HA Cj��J ` ` C I C 9HE J 7 E C g"V8C I B+J m C :�m <+g+C f;<+J 9HE � ��V���@ � O �"J E 5;J 9&E 5;Cjm <HI Cj<+`�E 5;C%9+C E ��<HI F�k
f87 m F;C E :�7 I C�` <+I ��7 I g+C gj7 m m <HI g+J 9;='E <�E 5;C�f8C I Y 5;<Hf$_;C 587 B+J <HI � @ �  �d7 : : <+m J 7 E C g ��J E 5$E 5;C
��V���@6O�G h�] � ��J ` ` V8C I B �"<HI F;J 9+= ��I <HD+f g;C ` J 9+C :"E ��< @ � t=HI <HD+f8: 3�E 5;CuC �Hf;C g+J E C g
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` <HI ��7 I g+J 9+=�I C 
HD;J I C b�C 9HE k;: <�E 587 E _87 9+g	��J gHE 5'C 9+` <+I m C b�C 9HE6J :�m <+9;: J g+C I C g�b�C I C A K�7�E <+<+A�E <
7 m 5;J C B+C�E J b�C A K�` <HI ��7 I g+J 9+=8O

���
 � 
 
�� � � � � 
 
�	 �� ��	�� 
 
�� � � � � 
 ���
	 � � � � �

]65;C�b�7 J 9�E 7 I =HC E <+`6��a�]iY @ � &=HI <HD+f�J :iE <�f+I <+B+J g+C�7�m <+9;: J : E C 9HE 7 9+g�m A C 7 I�` I 7 b�C ��<HI F�` <HI
_+D;J A g+J 9+=jg+J ` ` C I C 9HE J 7 E C g#: C I B+J m C : O6] 5;J :�= I <HD+f%g;C ` J 9+C :�7�: K;: E C b ��J E 5%E ��<%@ � um A 7 : : C : k
C 7 m 5�<+`���5;J m 5�m <+b�f+I J : C :�: J ��g+J ` ` C I C 9HE A C B+C A :�<+`6J b�f;<HI E 7 9+m CHOH]65;C�E ��<�@ � &m A 7 : : C :�<+` ` C I
g+J : E J 9+m E J B+C A Kjg+J ` ` C I C 9HE�g+C A 7 K%m 587 I 7 m E C I J : E J m : 36E 5;C�I C 7 A Y E J b�C�m A 7 : :�J :�` <HI�` A <	��:�I C 
HD;J I J 9;=
I C 7 A Y E J b�Cq: C I B+J m CHk���5;J A C^E 5;C�9+<+98Y I C 7 A Y E J b�C�m A 7 : :&J :#` <HI#` A <	��: ��J E 5;<HD+Ej: E I J m E$g+C A 7 K
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I C 
HD;J I C b�C 9HE O�] 58C": J �qA C B+C A :$<+`�J b�f;<HI E 7 9+m C&<+` ` C I ��J g+C&g+K+987 b�J m :j` <HI$J b�f;A C b�C 9HE J 9;=
g+J B+C I : C^E I 7 ` ` J m Y m <+9HE I <+A�b�C m 587 9+J : b�:&7 9+gpf+I J m J 9;=u: m 5;C b�C : O�]65;C�` I 7 b�C ��<+I F�b�7 Ku_;C
b�<+g+J ` J C g%J `�9+C m C : : 7 I K8O � <HI�C �87 b�f;A CHki7�I C 7 A Y ��<HI A g%J b�f;A C b�C 9HE 7 E J <+9%m <HD;A g%m <+9;: J : E�<+`�7
A 7 I =+C I�9HD;b�_;C I�<+`�g+C A 7 K'm A 7 : : C :�<+I�J b�f;<HI E 7 9+m C�A C B+C A : k;_+D+E�g+C m I C 7 : J 9+='E 5;C : C�B;7 A D;C :�b�7 K
g+J A D+E C�E 5;C�D8: C ` D;A 9+C : :i<+`�E 5;C���a�]iY @ � #=HI <HD+f�O

��9+C#<+`�E 5;C&` D;9+g87 b�C 9HE 7 A�m <+9;m C f+E :$<+`�E 5;C&��a�]�Y @ �  =HI <HD+f�J :�E 5;C&9+<+b�J 9;7 A�_;J E�I 7 E C
�
�
�a � O�]65;C

�
�a g+C ` J 9+C :�E 5;C%I C A 7 E J B+C&7 b�<HD;9HE�<+`�I C : <HD+I m C :'E 587 E�7%m C I E 7 J 9^C 9HE J E K^J :

7 A A <	��C g�E <�<H_+E 7 J 9�` I <+b�E 5;C�9+C E ��<HI F�O G 9�E 5;J :im <+9HE C �HE k E 5;C�C 9HE J E K�m <HD;A g�_;C�7�` A <	��k f87 I E�<+`67
` A <	��kH7�m D8: E <+b�C I k+7�= I <HD+f�<+`6m D8: E <+b�C I : k <HI f8C I 587 f8:�7 9�C 9HE J I C�<HI =;7 9+J �H7 E J <+98O

2.2.3
J?; E E 8(A(8(/.H(8(1SU.8(B � 8(8(/�� /=B �=8(A�@5-0/.OQJ?; E E �=8�A(@

��J ` ` V8C I B�J :�: J =H9+J ` J m 7 9HE A K�g+J ` ` C I C 9HE8` I <+buG 9HE V8C I B�7 E;E ��<�f;<+J 9HE : 3

•
� J I : E k+g+J ` ` C I C 9HE J 7 E C g': C I B+J m C�J :�7 A A <+mH7 E C g�J 9�E 5;C�=HI 7 9HD;A 7 I J E K'<+`�7�m A 7 : : k+E 5;C�7 b�<HD;9HEi<+`
: E 7 E C�J 9+` <HI b�7 E J <+9�J :6f+I <Hf;<HI E J <+9;7 A8E <�E 5;C�9HD;b�_;C Ii<+`6m A 7 : : C :iI 7 E 5;C I6E 587 9�E 5;C�9HD;b�_;C Ii<+`
` A <	��: O ��J ` ` V8C I B�J :6E 5;C I C ` <HI C�b�<HI C�: m 7 A 7 _;A C�	

•
V8C m <+9+g8k8: <Hf+5;J : E J m 7 E C g'm A 7 : : J ` J mH7 E J <+98k;b�7 I F;J 9+=8k+f;<+A J m J 9+=8k87 9+g�: 587 f;J 9;=�<Hf;C I 7 E J <+9;:�7 I C
<+9+A K�9+C C g+C gq7 E�E 5;C#_;<HD;9+g;7 I K�<+`'E 5;C&9+C E ��<HI F�O���<HI C#I <HD+E C I :$9;C C g�<+9+A K^E <^587 B+C
_;C 587 B+J <HI�7 =+=HI C =+7 E C�m A 7 : : J ` J mH7 E J <+98O�]65;C I C ` <HI CHk�J E�J :�C 7 : J C I�E <$J b�f;A C b�C 9HE�7 9+g$g+C f;A <+K
g+J ` ` C I C 9HE J 7 E C g�: C I B+J m C : O

2.3
� #���� � . ,�� �	��. ��"$"�#$. �	�

]6I 7 ` ` J m C 9+=+J 9+C C I J 9+=vJ :pm <+9+m C I 9+C g ��J E 5 f;C I ` <HI b�7 9+m Cs<Hf+E J b�J � 7 E J <+9 <+`q<Hf;C I 7 E J <+9;7 A
9+C E ��<HI F8: O�G 9d=HC 9;C I 7 A k�J Ejm <+9;: J : E :&<+`%E 5;Cp7 f+f;A J m 7 E J <+9d<+`%E C m 5;9+<+A <+=+Kd7 9+g : m J C 9HE J ` J m
f+I J 9+m J f;A C :�E <�E 5;C�b�C 7 : D+I C b�C 9HE k8b�<+g+C A J 9+=8k8m 587 I 7 m E C I J �H7 E J <+98k�7 9+g�m <+9HE I <+Ai<+`�E 5;C�G 9HE C I 9+C E
E I 7 ` ` J mHO�] 58C#b�7 L <HI$=H<;7 A�<+`'E I 7 ` ` J m&C 9+=+J 9+C C I J 9+=�J :�E <�` 7 m J A J E 7 E C&C ` ` J m J C 9HE�7 9+g^I C A J 7 _;A C
9+C E ��<HI F$<Hf;C I 7 E J <+9;:���5;J A C�: J b�D;A E 7 9+C <HD8: A K�<Hf+E J b�J � J 9+=�9+C E ��<HI F�I C : <HD+I m C�D+E J A J �H7 E J <+9$7 9+g
E I 7 ` ` J m�f8C I ` <HI b�7 9+m CHO

� J : E <HI J m 7 A A K8k�C ` ` C m E J B+C$E I 7 ` ` J m%C 9+=+J 9+C C I J 9;=%5�7 :�_;C C 9"g+J ` ` J m D;A E�E <"7 m 5;J C B;CjJ 9&f+D+_;A J m%G @
9+C E ��<HI F8: k6gHD;C'E <$E 5;C�A J b�J E C g%` D;9+m E J <+9;7 A�m 7 f87 _;J A J E J C :�<+`�m <+9+B+C 9HE J <+9;7 A�G @&E C m 5;9+<+A <+=+J C : O
�D+E�I C m C 9HE�g+C B;C A <Hf;b�C 9HE :�J 9">#@8n�Vq<Hf;C 9^9+C �vf;<;: : J _;J A J E J C :�E <�7 g+gHI C : :j: <+b�C#<+`�E 5;C
A J b�J E 7 E J <+9;:�<+`�G @#: K;: E C b�:�m <+9+m C I 9+J 9+='E I 7 ` ` J m�C 9;=HJ 9+C C I J 9+= � P \ � � P ��� � M+Q � � M P � O ��<+9;: E I 7 J 9HE Y
_87 : C g�I <HD+E J 9+=�J :�7 9�J b�f;<HI E 7 9HE�E <+<+A8` <HIib�7 F;J 9+=�E 5;C�E I 7 ` ` J m�C 9+=+J 9+C C I J 9;=�f+I <+m C : :�7 D+E <+b�7 E J m
[22].
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2.3.1
��A(2IH(8(1 1S462IO=8(:

�60 �+S�T .
5

��T ��� � 0 ��. , �+0 ,�. . T 0 , � ��T ��� . � �i?��	��. �

l�:�J A A D8: E I 7 E C g'J 9 � J =HD+I C
5
k;E I 7 ` ` J m�C 9;=HJ 9+C C I J 9+=�f;I <+m C : :�b�<+g+C Aim <+9;: J : E :�<+`�` <HD+I�f+I 7 m E J m 7 A

functions.

���
�� ��� � � � 
�� � ��	 � � 
 � ��	�� � ��� � ��� � � ��� ] 5;C"m <+9HE I <+A�f;<+A J m Kqg+C f;C 9+g;:j<+9�E 5;C"9;C E ��<HI F
m <+9HE C �+E k�m <;: E�: E I D;m E D+I CHk�I C B+C 9HD;C%<HI�D+E J A J E K"b�<+g+C A k�<Hf;C I 7 E J 9+=&m <+9;: E I 7 J 9HE : k�7 9+g^: D;m m C : :
criteria.

���
�� ��� 
 � � 
�� � ��	 � � � �
�	�
 � � ��� 	 � � 
�� 
 � ] 5;J :jJ :$g+<+9+C#E 5+I <HD;=H5p7&: C E�<+`�b�<+9+J E <HI J 9;=
` D;9+m E J <+9;: O�G E�J :'E 5;C%` C C gH_�7 m F^m <+b�f;<+9;C 9HE�<+`�E 5;C%E I 7 ` ` J m#C 9+=+J 9+C C I J 9;=&f+I <+m C : : O�G E�b�7 K
J 9+m A D;g+C�f+I C f+I <+m C : : J 9;=�7 m E J B+J E J C :�: D;m 5�7 :ig;7 E 7�I C gHD;m E J <+9�7 9+g�g;7 E 7�E I 7 9;: ` <+I b�7 E J <+98O

���
 � �
�� 
�� � 
 � � � 
�� � ��	 � � � � 
 � �� � 
�	 � 
�	�
�� � � � � � � � �
 	�
 � � ��� 	 � � 
�� 
 � ]65;J :�` D;9+m E J <+9'm 7 9�_;C
7 m m <+b�f;A J : 5;C g�_;KpB;7 I J <HD8: 
HD87 A J E 7 E J B+C^7 9+g 
HD87 9HE J E 7 E J B+C&E C m 5;9+J 
HD8C : O�]65;C"E 7 I =+C E�J :jE <
J g+C 9HE J ` K�E 5;C�_;<HE E A C 9+C m F8:�7 9+g�f87 E 5;<+A <;=HJ C :6E 587 E�J b�f;C g+C�9;C E ��<HI F�f;C I ` <+I b�7 9+m CHO

� � � � � � � 
�� � ��	 � ��	�
 � � ��� 	 � 
 � � ��� � 
�	�� 
 � ] 5;J :�J :�7 m 5;J C B+C g�_;K�7 f+f;A KHJ 9;=�m <+9HE I <+A67 m E J <+9;: k;J `
9+C m C : : 7 I K8k E <�gHI J B+C�E 5;C�9;C E ��<HI F�E <�7�g+C : J I C g�: E 7 E C�7 m m <+I g+J 9+=�E <�E 5;C�m <+9HE I <+A;f;<+A J m K8O

2.3.2 Objectives
l^f+I 7 m E J m 7 A8` D;9+m E J <+9�<+`�E I 7 ` ` J m�C 9+=+J 9+C C I J 9+=�J 9�G @'9+C E ��<HI F8:�J :iE 5;C�b�7 f+f;J 9;=�<+` E I 7 ` ` J m�<+9HE <
E 5;C�9+C E ��<HI F�J 9+` I 7 : E I D;m E D+I C^E <u7 m 5;J C B;C�: f;C m J ` J m"f;C I ` <HI b�7 9;m C^<H_ L C m E J B+C : O�G E�I C 
HD;J I C :
f+I C m J : C^m <+9HE I <+A�<+B+C I$E 5;C"I <HD+E J 9+=q` D;9+m E J <+9�E <u7 m 5;J C B+C"E 5;C"<H_ L C m E J B+C : O�] 58C I C ` <HI C�7 9
C : : C 9HE J 7 A�I C 
HD;J I C b�C 9HEj` <HI#E I 7 ` ` J mqC 9;=HJ 9+C C I J 9+=�J 9dG @s9;C E ��<HI F8:"J :&E 5;Cpm 7 f87 _;J A J E KuE <
m <+b�f+D+E C$7 9+gjC : E 7 _;A J : 5&7�` <HI ��7 I g+J 9+=$f�7 E 5#` I <+bv<+9+C�9+<+g+C'E <#7 9+<HE 5;C I Oi] 5;J :�f87 E 5#b�D8: E
` D;A ` J A Au: <+b�CvI C 
HD;J I C b�C 9HE : k ��5;J A Cw7 A : <t: 7 E J : ` K+J 9+= 9+C E ��<HI Ftm 7 f87 m J E Kt7 9+grf;<+A J m K
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m <+9;: E I 7 J 9HE : O ��C 9+C I 7 A A K8k$f;C I ` <HI b�7 9+m C <H_ L C m E J B+C :pm 7 9 _;CdE I 7 ` ` J m Y <HI J C 9HE C g8kjI C : <HD+I m C Y
<HI J C 9HE C g�7 9+g�<Hf;C I 7 E J <+9;Y <HI J C 9HE C g8O

� � 
 � �� � � � � � 
 	�� 
 � � 
 � � ��� � 
�	�� 
 � � � 
 � � � � 
 �

]6I 7 ` ` J m Y <HI J C 9HE C g f;C I ` <HI b�7 9+m C <H_ L C m E J B+C :qI C A 7 E CdE < E 5;C J b�f+I <+B;C b�C 9HE^<+`^E 5;Cse�<;V
f+I <+B+J : J <+9+C g&E <^G 9HE C I 9+C E�E I 7 ` ` J mHO�]6I 7 ` ` J m Y <HI J C 9HE C g&f;C I ` <HI b�7 9;m C%b�C E I J m :�J 9+m A D;g+C%f87 m F;C E
A <;: : k�g+C A 7 K8k�g;C A 7 KuB;7 I J 7 E J <+98k�7 9+gpE 5+I <HD;=H5+f+D+E O�]65;C�C ` ` C m E J B+C 9+C : :&<+`$E I 7 ` ` J m Y <HI J C 9HE C g
f;<+A J m J C :�m 7 9"7 A : <#_;C$b�C 7 : D+I C g&J 9%E C I b�:�<+`�E 5;C$I C A 7 E J B+C$f+I <Hf;<HI E J <+9&<+`�<+` ` C I C g#E I 7 ` ` J m
7 m 5;J C B+J 9;=�E 5;C J I�f;C I ` <HI b�7 9+m C�I C 
HD;J I C b�C 9HE O8G 9�m 7 : C�E 587 E�V;n6l�:�7 I C�J 9+B+<+A B+C g8k8J E�J :�7�B+C I K
J b�f;<HI E 7 9HE�f87 I E <+`iE I 7 ` ` J m Y <+I J C 9HE C g�f;C I ` <HI b�7 9;m C�<H_ L C m E J B+C :�E <�f+I <HE C m E E I 7 ` ` J m�: E I CH7 b�:�E 587 E
m <+b�f;A K ��J E 5�E 5;C J IiV;n6l�:i` I <+b�E 5;<;: C�9+<+9;Y m <+b�f;A J 7 9HE���J E 5�E 5;C J IiV;n6l�: O

� 
 � � � � � 
 � � � � 
 	�� 
 � � 
 � � ��� � 
�	�� 
 � � � 
 � � � � 
 �

a�C : <HD+I m C Y <+I J C 9HE C g'f;C I ` <HI b'7 9+m C�<H_ L C m E J B+C :�I C A 7 E C�E <'E 5;C�<Hf+E J b�J � 7 E J <+9$<+`�E 5;C�D+E J A J � 7 E J <+9
<+`#9+C E ��<HI F 7 : : C E : O�h�` ` J m J C 9HE$I C : <HD+I m Cp7 A A <+mH7 E J <+9�J :&E 5;Cq_87 : J mu7 f+f+I <87 m 5dE < : C m D+I C
I C : <HD+I m C Y <HI J C 9HE C g�f;C I ` <HI b�7 9;m C�<H_ L C m E J B+C : O8G 9'=HC 9+C I 7 A k87�E I 7 ` ` J m�C 9;=HJ 9+C C I J 9;=': K;: E C bdm 7 9
_;C#I C m <+=+9+J � C gp7 :�� I 7 E J <+9;7 A ��<+9+A K ��5;C 9qJ E�m 7 9p7 g+gHI C : :$E I 7 ` ` J mHY <HI J C 9HE C g^f8C I ` <HI b�7 9+m C
f+I <H_;A C b�:�7 E;E 5;C�: 7 b�C�E J b�C�D+E J A J � J 9+=�9+C E ��<HI F�I C : <HD+I m C :iC ` ` J m J C 9HE A K8O

� � 
 � 
�� � ��	 � � � � 
 	�� 
 � � 
 � � ��� � 
�	�� 
 � � � 
 � � � � 
 �

��f;C I 7 E J <+9;Y <HI J C 9HE C g f;C I ` <HI b�7 9;m C�<H_ L C m E J B+C :�I C A 7 E CuE <sJ b�f+I <+B+J 9+= E 5;C�I C A J 7 _;J A J E K <+`
9+C E ��<HI Fq<Hf;C I 7 E J <+98O�>%D;A E J f;A C&` 7 J A D+I C#I C m <+B+C I Kq: m C 9;7 I J <;:jb�D8: E�_;C&g+C B+J : C g^E <qC 9;: D+I C
m <+9HE J 9HD;J E Kj` <+A A <	��J 9+=j9+C E ��<HI F%J b�f87 J I b�C 9HE : O�l�g;C 
HD87 E C'm 7 f87 m J E K%` <HI�: C I B+J m C'I C : E <HI 7 E J <+9
b�D8: E�_;Cjf+I <+B+J g+C g8O�] 5;C I C ` <HI CjE 5;C#<Hf;C I 7 E J <+9;7 A�m 7 f�7 _;J A J E K^b�D8: E�C �+J : E�E <^C �+f;C g+J E J <HD8: A K
I C I <HD+E C�E I 7 ` ` J m�E 5;I <HD8= 5�E 5;C�I C gHD;9+g;7 9HE6m 7 f87 m J E K���5;C 9'` 7 D;A E :�<+m m D+I O+a�C Y <Hf+E J b�J �H7 E J <+9�b�7 K
_;C�I C 
HD;J I C g�` <+A A <	��J 9+=�I C : E <HI 7 E J <+9�E <�b�7 F;C�b�<HI C�C ` ` C m E J B+C�D8: C�<+`�E 58C�I C : J gHD87 A;f;<;: : C Y ` 7 D;A E
m 7 f87 m J E K8O�G E'b�7 Kq_;C�7 g+B;7 9HE 7 =HC <HD8:jE <qD+E J A J � C�: D+_8: C E :%<+`�E 5;C&I C gHD;9+g;7 9HE�m 7 f87 m J E K�E <
J b�f+I <+B+C�9+C E ��<HI F�f;C I ` <HI b�7 9;m C�7 9+g�C ` ` J m J C 9+m K���5;C 9�E 5;C�9+C E ��<HI F�J :i` 7 D;A E Y ` I C CHO

2.4 � /�� ! . ��#$'�! '�,�'��	� ��
�"�� (�� . ! ,�-�. �	�
>#@8n�V � M;[ � � M ���6J :�7�` <HI ��7 I g+J 9+=�: m 58C b�CHOH@ 7 m F8C E :�7 I C�7 : : J =+9+C g�A 7 _;C A :�7 E�E 5;C�J 9+=HI C : :�<+`i7 9
>#@8n�V�Y m 7 f�7 _;A C#g+<+b�7 J 98O�V;D+_8: C 
HD;C 9HE�m A 7 : : J ` J m 7 E J <+98k�` <HI ��7 I g+J 9;=;k�7 9+g�: C I B+J m C :�` <HI�E 5;C
f87 m F;C E :�7 I C�_87 : C g�<+9�E 5;C�A 7 _;C A : O+>%@�niV$J :�C B+<+A B+C g'` I <+b ��J : m <�� :�]�7 ='V���J E m 5;J 9+=8O8G 9�E 5;C
<Hf;C 9#: K;: E C b�:�J 9HE C I m <+9+9+C m E J <+9 � ��V�G ��: C B+C 9;Y A 7 K+C I�b�<+g+C A k6J E�J :�_;C E ��C C 9%A J 9HF&A 7 K+C I�7 9+g
9+C E ��<HI F�A 7 K+C I O



e�D87 A J E K�<+`6V8C I B+J m C�J 9�E 5;C�G 9HE C I 9+C E

13

2.4.1
P?20/.H(8(K=B 1S20EG4 ��T �

�60 �+S�T .
6

!^�6��� ����� /�. - ��. �	��. T

h�7 m 5�>#@8n�V$f�7 m F;C Ei587 :�7�5;CH7 g+C I�7 :�: 5;<	��9$J 9 � J = D+I C
6
O ] 5;C�58C 7 g+C I�m <+9HE 7 J 9;:�7�M+Q8Y _;J E

A 7 _;C A k;7�[+Y _;J E m A 7 : :�<+`#: C I B+J m C � � ��V��i` J C A g8k;7�P Y _;J E A 7 _;C A6: E 7 m F'J 9+g+J m 7 E <HI � n�G ��7 9+g'7�\;Y _;J E
E J b�C�E <#A J B+C � ]6]6n ��` J C A g8O�] 5;C$>%@�niV"5;C 7 g;C I�J :�C 9+m 7 f8: D;A 7 E C g%_;C E ��C C 9%E 5;CjA J 9HF&A 7 K+C I
5;C 7 g+C I%7 9+g^E 5;C"9+C E ��<HI FqA 7 K+C I�5;C 7 g+C I O�lw>#@8n�V�Y m 7 f87 _;A C&I <HD+E C I$J :jm 7 A A C g�E 5;C&A 7 _;C A
: ��J E m 5;C g$I <HD+E C I�� n�V8a � OiG E�C �87 b�J 9+C :�<+9+A KjE 5;C'A 7 _8C A ��5;C 9%` <+I ��7 I g+J 9+=$E 58C'f87 m F;C E Oi] 5;C
9+C E ��<HI F"f+I <HE <+m <+A�mH7 9&_;C%G @p<HI'<HE 5;C I : O�] 5;J :�J :���5;K"J E�J :�m 7 A A C g"b�D;A E J f+I <HE <+m <+A�A 7 _;C A
switching.

>#@8n�V�9+C C g;:�7�A 7 _;C A�g+J : E I J _+D+E J <+9�f+I <HE <+m <+A � ni��@ � E <�g+J : E I J _+D+E C�A 7 _;C A :�` <HI�: C E E J 9;=�D+f�A 7 _;C A
: ��J E m 5;C g$f87 E 58:�� n�V8@ : � O >%@�niV#A 7 _;C A :�mH7 9%7 A : <$_;C'f;J =+=HKH_�7 m F;C g%J 9$I <HD+E J 9+= f+I <HE <+m <+A : O
>#@8n�V�niV8a�:6D8: C�ni��@ :6E <�9+C =+<HE J 7 E C�E 5;C�: C b�7 9HE J m :i<+` C 7 m 5�A 7 _;C A k E 587 E�J : k 5;<	�"E <�587 9+g+A C�7
f87 m F;C E���J E 5&7�f�7 I E J m D;A 7 I�A 7 _;C A�` I <+b E 5;C'f8C C I O6n�V8@^: C E Y D+f#mH7 9j_;C�m <+9HE I <+A Y gHI J B+C 9 � J O CHO k
E I J =+=HC I C g�_;K�m <+9HE I <+A;E I 7 ` ` J m�: D;m 5�7 :iI <HD+E J 9+=�D+f;g;7 E C �6<HIig;7 E 7 Y gHI J B;C 9 � J O CHO k E I J =+=HC I C g�_;K�E 5;C
I C 
HD;C : E6<+`�7�` A <	�q<HI�E I 7 ` ` J m�E I D;9HF � O;G 9�>%@�niV k�7�E I 7 ` ` J m�E I D;9HF�J :�7 9�7 =+=HI C =;7 E J <+9�<+`�` A <	��:
��J E 5�E 5;C�: 7 b�C�: C I B+J m C�m A 7 : :6E 587 E�mH7 9�_;C�f+D+E�J 9HE <�<+9+C�n�V8@6OH] 5;C�niV8@�_;C E ��C C 9�E ��<�I <HD+E C I :
m 7 9�_;C�E 5;C�: 7 b�C�7 :�E 5;C�9+C E ��<HI F�A 7 K+C Ii5;<Hf8Y _;K;Y 5;<Hf�I <HD+E CHk+<HIiE 5;C�: C 9+g+C Iin�V8a"m 7 9': f;C m J ` K
7 9jC �+f;A J m J E�I <HD+E C � hia ��` <HI�E 5;C'n�V8@6O ]65;C'm 7 f87 _;J A J E K$E <%: C E�D+fjh�a�:�J :�<+9+C'<+`�E 5;C�b�<;: E
D8: C ` D;A�` C 7 E D+I C :�<+`�>%@�niV O�ld` <HI ��7 I g+J 9;='E 7 _;A C�J 9+g;C �+C g�_;K$A 7 _8C A :�J :�m <+9;: E I D;m E C gj7 :�E 5;C
I C : D;A E'<+`�A 7 _;C A�g+J : E I J _+D+E J <+98O�h�7 m 5q` <HI ��7 I g+J 9;=^E 7 _;A C"C 9HE I Kp: f;C m J ` J C :$5;<	�wE <�f+I <+m C : :
f87 m F;C E :imH7 I I K+J 9+=�E 5;C�J 9+g+C �+J 9+=�A 7 _8C A : O

@ 7 m F;C E :�7 I C�m A 7 : : J ` J C g&7 9+gjI <HD+E C g&7 E�E 5;C$J 9+=HI C : :�n�V8a�:�<+`�7 9j>#@8n�V�Y m 7 f87 _;A C$g+<+b�7 J 98O
>#@8n�V$5;C 7 g+C I :�7 I C�E 5;C 9�J 9;: C I E C g8O��"5;C 9j7 9�niV8a�I C m C J B;C :�7�A 7 _8C A C g'f87 m F;C E k�J E ��J A AiD8: C
E 5;J :�A 7 _;C A�7 :�E 5;C$J 9+g+C �#E <#A <+<HF#D+f#E 5;C$` <HI ��7 I g+J 9;=jE 7 _;A CHO�] 5;C�f�7 m F;C E�J :�f+I <+m C : : C g"7 :
: f;C m J ` J C g�_;K�E 5;C�` <+I ��7 I g+J 9+=�E 7 _;A C�C 9HE I K8OH] 58C�J 9+m <+b�J 9+=�A 7 _;C A8J :6I C f;A 7 m C g�_;K�E 5;C�<HD+E =H<+J 9;=
A 7 _;C A k�7 9+gjE 5;C'f87 m F;C E�J :�: ��J E m 5;C gjE <jE 5;C�9+C �+E�n�V8a�OiG 9;: J g+C$7 9j>%@�n�V&g+<+b�7 J 98k6f87 m F;C E
` <HI ��7 I g+J 9+=8k6m A 7 : : J ` J m 7 E J <+98ki7 9+g : C I B+J m C�
HD87 A J E K&7 I C�g;C E C I b�J 9+C gj_;KjE 5;C�A 7 _;C A :�7 9+gjE 5;C
� ��V$` J C A g;: O8] 5;J :�b�7 F;C :�m <HI C�n�V8a�:�: J b�f;A CHO��C ` <HI C�7�f87 m F;C E�A C 7 B+C :�7 9'>%@�niVjg+<+b�7 J 98k
J E :6>#@8niV�A 7 _;C A;J :6I C b�<+B+C g8O

2.4.2
4 ��T ��� ���

�"5;C 9'7 9�n�V8@�587 :�_;C C 9�C : E 7 _;A J : 5;C g8k;J Eim 7 9�_8C�: C C 9'7 :�7�E D;9+9+C A E 5+I <HD8= 5'E 5;C�9+C E ��<HI F�O+l
f87 m F;C E � :�f87 E 5'm 7 9�_8C�m <+b�f;A C E C A K�g+C E C I b�J 9+C g�_;K�E 5;C�A 7 _;C A67 : : J =+9+C g�_;K�E 5;C�J 9;= I C : :�n�V8a�O
]65;C I C�J :�9+<�9+C C g'E <�C 9HD;b�C I 7 E C�C B;C I K�J 9HE C I b�C g+J 7 E C�I <HD+E C I�<+`�E 5;C�E D;9+9+C A O ��<+b�f87 I J 9+='E <
<HE 5;C I�E D;9+9+C A J 9+='b�C m 587 9+J : b�: k;>#@8n�V$J :�D;9+J 
HD;C�J 9�E 587 E�J Eim 7 9�m <+9HE I <+A6E 5;C�m <+b�f;A C E C�f87 E 5
<+`�7�f87 m F;C E���J E 5;<HD+E C �+f;A J m J E A K�: f;C m J ` K+J 9;=�E 5;C�J 9HE C I b�C g+J 7 E C�I <HD+E C I : O � C 9+m C�<+9+C�7 E E I 7 m E J B+C
7 f+f;A J m 7 E J <+9�<+`�>%@�niV�J :6_+D;J A g+J 9+=�D+f���J I E D87 A;@8I J B;7 E C

�
C E ��<HI F8: � ��@

�
: � � M���� O
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2.4.3
4 ��T �QJ?; E E �=8(A�@

�C mH7 D8: C�>%@�niV$J :�f87 E 58Y <HI J C 9HE C g8k;J EimH7 9�f;<HE C 9HE J 7 A A K�f;I <+B+J g+C�` 7 : E C I k;I C A J 7 _;A C�: C I B+J m C�E 587 9
m <+9+9+C m E J <+9+A C : : Y <HI J C 9HE C g���J ` ` V8C I B8O >#@8n�V�mH7 9�_;C�D8: C g�E <+=+C E 5;C I ��J E 5���J ` ` V8C I B�E <�f+I <+B+J g+C
_;C E E C I$e�<;V � M;U � O�G 9q: D8m 5p7 9q7 I m 5;J E C m E D+I CHk�n�V8@ :j7 I C&` J I : E�m <+9+` J = D+I C g^_;C E ��C C 9�C 7 m 5
J 9+=HI C : : Y C = I C : : f87 J I O � <HItn�V8@ � niV8a�P

→
n�V8a�M � 7 9+g{n�V8@ � niV8a�M

→
n�V8a�P � k E 5;C J I

J 9HE C I b�C g+J 7 E C�n�V8a�:�9+C C g�9+<HE _;C�I C m J f+I <;m 7 A O;G E6J :�A J F;C A K�E 587 E6` <HI�CH7 m 5'J 9+=HI C : : Y C =HI C : :�f87 J I k
7�: C f87 I 7 E C�n�V8@'J :im I C 7 E C g�` <HI6C 7 m 5�E I 7 ` ` J m�m A 7 : : O

]65;C�<Hf;C I 7 E J <+9�<+` E 5;C�I <HD+E C I :�J :i_87 : J m 7 A A K�E 5;C�: 7 b�C�7 :�J 9�E 5;C���V�Y ` J C A g;Y _87 : C g�7 I m 5;J E C m E D+I C
g+C : m I J _;C g�J 9

2.2.2
OHG 9�E 5;C�f+I <+m C : : J 9+=�<;`67�f87 m F;C E k E 5;C I C�7 I C�E 5+I C C�g+J ` ` C I C 9;m C : 3

•
l�E6E 5;C�J 9+=HI C : : k;J 9�7 g+g+J E J <+9�E <�7 A A E 5;C�f+I <+m C : : J 9;=�J 9�E 5;C���V�Y ` J C A g;Y _87 : C g�7 I m 5;J E C m E D+I CHk
7 9�>%@�niV�5;C 7 g+C I6J :iJ 9;: C I E C g�J 9HE <�E 5;C�f87 m F;C E 	

•
��<HI C�I <HD+E C I :�f+I <;m C : :�E 5;C�f87 m F;C E�_�7 : C g�<+9�J E :�A 7 _;C A 7 9+g � ��V�` J C A g�I 7 E 5;C IiE 587 9�J E :���V
field;

•
l�E�E 5;C"C = I C : : k�D;9+A C : :jJ 9HE C I Y g+<+b�7 J 9�n�V8@ :%7 I C"m <+9;` J = D+I C g8k�E 5;C">%@�n�Vp5;C 7 g;C IjJ :
removed.

�^J E 5&: D;m 5&7$: m 5;C b�CHk6E 5;C�>#@8n�V"C ` ` C m E�J :�m <+9+` J 9+C g ��J E 5;J 9%E 5;C$G V8@ :�E 587 E�D8: C�>#@8n�V O
�"5;C E 5;C I^7�f87 I E J m D;A 7 I^G V8@ � :�7 I m 5;J E C m E D+I CpJ :^��V�Y ` J C A g;Y _87 : C g <HI&>%@�niV�Y _87 : C g8k'J E#J :
E I 7 9;: f87 I C 9HE E <�<HE 5;C I�G V8@ : O;]65;C I C ` <+I CHk+E 5;C���V�Y ` J C A g;Y _87 : C g'7 9+g�>%@�niV Y _87 : C g�7 I m 5;J E C m E D+I C
m 7 9�C 7 : J A K�J 9HE C I <Hf8C I 7 E CHO

2.4.4
4 ��T �QF,A(-IE E ; H�N,/.3I; /.8(8(A�; /.3

>#@8n�V�J :�: E I 7 E C =HJ m 7 A A K^: J =H9+J ` J m 7 9HE�` <HI�E I 7 ` ` J m%C 9+=+J 9+C C I J 9+=8k�_;C m 7 D8: C%J E�m 7 9"f;<HE C 9HE J 7 A A K
f+I <+B+J g+C'b�<;: E�<+`�E 5;C'` D;9+m E J <+9;7 A J E K%7 B;7 J A 7 _;A C�` I <+bsE 5;C'<+B+C I A 7 Kjb�<+g+C A k J 9%7 9jJ 9HE C = I 7 E C g
b�7 9+9+C I kH7 9+g�7 E�7�A <	��C I6m <;: E;E 587 9�E 5;C�m D;I I C 9HE A K�m <+b�f8C E J 9+=�7 A E C I 9;7 E J B+C : O

]65;C$7 f+f;A J m 7 _;J A J E K%<;`�>%@�niV&E <jE I 7 ` ` J m$C 9+=+J 9+C C I J 9+=#m 7 9%_;C%7 E E I J _+D+E C g%E <%E 5;C$` <+A A <	��J 9+=
factors:

•
h �Hf;A J m J E'niV8@ : ��5;J m 5�7 I C^9+<HE�m <+9;: E I 7 J 9+C g�_;KqE 5;C"g;C : E J 9;7 E J <+9q_87 : C gp` <HI ��7 I g+J 9;=
f87 I 7 g+J =+b m 7 9j_;C�CH7 : J A K%m I C 7 E C gjE 5+I <HD;=H5#b�7 9HD87 A�7 g+b�J 9+J : E I 7 E J B+C$7 m E J <+9%<HI�E 5+I <HD8= 5
7 D+E <+b�7 E C g�7 m E J <+9�_;K�E 5;C�D;9+g+C I A K+J 9+=�f;I <HE <+m <+A : 	

•
n�V8@ :dm 7 9 f;<HE C 9HE J 7 A A K _;C C ` ` J m J C 9HE A Kwb�7 J 9HE 7 J 9+C g8k"7 9+g E I 7 ` ` J m E I D;9HF8:dmH7 9 _;C
J 9;: E 7 9HE J 7 E C g�7 9+g�b�7 f+f;C g�<+9HE <�n�V8@ : 	

•
lu: C E6<+`�7 E E I J _+D+E C :�mH7 9�_;C�7 : : <+m J 7 E C g���J E 5�I C : <HD;I m C :���5;J m 5'm <+9;: E I 7 J 9�E 5;C�f;A 7 m C b�C 9HE
<+` niV8@ :�7 9+g�E I 7 ` ` J m�E I D;9HF8: 	

•
>#@8n�Vq7 A A <	��:'` <HI�_;<HE 5"E I 7 ` ` J m#7 =+=HI C =;7 E J <+9^7 9+g"g+J : 7 =+=HI C =;7 E J <+9���5;C I C 7 :�m A 7 : : J m 7 A
g+C : E J 9;7 E J <+9�<+9+A K�_87 : C g�G @'` <HI ��7 I g+J 9+=�f;C I b�J E :i<+9+A K�7 =+=HI C =;7 E J <+9 	

•
G E�J :6I C A 7 E J B+C A K�C 7 : K�E <�J 9HE C =HI 7 E C�7�m <+9;: E I 7 J 9HE Y _87 : C g�I <HD+E J 9+=�` I 7 b�C ��<HI F ��J E 5�>#@8n�V 	

•
lr=+<+<+g�J b�f;A C b�C 9HE 7 E J <+9�<+`�>#@8n�Vpm 7 9�<;` ` C Ij: J =+9+J ` J mH7 9HE A K�A <	��C I$<+B;C I 5;CH7 g^E 587 9
m <+b�f;C E J 9+=�7 A E C I 9;7 E J B+C :i` <HI E I 7 ` ` J m�C 9+=+J 9+C C I J 9+=8O
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2.5
� '���� ! #���. ��! � � ��� "��	�+'�/�! . �	�

��<+9;: E I 7 J 9HE Y _87 : C g�I <HD+E J 9+=�J :iE <�m <+b�f+D+E C�f87 E 58:�` <HI6E I 7 ` ` J m�` A <	��: ��J E 5�b�D;A E J f;A C�m <+9;: E I 7 J 9HE :
J 9+m A D;g+J 9+=�e�<;V'm <+9;: E I 7 J 9HE : � I C 
HD;J I C b�C 9HE : �#7 9+g�f;<+A J m K�m <+9;: E I 7 J 9HE : O+]6<�g+C E C I b�J 9+C�7�f87 E 5�k
m <+9;: E I 7 J 9HE Y _87 : C g�I <HD+E J 9+=�m <+9;: J g+C I :�9+<HE�<+9+A K�9+C E ��<HI F�E <Hf;<+A <+=+K8k _+D+E 7 A : <�I C 
HD;J I C b�C 9HE :�<+`
E 5;C�` A <	��k I C : <HD+I m C :�7 B;7 J A 7 _;J A J E K�<+`�E 5;C�A J 9HF8: kH7 9+g�f;<;: : J _;A K�<HE 5;C I6f;<+A J m J C :�: f;C m J ` J C g�_;K�E 5;C
9+C E ��<HI F�7 g+b�J 9+J : E I 7 E <HI O

��<+9;: E I 7 J 9HE Y _87 : C gqI <HD+E J 9;=qJ :%I C m <;=H9+J � C gu7 :&7 9pC : : C 9HE J 7 A'C 9;7 _;A J 9+=pb�C m 587 9+J : b ` <HI#7
B;7 I J C E K#<+`�C b�C I =HJ 9;=#9+C E ��<HI F^: C I B+J m C :�: D;m 5^7 :'B+J I E D87 A�f+I J B;7 E Cj9+C E ��<+I F;J 9+="7 9+gze�<;V
: D+f+f;<HI E O8l�A <HE�<+` ��<HI F�587 :�_;C C 9�g+<+9+C�E <$J 9+B+C : E J =+7 E C�J E :�: J =+9+J ` J m 7 9+m C'7 9+g�J E :�<Hf;C I 7 E J <+9
7 : f;C m E : O;G 9�f87 I E J m D;A 7 I k+b�<;: E���<HI F�` <+m D8: C g'<+9�J E :�: f;C m J 7 A6m 7 : C

−
e�<;V�I <HD+E J 9+=8k ��5;J m 5�<+9+A K

m <+9;: J g+C I :�e�<;V�I C 
HD;J I C b�C 9HE :���5;C 9'g+C E C I b�J 9+J 9+=�I <HD+E C : O	�^C�_;C A J C B+C�J b�f;A C b�C 9HE J 9+=�e�<;V
I <HD+E J 9+=�J :�E 5;C�f+I J b�7 I Kj: E C f$E <�J b�f;A C b�C 9HE�m <+9;: E I 7 J 9HE Y _87 : C g�I <HD+E J 9+=���J E 5�E 5;C'` D;A A�: C E�<+`
m 587 I 7 m E C I J : E J m : O � C 9+m CHk J 9�E 5;C�I C : E�<+`�E 5;J :6E 5;C : J : k ��C ��J A A8<+9+A K�` <+m D8:i<+9�e�<;V�I <HD+E J 9;=;O
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3
��� � � ������� ����� � ���������������������

3.1 Introduction
]65;C$9+<HE J <+9#<+`�e�<;V&587 :�_;C C 9%f+I <Hf;<;: C g%E <&m 7 f+E D+I C�E 5;C 
HD87 A J E 7 E J B+C A K#<HI 
HD�7 9HE J E 7 E J B+C A K
g+C ` J 9+C g'f;C I ` <HI b�7 9;m C�m <+9HE I 7 m E�_;C E ��C C 9�E 5;C': C I B+J m C�f+I <+B+J g+C I�7 9+g'E 5;C�D8: C I�7 f+f;A J m 7 E J <+9;: O
]65;C�e�<;V$I C 
HD;J I C b�C 9HE :�<+`�7�m <+9+9+C m E J <+9$7 I C�=HJ B+C 9$7 :�7�: C E�<+`�m <+9;: E I 7 J 9HE :���5;J m 5$m 7 9'_;C
A J 9HF%m <+9;: E I 7 J 9HE : k�f87 E 5%m <+9;: E I 7 J 9HE :�<HI�E I C C'm <+9;: E I 7 J 9HE : � U � O l A J 9HF%m <+9;: E I 7 J 9HE�: f;C m J ` J C :�7
I C : E I J m E J <+9q<+9�E 5;C&D8: C"<+`$A J 9HF8: k�` <HIjC �87 b�f;A CHk�7&_87 9+g	��J gHE 5pm <+9;: E I 7 J 9HE'<+`j7&D;9+J m 7 : E
m <+9+9+C m E J <+9$I C 
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HD;J I C :�E 587 E�E 5;C
A <+9+=+C : E�C 9+g8Y E <;Y C 9+g�g+C A 7 K�` I <+bqE 5;C�: C 9+g+C I6E <�7 9+K�I C m C J B+C IiJ 9�E 5;C�E I C C�b�D8: E 9+<HE�C �;m C C g�7 9
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b�C m 587 9+J : b�D;9+g+C I ��5;J m 5'f87 E 58:�` <HI�` A <	��:�7 I C�g+C E C I b�J 9+C g�_�7 : C g'<+9$: <+b�C�F;9+<	��A C g;=HC�<+`
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D+E J A J �H7 E J <+98k 9+<+g+C�I C : <HD+I m C�m <+9;: D;b�f+E J <+98k g+C A 7 K�7 9+g�A 7 E C 9+m K8kH7 9+g�J 9+gHD;m C g�L J E E C I 	HO

� <	��C B+C Ii9+<�b�7 E E C I ��5;J m 5�g;C ` J 9+J E J <+9�J :�m <+9+m C I 9;C g8k E 5;C�_87 : J m�` D;9+m E J <+9�<+`ie�<;V�I <HD+E J 9+=�J :
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HD;J I C b�C 9HE :%<+`j` A <	��: ��5;J A C�7 m 5;J C B+J 9+=pC ` ` J m J C 9+m KpJ 9p9+C E ��<+I FpI C : <HD;I m C"D+E J A J �H7 E J <+98O
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I <HD+E J 9+=;O+V8<+b�C�E I 7 g;C <+` ` :i587 B+C�E <�_;C�b�7 g+CHO l�9+g�J 9�b�<;: E�m 7 : C : kHE 5;C�=+<;7 A�J :�9+<HE�E <�` J 9+g�E 5;C
_;C : E�: <+A D+E J <+98k _+D+E�7�B+J 7 _;A C�: <+A D+E J <+9 ��J E 5�7 m m C f+E 7 _;A C�m <;: E O

G 9�E 5;J :%m 587 f+E C I k���C"=+J B+C^7": D+I B+C Kp<+9�E 5;J :#: D+_ L C m E O�] 5;C^9+C �+E�: C m E J <+9�f+I C : C 9HE :jE 5;C
<H_ L C m E J B+C :�<+`�e�<;V&I <HD+E J 9+=8O�V8C m E J <+9&[;O [jf+I C : C 9HE :�E 5;C�I C 
HD;J I C b�C 9HE :�<+`�e�<;V&I <HD+E J 9+=&7 E
J 9HE I 7 Y g+<+b�7 J 9pA C B+C A$7 9+gpJ 9HE C I Y g+<+b�7 J 9pA C B+C A O�e�<;V�I <HD+E J 9;=qf+I <H_;A C b�:"7 9+gu7 A =H<HI J E 5;b�:
g+C : J =H9+C g�E <': <+A B+C�E 5;<;: C�f+I <H_;A C b�:�7 I C�g+C : m I J _;C g�J 9': C m E J <+9'[;O ��7 9+g'[;O �8k+I C : f;C m E J B+C A K8O;G 9
: C m E J <+9�[;O U;k���C�: D;b�b�7 I J � C�E 5;C�m D+I I C 9HE�: E 7 E D8:�<+`�e�<;V$I <HD+E J 9;=�I C : C 7 I m 5j7 9+g�g+J : m D8: :�E 5;C
` D+E D+I C�I C : C 7 I m 5�g+J I C m E J <+9;: O

3.2 � 
�� "$,�! . ��"���'��&%�'�(	�+'�/�! . �	�
��D+I I C 9HE G 9HE C I 9+C E�I <HD+E J 9+=�f;I <HE <+m <+A :�: D;m 5'7 : ��V8@ � k+a�G @6k;7 9+g� ��@j7 I C�_;C : E Y C ` ` <HI E�I <HD+E J 9+=
f+I <HE <+m <+A : Oi]65;C KjD8: C$7$: J 9+=+A C$<H_ L C m E J B+C$<Hf+E J b�J �H7 E J <+9&7 A =H<HI J E 5;b ��5;J m 5&m <+9;: J g+C I :�<+9+A K
<+9+C$b�C E I J mj: D;m 5"7 :�_87 9+g	��J gHE 5�k65;<Hf8Y m <HD;9HE�<HI�m <;: E�E <%` J 9+g#7 � : 5;<HI E C : E 	�f87 E 5&` <HI�C 7 m 5
E I 7 ` ` J mHO;] 58C I C ` <HI CHk;C B+C 9'J `iE 5;C I C�7 I C�: <+b�C�7 A E C I 9;7 E C�f87 E 58:�C �;J : E J 9+=8k+E 5;C K�7 I C�9+<HE6D8: C g�7 :
A <+9+="7 :�E 5;C K^7 I Cj9+<HE�E 5;C � : 5;<HI E C : E 	j<+9;C : O ��_;B+J <HD8: A K8k�<+9;CjgHI 7 ��_87 m F"<+`�E 5;J :�F;J 9+g"<+`
: m 5;C b�C�J :�E 587 E6J E6b�7 K�A C 7 g�E <�E 5;C�m <+9;=+C : E J <+9�<+`�: <+b�C�A J 9HF8: k	��5;J A C�: <+b�C�<HE 5;C I�A J 9HF8:�7 I C
9+<HE�` D;A A K�D8: C g8O
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G 9$7 g+g+J E J <+98k8gHD+I J 9+='g87 E 7�E I 7 9;: b�J : : J <+98k���5;C 9+C B;C I�E 5;C�9;C � � : 5;<HI E C : E 	�f87 E 5$J :�` <HD;9+g8k;E 5;C
_;C : E Y C ` ` <+I E I <HD+E J 9+=���J A A6: 5;J ` E E 5;C�E I 7 ` ` J m�E <�E 5;J :�f87 E 5'` I <+b�E 5;C�C 7 I A J C I�g+C ` J 9+C g � : 5;<HI E C : E 	
f87 E 5�O;] 5+D8: kHE I 7 ` ` J m�b�7 K�_;C�I <HD+E C g�_87 m F$7 9+g'` <HI E 5�_8C E ��C C 9�g+J ` ` C I C 9HE f87 E 58: O;] 5;J :�F;J 9+g'<+`
: 5;J ` E6J :�D;9+g+C : J I 7 _;A C�_;C mH7 D8: C�J E���J A A�_+I J 9+=�I <HD+E J 9+=�<;: m J A A 7 E J <+9;: ��5;C 9�E 5;C�I <HD+E J 9+=�J :�_87 : C g
<+9$b�C E I J m :�: D;m 5%7 :�7 B87 J A 7 _;A C�_87 9+g	��J gHE 5�O ] 5;C : C�<;: m J A A 7 E J <+9;:�b�7 Kjm 587 9+=+C�I 7 f;J g+A Kj` I <+b
E J b�C�E <�E J b�CHk87 9+g�E 5;C 9'J 9+m I C 7 : C�E 58C�B;7 I J 7 E J <+9�J 9�E 5;C�g+C A 7 K'7 9+g�L J E E C I�C �Hf;C I J C 9+m C g�_;K�E 5;C
C 9+g�D8: C I : O

e�<;VvI <HD+E J 9+='J :�: D+f+f;<;: C g'E <�: <+A B+C�<HI�7 B+<+J g'E 5;C�f;I <H_;A C b�:�b�C 9HE J <+9+C g$7 _;<+B+CHO8] 58C�b�7 J 9
<H_ L C m E J B+C :i<+`6e�<;V�I <HD+E J 9+=�� M��67 I C+3

•
]i<�b�C C E�E 5;C�e�<;V�I C 
HD;J I C b�C 9HE :�<+`6C 9+g�D8: C I : OHG 9�m 7 : C�E 5;C I C�7 I C�: C B+C I 7 A�` C 7 : J _;A C�f�7 E 58:
7 B;7 J A 7 _;A C#` <+I�7#=HJ B+C 9^` A <	��k�7jf87 E 5�J :$: C A C m E C g^g+K+9;7 b�J mH7 A A K^<HI�b�7 K"_;C&: C A C m E C g
: D+_ L C m E;E <�: <+b�C�f;<+A J m K�m <+9;: E I 7 J 9HE :�: D;m 5�7 :6f87 E 5�m <;: E k f+I <+B+J g+C Ii: C A C m E J <+98k C E mHO

•
]i<&<Hf+E J b�J � C$E 5;Cj9+C E ��<HI F&I C : <HD+I m C$D+E J A J � 7 E J <+98O�] 5;J :'J :'7 9&<H_ L C m E J B+Cj` I <+br: C I B+J m C
f+I <+B+J g+C I : 
 f;<+J 9HEi<+`�B+J C ��O+hiB;C I K�: C I B+J m C�f+I <+B+J g+C I ��7 9HE :�E <'b�7 �;J b�J � C�E 5;C�D+E J A J � 7 E J <+9
<+`�J E :�m D+I I C 9HE�9+C E ��<HI Fj` 7 m J A J E J C : O��C : J g+C : k8E 5;J :�J :�7 A : <j7�I C 
HD;J I C b�C 9HE�` I <+bs9+C E ��<HI F
C 9+=+J 9+C C I J 9+=�
 :�f;C I : f;C m E J B+CHO6e�<;VjI <HD+E J 9+=$J :�C �+f;C m E C g�E <$g+J I C m E�9+C E ��<HI FjE I 7 ` ` J m'J 9j7 9
C ` ` J m J C 9HE ��7 K�E <�b�7 �;J b�J � C�E 5;C�E <HE 7 A;9+C E ��<HI F�E 5+I <HD;=H5+f+D+E 	

•
]i<�=HI 7 m C ` D;A A K$g;C =HI 7 g+C�9+C E ��<HI F$f;C I ` <HI b�7 9+m C���58C 9�E 5;J 9+=+:�A J F;C�m <+9+=+C : E J <+9�587 f+f;C 98O
�"5;C 9�9+C E ��<HI F�J :iJ 9�5;C 7 BHK�A <;7 g8kHe�<;V�I <HD+E J 9;=�J :iC �Hf;C m E C g�E <�=+J B+C�_;C E E C I f8C I ` <HI b�7 9+m C
� CHO =;O�_;C E E C I�E 5+I <HD;=H5+f+D+E ��E 587 9$_;C : E Y C ` ` <HI E�I <HD+E J 9+=;k���5;J m 5%g+C = I 7 g+C :�E 5;C�f;C I ` <HI b�7 9+m C
dramatically.

3.3 � ��! # ��� ��' � ��. � �����*� ��! "$# � ��' � ��. �*%�'�(	�+'�/�! . �	�
e�<;V'I <HD+E J 9+=�J :�C �Hf;C m E C g�E <�_;C�7 f+f;A J C g�J 9HE <'G @$9+C E ��<HI F8:�7 E _;<HE 5�J 9HE I 7 Y g+<+b�7 J 9�A C B;C A67 9+g
J 9HE C I Y g+<+b�7 J 9dA C B+C A O�l�E%J 9HE I 7 Y g+<+b�7 J 9dA C B+C A k'J E%J :"J 9HE C 9+g+C gdE < 7 m m <+b�b�<+g;7 E Cpb�7 9+K
g+J ` ` C I C 9HE�I <HD+E J 9+=&: m 5;C b�C : J 9&<+9+Cjg+<+b�7 J 98O�] 58Cj9+C E ��<HI F"b'7 9;7 =+C I :�: 5;<HD;A g&587 B+C$E 5;C
` I C C g+<+bpE <�D8: C���587 E C B+C I�e�<;V�I <HD+E J 9;=�: m 5;C b�C�J 9;: J g+C�E 5;C�g+<+b'7 J 98k���5;J m 5�J :�J 9+g+C f;C 9+g+C 9HE
<+`�E 5;C�e�<;V�I <HD+E J 9+=�D8: C g'J 9�<HE 5;C I�g+<+b�7 J 9;: O;l�A : <8k8g+J B+C I : J E K'J :�C 9+m <HD+I 7 =+C g$7 EiE 5;J :�A C B+C A O
� <	��C B+C I k"7 9rJ 9HE I 7 Y g+<+b�7 J 9 e�<;VrI <HD+E J 9+=r: 5;<HD;A g 7 EqA CH7 : Eu: 7 E J : ` KwE 58Cv` <+A A <	��J 9;=
requirements:

•
]65;C�I <HD+E J 9+=�: m 5;C b�C�b�D8: E�I <HD+E C�7�` A <	�q7 A <+9;=�7�f87 E 5�E 587 E m 7 9�7 m m <+b�b�<+g;7 E C�J E :�e�<;V
I C 
HD;J I C b�C 9HE : k8J `�: D;m 5%7�f87 E 5$C �+J : E : O ��E 5;C I ��J : C�J E�J 9+g+J m 7 E C :�E 587 E�E 5;C�` A <	��m 7 9+9+<HEi_;C
admitted;

•
]65;CjI <HD+E J 9+=^: m 5;C b�C%b�D8: E�7 m m <+b�b�<+g;7 E Cj_;C : E Y C ` ` <HI E�` A <	��:���J E 5;<HD+E�7 9+K"I C : <HD;I m C
I C : C I B;7 E J <+9�I C 
HD;J I C b�C 9HE : O�] 587 E'J : k�f+I C : C 9HE�_8C : E Y C ` ` <HI E�7 f+f;A J m 7 E J <+9;:%7 9+g�f;I <HE <+m <+A
: E 7 m F8:ig+<�9+<HE8587 B+C�E <�_;C�m 587 9+=+C g�E <�I D;9�J 9�7�e�<;V�I <HD+E J 9+=�g+<+b'7 J 9 	

•
]65;C�I <HD+E J 9+=�: m 5;C b�C�b�D8: EiJ 9+g+J m 7 E C�g+J : I D+f+E J <+9;:�E <�E 5;C�m D+I I C 9HEif87 E 5�<+`�7�` A <	�pgHD8C�E <
E <Hf;<+A <+=+J m 7 A;m 5�7 9+=+C :�7 9+g�_+D;J A g�7 9�7 A E C I 9;7 E J B+C�f87 E 5�J ` <+9+C�C �;J : E : 	

•
]65;CjI <HD+E J 9+=^: m 5;C b�Cj5�7 :'E 5;C#m 7 f87 _;J A J E J C :�E <^<Hf+E J b�J � C%E 5;C%D+E J A J � 7 E J <+9^<+`'9+C E ��<HI F
resources;

•
]65;C�I <HD+E J 9+=j: m 5;C b�C'J :�C �Hf;C m E C g$E <�587 B;C�E 5;C'<Hf+E J <+9$<+`d: D+f+f;<HI E J 9+=$b�D;A E J m 7 : E�e�<;V
I <HD+E J 9+= ��J E 5�I C m C J B+C I 5;C E C I <;=HC 9+C J E K�7 9+g�: 587 I C g�I C : C I B;7 E J <+9�: E K+A C : O



e�<;V�a�<HD+E J 9+=�J 9�E 5;C�G 9HE C I 9+C E

18

G 9 7 g+g+J E J <+98k": <+b�C <HE 5;C I�m 7 f�7 _;J A J E J C : 7 I C 7 A : <wI C m <+b�b�C 9+g;C g8k&` <HIdC �;7 b�f;A C E 5;C
J b�f;A C b�C 9HE 7 E J <+9�<+`%5;J = 5;C I&A C B+C Aj7 g+b�J : : J <+9�m <+9HE I <+A�f+I <+m C gHD+I C�E <�A J b�J E$E 5;Cq<+B+C I 7 A A
I C : <HD+I m C�D+E J A J � 7 E J <+9�_;K�J 9+g+J B+J gHD87 A�` A <	��: O � D+I E 5;C I�I C 
HD;J I C b�C 9HE :�7 A <+9;='E 5;C : C�A J 9+C :�b�7 K
_;C�: f;C m J ` J C g8O+] 58C�I C 
HD;J I C b�C 9HE :�: 5;<HD;A g�m 7 f+E D+I C�E 5;C�m <+9;: C 9;: D8:�B+J C �q<+`�e�<;V'I <HD+E J 9+=8kH_+D+E
: 5;<HD;A g#9+<HE�f+I C m A D;g+C�f87 I E J m D;A 7 I�7 f+f+I <;7 m 5;C :�` I <+bv_;C J 9+=#J b�f;A C b�C 9HE C g8O�] 5+D8:�E 5;CjJ 9HE I 7 Y
g+<+b�7 J 9�e�<;V�I <HD+E J 9+=�I C 
HD;J I C b�C 9HE :�7 I C�C �Hf;C m E C g�E <�_;C�I 7 E 5;C I _+I <;7 g8O

G 9^m <+9HE I 7 : E k�7 9^J 9HE C I Y g+<+b�7 J 9�e�<;V^I <HD+E J 9+="J :�C �+f;C m E C g&E <"_;C#7 :j: J b�f;A C&7 :�f;<;: : J _;A CHO
V;E 7 _;J A J E K"7 9+g^: m 7 A 7 _;J A J E K^7 I CjE 5;C%b�<;: E�J b�f;<HI E 7 9HE�J : : D;C :$7 E�E 5;J :�A C B+C A O�] 5;C I C ` <+I CHk�E 5;C
I <HD+E J 9+=�m 7 9'9+<HE _;C�_87 : C g�<+9�5;J = 5;A K'g+K+987 b�J m�9+C E ��<HI F$: E 7 E C�J 9+` <HI b�7 E J <+98O8] 5;C�C �;m 587 9+=+C
<+`�e�<;V"I <HD+E J 9+=#J 9+` <HI b'7 E J <+9%_;C E ��C C 9&g+J ` ` C I C 9HE�I <HD+E J 9;=#g+<+b�7 J 9;:': 5;<HD;A g#_;C$I C A 7 E J B+C A K
: E 7 E J mHO � <	��C B+C I k�7 9 J 9HE C I Y g+<+b�7 J 9&e�<;V#I <HD+E J 9+=#: 5;<HD;A g&7 E�A CH7 : E�: 7 E J : ` K%E 5;C$` <+A A <	��J 9;=
requirements:

•
>&7 F;J 9+=�g+C E C I b�J 9;7 E J <+9�<+`���5;C E 58C Ii7�g;C : E J 9;7 E J <+9�J :6I C 7 m 5�7 _;A C�	

•
l�B+<+J g+J 9+=�I <HD+E J 9+=�A <+<Hf8: 	

•
V;D+f+f;<HI E J 9+=�7 g+gHI C : :�7 =+= I C =;7 E J <+9 	

•
>&7 F;J 9+=�g;C E C I b�J 9;7 E J <+9$<+`���5;C E 5;C I�E 5;C'e�<;V%I C 
HD;J I C b�C 9HE :�mH7 9�_;C�: D+f+f;<HI E C gj<+9�E 5;C
f87 E 5�E <�7�g+C : E J 9;7 E J <+9 	

•
>&7 F;J 9+=�g;C E C I b�J 9;7 E J <+9�<+`ib�D;A E J f;A C�f87 E 58:iE <�7�=+J B+C 9�g+C : E J 9;7 E J <+9�<Hf+E J <+9;7 A A K8kH_87 : C g�<+9
: C I B+J m C�m A 7 : : C : 	

•
>&7 f+f;J 9+=%I <HD+E J 9;=%f;<+A J m J C : � CHO =;O�b�<+9+C E 7 I K"m <;: E k�D8: 7 =HC#7 9+g"7 g+b�J 9+J : E I 7 E J B+Cj` 7 m E <HI : �
<+9HE <�` A <	�^b�C E I J m : O

>#<;: E�f+I <Hf;<;: C g^e�<;V^I <HD+E J 9+="7 A =H<HI J E 5;b�:'m <+9;m C 9HE I 7 E C#<+9"<+9+C%f87 I E J m D;A 7 I�f+I <H_;A C b 7 9+g
587 B+C%g+J ` ` C I C 9HE�7 : : D;b�f+E J <+9;:'<+`�9+C E ��<HI F^m <+9+g+J E J <+9;: O�] 5;C K^mH7 9&587 I g+A K���<+I F"E <+=+C E 5;C I O
� C 9+m CHk67�m <+b�b�<+9$` I 7 b�C ��<HI F$E 5�7 E�m 7 9j7 m m <+b�b�<+g;7 E C�g+J ` ` C I C 9HE�F;J 9+g;:�<+`�7 A =H<HI J E 5;b�:�J :
9+C C g+C g8O6G h�] � e�<;V%I <HD+E J 9+=j=HI <HD+f�� M��df+I <+B+J g+C :�: D;m 5#7'` I 7 b�C ��<+I F ��5;J m 5#m <+9;: J : E :�<+`
J 9HE I 7 Y g+<+b�7 J 9�A C B+C A87 9+g�J 9HE C I Y g+<+b�7 J 9�A C B+C A O

G 9�7 g+g+J E J <+98k+b�<;: E6C �+J : E J 9+='e�<;V'I <HD+E J 9+='7 A =+<HI J E 5;b�:�_;C A <+9+=�E <�E 5;C�J 9HE I 7 Y g+<+b�7 J 9'A C B+C A O;G 9
7�I C m C 9HE ��<HI F � M���� kr46587 9;=;k�@6O 7 9+g$c�7 9HE <+A 7 k�a�O�=;7 B+C'7�g+C E 7 J A C g$g+J : m D8: : J <+9j7 _;<HD+E�E 5;C
9+C C g;:�7 9+g�f+I <H_;A C b�:�<+`ie�<;V�I <HD+E J 9+=�7 E J 9HE C I Y g+<+b�7 J 9�A C B+C A O+] 5;C K�7 A : <�f+I <+B+J g;C g�7 9�J 9HE C I Y
g+<+b�7 J 9&e�<;V&I <HD+E J 9+=%b�<+g+C A�7 9+g f+I <Hf;<;: C g : <+b�C b�C m 587 9+J : b�:�` <HI�<Hf;C I 7 E J 9+=#J 9HE C I Y
g+<+b�7 J 9�e�<;V�I <HD+E J 9+=�J 9�7���J ` ` V8C I B�9+C E ��<+I F�O



e�<;V�a�<HD+E J 9+=�J 9�E 5;C�G 9HE C I 9+C E

19

3.4 %�'�(	�+'�/�! . �	� � #�'�
�� " � �

3.4.1 � �?8(B � 2IA(<	4620O.8(:

�60 �+S�T .
7

	�. - ���+T /�?��	��. � ��0 - � � 0 ,8/'� - �+- .

l�:�` 7 I�7 :�e�<;V�I <HD+E J 9+=�J :�m <+9;m C I 9;C g8k+7�9;C E ��<HI F�J :iD8: D87 A A K�b�<+g;C A C g�7 :�7�=HI 7 f+5
G=(N,E),��5;C I C

N
J :�7�: C E�<;`�9+<+g+C :�I C f+I C : C 9HE J 9+=j: ��J E m 58C : k�I <HD+E C I : ki7 9+g�5;<;: E :�7 9+g

E
J :�7': C E�<+`

m <+b�b�D;9+J m 7 E J <+9�A J 9HF8: O
|N|

7 9+g
|E|

g+C 9+<HE C�E 5;C�9HD;b�_;C I�<+`i9+<+g;C :�7 9+g�E 5;C�9HD;b�_;C I�<+`�A J 9HF8:
J 9^E 5;C&9+C E ��<HI F�I C : f;C m E J B+C A K8O � <+I�b�<;: E�I C 7 A�9;C E ��<HI F8:$E 5;C&m <+b�b�D;9+J m 7 E J <+9�A J 9HF8:j7 I C
7 : K+b�b�C E I J mHk�5;C 9+m C%C 7 m 5^A J 9HF�J :'I C f+I C : C 9HE C g&_;K"E ��<"g+J I C m E C g^C g;=HC :$J 9"E 5;C#<Hf+f;<;: J E C
g+J I C m E J <+9;: O ]65;C�C g;=+C :�7 I C�D;9+g+J I C m E C g�<+9+A K�J `�E 5;C�A J 9HF8:�7 I C�7 A ��7 K;:�: K+b�b�C E I J mHO

h�B+C I K^A J 9HF^587 :j7#: E 7 E C#b�C 7 : D+I C g^_;K"E 5;C"e�<;Vqb�C E I J m :$<+`'m <+9+m C I 9q: D;m 5p7 :�I C : J gHD87 A
_87 9+g	��J gHE 5�k6g+C A 7 K8k6g+C A 7 K�L J E E C I kim <;: E k I C : J gHD87 A�_+D;` ` C I�: f87 m Cj7 9+g#: <%<+98OiG 9jE 5;C�9+C E ��<+I F
b�<+g+C A 7 :�: 5;<	��9�J 9 � J =HD+I C

7
kHE 5;C�A J 9HF': E 7 E C�J :&7�E I J f;A C�m <+9;: J : E J 9+=�<+`iI C : J gHD87 A8_87 9+g ��J gHE 5�k

g+C A 7 K8ki7 9+gjm <;: E O6] 58C'm <;: E�<+`�7�A J 9HF%m 7 9$_;C'g;C ` J 9+C g%J 9jg+<+A A 7 I :�<HI�7 :�7'` D;9;m E J <+9j<+`�E 5;C
_+D;` ` C I�<+I�_87 9+g	��J gHE 5%D+E J A J � 7 E J <+98O6>%<HI C <+B+C I kiC 7 m 5#9+<+g+C'5�7 :�7�: E 7 E C�<+`�9+<+g+C'I C : <HD+I m C : k
CHO =;O k ��@ ��_87 9+g	��J gHE 5�O ] 5;C': E 7 E C�<+`�7�9+<+g+C�m 7 9�_;C'm <+9;: J g+C I C g$J 9jm <+9 L D;9+m E J <+9 ��J E 5$E 5;C
A J 9HF�: E 7 E CHO

3.4.2
P?: -I1 1 ; E ; H(-IB ; 2I/Q2IE��	2 ���?2IR=B ; /=3 ��A(2IU=: 8(LM1

e�<;V#I <HD+E J 9+=$f+I <H_;A C b�:�mH7 9j_;C�m A 7 : : J ` J C g%J 9HE <jE ��<#b�7 L <HI�m A 7 : : C : 3iD;9+J m 7 : E�I <HD+E J 9+=#7 9+g
b�D;A E J m 7 : EiI <HD+E J 9+= � [HQ�� O ��9+J m 7 : EiI <HD+E J 9+='f+I <H_;A C bsJ :�g+C ` J 9+C gj7 :�` <+A A <	��: 3 =+J B+C 9$7�: <HD+I m C
9+<+g+C

s
kH7�g+C : E J 9;7 E J <+9

t
kH7�: C E8<+`6e�<;V�m <+9;: E I 7 J 9HE :

C
kH7 9+g�f;<;: : J _;A K�7�f;<+A J m K

P
kH` J 9+g�E 5;C�_;C : E

` C 7 : J _;A C%f87 E 5�` I <+b
s
E <

t
��5;J m 5p: 7 E J : ` J C :

C
7 9+g�m <+b�f;A J C : ��J E 5

P
J `'J E�J :$J b�f;A J C g8O

>%D;A E J m 7 : E�I <HD+E J 9+=jf+I <H_;A C b J :�g+C ` J 9+C g&7 :�` <+A A <	��: 3�=HJ B+C 9"7$: <HD+I m Cjm <+g+C
s
k�7$: C E

R
<+`

g+C : E J 9;7 E J <+9$9+<+g+C : k67�: C E�<+`�e�<;V#m <+9;: E I 7 J 9HE :
C
k67 9+g�f;<;: : J _;A K%7�f;<+A J m K

P
k ` J 9+g$E 5;C�_8C : E

` C 7 : J _;A C�E I C C�m <+B;C I J 9;=
s
E <�7 A A 9+<+g+C :�J 9

R
��5;J m 5�: 7 E J : ` J C :

C
7 9+g�m <+b�f;A J C : ��J E 5 � J `�J E6J :

7 f+f;A J C g8Od>jD;A E J m 7 : E I <HD+E J 9+=�m 7 9�_;C�B+J C ��C g 7 :�E 5;C�=HC 9+C I 7 A J � 7 E J <+9�<+`iD;9+J m 7 : E I <HD+E J 9+=dJ 9
b�7 9+K�m 7 : C : OHa�<HD+E J 9+=�f;I <H_;A C b�:�m <+9+m C I 9+J 9;=�b�D;A E J m 7 : E�I <HD+E J 9+=�7 9+g�D;9+J m 7 : E8I <HD+E J 9+=�mH7 9�_;C
f87 I E J E J <+9+C g�J 9HE <�: D+_;m A 7 : : C :�7 m m <HI g+J 9;=�E <�E 5;C�e�<;V�_87 : C g�b�C E I J m :



e�<;V�a�<HD+E J 9+=�J 9�E 5;C�G 9HE C I 9+C E

20

3.4.2.1
�,�0 � �+� - ���+S�- 0 , ���6T �	� � . ?��

G 9�7jD;9+J m 7 : E�I <HD+E J 9;="g+<+b�7 J 98k�m <+9+m C I 9+J 9+=^b�C E I J m :�<+`�_87 9+g	��J gHE 5q7 9+g"I C : J gHD87 A�_+D;` ` C I
: f87 m CHk E 5;C�I <HD+E J 9+=�f+I <H_;A C b�:im 7 9�_;C�g+J B+J g+C g�J 9HE <�E ��<�: D+_;m A 7 : : C : 3

•
A J 9HF8Y <Hf+E J b�J �H7 E J <+9�I <HD+E J 9+=�3+l�9�C �87 b�f;A C�J :�_87 9+g	��J gHE 58Y <Hf+E J b�J � 7 E J <+9�I <HD+E J 9+=���5;J m 5�J :
E <�` J 9+g�7�f87 E 5�E 587 E;587 :6E 5;C�A 7 I =+C : E8_87 9+g	��J gHE 5�<+9�E 5;C�_;<HE E A C 9+C m F�A J 9HF�O

•
A J 9HF8Y m <+9;: E I 7 J 9+C g�I <HD+E J 9;=83Hl�9�C �87 b�f;A C�J :�_87 9+g	��J gHE 58Y m <+9;: E I 7 J 9+C g�I <HD+E J 9;= ��5;J m 5�J :�E <
` J 9+g�7�f87 E 5���5;<;: C�_;<HE E A C 9+C m F�_87 9+g	��J gHE 5�J :�7 _;<+B+C�7�I C 
HD;J I C g�B;7 A D8CHO

��<+9+m C I 9+J 9;=�<HE 5;C I�b�C E I J m :�: D;m 5'7 :�g+C A 7 K8kHg+C A 7 K�L J E E C I�7 9+g�m <;: E k E 5;C�I <HD+E J 9+=�f+I <H_;A C b�:�m 7 9
_;C�g+J B+J g+C g�J 9HE <�E ��<�: D+_;m A 7 : : C : 3

•
f87 E 58Y <Hf+E J b�J � 7 E J <+9�I <HD+E J 9+=�3'l�9�C �87 b�f;A C�J :�E 5;C�A C 7 : Eim <;: E6I <HD+E J 9+=���5;J m 5�J :�E <'` J 9+g�7
f87 E 5 ��5;J m 5�587 :6E 5;C�b�J 9+J b�D;bqm <;: E O

•
f87 E 58Y m <+9;: E I 7 J 9+C g�I <HD+E J 9+=�3�l�9�C �;7 b�f;A C�J :iE 5;C�g+C A 7 K;Y m <+9;: E I 7 J 9+C g�I <HD+E J 9;=���5;J m 5�J :%E <
` J 9+g�7�f87 E 5���5;<;: C�g;C A 7 K�J :6_;<HD;9+g+C g�_;K�7�I C 
HD;J I C g�B;7 A D;CHO

>&7 9HK�m <+b�f;<;: J E C�I <HD+E J 9+=�f+I <H_;A C b�:�m 7 9�_8C�g+C I J B;C g�` I <+bpE 5;C�7 _;<+B+C�` <HD+Ii_87 : J m�f+I <H_;A C b�: O
l�b�<+9+=�E 5;C b'k E 5;C I C�7 I C�E ��<

�
@ Y m <+b�f;A C E C�f+I <H_;A C bqm A 7 : : C : 3

•
f87 E 58Y m <+9;: E I 7 J 9+C gpf87 E 58Y <Hf+E J b�J � 7 E J <+9pI <HD+E J 9+=�3 l�9uC �87 b�f;A C�J :#g+C A 7 K;Y m <+9;: E I 7 J 9+C g
A C 7 : E Y m <;: E8I <HD+E J 9;= ��5;J m 5�J :6E <�` J 9+g�E 5;C�A C 7 : E Y m <;: E8f87 E 5���J E 5�_;<HD;9+g+C g�g+C A 7 K8O

•
b�D;A E J Y f87 E 58Y m <+9;: E I 7 J 9+C grI <HD+E J 9;=83^l�9 C �87 b�f;A C J :sg+C A 7 K8Y g+C A 7 K;Y L J E E C I Y m <+9;: E I 7 J 9+C g
I <HD+E J 9+= ��5;J m 5�J :6E <�` J 9+g�7�f87 E 5 ��J E 5�_;<HE 5�_;<HD;9+g+C g�g+C A 7 K�7 9+g�_;<HD;9+g;C g�g+C A 7 K�L J E E C I O

3.4.2.2
!"S � - 0 � �+� - ���+S�- 0 , ���iT �	� � . ?��

>%D;A E J m 7 : E^I <HD+E J 9+=vJ :�g+J ` ` C I C 9HE�` I <+b~D;9+J m 7 : E^I <HD+E J 9+=8O%G 9 b�D;A E J m 7 : E^I <HD+E J 9+=8k 7 9
<Hf+E J b�J �H7 E J <+9�<HI�7�m <+9;: E I 7 J 9HE6b�D8: E _;C�7 f+f;A J C g�E <�E 5;C�C 9HE J I C�E I C C�J 9;: E C 7 g'<+`�7�: J 9+=+A C�f�7 E 5�O
]65;C I C�7 I C�: C B+C I 7 A���C A A Y F;9+<	��9

�
@ Y m <+b�f;A C E C�b�D;A E J m 7 : E;I <HD+E J 9+=�f+I <H_;A C b�: 3

•
E I C C Y <Hf+E J b�J �H7 E J <+9$I <HD+E J 9+=836l�9jC �87 b�f;A C'J :�A C 7 : E Y m <;: E�b�D;A E J m 7 : E�I <HD+E J 9+= ��5;J m 5#J :�E <
` J 9+g�E 5;C�A C 7 : E Y m <;: E8E I C CHO G E�J :�7 A : <�F;9+<	��9�7 :6E 5;C�V;E C J 9+C I E I C C�f+I <H_;A C b'O

•
E I C C Y m <+9;: E I 7 J 9+C g'E I C C Y <Hf+E J b�J �H7 E J <+9'I <HD+E J 9+=�38l�9�C �;7 b�f;A C�J :�g+C A 7 K;Y m <+9;: E I 7 J 9+C g�A CH7 : E Y
m <;: EiI <HD+E J 9+=���5;J m 5$J :�E <�` J 9+g'E 5;C�A C 7 : E Y m <;: EiE I C C���J E 5�_;<HD;9+g+C g$g+C A 7 K8O G Ei_;C A <+9;=+:�E <
m <+9;: E I 7 J 9+C g�V;E C J 9+C I E I C C�f+I <H_;A C bpm A 7 : : C : O

•
b�D;A E J Y E I C C Y m <+9;: E I 7 J 9+C g I <HD+E J 9+=83ul�9 C �;7 b�f;A C J :rg+C A 7 K8Y g+C A 7 K;Y L J E E C I Y m <+9;: E I 7 J 9+C g
b�D;A E J m 7 : E�I <HD+E J 9+= ��5;J m 5#J :�E <#` J 9+g&7'E I C C ��J E 5#_;<HE 5#_;<HD;9+g+C g#g+C A 7 K&7 9+g%_;<HD;9+g+C g
g+C A 7 K�L J E E C I O

	 � � � � � � � ��� � � � 	
� � � � ��� ���� ��� 	
� � � � � � �
� � 	 � � �
��� � � �
� � � ��� � ���
�� � 	 �
��� ��� � � � �

3.5 %�'�(	�+'�/�! . �	� )�� ��'�#�. ! - � �

3.5.1
�?8��=R.; A(8(LM8(/.B 1SE 20A �	2 ���?2IR=B ; /.3 � : 3I2IA(; B +.LM1

]65;C I C�7 I C�: <+b�C�I C 
HD;J I C b�C 9HE :i` <HIi7�e�<;V�I <HD+E J 9+=�7 A =+<HI J E 5;b�3



e�<;V�a�<HD+E J 9+=�J 9�E 5;C�G 9HE C I 9+C E

21

•
��C 9+C I 7 A J E K�3�>jD;A E J b�C g+J 7%7 f+f;A J m 7 E J <+9;:'E C 9+g&E <"587 B+C%g+J B;C I : C&e�<;V^I C 
HD;J I C b�C 9HE :�<+9
_87 9+g	��J gHE 5�k g+C A 7 K8k g+C A 7 K�L J E E C I k6m <;: E k67 9+g%: <j<+98O � I <+bv7�9+C E ��<HI F%g;C : J =+9 
 :�f;<+J 9HE�<+`
B+J C ��k�J E���<HD;A g&_;Cj_;C 9+C ` J m J 7 A�E <"g+C B+C A <Hf�7j=+C 9+C I J m%I <HD+E J 9;=^7 A =+<HI J E 5;b J 9;: E C 7 g^<+`
J b�f;A C b�C 9HE J 9+=�g+J ` ` C I C 9HE I <HD+E J 9;=�7 A =H<HI J E 5;b�:�` <HI�g+J ` ` C I C 9HE6E KHf8C :�<+`�e�<;V'I C 
HD;J I C b�C 9HE :
J 9+g+C f;C 9+g+C 9HE A K8O'] 5;Cu=HC 9;C I J m�7 A =H<+I J E 5;bxm 7 f+E D+I C :"E 5;Cum <+b�b�<+9db�C : : 7 =HJ 9;= 7 9+g
m <+b�f+D+E 7 E J <+9;7 A�: E I D;m E D+I C�	

•
h �HE C 9;: J _;J A J E K836l�:�E 5;C�9;C E ��<HI F&J 9+` I 7 : E I D;m E D+I C$C B+<+A B+C :�7 9+g#m 7 f87 m J E K#J 9+m I C 7 : C : ki9+C �
7 f+f;A J m 7 E J <+9;:&_;C m <+b�C�f;<;: : J _;A CHO�]65;C I C ` <+I CHk�J EjJ :&J b�f;<HI E 7 9HE$E <�g+C : J =H9dC �+E C 9;: J _;A C
7 A =+<HI J E 5;b�: ��J E 5p7 g;7 f+E 7 _;J A J E J C :$E <�9+C � 7 f+f;A J m 7 E J <+9;: O��C m 7 D8: C ��J E 5qE 5;C&9+C E ��<HI F8:
_;C m <+b�J 9+= J 9+m I C 7 : J 9+=HA Kvm <+b�f;A C �8k$E 5;Cdg+C f;A <+K+b�C 9HE"<+`�9;C � I <HD+E J 9+=v7 A =H<HI J E 5;b�:
7 ` E C I ��7 I g;: ��J A A;_;C�m <;: E A K 	

•
V8J b�f;A J m J E K83%]65;Cs: J b�f;A J m J E K <+`p7�I <HD+E J 9;=v7 A =H<HI J E 5;b~J 9 E C I b�:u<+`^E J b�C � A <+=+J m 7 A
m <+b�f;A C �;J E K <+` E C 9 7 A A <	��:^C ` ` J m J C 9HE#J b�f;A C b�C 9HE 7 E J <+98k'g+C _+D8=+=HJ 9;=s7 9+g C B87 A D87 E J <+98O
V8J b�f;A J m J E Kq7 A : <qb�7 F;C :$E 5;C^7 A =+<HI J E 5;b C 7 : J C I�E <�_;C&D;9+g+C I : E <+<+g8k�b�7 J 9HE 7 J 9+C g8k�7 9+g
upgraded;

•
h�` ` J m J C 9+m K�7 9+g�: m 7 A 7 _;J A J E K�3�e�<;V�I <HD+E J 9+=�: 5;<HD;A g�_;C�C ` ` J m J C 9HE 7 9+g�: m 7 A 7 _;A CHO

G E6J :�9+<HE C g�E 587 Ei: <+b�C�I C 
HD;J I C b�C 9HE :�m <+9+` A J m E���J E 5'C 7 m 5'<HE 5;C I O ��9�E 5;C�<+9;C�587 9+g8k8C ` ` J m J C 9HE
7 A =+<HI J E 5;b�:�7 I C�9+C C g+C g$7 9+g�E 58C�7 A =H<HI J E 5;b�:�: 5;<HD;A g'_;C�: m 7 A 7 _;A C�C 9+<HD;=H5�E 587 EiE 5;C K$m 7 9'_;C
D8: C gsJ 9sE 5;C G 9HE C I 9+C E O ��9sE 5;Cd<HE 5;C I�587 9+g8k$E 5;C : C 7 A =H<+I J E 5;b�:u: 5;<HD;A g 9+<HE&_;C�E <+<
m <+b�f;A J m 7 E C g8O ]65;C I C ` <HI CHkH: <+b�C�E I 7 g+C <+` ` :ib�D8: E;_;C�b�7 g+C�_;C E ��C C 9�E 5;C b'O

3.5.2
�=B A(-0B 8(3I; 8(1S20E��?2IR.B ; /=3 � : 3I20A(; B +=LM1

niJ F;C�E 5;C�E I 7 g+J E J <+9;7 A�I <HD+E J 9+=8k6e�<;V%I <HD+E J 9+=$J 9+B+<+A B+C :�E ��<$_87 : J m�E 7 : F8: 3 � P ��m <+A A C m E J 9+=�E 5;C
: E 7 E C�J 9+` <HI b�7 E J <+9j7 9+g�F;C C f;J 9+=$J E�D+fjE <$g;7 E C�	 � M ��: C 7 I m 5;J 9;=�E 5;C': E 7 E C�J 9+` <HI b�7 E J <+9$` <HI�7
` C 7 : J _;A C�f87 E 5�J 9�D;9+J mH7 : E�I <HD+E J 9+=�<HI�7�` C 7 : J _;A C�E I C C�J 9�b�D;A E J m 7 : E I <HD+E J 9+=8O�G 9�<+I g+C IiE <�` J 9+g
7 9&<Hf+E J b�7 A�f87 E 5 � E I C C ��5;J m 5^: 7 E J : ` J C :�E 58C$m <+9;: E I 7 J 9HE : kiE 5;C%: E 7 E CjJ 9+` <+I b�7 E J <+9"7 _;<HD+E�E 5;C
J 9HE C I b�C g+J 7 E C�A J 9HF8:�_;C E ��C C 9%E 5;Cj: <HD+I m Cj7 9+g%g+C : E J 9;7 E J <+9 � : ��b�D8: E�_;C�F;9+<	��98O�V8C 7 I m 5;J 9+=
` <HI6E 5;C�` C 7 : J _;A C�f87 E 5 � E I C C�=HI CH7 E A K�g;C f;C 9+g;:�<+9�5;<	��E 5;C�: E 7 E C�J 9+` <HI b�7 E J <+9�J :�m <+A A C m E C g'7 9+g
��5;C I C�E 5;C�J 9+` <HI b�7 E J <+9�J :�: E <HI C g8OHl�m m <HI g+J 9;=�E <�5;<	��E 5;C�: E 7 E C�J 9+` <+I b�7 E J <+9�J :�b�7 J 9HE 7 J 9+C g
7 9+g'5;<	�qE 5;C�: CH7 I m 5$<+`�7�` CH7 : J _;A C�f87 E 5 � E I C C�J :�m 7 I I J C g'<HD+E k;E 5;C I C�7 I C�E 5+I C C�e�<;VvI <HD+E J 9+=
: E I 7 E C =HJ C : � [HQ�� 3�: <HD+I m C�I <HD+E J 9+=&: E I 7 E C =+K8k�g+J : E I J _+D+E C g%I <HD+E J 9+=&: E I 7 E C =HK"7 9+g%5;J C I 7 I m 5;J m 7 A
I <HD+E J 9+=�: E I 7 E C =+K8O h�7 m 5�: E I 7 E C =+K�587 :iJ E :�: E I C 9;= E 58:�7 9+g���C 7 F;9;C : : C : O

3.5.2.1
� �+S�T � .����+S�- 0 , ����- T �+- . �+)

G 9': <HD+I m C�I <HD+E J 9+=;k8C 7 m 5'9+<+g;C�J 9�7�9+C E ��<+I F�b�7 J 9HE 7 J 9;:�7�m <+b�f;A C E C�=+A <H_87 Ai: E 7 E C�J 9+m A D;g+J 9+=
E 5;Cj9+C E ��<HI F&E <Hf;<+A <+=HK"7 9+g": E 7 E CjJ 9+` <+I b�7 E J <+9&<+`�C B+C I K&A J 9HF�O�lv` C 7 : J _;A C$f87 E 5 � E I C C$E 587 E
: 7 E J : ` J C :�7�: C E�<+`�m <+9;: E I 7 J 9HE :�7 9+g'f;<;: : J _;A K$7 9�<Hf+E J b�J �H7 E J <+9�=+<;7 AiJ :�A <+m 7 A A K�m <+b�f+D+E C gj7 E
E 5;C�: <HD+I m C�9+<+g;C�_87 : C g�<+9�J E :�=+A <H_87 A : E 7 E CHO+] 58C 9�7�m <+9HE I <+A b�C : : 7 =HC�J :�: C 9HE6<HD+Ei7 A <+9;=�E 5;C
: C A C m E C g�f87 E 5 � E I C C�E <$J 9+` <HI b E 5;C�J 9HE C I b�C g+J 7 E C�9+<+g+C :�<+`�E 5;C J I�f+I C m C g+C 9HE�7 9+gj: D;m m C : : J B+C
9+<+g+C : O l^A J 9HF8Y : E 7 E C�f+I <HE <+m <+A8J :6D8: C g�E <�D+f;g;7 E C�E 5;C�=+A <H_87 A8: E 7 E C�7 E�C B+C I K�9+<+g+CHO

V8<HD+I m C�I <HD+E J 9;=#7 m 5;J C B+C :�J E :': J b�f;A J m J E K%_;K%E I 7 9;: ` <HI b�J 9+=&7$g+J : E I J _+D+E C g%f+I <H_;A C bwJ 9HE <&7
m C 9HE I 7 A J � C g�<+9+CHO��K�b�7 J 9HE 7 J 9+J 9+=�7�m <+b�f;A C E C�=+A <H_87 A : E 7 E CHk E 5;C�: <HD+I m C�9+<+g+C�m 7 A m D;A 7 E C :iE 5;C
C 9HE J I Cjf87 E 5^A <+m 7 A A K8O�G E�7 B+<+J g;:'g;C 7 A J 9+=���J E 5^g+J : E I J _+D+E C g^m <+b�f+D+E J 9+=&f+I <H_;A C b�:$: D;m 5q7 :
g+J : E I J _+D+E C g : E 7 E C : 9;7 f8: 5;<HE kqg+C 7 g+A <+m F g+C E C m E J <+98kp7 9+g g+J : E I J _+D+E C gtE C I b�J 9;7 E J <+98OqG E



e�<;V�a�<HD+E J 9+=�J 9�E 5;C�G 9HE C I 9+C E

22

=HD87 I 7 9HE C C :�A <+<Hf8Y ` I C C�I <HD+E C : O�>&7 9+Kj: <HD+I m C�I <HD+E J 9+=j7 A =+<HI J E 5;b�:�7 I C�m <+9+m C f+E D87 A A K%: J b�f;A C
7 9+g�C 7 : K�E <�J b�f;A C b�C 9HE k C B;7 A D�7 E CHk g+C _+D;=8kH7 9+g�D+f;=HI 7 g;CHO

� <	��C B+C I k+: <HD+I m C�I <HD+E J 9+=�5�7 :�: <+b�C�f+I <H_;A C b�: O � J I : E k E 5;C�=+A <H_87 A�: E 7 E C�b�7 J 9HE 7 J 9+C g�7 E�C B+C I K
9+<+g+C%587 :'E <&_;C%D+f;g;7 E C g^` I C 
HD;C 9HE A K^C 9+<HD;=H5"E <^m <Hf;C ��J E 5^E 5;C#g+K+9;7 b�J m :$<+`�9+C E ��<+I F
f87 I 7 b�C E C I :': D;m 5^7 :�_87 9+g	��J gHE 5^7 9+g&g+C A 7 K8O�]65;J :�b�7 F;C :�E 5;Cjm <+b�b�D;9+J m 7 E J <+9&<+B+C I 5;C 7 g
C �;m C : : J B+C A Kj5;J =H5%` <HI�A 7 I =+C Y : m 7 A C�9+C E ��<HI F8: OiV8C m <+9+g8k E 58C'A J 9HF&: E 7 E C$7 A =+<HI J E 5;bvm 7 9%<+9+A K
f+I <+B+J g+C"7 f+f+I <��;J b�7 E C&=HA <H_�7 A�: E 7 E C&gHD;C#E <^E 5;C&<+B+C I 5;C 7 gqm <+9+m C I 9p7 9+g�9+<+98Y 9+C =HA J =+J _;A C
f+I <Hf87 =;7 E J <+9$g+C A 7 K$<+`�E 5;C': E 7 E C�b�C : : 7 =+CH: O�l�:�7�m <+9;: C 
HD;C 9;m CHk e�<;VjI <HD+E J 9+=$b�7 Kj` 7 J AiE <
` J 9+g&7$` CH7 : J _;A C$f87 E 5 � E I C CjgHD;C$E <%E 5;CjJ b�f+I C m J : J <+9#J 9#E 5;Cj=HA <H_87 A�: E 7 E C$D8: C g8O�]65;J I g8kiE 5;C
m <+b�f+D+E 7 E J <+9�<+B+C I 5;C 7 g$7 EiE 5;C�: <HD+I m C�J :�C �;m C : : J B+C A K'5;J = 5�O�] 5;J :�J :�C : f;C m J 7 A A K�E I D;C�J 9'E 5;C
m 7 : C�<+` b�D;A E J m 7 : E;I <HD+E J 9+=�<HI���58C 9�b�D;A E J f;A C�m <+9;: E I 7 J 9HE :�7 I C�J 9+B+<+A B+C g8O

3.5.2.2
��0 � - T 0 ��S�- . �����+S�- 0 , ����- T �+- . �+)

G 9�g+J : E I J _+D+E C g�I <HD+E J 9+=8kHE 5;C�f�7 E 5 � E I C C�J :�m <+b�f+D+E C g�_;K�7�g+J : E I J _+D+E C g'm <+b�f+D+E 7 E J <+98O ��<+9HE I <+A
b�C : : 7 =+C :�7 I C�C �+m 587 9;=HC g$7 b�<+9+='E 5;C�9+<+g+C : k 7 9+g�E 5;C': E 7 E C�J 9+` <HI b�7 E J <+9'F;C f+E�7 E�9+<+g+C :�J :
m <+A A C m E J B+C A K'D8: C g$` <HI�E 58C�f87 E 5 � E I C C': C 7 I m 5�O�>%<;: E�g+J : E I J _+D+E C g�I <HD+E J 9+=j7 A =+<HI J E 5;b�:�9+C C gj7
g+J : E 7 9+m C�B+C m E <HI�f+I <HE <+m <+AiE <$b�7 J 9HE 7 J 9j7�=HA <H_87 A�: E 7 E C�J 9�E C I bs<;`�g+J : E 7 9+m C�B+C m E <HI�7 E�C 7 m 5
node.

��J : E I J _+D+E C g�I <HD+E J 9+=�7 m 5;J C B+C :iJ E :�: m 7 A 7 _;J A J E K�7 9+g�b�7 F;C :iE 5;C�I <HD+E J 9;=�I C : f;<+9;: C�E J b�C�: 5;<HI E C I
_;Kjg+J : E I J _+D+E J 9+=�E 5;C�f�7 E 5 � E I C C�m <+b�f+D+E 7 E J <+9%7 b�<+9+=�E 5;C�J 9HE C I b�C g+J 7 E C'9+<+g;C :�_;C E ��C C 9$E 5;C
: <HD+I m C�9+<+g+C�7 9+g�g+C : E J 9;7 E J <+9�9+<+g+C � : � O+>%<HI C <+B+C I k+J 9�g+J : E I J _+D+E C g�I <HD+E J 9+=;k8: C 7 I m 5;J 9+=�f87 E 58:
J 9�f87 I 7 A A C A8` <HI�7�` C 7 : J _;A C�<+9+C�J :ib�7 g+C�f;<;: : J _;A CHk���5;J m 5�J 9;m I CH7 : C :6E 5;C�m 587 9+m C�<+`6: D;m m C : : O

��J : E I J _+D+E C g�I <HD+E J 9+=�7 A =H<HI J E 5;b�: ��5;J m 5�g+C f8C 9+g�<+9�E 5;C�=+A <H_87 A : E 7 E C�: 587 I C�b�<HI C�<HI�A C : :�E 5;C
: 7 b�C�f+I <H_;A C b�:�7 :�: <HD+I m C�I <HD+E J 9;=�7 A =H<HI J E 5;b�:6587 B+CHOH]65;C�g+J : E I J _+D+E C g�7 A =H<HI J E 5;b�: ��5;J m 5�g+<
9+<HE69+C C g�7 9+K�=+A <H_87 A : E 7 E C�E C 9+g�E <�: C 9+g�b�<HI C�b�C : : 7 =+C : O+G E6J :�g+J ` ` J m D;A E E <�g+C : J =+9�C ` ` J m J C 9HE
g+J : E I J _+D+E C gd5;C D+I J : E J m :�` <HI�E 5;C

�
@ Y m <+b�f;A C E C�I <HD+E J 9+=�f+I <H_;A C b�: k8C : f;C m J 7 A A K'J 9�E 5;C�m 7 : C�<+`

b�D;A E J m 7 : E�I <HD+E J 9+=;k^_;C m 7 D8: C�E 5;C I C�J :�9+<jg+C E 7 J A C gtE <Hf;<+A <+=+K#7 9+g%A J 9HF8Y : E 7 E C�J 9+` <+I b�7 E J <+9
7 B;7 J A 7 _;A CHO8G 9�7 g+g+J E J <+98k ��5;C 9�E 5;C�=+A <H_87 A6: E 7 E C :�7 E6g+J ` ` C I C 9HE69+<+g+C :�7 I C�J 9+m <+9;: J : E C 9HE k;A <+<Hf8:
b�7 K�<;m m D+I O l�A <+<Hf�m 7 9�CH7 : J A K�_8C�g+C E C m E C g ��5;C 9�7�I <HD+E C g�b�C : : 7 =+C�J :iI C m C J B+C g�_;K�7�9+<+g+C
` <HI�E 5;C#: C m <+9+g&E J b�CHO � <	��C B+C I k�A <+<Hf8:�=+C 9+C I 7 A A K"b�7 F;CjE 5;CjI <HD+E J 9+={` 7 J A�_;C mH7 D8: CjE 5;C
g+J : E 7 9+m C%B+C m E <HI�f+I J 9+m J f;A C%g+<+C :�9+<HE�f+I <+B+J g;C#: D;` ` J m J C 9HE�J 9+` <HI b�7 E J <+9"` <HI�7 9�7 A E C I 9;7 E J B+C
path.

3.5.2.3
��0 . T �+T � ��0 � ���8���+S�- 0 , ����- T �+- . �+)

G 9�5;J C I 7 I m 5;J m 7 A8I <HD+E J 9+=8kH9+<+g+C :�7 I C�m A D8: E C I C g�J 9HE <�=HI <HD+f8: ��5;J m 5'7 I C�` D+I E 5;C I�m A D8: E C I C g�J 9HE <
5;J =H58Y A C B;C A�=HI <HD+f8:�I C m D+I : J B+C A K8k�m I C 7 E J 9;=�7#b�D;A E J A C B+C A�5;J C I 7 I m 5;K8O�h�7 m 5�f+5;K;: J m 7 A�9+<+g+C
b�7 J 9HE 7 J 9;:�7 9^7 =+=HI C =;7 E C g&=+A <H_87 A�: E 7 E CHO�]65;J :�: E 7 E C%m <+9HE 7 J 9;:'g+C E 7 J A C g^: E 7 E C%J 9+` <+I b�7 E J <+9
7 _;<HD+E�E 5;C�9+<+g+C :�J 9$E 5;C�: 7 b�C�= I <HD+f#7 9+g%7 =+=HI C =+7 E C g%: E 7 E C'J 9+` <HI b�7 E J <+9%7 _;<HD+E�E 5;C'<HE 5;C I
=HI <HD+f8: O6V8<HD+I m C�I <HD+E J 9+=$J :�D8: C g$E <j` J 9+g%7�` C 7 : J _;A C�f87 E 5 � E I C C'<+9 ��5;J m 5#: <+b�C'9+<+g;C :�7 I C
A <+=+J m 7 A69+<+g+C :�I C f+I C : C 9HE J 9+='=HI <HD+f8: O+l�m <+9HE I <+A6b�C : : 7 =+C�J :�E 5;C 9$: C 9HE�7 A <+9+=�E 5;J :�f87 E 5 � E I C C
E <�C : E 7 _;A J : 5�E 5;C�m <+9+9+C m E J <+98O

� J C I 7 I m 5;J m 7 A�I <HD+E J 9+= : mH7 A C : ��C A A�_;C m 7 D8: C$C 7 m 5#9+<+g+C$<+9+A K%b�7 J 9HE 7 J 9;:�7'f87 I E J 7 A�=+A <H_87 A
: E 7 E C���5;C I C'=HI <HD+f8:�<+`�9+<+g;C :�7 I C'7 =+= I C =+7 E C gjJ 9HE <$A <+=+J m 7 A�9+<+g+C : O ]65;C�: J � C'<+` : D;m 5#7 9



e�<;V�a�<HD+E J 9+=�J 9�E 5;C�G 9HE C I 9+C E

23

7 =+=HI C =;7 E J <+9$: E 7 E C�J :�A <+=;7 I J E 5;b�J m�J 9'E 5;C�: J � C�<+`�E 5;C�m <+b�f;A C E C�=+A <H_87 A�: E 7 E CHO��"C A A Y : E D;g+J C g
: <HD+I m CjI <HD+E J 9+=}7 A =H<HI J E 5;b�:�m 7 9&_8C%g+J I C m E A K&D8: C g^<+9"C 7 m 5"5;J C I 7 I m 5;J m 7 A�A C B+C A�E <^` J 9+g
` C 7 : J _;A C%f87 E 58:'_87 : C g"<+9{E 5;C&7 =+=HI C =;7 E C g�: E 7 E CHO � C 9+m CHk�5;J C I 7 I m 5;J m 7 A�I <HD+E J 9+="I C b�7 J 9;:
b�7 9+K'7 g+B;7 9HE 7 =+C :�<+`�: <HD+I m C�I <HD+E J 9+=8O;G Ei7 A : <�587 :�: <+b�C�7 g+B;7 9HE 7 =+C :�<+`ig+J : E I J _+D+E C g�I <HD+E J 9;=
_;C m 7 D8: C�E 58C�I <HD+E J 9+=�m <+b�f+D+E 7 E J <+9�J :�: 587 I C g�_;K�b�7 9HK�9+<+g;C : O

� <	��C B+C I k$_;C mH7 D8: CdE 5;Cd9;C E ��<HI Fw: E 7 E C J :�7 =+=HI C =;7 E C g 7 g+g+J E J <+9;7 A A K8kjJ b�f+I C m J : J <+9vJ :
J 9HE I <+gHD;m C g8k ��5;J m 5�587 :�7�9+C =;7 E J B+C�J b�f87 m E�<+9�e�<;V�I <HD+E J 9+= � [HM�� O

3.5.3
�	2 ���?20R.B ; /.3 � : 3I2IA(; B +=LM1

]65;C I C'7 I C�b�7 9+K'f;I <Hf;<;: C g$e�<;V$I <HD+E J 9;=�7 A =H<HI J E 5;b�: O��"C�=+J B+C�7�A J : E^<+`�E 5;C b ��J E 5$E 5;C J I
b�7 J 9�` C 7 E D+I C : O ] 5;C�b�<HI C�g+C E 7 J A C g�m <+9HE C 9HE�m 7 9�_;C�` <HD;9+g�J 9�� [HQ�� � [�P �i7 9+g�E 5;C J I I C ` C I C 9+m C : O

3.5.3.1
�,�0 � �+� - ���+S�- 0 , ��� � �	�+T 0 - �8?��

���	� � .
1

�,�0 � �+� - T �+S�- 0 , ����� �	�+T 0 - �8?��
��� ����� � � � 	 
 � � �
��� ��� �  � � 
 ���� � � � � 
 � � � � � � � � ����� � 
 � � �

��� � � �  �
��� � 
 � � �
� 
 � 	 
  � �

��� ��

Complexity Maintaining� 
 	 
  Routing

Wang-Crowcroft
[33]

Bandwidth-delay-
constrained

Source O(vlogv+e) Global Zero

Bandwidth-
constrained

Source O(vlogv+e) Global ZeroMa-Steenkiste
[34]

Multi-constrained Source O(kve) Global Zero

Bandwidth-
constrained

Source O(vlogv+e) Global ZeroGuerin-Orda
[32]

Delay-
constrained

Source Polynomial Imprecise
Global

Zero

Chen-Nahrstedt
[35]

Bandwidth-cost-
constrained

Source O(xve)3 Imprecise
Global

Zero

Wang-Crowcroft
[33]

Bandwidth-
optimization

Distributed O(ve) Global O(v)

� 	 � 	 ��	� 
 	 �  

[36]
Delay-constrained
least-cost

Distributed O(v3) Global O(v3)4

Sun-Landgengorfer
[37]

Delay-constrained
least-cost

Distributed O(v) Global O(v)

��� ! � �� 
 	 �  

[38]
Generic Distributed O(e) Global O(e)

Shin-Chou
[39]

Delay-constrained Distributed O(e) Local O(e)

Chen-Nahrstedt
[40]

Generic Distributed O(e) Local O(e)

PNNI
[41]

Generic Hierarchical Polynomial Aggregated O(v)
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3.5.3.2
!"S � - 0 � �+� - ���+S�- 0 , ��� � �	�+T 0 - �8?��

���	� � .
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!"S � - 0 � �+� - T �+S�- 0 , ����� �	�+T 0 - �8?��
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Complexity Maintaining� 
 	 
  Routing

MOSPF
[42]

Least-delay Source O(vlogv) Global Zero

��� �� 
 	 �  
[43]

Least-cost Source O(gv2) Global Zero

Takahashi-� 	 
 % � � 	 �,	�� � � � Least-cost Source O(gv2) Global Zero
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Delay-constrained
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Source O(gv3d) Global Zero
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Widyono
[46]
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Least-cost

Source Exponential Global Zero
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Least-cost
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g+C A 7 K�L J E E C I k 5;<Hf8Y m <HD;9HE k m <;: E k I C A J 7 _;J A J E K � O

4.2.2.3
���+, ����0 ��- ���+, �'� � �

�

� �+S�,�- �+�i!". - T 0 � �

l�b�<+9+=uE 5;Cqm <+b�b�<+9uI <HD+E J 9+=ub�C E I J m :"J 9 e�<;VdI <HD+E J 9+=;k�b�7 9+K�f;C <Hf;A Cq_;C A J C B+C�E 587 E
_87 9+g	��J gHE 5�7 9+g�5;<Hf8Y m <HD;9HE�7 I C�b�<HI C�D8: C ` D;A O ]65;J :iJ :6_;C m 7 D8: C+3

•
l�A E 5;<HD;=H5�7 f+f;A J m 7 E J <+9;:�b�7 K�m 7 I C�7 _;<HD+E�g+C A 7 K�7 9+g�L J E E C I6_;<HD;9+g;: kH` C �q7 f+f;A J m 7 E J <+9;:�m 7 9
9+<HE8E <+A C I 7 E C�<+m m 7 : J <+9;7 A�B+J <+A 7 E J <+9�<+`6: D;m 5�m <+9;: E I 7 J 9HE : O ]65;C I C ` <HI CHk E 58C I C�J :�9+<�<H_;B+J <HD8:
9+C C g$` <HI�I <HD+E J 9+=j` A <	��: ��J E 5%g+C A 7 Kj7 9+g�L J E E C I�m <+9;: E I 7 J 9HE : O��C : J g+C : k6: J 9+m C�g+C A 7 Kj7 9+g
L J E E C I�f87 I 7 b�C E C I :�<+`�7�` A <	��m 7 9�_;C�g+C E C I b�J 9+C g'_;K�E 5;C�7 A A <+m 7 E C g'_87 9+g	��J gHE 5%7 9+g'E 5;C
5;<Hf8Y m <HD;9HE <+`iE 5;C�f87 E 5�k+g;C A 7 K'7 9+g�L J E E C I�mH7 9�_;C�b�7 f+f;C g�E <�_87 9+g	��J gHE 5�7 9+g�5;<Hf8Y m <HD;9HE
m <+9;: E I 7 J 9HE :iJ ` 9+C C g;C g 	

•
>&7 9HKqI C 7 A Y E J b�C^7 f+f;A J m 7 E J <+9;: ��J A A�I C 
HD;J I C�7&m C I E 7 J 9u7 b�<HD;9HE'<+`�_87 9+g ��J gHE 5�O�] 5;C
_87 9+g	��J gHE 5$b�C E I J m�J :�E 5;C I C ` <HI C�D8: C ` D;A O8] 5;C�5;<Hf8Y m <HD;9HEib�C E I J m�<+`�7�f87 E 5$J :�J b�f;<HI E 7 9HE
_;C m 7 D8: C%E 5;C&b�<HI C#5;<Hf8:j7%` A <	� E I 7 B;C I : C : k�E 5;C&b�<HI C%I C : <HD;I m C :$J E�m <+9;: D;b�C : O � <HI
C �87 b�f;A CHk;7�P >%_ � :�` A <	��E 587 E E I 7 B+C I : C :�E ��<�5;<Hf8:�m <+9;: D;b�C :�E ��J m C�7 :�b�7 9+K�I C : <HD+I m C :
7 :i<+9+C�E 587 E;E I 7 B+C I : C :�7�: J 9+=+A C�5;<Hf�O

G 9'7 g+g+J E J <+98k+7 A =+<HI J E 5;b�:�` <HIi` J 9+g+J 9+=�f�7 E 58: ��J E 5�_87 9+g	��J gHE 5'7 9+g�5;<Hf8Y m <+D;9HE m <+9;: E I 7 J 9HE :�7 I C
I 7 E 5;C I�: J b�f;A C � �;\ � 3 �C A A b�7 9;Y � <HI g � :�7 A =+<HI J E 5;b�<HI���J L F8: E I 7 � :�7 A =+<HI J E 5;b�m 7 9�_;C�D8: C g8O � <HI
C �87 b�f;A CHkiE <#` J 9+g%E 5;C%: 5;<HI E C : E�f87 E 5&_;C E ��C C 9#E ��<&9+<+g+C :���J E 5&_87 9+g	��J gHE 5"=HI CH7 E C I�E 587 9
P >%_ � : k67 A A�A J 9HF8: ��J E 5$I C : J gHD87 A�_87 9+g	��J gHE 5jA C : :�E 587 9"P >j_ � :sm 7 9$_;C�f+I D;9+C g%` J I : E O6] 5;C 9
�C A A b�7 9;Y � <HI g�� :�7 A =H<+I J E 5;b�<HI���J L F8: E I 7 � :�7 A =+<HI J E 5;b�mH7 9�_;C�D8: C g�E <�m <+b�f+D+E C�E 5;C�: 5;<HI E C : E
f87 E 5�J 9�E 5;C�f+I D;9+C g�9+C E ��<HI F�O
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4.2.2.4
�6�+- �'���+?���S�- �+- 0 �+,�!��	��.

e�<;Vqf87 E 58:jm 7 9^_;C&C J E 5;C I$m <+b�f+D+E C g�<+9�g+C b�7 9+g�<HI�f+I C Y m <+b�f+D+E C g8O l�9�<+9;Y g+C b�7 9+g
7 f+f+I <;7 m 5'm <+b�f+D+E C :�E 5;C�f87 E 5'` <+I�CH7 m 5'9+C ��I C 
HD;C : E���5;C 9�J Ei7 I I J B+C : O;G E 587 :�E 5;C�_8C 9+C ` J Ei<+`
_;C J 9+=�7 _;A C�E <�7 A ��7 K;:�D8: C�E 5;C�b�<;: E6I C m C 9HEiJ 9+` <HI b�7 E J <+98O � <	��C B+C I k8J `�I C 
HD;C : E :�7 I I J B+C�E <+<
` I C 
HD;C 9HE A K8k�E 5;J :�7 f+f+I <;7 m 5%b�7 Kj: 5;<	�dm <;: E A KjC B+C 9jJ `�E 5;C�7 A =+<HI J E 5;b J :�<+`�I C A 7 E J B+C A KjA <	�
m <+b�f;A C �;J E K8O8@8I CHY m <+b�f+D+E 7 E J <+9$7 f+f+I <87 m 5�J :�E <�m <+b�f+D+E C�7�e�<;V�I <HD+E J 9+=�E 7 _;A C�J 9$7 g+B;7 9+m CHO
� <	��C B+C I k : J 9+m C�E 5;C�I C : <HD+I m C�I C 
HD;C : E :�7 I C�9+<HEiF;9+<	��9�J 9j7 g+B;7 9+m CHk : D;m 5%7�I <HD+E J 9+='E 7 _;A C
9+C C g;:�E <sf+I C Y m <+b�f+D+E C 7 9+g : E <HI Cdb�D;A E J f;A C 7 A E C I 9;7 E J B+C�f87 E 58:qE < C 7 m 5vg+C : E J 9;7 E J <+98k
f;<HE C 9HE J 7 A A K�` <HI�7 A A8f;<;: : J _;A C�B;7 A D;C :�<+`6I C : <HD+I m C�I C 
HD;C : E : O+]65;J :�b�7 K': 5;<	�qJ 9+C ` ` J m J C 9HE�_;<HE 5
J 9�E C I b�:i<+`�f+I <+m C : : J 9+=�7 9+g�: E <HI J 9+=�J ` b�<;: E8<+`�E 5;C�f+I C Y m <+b�f+D+E C g�f87 E 58:�7 I C�9+<HE;D8: C g8O

h�7 m 5"m <+b�f+D+E 7 E J <+9"7 f+f+I <;7 m 5^: 5;<	��:'J E :': E I C 9;= E 58:�7 9+g&gHI 7 ��_87 m F8: k�J E�J :�587 I g#E <�L D;g;=HC
��5;J m 5�<+9+C�J :6_;C E E C I O �<HE 5�9+C C g�b�<+I C�J 9+B+C : E J =+7 E J <+9;: O

4.2.3
�?20R.B ; /.3 �	A�-0/.R.: -IA(; B C

e�<;V^I <HD+E J 9+="m 7 9"_;C%g+C : E J 9;7 E J <+9;Y _87 : C g8k�: <HD+I m C Y g+C : E J 9;7 E J <+9;Y _87 : C g8k�m A 7 : : Y _87 : C g8k�E I 7 ` ` J m
E I D;9HF8Y _87 : C g8k�<HIi` A <	��Y _87 : C g � M+M�� � ����� O

��C : E J 9;7 E J <+9;Y _87 : C gjI <HD+E J 9+=8kiCHO =;O k6I <HD+E J 9+=%J 9%E 5;C$m D+I I C 9HE�G 9HE C I 9+C E kiJ :�_87 : C g%<+9+A K&<+9jE 5;C
g+C : E J 9;7 E J <+9q7 g+gHI C : :$<+`$7%f87 m F8C E kvE 5;C 9q7 9qJ 9HE C I b�C g+J 7 E C#I <HD+E C I ��J A A�I <HD+E C^7 A A�` A <	��:
_;C E ��C C 9ug+J ` ` C I C 9HEj: <HD+I m C :"7 9+g�7^=+J B+C 9ug+C : E J 9;7 E J <+9�7 A <+9+=pE 58Cq: 7 b�C^f87 E 5�O�]65;J :&J :
7 m m C f+E 7 _;A C&J `�E 5;C&J 9	
HD;J I C g f87 E 5�587 :%7 g;C 
HD87 E C"m 7 f87 m J E K8k�<HE 5;C I ��J : C&E 5;C I C ��J A A�_;C"7
m <+9+=+C : E J <+9�f+I <H_;A C bqC B+C 9�E 5;<HD;=H5�E 5;C I C�b�7 K�_8C�7 9+<HE 5;C I f�7 E 5�E 587 E8587 :iC 9+<HD;=H5�mH7 f87 m J E K8O

V8<HD+I m C Y g+C : E J 9;7 E J <+9;Y _�7 : C g$I <HD+E J 9+=8k CHO =8O k f+I <Hf;<;: C gjJ 9 � UHQ�� k���5;J m 5%J :�_87 : C gj<+9j_;<HE 5jE 5;C
: <HD+I m C�7 9+g�g;C : E J 9;7 E J <+9�<+`�7�f87 m F;C E k�J b�f;A J C :�E 587 Ei7 A A�E I 7 ` ` J m�_;C E ��C C 9'7�=HJ B+C 9': <HD+I m C�7 9+g
g+C : E J 9;7 E J <+9�E I 7 B+C A :�g+<	��9�E 5;C�: 7 b�C�f87 E 5�O8G E�7 A : <�587 :�m <+9;=+C : E J <+9�f+I <H_;A C b ��5;C 9�E 5;C�f87 E 5
g+<+C :�9+<HE�587 B+Cj7 g;C 
HD87 E C$m 7 f87 m J E K8O�G 9&7 g+g+J E J <+98k6E 5;Cj7 b�<HD;9HE�<+`�I <HD+E J 9;=#: E 7 E C$J 9+m I C 7 : C :
: J 9+m C"E 5;C"I <HD+E J 9;=qE 7 _;A C :#b�D8: E$J 9+m A D;g+C�: <HD+I m C � g+C : E J 9;7 E J <+9pf87 J I :#J 9;: E C 7 gp<+`�L D8: E'E 5;C
destination.

� A <	��Y _87 : C g�I <HD+E J 9;=�J :6_87 : C g�<+9�J 9+g+J B+J gHD87 A8` A <	��: kH7 9+g�C 7 m 5�` A <	� ��J E 5�e�<;V�I C 
HD;J I C b�C 9HE :
J :iI <HD+E C g�: C f87 I 7 E C A K�_;C E ��C C 9�7 9+K�: <HD+I m C�7 9+g�g+C : E J 9;7 E J <+98O � A <	��Y _87 : C g�I <HD+E J 9+=�m 7 9�7 B+<+J g
E 5;C�m <+9;=HC : E J <+9'f+I <H_;A C bdE 587 E�<HE 5;C I�E ��<'I <HD+E J 9+=�: m 5;C b�C :�587 B;CHO8l�9�C �;J : E J 9+=�` A <	��Y _87 : C g
I <HD+E J 9+="J :�J 9&E 5;C#G 9HE V8C I B^7 I m 5;J E C m E D;I C ��J E 5^a�V8��@6O�a�<HD+E J 9+="<+9^g+J ` ` C I C 9HE�=HI 7 9HD;A 7 I J E K
A C B+C A :%A C 7 g;:$E <qg+J ` ` C I C 9HE�f;C I ` <HI b�7 9;m C^7 9+gqm <;: E k�I <HD+E J 9+= ��J E 5pm <;7 I : C^= I 7 9HD;A 7 I J E KpJ :
: J b�f;A CHk _+D+E89+<HE�C ` ` J m J C 9HE�J 9�E C I b�:i<+` I C : <HD+I m C�D+E J A J � 7 E J <+98O�a�<HD+E J 9+=���J E 5�` J 9+C Ii=HI 7 9HD;A 7 I J E K
J :�b�<HI C�` A C �+J _;A CHk 7 9+g'E 5+D8:�b�<HI C�C ` ` J m J C 9HE�J 9'E C I b�:�<+`�I C : <HD+I m C�D+E J A J �H7 E J <+98O � <	��C B+C I k�J E
J 9+m D+I :�7�E I C b�C 9+g+<HD8:im <;: E8J 9�E C I b�:i<+`�E 5;C�I <HD+E J 9;=�: E 7 E CHO
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5
� � � � ������ � � � � � ������� � � ��� � ��� �������

G 9$E 5;J :�m 587 f+E C I k���C�f+I C : C 9HE�<HD+I�g+C B+C A <Hf;b�C 9HE�<+`�7'e�<;V%I <HD+E J 9;=%: J b�D;A 7 E <HI�� e�a�V�� O��"C
_;C =+J 9���J E 5^b�7 F;J 9+=^: <+b�Cjf+I C Y g+C m J : J <+9;:�_;C ` <HI CjE 5;C%g+C : J =H98O�] 5;C 9^J 9^: C m E J <+9��8O M8k ��C
f+I C : C 9HE�E 5;C$=HC 9;C I 7 A�g;C : J =+9#<+`�<HD+I�e�<;V&I <HD+E J 9+=#` I 7 b�C ��<HI F�O�V8C m E J <+9 �8O [%C �+f;A 7 J 9;:�E 5;C
g+C E 7 J A C g�g+C : J =H9�<+`67�e�<;V�I <HD+E J 9+=�f+I <HE <;m <+A O �"C�g+C : m I J _;C�E 58C�e�a�V�J 9�: C m E J <+9 �8O ��O

5.1
� "�� . ��� ��#$"�� ��"�,$. � . '����

�^C�J 9HE C 9+g�E <�g+C : J =+9'7�e�<;V'I <HD+E J 9;=�: J b�D;A 7 E <HIiD;9+g+C I�G 9HE V8C I B'7 I m 5;J E C m E D+I CHk ��5;J m 5'b�CH7 9;:
7 A A�I <HD+E C I :�J 9&7$9+C E ��<HI F#587 B+Cja�V8��@6k�7 g+b�J : : J <+9&m <+9HE I <+A�<HI�I C : <HD+I m C$b'7 9;7 =+C b�C 9HE k�7
f87 m F;C E�m A 7 : : J ` J C I�7 9+g&7�f87 m F;C E�: m 5;C gHD;A C I Oi] 5;C$g+C : J =H9#J :�_87 : C g%<+9%E 5;C�` <+A A <	��J 9+=jf+I C Y
decisions/assumptions:

•
�^<HI F;J 9+=�7 E�J 9HE I 7 Y g+<+b�7 J 9�A C B;C A 	

•
V;D+f+f;<HI E8` <HI D;9+J m 7 : E8I <HD+E J 9;= 	

•
V;D+f+f;<HI E8` <HI6<+9;Y g+C b�7 9+g�f87 E 5�m <+b�f+D+E 7 E J <+9 	

•
��: J 9+=�_87 9+g	��J gHE 5�7 :6E 5;C�e�<;V�I <HD+E J 9+=�b�C E I J m�7 9+g�f;I <+B+J g+J 9+=�g+C A 7 K�7 :�7 9�<Hf+E J <+9 	

•
@8I <+B+J g+J 9+=�: C A C m E 7 _;A C#I <HD+E J 9;=�7 A =+<HI J E 5;b�:�7 9+g�A J 9HF�: E 7 E C�D+f;g;7 E C�� n�V � �67 A =H<HI J E 5;b�: 	

•
h �HE C 9+g+J 9+=�C �+J : E J 9+= ��V8@ � 7 :�f+I <Hf;<;: C g'J 9 � � ����E <�E 5;C�e�<;V'I <HD+E J 9+=�f+I <HE <+m <+A k ��C�m 7 A A
J E e ��V8@ � 	

•
G b�f;A C b�C 9HE J 9;=�` A <	��Y _87 : C g�I <HD+E J 9+= 	

•
G b�f;A C b�C 9HE J 9;=�7�: J b�f;A J ` J C g�a�V8��@'J 9;: E C 7 g�<+`67�` D;A A8: C E8<+` a�V8��@ 	

•
��: J 9+=�a�V8��@�E <�E I J =+=HC I�e�<;V�I <HD+E J 9+=�m 7 A m D;A 7 E J <+9;: 	

•
l�: : J =+9+J 9+='_;C : E�C ` ` <HI Eif87 m F;C E :�J 9HE <'I <HD+E J 9+=�E 7 _;A C�7 9+gje�<;V$E I 7 ` ` J m�f87 m F;C E :�J 9HE <$` A <	�
table;

•
��I C 7 E J 9+=�7�: J b�f;A C�I C : <HD+I m C�b�7 9;7 =HC b�C 9HE ��5;J m 5�<+9+A K�m <+9;: J g+C I :�e�<;V�I C 
HD;J I C b�C 9HE : 	

•
��I C 7 E J 9+= 7p: J b�f;A J ` J C gdm A 7 : :&_87 : C g 
HD;C D;J 9;= � � �e ��� �;U �#E < J b�f;A C b�C 9HEjf87 m F;C E
scheduling.

5.2 %�'�(	�+'�/�! . �	� ��#�� � "�� '�#	� /�����"$# � ��! (�"$# � ) #�,$-�. ! "$,$! /�#$"
� J = D;I C

10
J A A D8: E I 7 E C :�E 5;C�` I 7 b�C ��<HI Fj<+`�e�<;VjI <HD+E J 9;='D;9+g+C I�G 9HE V8C I B%7 I m 5;J E C m E D+I C���5;J m 5

��C�J 9HE C 9+g�E <�J b�f;A C b�C 9HE8J 9HE <�E 5;C�e�a�V O �"C�C �Hf;A 7 J 9�E 5;C�_87 : J m�f+I <+m C : :�<+`6C 7 m 5�m <+b�f;<+9+C 9HE
7 9+g$E 5;C J I�J 9HE C I I C A 7 E J <+9;:�J 9j` <+A A <	��J 9+=%: D+_8: C m E J <+9;: O��D+E k6J 9$E 5;C�m D+I I C 9HE�J b�f;A C b�C 9HE 7 E J <+98k
E 5;C�` D;9+m E J <+9;:�<+`�f;<+A J m K$m <+9HE I <+A�7 I C�9+<HE�: f;C m J ` J C gj7 9+gj7 I C�D;9+m A C 7 I�K+C E O V8<+b�C�f+I <Hf;<;: 7 A :
m 7 9�_;C�` <HD;9+g�J 9�� \ � O
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�60 �+S�T .
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5.2.1 QOSPF

•
e ��V8@ � I C : f;<+9+g;:jE <qf87 E 5qI C 
HD;C : E'` I <+b a�V8��@6k�g+C E C I b�J 9+C :jE 5;C"f�7 E 5pD;9+g+C I$E 5;C
F;9+<	��A C g+=+C�<+`i9+C E ��<HI F�I C : <HD+I m C�7 B;7 J A 7 _;J A J E K'7 9+g�` A <	��I C 
HD;J I C b�C 9HE : 	87 9+g�I C f;A J C :�E 5;C
I C : D;A E8E <�a�V8��@ 	

•
G `i7�b�C : : 7 =+C�` I <+bpa�>vJ :6I C m C J B+C g8k+e ��V8@ � D+f;g;7 E C :6E 5;C�A <+mH7 A;E <Hf;<+A <+=HK�g87 E 7 _87 : C�7 9+g
I C m 7 A m D;A 7 E C :�f87 E 58:�J 9jE 5;C�9+<HI b�7 A�I <HD+E J 9+=$E 7 _;A CHk�7 9+g%g+C m J g+C : ��5;C E 5;C I�E <%_+I <;7 g;m 7 : E
A J 9HF�: E 7 E C�<HI69+<HE 	 J ` K+C : k _+I <;7 g+mH7 : E :iA J 9HF�: E 7 E C�E <�<HE 5;C I69+<+g+C : 	

•
G `�7�B;7 A J g�n�V �db�C : : 7 =+C�` I <+bs7 9+<HE 58C I�9+<+g+C�J :�I C m C J B+C g8k e ��V8@ � D+f;g;7 E C :�E 5;C�A <+m 7 A
E <Hf;<+A <+=+Ksg;7 E 7 _�7 : C 7 9+gsI C mH7 A m D;A 7 E C :�f87 E 58:pJ 9sE 5;Cd9+<HI b�7 A#I <HD+E J 9+= E 7 _;A CHk�E 5;C 9
_+I <;7 g+m 7 : E :�E 5;J :�b�C : : 7 =HC�E <%<HE 5;C I�9+<+g+C : O6h�: f;C m J 7 A A K8kiJ `�7 9&7 g L 7 m C 9HE�A J 9HF&J :�g+<	��98k
e ��V8@ � m 5;C m F8:�D+f���5;C E 5;C I�7 9+K�C �;J : E J 9+=�` A <	��m <+9+9+C m E J <+9;:�J 9�E 5;C�` A <	�^E 7 _;A C�D8: C�E 5;J :
A J 9HF�k J ` K+C : k J 9+` <HI b�:ia�V8��@���J E 5�7 9�C I I <+I6b�C : : 7 =+CHO

5.2.2 RSVP

•
G `�7�9+C ��` A <	�^I C 
HD;C : E ` I <+bd: <HD+I m C�<HI�` I <+bd7 9+<HE 5;C I�5;<Hf'J :�I C m C J B+C g8k;a�V8��@$J 9	
HD;J I C :
e ��V8@ � 7 _;<HD+E6E 5;C�9+C �HE65;<Hf�<HI�J 9+` <HI b�:�E 5;C�g+C : E J 9;7 E J <+9'J `iE 5;C�b�C : : 7 =+C�7 I I J B+C :�7 E�J E :
destination;

•
G `�7�B;7 A J g�9+C �HEi5;<Hf�` I <+bse ��V8@ � J :�I C E D+I 9+C g8k8a�V8��@%: C 9+g;:�@8l�] � b�C : : 7 =+C�E <�9+C �HE
5;<Hf 	H<HE 5;C I ��J : CHk J E�: C 9+g;:i@8l�] �

�

h�a�a%D+f8: E I C 7 b�	

•
G `�7j9+C � 7 m F;9+<	��A C g;=HC b�C 9HE�` I <+brg+C : E J 9;7 E J <+9"<HI'7 9+<HE 5;C I�5;<Hf^J :�I C m C J B+C g8k�a�V8��@
I C 
HD;C : E :ia�>sE <�I C : C I B+C�I C : <HD+I m C : 	

•
G `'7jB;7 A J g^: D;m m C : :'b�C : : 7 =HC#` I <+bra�>xJ :�I C E D+I 9;C g8k�a�V8��@u: C 9+g;:�a�h�V8� b�C : : 7 =HC
D+f8: E I C 7 b~<HIpJ 9+` <HI b�:u: <HD+I m C J `�b�C : : 7 =+Cs7 I I J B+C :�7 E�: <HD+I m C�	%<HE 5;C I ��J : Cs: C 9+g;:
a�h�V8�

�

h�a�a#g+<	��9;: E I C 7 b�	



��C : J =H9�<+`67�e�<;V�a�<HD+E J 9+=�V8J b�D;A 7 E <HI

38

•
G `�7�B;7 A J gj@8l�] � <HI�a�h�V8��D+f;g;7 E C'b�C : : 7 =+C'J :�I C m C J B+C g8k6a�V8��@&D+f;g;7 E C :�@8l�] � <HI
a�h�V8�"I C ` I C : 5�E J b�C I 	

•
G `&@8l�] � E J b�C I"C �Hf;J I C : k'a�V8��@v: C 9+g;:"@8l�] �

�

] hil�a b�C : : 7 =HCpg+<	��9;: E I C 7 bx<HI
@8l�] �

�

hia�a#b�C : : 7 =HC�D+f8: E I C 7 bu7 9+g�a�h�V8�
�

h�a�a#b�C : : 7 =HC�g+<	��9;: E I C 7 b�	

•
G `i: <HD+I m C�a�V8��@�I C m C J B+C :i@8l�] �

�

h�a�a�k a�V8��@�: C 9+g;:i@8l�] �
�

] hil�a#g+<	��9;: E I C 7 b�	

•
G `6g+C : E J 9;7 E J <+9�a�V8��@�I C m C J B+C :i@8l�] �

�

hia�a�k a�V8��@': C 9+g;:i@8l�] �
�

]6h6l�a%D+f8: E I C 7 b�	

•
V8<HD+I m Cra�V8��@ f;C I J <+g+J m 7 A A K : C 9+g;:v@8l�] � b�C : : 7 =+C : 7 9+g g+C : E J 9;7 E J <+9 a�V8��@
f;C I J <+g+J m 7 A A K�: C 9+g;:�a�h�V8��b�C : : 7 =HC : O+]65;C�f;C I J <+g�J :�B;7 I J C g���J E 5 ��7 D8: :�` D;9+m E J <+9���J E 5
7�b�C 7 9�B;7 A D8CHO

5.2.3 RM

•
G `�a�> I C m C J B+C :$7$I C : C I B;7 E J <+9&I C 
HD;C : E�` I <+bra�V8��@6k�J E�m 5;C m F8:'J `�E 5;C I C#J :�C 9+<HD8= 5
7 B;7 J A 7 _;A C$_87 9+g ��J gHE 5"J 9#E 5;CjA J 9HF�kiI C f;A J C :�E 5;C$I C : D;A E�7 9+g&J 9+` <HI b�:�e ��V8@ � E 587 E�E 5;C
7 b�<HD;9HE�<+`67 B;7 J A 7 _;A C�I C : <HD+I m C :6587 :im 587 9;=HC g�J `�I C : <HD+I m C :�7 I C�I C : C I B+C g 	

•
G `&a�>yI C m C J B+C :�7�E C 7 I"g+<	��9 b�C : : 7 =HCu` I <+bza�V8��@6k'J E%D+f;g;7 E C :"E 5;Cu7 B;7 J A 7 _;A C
_87 9+g	��J gHE 5v7 9+g J 9+` <HI b�:qe ��V8@ � E 587 E#E 5;Cd7 b�<HD;9HE#<+`^7 B;7 J A 7 _;A CuI C : <HD+I m C :�587 :
changed.

��9�E 5;C�m D+I I C 9HE�: E 7 =+CHk a�> J b�f;A C b�C 9HE :�7�: J b�f;A C�7 A =+<HI J E 5;b�3

� � � � � � � 
 	���
�� 
�� � 
 ��� 
���
�	 � � � � �  � � 
 � � � � 
 � ��
�	 � � � � � ���� �� 
 � 
 � � 
 � 
 � � � � 
 � ��
�	 � � � � � 

 � � 
 � 
 � 
 � � � �
 � 
 � � 
 � �

G 9�<HI g+C I6E <�7 m 5;J C B+C�C ` ` J m J C 9HE�I C : <HD+I m C�D+E J A J �H7 E J <+98kH9+C �^a�> 7 A =H<+I J E 5;b�:�7 I C�C �Hf;C m E C g8O � <HI
C �87 b�f;A CHk�a�>xb�7 K^m <+9;: J g+C I�9+<HE�<+9+A K^J `�C 9+<HD8= 5^_�7 9+g	��J gHE 5�J :$7 B;7 J A 7 _;A C%_+D+E�7 A : <�7
m C I E 7 J 9�A C B;C A;<+`67 B;7 J A 7 _;A C�_87 9+g	��J gHE 5�I C b�7 J 9+C g8O l�9�7 A E C I 9;7 E J B+C�7 A =+<HI J E 5;bqJ : 3

� � � � � � � � 
 	���
�� 
�� � 
 ��� 
 ��
�	 � � � � �  � � 
 � � � � 
 � ��
�	 � � � � �  � � � � 	�	���
�	 � � � � � ���� �� 
 � ���� � �� 
 � 
 � � 
 � 
 � � � � 
 � ��
�	 � � � � � 

 � � 
 � 
 � 
 � � � �
 � 
 � � 
 � �

]65;C'B;7 A D;C'<+`�E 5+I C : 5;<+A gjm 7 9$_;C'g+C ` J 9+C g$_;K$E 5;C�D8: C I�<HI�mH7 A m D;A 7 E C gjg+C f8C 9+g+J 9+=j<+9%<HE 5;C I
` 7 m E <HI :�7 :ig+J : m D8: : C g�J 9�: C m E J <+9

3.6.2.

5.2.4
��-IH(<.8(BGP?: -01 1 ; E ; 8(A

�"5;C 9j7�g;7 E 7�f87 m F;C E�7 I I J B+C :�7 E�7�9+<+g+CHk J E�=+<+C :�J 9HE <$E 5;C�f87 m F;C E�m A 7 : : J ` J C I�_8C ` <HI C�_;C J 9;=
` <HI ��7 I g+C g8O+G `6J E�_;C A <+9+=+:iE <�7�: f;C m J ` J C g�` A <	�q7 9+g�J E :�` A <	�^m <+9+9;C m E J <+9�C �;J : E : kHJ E J :�J 9+g+C �+C g
J 9�E 5;C�` A <	��E 7 _;A C�` <HI�9;C �HE65;<Hf�k;<HE 5;C I ��J : C�J EiJ :�J 9+g+C �+C g'J 9�E 5;C�I <HD+E J 9+=�E 7 _;A C�` <HI�E 5;C�9;C �HE
5;<Hf�O�] 5;C 9�E 5;C�f87 m F8C E�
HD;C D;C :�7 E�E 5;C�_+D;` ` C I�E <�E 5;C�m <HI I C : f;<+9+g+J 9+=�A J 9HF�OHl�m m <HI g+J 9;=�E <�E 5;C
m A 7 : :�E 5;C�f87 m F8C E�_;C A <+9;=+:�E <8k J E 
HD;C D;C :�7 E�E 5;C'm <HI I C : f;<+9+g+J 9+=�_+D8` ` C I�J 9 � �e�O l�9+gjJ E�J :
: C I B+C g�_;K � �e^7 9+g�E I 7 9;: b�J E E C g�E <�E 5;C�9+C �+E;5;<Hf�O



��C : J =H9�<+`67�e�<;V�a�<HD+E J 9+=�V8J b�D;A 7 E <HI

39

5.2.5
��-IH(<.8(B �.H(+=8(O.R=: 8(A

�^C�g+C : J =H9�7 � �e&E I 7 ` ` J m�: m 5;C gHD;A J 9+=�J 9�E 5;C�` <+A A <	��J 9+=���7 K8O

•
G E�g+C I J B+C :�` I <+bs@8I J <HI J E Kje�D;C D;J 9+= � @ e ��J 9 ��5;J m 5$E 5;C�
HD;C D;C���J E 5$5;J = 5;C I�f;I J <HI J E KjJ :
7 A ��7 K;:�: C I B;C g�` J I : E 	

•
��9+C 
HD;C D;C^J :&: C I B+C gp<+9+A KpJ `j<HE 5;C I 
HD;C D;C : ��J E 5p5;J = 5;C Ijf+I J <HI J E Ku7 I C^C b�f+E Ku<HI
regulated;

•
��9+m C$7�f�7 m F;C E�J 9jE 5;C�
HD;C D;C�J :�: C I B+C g8k6E 5;C�� �e�f;C I ` <HI b�:�h �Hf;<+9+C 9HE J 7 A �^C J = 5+E C g
>#<+B+J 9+=ql�B+C I 7 =+C � h �&>%l �%7 9+gpg+C E C I b�J 9+C :%E 5;C^I C =HD;A 7 E C gu: E 7 E Cq7 9+gpE 5;C^D;9+g+C I
A J b�J E C g�: E 7 E C�	

•
G `jE 5;C"_+D;` ` C I%J :#` D;A A k�E 5;C�m <+9;: C m D+E J B+C^f87 m F;C E :#_;C A <+9+=+J 9+=pE <pE 5;J :#m A 7 : : ��J A A'_;C
g+J : m 7 I g+C g�g+J I C m E A K 	

•
l�5;J C I 7 I m 5;J m 7 A�A J 9HF': 587 I J 9+=�: E I D;m E D+I C���J E 5�E 5+I C C�A C B+C A :�<+`6E I 7 ` ` J m�m A 7 : : C :�7 :�: 5;<	��9�J 9
� J = D;I C

11
J :ig+C f;A <+K+C g8O

�60 �+S�T .
11

��. R;. � � ���6- T ��� � 0 � � � �+� � . ��0 ,���� �

l � �eum 7 9�_;C�m <+9;` J = D+I C g�_;Kj: C E E J 9+=�J E :�f87 I 7 b�C E C I : k�J O CHO k67 A A <+m 7 E C g�_�7 9+g	��J gHE 5�k8_+D;` ` C I
: J � CHk�h �&>%l ��C J =H5+E�7 9+g&h��">jlvE 5+I C : 5;<+A g8O�lvg+C E 7 J A C g"g+J : m D8: : J <+9"<+` � �e m 7 9&_;C
` <HD;9+g�J 9�� �;U � O



��C : J =H9�<+`67�e�<;V�a�<HD+E J 9+=�V8J b�D;A 7 E <HI

40

5.3
� '�#�" ��/���,$! . '�����'��&% ��( � �

l E KHf;J mH7 A$e�<;VdI <HD+E J 9+=pf+I <HE <+m <+Aj: 5;<HD;A gd7 EjA C 7 : Ejm <+9;: J : Ej<+`%E 5+I C Cqm <HI Cq` D;9+m E J <+9;7 A
m <+b�f;<+9+C 9HE :�7 :�: 5;<	��9�J 9 � J = D+I C

12:

1.
��J : E I J _+D+E J <+9�<+`�I C : <HD+I m C�7 B;7 J A 7 _;J A J E K�J 9+` <HI b�7 E J <+9 	

2.
]i<Hf;<+A <+=HK�g;7 E 7 _87 : C ��J E 5�I CH: <HD+I m C�J 9+` <HI b�7 E J <+9 	

3.
e�<;V�f87 E 5�m <+b�f+D+E 7 E J <+98O

�60 �+S�T .
12

��. � 0 �+,���� � �����6�

5.3.1
J?; 1 B A(; U=R.B ; 2I/Q2IE��?8(1 2IR.A(H(8 � @I-I; : -0U.; : ; B C � /.E 2IA(LM-IB ; 2I/

��9+C�_87 : J m�I C 
HD;J I C b�C 9HE�<;`�e�<;V$I <HD+E J 9+='J :�E I 7 m F;J 9+='E 5;C�9+C E ��<+I F%: E 7 E C�J 9+` <HI b�7 E J <+9 � J O CHO k
7 B;7 J A 7 _;A CpA J 9HF�_87 9+g	��J gHE 5 �&: <uE 587 EjE 5;Cp: E 7 E CqJ 9+` <HI b�7 E J <+9�J :^7 B;7 J A 7 _;A CqE <uE 5;Cqf87 E 5
m <+b�f+D+E J 9+=8O�niJ 9HF V;E 7 E Cul�g+B+C I E J : C b�C 9HE : � niV8l�: �^` A <+<+g+C gs_;K ��V8@ � 7 A I CH7 g+K m 7 I I K
7 g+b�J 9+J : E I 7 E J B+C&m <;: E�b�C E I J m :$` <HI�C 7 m 5qA J 9HF�k�7 9+g^E 58C I C&J :%7%f+I <+B+J : J <+9�` <HI$7 g+B;C I E J : J 9+=
b�D;A E J f;A Cqm <;: Ejb�C E I J m :&D8: J 9+=�]6KHf;Cq<+`&V8C I B+J m C � ] ��V��|` J C A g;: O�] ��V ` J C A g;:"mH7 9u_;C
C ` ` C m E J B+C A K$D8: C g$E <jC 9+m <+g+C�J 9+` <HI b�7 E J <+9%: D;m 5&7 :�7 B;7 J A 7 _;A C�_87 9+g	��J gHE 5#7 9+g$f+I <Hf87 =;7 E J <+9
g+C A 7 K�7 : : <+m J 7 E C g ��J E 5�7�f87 I E J m D;A 7 IiA J 9HF � � ��� O � <	��C B+C I k���5;J A C�E 5;C�g+J : E I J _+D+E J <+9�<+`6D+f;g;7 E C :
m 7 9$_;C$7 m m <+b�f;A J : 5;C g ��J E 5#b�J 9+<HI�b�<+g+J ` J m 7 E J <+9;:�E < ��V8@ � ki7 g+g+J E J <+9;7 A�b�C m 587 9+J : b�:�7 I C
: E J A A69+C C g+C g'E <'g+C E C I b�J 9+C���5;C 9'D+f;g;7 E C :�: 5;<HD;A g�_;C�: C 9HE O�G 9'f87 I E J m D;A 7 I k;I <HD+E C I :�9+C C g�9+<HE
<+9+A K�E <�E I 7 m Fj7 B;7 J A 7 _;A C�_�7 9+g	��J gHE 5�<+9'E 5;C J I�J 9HE C I ` 7 m C : k;_+D+E�7 A : <�g+C E C I b�J 9+C�7 E ��587 E6E J b�C
E 5;C&_87 9+g	��J gHE 5�587 :jm 587 9;=HC gq: D;` ` J m J C 9HE A K^E < ��7 I I 7 9HE'7&9+C �wf87 E 5�O�]65;C"A 7 E E C Ij<+9+C"J :
f87 I E J m D;A 7 I A KjJ b�f;<HI E 7 9HE�7 :�J E�f;A 7 K;:�7�b�7 L <HI�I <+A C�J 9$_;<HE 5$E 5;C�f+I <HE <+m <+A�<+B+C I 5;C 7 g%7 9+g$E 5;C
f;C I ` <HI b�7 9+m C�<+`6e�<;V�I <HD+E J 9+=8O

]65;C�g+C m J : J <+9�<+` ��58C 9�E <�_+I <;7 g;m 7 : E6n�V ��:�J :�E 5;C�I C : f;<+9;: J _;J A J E K�<+`�7�E I J =+=+C I J 9+='` D;9;m E J <+98O
]65;C'g+C : J =+9j<+`�7�E I J =+=+C I J 9+=%` D;9+m E J <+9%J 9+B+<+A B+C :�B;7 I J <HD8:�E I 7 g+C <+` ` :�_;C E ��C C 9jf;C I ` <HI b�7 9+m C
7 9+g$m <;: E�7 :�g+J : m D8: : C g$J 9

4.2.1
O V8<$` 7 I k�b�7 9+K�n�V � 7 A =+<HI J E 5;b�:�587 B+C�_;C C 9�f+I <Hf;<;: C g8k�J 9



��C : J =H9�<+`67�e�<;V�a�<HD+E J 9+=�V8J b�D;A 7 E <HI

41

E 5;J :�J 9HE I 7 Y g+<+b�7 J 9#e�<;V#I <HD+E J 9+=jf+I <HE <+m <+A ��C'f+I <+B+J g+C�` <HD+I�7 A =H<HI J E 5;b�: k6E 5;C K&7 I C'f;C I J <+g
_87 : C g � @  � k�E 5+I C : 5;<+A g�_87 : C g � ]  � k�C 
HD�7 A�m A 7 : :j_87 : C g � h �  � k�D;9+C 
HD87 A�m A 7 : :j_87 : C g
(UCB).

]65;C#_87 : J m&J g+CH7#<+`�@  7 A =+<HI J E 5;btJ :$E <�D+f;g;7 E C#E 5;C���5;<+A C&E <Hf;<+A <+=+K�f;C I J <+g+J m 7 A A K8O�l
m <+9;: E 7 9HE6E J b�C <HD+E�J :�: C EiE <'g+C E C I b�J 9+C���5;C 9'E 5;C�9+C E ��<+I Fj: E 7 E C :�: 5;<HD;A g'_;C�D+f;g;7 E C g8O8]65;J :
7 A =+<HI J E 5;bvf+I <+B+J g+C :'7'g+J I C m E�m <+9HE I <+A�<+B+C I�E 5;C$m <+b�b�D;9+J m 7 E J <+9#<+B+C I 5;C 7 g8ki_+D+E�g+<+C :�9+<HE
C 9;: D+I C^E J b�C A Kpf+I <Hf87 =;7 E J <+9u<+`#: J =+9+J ` J m 7 9HE$m 587 9+=+C :&C : f;C m J 7 A A K ��5;C 9uE 5;C^E J b�C <HD+EjJ :
7 : : J =+9+C g�7�_;J =�B;7 A D;CHO

]65;C�J g+C 7�<+`6] �kHh � "7 9+g � � "7 A =H<HI J E 5;b�:�J :�E 587 E�E 5;C�: m <Hf;C�<+`�7�9+<+g+C 
 :�D+f;g;7 E C�C �+E C 9+g;:
E <#7 A A�J E :�J 9+m J g+C 9HE�A J 9HF8: k6E 587 E�7 B;7 J A 7 _;A C'_87 9+g	��J gHE 5#B;7 A D;C :�` <HI�7 A A�E 5;C�J 9HE C I ` 7 m C :�<+`�E 5;C
9+<+g+C�7 I C�7 g+B+C I E J : C gjC B+C 9 ��5;C 9$E 5;C�D+f;g;7 E C'J :�E I J =+=+C I C g$_;K�L D8: E�<+9+C'A J 9HF�O6G E�J :�7 A : <jJ 9
m <+b�f;A J 7 9+m C ��J E 5qE 5;C"_;C 587 B+J <HIj<+`�I <HD+E J 9+=�f+I <HE <+m <+A :#: D;m 5�7 : ��V8@ � � �;U �$E 587 E�<+9+A K
=+C 9+C I 7 E C�niV ��:�<+9#7 A A�E 5;C�A J 9HF8:�7 E E 7 m 5;C gjE <#7'9+<+g+CHO�G 9&7 g+g+J E J <+98ki]��k6h � d7 9+g � � 
7 E E C b�f+E8E <�E I J =+=HC I�7 9�D+f;g;7 E C�<+9+A K���58C 9�E 5;C�m D+I I C 9HE 7 B87 J A 7 _;A C�_87 9+g	��J gHE 5�<+`i7�A J 9HF�g+J ` ` C I :
: J =H9+J ` J m 7 9HE A K�` I <+b�E 5;C�f+I C B+J <HD8: A K�7 g+B;C I E J : C g�B;7 A D;CHO

• TB
3;G 9�E 5;J :�7 A =H<HI J E 5;b'k;7�m <+9;: E 7 9HE E 5+I C : 5;<+A g'B;7 A D;C �

th
��J :�: C E O � <HI�7 9�J 9HE C I ` 7 m C

i
<+`�7

9+<+g+CHk;A C E
bwi

o _;C�E 5;C�A 7 : Ei7 g+B+C I E J : C g�B;7 A D;C�<+`�7 B;7 J A 7 _;A C�_�7 9+g	��J gHE 5�k87 9+g
bwi

c J :�E 5;C
m D+I I C 9HE�B87 A D;CHkH7 9�D+f;g87 E C�J :6E I J =+=+C I C g ��5;C 9

(|bwi
o Y bwi

c � � bwi
o � � �  ` <+I bwi

o >
Q8O � <HI

bwi
o = � k�7 9&D+f;g;7 E CjJ :�7 A ��7 K;:�E I J =+=+C I C g8O�]65;J :�7 A =H<HI J E 5;bwE C 9+g;:�E <&f+I <+B+J g+C%b�<HI C

g+C E 7 J A C g"J 9+` <HI b�7 E J <+9���5;C 9"<Hf8C I 7 E J 9;=&J 9&E 5;C%A <	�w7 B;7 J A 7 _;A C%_87 9+g	��J gHE 5^I 7 9;=HC&7 9+g
_;C m <+b�C :6f+I <+=HI C : : J B+C A K�A C : :�7 m m D+I 7 E C�` <HI6A 7 I =HC I6B;7 A D;C�<+`i7 B;7 J A 7 _;A C�_�7 9+g	��J gHE 5�O

• ECB
3;G 9�E 5;J :�7 A =+<HI J E 5;b'k;7�m <+9;: E 7 9HE

B
J :�: C E k	��5;J m 5�J :�D8: C g�E <�f87 I E J E J <+9�E 5;C�7 B;7 J A 7 _;A C

_87 9+g	��J gHE 5 <Hf;C I 7 E J 9;= I C =+J <+9 <+`v7 A J 9HF J 9HE < b�D;A E J f;A CtC 
HD87 As: J � Ctm A 7 : : C :
:

(0,B),(B,2B),(2B,3B),…,etc
O�l�9�D+f;g;7 E C�J :�E I J =+=+C I C g ��5;C 9$E 5;C�7 B;7 J A 7 _;A C�_87 9+g	��J gHE 5

<+9�7 9�J 9HE C I ` 7 m C�m 587 9+=+C :�: <�E 587 E�J E�_;C A <+9+=;:iE <�7�m A 7 : :iE 587 E�J :�g+J ` ` C I C 9HE ` I <+bqE 5;C�<+9+C�E <
��5;J m 5#J E�_;C A <+9+=+C g#7 E�E 5;C'E J b�C�<+`�E 5;C'f+I C B+J <HD8:�D+f;g;7 E CHOiG E�587 :�E 5;C$: 7 b�C�g;C =HI C C�<+`
7 m m D+I 7 m K�` <HIi7 A A+I 7 9;=HC :i<+`i7 B;7 J A 7 _;A C�_87 9+g ��J gHE 5�O

• UCB
3&G 9�E 5;J :�7 A =H<HI J E 5;b'k%E ��<$m <+9;: E 7 9HE :

B
7 9+g � � � ��� � 7 I C': C E k���5;J m 5%7 I C�D8: C g�E <

g+C ` J 9+C�D;9+C 
HD�7 A�: J � Cjm A 7 : : C : 3 � � � 	 � � � 	 � � � � � � 	 � � � � � � � � 	 � � � 2 � � � � � 	 � � � � � 2+f+1)B,
(f3+f2+f+1)B)

k �"k+C E mHO���9+A J F;C�E 5;C�C 
HD87 A m A 7 : :�_87 : C g�7 A =H<+I J E 5;b'k+E 5;C�m A 7 : :�: J � C :�=HI <	�
=+C <+b�C E I J m 7 A A K�_;K�E 5;C�` 7 m E <HI

f.
l�9�D+f;g;7 E C�J :�E I J =+=+C I C gj7 :�_;C ` <+I CHk J O CHO k���5;C 9j7�m A 7 : :

_;<HD;9+g;7 I K�J :�m I <;: : C g8O+]65;J :�f;<+A J m K�5�7 :�` C ��C I�7 9+g�A 7 I =+C I�m A 7 : : C :�J 9�E 5;C�5;J = 5$7 B;7 J A 7 _;A C
_87 9+g	��J gHE 5r<Hf;C I 7 E J 9+= I C =+J <+9r7 9+gwb�<HI C 7 9+gr: b�7 A A C I�m A 7 : : C : ��5;C 9r7 B;7 J A 7 _;A C
_87 9+g	��J gHE 5$J :�A <	��O���<+9;: C 
HD;C 9HE A K8k8J EiE C 9+g;:�E <'f+I <+B+J g+C�7�b�<HI C�g+C E 7 J A C gj7 9+gj7 m m D+I 7 E C
: E 7 E C�g+C : m I J f+E J <+9�` <HI E 5;C�A <	�&_�7 9+g	��J gHE 5�I C =+J <+98O

�C : J g+C : kiJ 9%] �k h � d7 9+g�� � �k ��C$7 A : <%J 9;: E 7 A A�7'f;C I J <+g+J mH7 A�niV � E I J =+=+C I�J 9%m 7 : C$<+`
g+C 7 g+A <+m F�k87 9+g�f+I <+B+J g+C�7 9�<Hf+E J <+9�<+`65;<+A g;Y E J b�C IiE 587 Eim 7 9�_;C�D8: C g�E <�C 9+` <HI m C�7�b�J 9+J b�D;b
: f87 m J 9+=�_;C E ��C C 9�m <+9;: C m D+E J B+C�D+f;g;7 E C : O � <HI�C �87 b�f;A CHk87�5;<+A g;Y E J b�C I�b�7 K�_;C�m <+b�_;J 9+C g�E <
] �k+D;9+g+C I�E 5;J :�m <+b�_;J 9;7 E J <+98k87 9�D+f;g;7 E C�J :�E I J =+=+C I C g'<+9+A K���5;C 9'E 5;C�g;C =HI C C�<+`�A J 9HFj: E 7 E C
m 587 9;=HJ 9;=�J :�b�<HI C�E 587 9'E 5;C�E 5+I C : 5;<+A gj7 9+g'E 5;C�g+J ` ` C I C 9+m C�_;C E ��C C 9�E 58C�m D+I I C 9HE�E J b�C'7 9+g
A 7 : E�A J 9HFj: E 7 E C�7 g+B+C I E J : J 9+='E J b�C�J :�b�<HI C�E 587 9'E 5;C�B;7 A D;C�<+`�5;<+A g;Y E J b�C I O�]65;J :�b�C m 587 9+J : b
7 B+<+J g;:6E 5;C�5;J = 5�` I C 
HD;C 9;m K�<+`�D+f;g87 E C�J 9�7�B+C I K�g+K+9;7 b�J m 7 A8C 9+B+J I <+9+b�C 9HE O



��C : J =H9�<+`67�e�<;V�a�<HD+E J 9+=�V8J b�D;A 7 E <HI

42

5.3.2
F,20K.2I: 2I30C5J?-IB -0U.-I1 8 � ; B +��?8(1 2IR.A(H(8 � /=E 2IA(LM-0B ; 2I/

]65;C�: E 7 9+g;7 I g ��V8@ � f+I <HE <+m <+A;f+I <+B+J g+C :�C 7 m 5�I <HD+E C I ��J E 5'7�m <+b�f;A C E C�9+C E ��<HI F�b�7 f���5;J m 5
J :�: E <HI C gjJ 9j7�E <Hf;<+A <+=HKjg;7 E 7 _87 : CHO �"C�: J b�f;A KjC 9H587 9+m C�E 5;C�A <+mH7 A�E <Hf;<+A <+=HKjg;7 E 7 _�7 : C�_;K
J 9+m A D;g+J 9+=&7 B;7 J A 7 _;A C�I C : <HD+I m C$J 9+` <HI b�7 E J <+9#J O CHO k�7 B;7 J A 7 _;A C$_87 9+g	��J gHE 5&<+`�C 7 m 5&A J 9HF�k�7 9+g
F;C C f�E 5;C�_;C : E Y C ` ` <HI E b�C E I J m :�D;9+m 587 9;=HC g�J 9�E 5;C�E <Hf;<+A <;=HK�g;7 E 7 _�7 : CHk;: <�E 587 E�E 5;C�_;C : E Y C ` ` <+I E
7 9+g�e�<;V�I <HD+E J 9+=�m 7 9�I C 7 g+J A K�m <+C �;J : E ��J E 5;J 9�E 5;C�: 7 b�C�I <HD+E C I O

5.3.3
�	2 � ��-IB +QP�20LMK.R=B -0B ; 20/

l�:�g+J : m D8: : C g'C 7 I A J C I k�e�<;V�f87 E 58:�mH7 9�_;C�C J E 5;C I�<+9;Y g+C b�7 9+g�m <+b�f+D+E C g'<HI�f+I C Y m <+b�f+D+E C g8O
�^C�m 5;<+<;: C�<+9;Y g+C b�7 9+gsm <+b�f+D+E 7 E J <+9sJ 9s<HD+I�J 9HE I 7 Y g+<+b�7 J 9 e�<;V I <HD+E J 9+= f+I <HE <+m <+A O
�C mH7 D8: C�` J I : E A K8kH<+9;Y g+C b�7 9+g�m <+b�f+D+E 7 E J <+9�J :�: J b�f;A C�: J 9+m C�J E6<+9+A K�J 9+B+<+A B+C :�E I 7 B+C I : J 9+=�E 5;C
E <Hf;<+A <+=+K�g;7 E 7 _87 : C�7 9+g�g+C E C I b�J 9+C :�7�: J 9;=HA C'e�<;V�Y : 7 E J : ` K+J 9+='f�7 E 5�O V8C m <+9+g+A K�<+9;Y g+C b�7 9+g
m <+b�f+D+E 7 E J <+9'm 7 9 f+I <+B+J g+C�7 m m D;I 7 E C�e�<;V�Y : 7 E J : ` K+J 9+=�f�7 E 58:�: J 9+m C�J EiJ :�7 _;A C�E <�7 A ��7 K;:�D8: C
E 5;C�b�<;: E�I C m C 9HE J 9+` <HI b�7 E J <+98O+G 9�7 g+g+J E J <+98k���C�9+<HE C�E 587 E�E 5;C I C�J :�9+<HE K+C E67 9+K�J b�f;A C b�C 9HE C g
f+I <HE <HE KHf;C�<+`�<+9;Y g+C b�7 9+g#e�<;V#I <HD+E J 9+=#7 9+g ��C�m <HD;A g%9+<HE�` J 9+g#7 9%<+B+C I 7 A A�: E D;g+K%<+9%J E :
f;C I ` <HI b�7 9+m C�7 9+g�m <;: E�J 9�E 5;C�A J E C I 7 E D+I CHO
��D+Ii=H<87 A;J :$E <�` J A A+E 5;J :6_;A 7 9HF�J 9�E 5;J :�: E D;g+K;O

�^C#J b�f;A C b�C 9HE�E ��<�7 A E C I 9;7 E J B+C&e�<;V�I <HD+E J 9+=�7 A =H<+I J E 5;b�: 3�A <	��C : E�m <;: E�7 A =H<+I J E 5;bt7 9+g
��J g+C : E�_87 9+g	��J gHE 5q7 A =H<+I J E 5;b'O���<+9;: J g+C I�7%g+J I C m E C g�= I 7 f+5

G=(N,E)
��J E 5�9HD;b�_;C I :$<+`

9+<+g+C :
N
7 9+g�9HD;b�_;C I :�<+` C g+=+C :

E
k J 9���5;J m 5�C g+=+C

(i,j)
J : ��C J =H5+E C g�_;K�E ��<�f87 I 7 b�C E C I : 3

bij7 :iE 5;C�7 B;7 J A 7 _;A C�_87 9+g	��J gHE 5�7 9+g
cij
7 :iE 5;C�m <;: E OHniC E

bij=0
7 9+g

cij =∞ J `6C g;=HC
(i,j)

g+<+C :�9+<HE
C �;J : E%J 9�E 5;Cp= I 7 f+5�O ��J B+C 9 7 9+Kdg+J I C m E C gdf87 E 5

p=(i,j,k,…,l,m)
k'g+C ` J 9+C

b(p)
7 :"E 5;C

_;<HE E A C 9+C m F'A J 9HF�_87 9+g	��J gHE 5'<+`6E 5;C�f87 E 5�k;J O CHO k
b(p)=min[bij � � jk� � � � lm]

7 9+g�g+C ` J 9+C
c(p)

7 :
E 5;C': D;bs<+`�E 5;C�m <;: E k�J O CHO k

c(p)=cij+cjk+…+clm
O ��J B+C 9�E ��<$9+<+g+C :

s
7 9+g

d
<+`�E 5;C'= I 7 f+5

7 9+g�E ��<�m <+9;: E I 7 J 9HE :
B
7 9+g

C
kHE <�E 5;C�A <	��C : E m <;: Ej7 A =+<HI J E 5;b'k E 5;C�e�<;V�I <HD+E J 9+=�f+I <H_;A C buJ :

E <'` J 9+g�7�f87 E 5
p* _;C E ��C C 9 s

7 9+g
d
: <�E 587 E

b(p)≥B
7 9+g

c(p)≤C
	;E <�E 5;C���J g+C : E6_87 9+g	��J gHE 5

7 A =+<HI J E 5;b'k E 5;C�e�<;V�I <HD+E J 9+=�f+I <H_;A C bpJ :jE <�` J 9+g�7�f87 E 5
p* _;C E ��C C 9 s

7 9+g
d
: <�E 587 E

b(p)≥B7 9+g�E 5;C�f87 E 5�587 :�E 5;C���J g+C : E�_87 9+g	��J gHE 5'7 9+g�J ` E 5;C I C�7 I C�b�<HI C�E 587 9�<+9+C���J g+C : E�f�7 E 58: kHE 5;C
f87 E 5 ��J E 5�E 5;C�A <	��C : E�m <;: E�J :�: C A C m E C g8O

niC E
Ci

_;CjE 5;C%C : E J b�7 E C g"m <;: E�<+`�E 5;Cjf87 E 5^` I <+br9+<+g+C
s
E <"9+<+g+C

i
7 9+g^A C E

Bi
_;CjE 5;C

C : E J b�7 E C g�_87 9+g	��J gHE 5�<+`�E 5;C�f87 E 5�` I <+bp9+<+g+C
s
E <�9+<+g+C

i.

•
� �	��. � - � �+� - ��� �	�+T 0 - �8?%�

V;E C f$PH3HV8C E
cij=∞,

J `
bij<B;V;E C f�M�3HV8C E

L={s}, Ci=csi
` <HIi7 A A

i≠s;V;E C f�[83 � J 9+g�7�9+<+g+C
k∉L

: <�E 587 E
Ck=mini∉LCi;G `

Ck>C
k 9+<�: D;m 5�7�f87 E 5�mH7 9�_;C�` <HD;9+g�7 9+g�E 5;C�7 A =H<+I J E 5;bqE C I b�J 9;7 E C :

G `
L
m <+9HE 7 J 9;:i9+<+g+C

d,
7�f87 E 5�J :i` <HD;9+g�7 9+g�E 5;C�7 A =+<HI J E 5;b�E C I b�J 9;7 E C :

L:=L∪{k}V;E C f�� 3 � <HIi7 A A
i∉L,

: C E
Ci:=min[Ci � � k � � ki] ;V;E C f ��3 ��<�E <�V;E C f�[;O

V;E C f%P�C A J b�J 9;7 E C :�7 A A A J 9HF8:�E 587 E g+<�9+<HE6b�C C E E 5;C�_87 9+g	��J gHE 5�I C 
HD;J I C b�C 9HE _;K': C E E J 9+=�E 5;C J I
m <;: EiE <

∞
O V;E C f8:�M;Y ��` J 9+g'E 5;C�A C 7 : E�m <;: E�f87 E 5j` I <+bs9+<+g+C � E <$9+<+g+C

d
D8: J 9+=$��J L F87 : E I 7 � :



��C : J =H9�<+`67�e�<;V�a�<HD+E J 9+=�V8J b�D;A 7 E <HI

43

7 A =+<HI J E 5;b'O	�"C�g+<�9+<HE 587 B+C�E <�` J 9+g�E 5;C�A C 7 : E6m <;: E f87 E 58:�E <�7 A A 9+<+g+C : O;] 5;C�7 A =H<HI J E 5;b�m 7 9
_;C�E C I b�J 9;7 E C g$C J E 5;C I���5;C 9$9+<+g+C

d
J :�J 9+m A D;g+C g�_;K

L
<HI�E 5;C�m <;: E�C �+m C C g;:�E 5;C�E 5+I C : 5;<+A g

_;C ` <HI C�I C 7 m 5;J 9;=�9+<+g+C
d.

•
	�0 ��. � -����+, ����0 ��- ����� �	�+T 0 - �8?%�

V;E C f$PH3HV8C E
bij=0,

J `
bij<B;V;E C f�M�3HV8C E

L={s}, Bi=bsi
` <HIi7 A A

i≠s;V;E C f�[83 � J 9+g�: C E � � � ∩L=Φ,
: <�E 587 E

Bk=maxi∉LBi;V;E C f�� 3HG `
K
587 :ib�<HI C�E 587 9�<+9+C�C A C b�C 9HE

� J 9+g�7�9+<+g+C
k∈� � : <�E 587 E � ��� ��� � � 
��  � � � � � 	 � � � � � � 	 j∈K[C(s,…,k,i)]� � � �

∪{k}G `
L
m <+9HE 7 J 9;:�7 A A;9+<+g+C : k E 5;C�7 A =H<HI J E 5;bqJ :im <+b�f;A C E C g

V;E C f ��3 � <HIi7 A A
i∉� � set

	
i:=max[Bi � � � 	�� 	 k � � ki] ] ;V;E C f�U83 ��<�E <�V;E C f�[;O

V;E C f6P�C A J b�J 9;7 E C :�7 A A6A J 9HF8:�E 587 Eig+<'9+<HEib�C C E6E 5;C�_87 9+g	��J gHE 5'I C 
HD;J I C b�C 9HE6_;K�: C E E J 9+=�E 5;C J I
7 B;7 J A 7 _;A C'_87 9+g ��J gHE 5%E <%Q8OiV;E C f8:�M;Y Uj` J 9+gjE 5;C���J g+C : E�_87 9+g	��J gHE 5%f87 E 5&` I <+bv9+<+g+C

s
E <

9+<+g+C
d
_;K�D8: J 9+=�7�B;7 I J 7 E J <+9�<+`6��J L F8: E I 7 � :�7 A =H<HI J E 5;b'O

G 9�E 5;C�A < ��C : E m <;: E67 A =+<HI J E 5;b'kHE 5;C�A J 9HF�m <;: E J :�m <+b�f+D+E C g�_+K'7�A J 9HF�m <;: E ` D;9+m E J <+9 ��5;J m 5'J :
E 5;C�: 7 b�C�7 :iJ 9 � U�P � O G 9�E 5;C�m D+I I C 9HE�B+C I : J <+98k ` <HD+I6A J 9HF�m <;: E8` D;9+m E J <+9;:�7 I C�: D+f+f;<HI E C g�3

1.
� <Hf8Y m <HD;9HE 3�l�9�<Hf;C I 7 E J <+9;7 A8A J 9HF�m <;: E8J :�P k�<HE 5;C I ��J : C�J :iJ 9+` J 9+J E K 	

2.
��E J A J �H7 E J <+9�3;G E6J :�7�` I 7 m E J <+9�<+`iE 5;C�E J b�C�E 587 E E 5;C�<HD+E =+<+J 9+=�A J 9HF�
HD;C D;C�J :�9+<HE6C b�f+E K�J 9
E 5;C�A 7 : E�A J 9HF�m <;: E;D+f;g;7 E C�f;C I J <+g 	

3.
��C A 7 K�38G E6I C f;I C : C 9HE :�E 5;C�7 B+C I 7 =+C�g;C A 7 K � <+B+C I�7 A A f87 m F;C E :�E I 7 9;: b�J E E C g'J 9�E 5;C�A 7 : Eim <;: E
D+f;g;7 E C�f;C I J <+g ��: D;` ` C I C gs_+Kv7uf87 m F8C E&<+9sE 5;C�<HD+E =+<+J 9+=sA J 9HF 
HD;C D;J 9+= 7 9+g J 9
E I 7 9;: b�J : : J <+9 � J 9+m A D;g+J 9+=�E 5;C�f+I <+m C : : J 9;=�E J b�C�7 E6E 5;C�9+<+g+C�7 9+g�E 58C�f+I <Hf87 =;7 E J <+9'g+C A 7 K
<+`�E 5;C�A J 9HF � 	

4.
� <Hf8Y 9+<HI b�7 A J � C g^��C A 7 K�3�G E�J :j7jD+E J A J � 7 E J <+9^b�C 7 : D+I C#mH7 A m D;A 7 E C g^` I <+brE 5;C"7 B+C I 7 =+C

HD;C D;J 9+=�g;C A 7 K�f;C I�f�7 m F;C E�7 9+g�E 5;C'7 B;C I 7 =+C�E I 7 9;: b�J : : J <+9$g+C A 7 K�f;C I�f87 m F;C E�<+B+C I�E 5;C
A 7 : E8A J 9HF�m <;: E8D+f;g;7 E C�f;C I J <+g8O



��C : J =H9�<+`67�e�<;V�a�<HD+E J 9+=�V8J b�D;A 7 E <HI

44

5.4
� -�" � � ��� " � "���! ��! . '��*' �&! -�" %�'�( �+'�/�! . �	� (�. � /�� ��! '�#

l g+J : m I C E C Y C B+C 9HE�e�<;V"a�<HD+E J 9+=#V8J b�D;A 7 E <HI � e�a�V���J :�g+C B+C A <Hf;C g#J 9�� \ ��` I <+bv>#7 I K+A 7 9+g
a�<HD+E J 9+=jV8J b�D;A 7 E <HI�� >&7 a�V�� � UHM�� � U+[ ��_+K%7 g+g+J 9+=%7 9+gjb�<+g+J ` K+J 9+=%: <+b�C'm <+b�f;<+9+C 9HE :�` <+I
587 9+g+A J 9+=�e�<;V�I <HD+E J 9;=;O�V;f;C m J ` J mH7 A A K8k�a�V8��@6k�a�C : <HD+I m C�>#7 9;7 =+C b�C 9HE k�7 9+gua�C 7 A E J b�C
]6I 7 ` ` J m�V8<HD+I m C � V8J 9HF�m <+b�f;<+9+C 9HE :�7 I C�7 g+g+C g8k+V8@ � m <+b�f;<+9+C 9HE�J :�C �HE C 9+g+C g�E <�e ��V8@ � 7 9+g
�
<+g+C$7 9+gjniJ 9HF%m <+b�f;<+9+C 9HE :�7 I C�b�<+g+J ` J C g8O�e�a�V&m 7 9$_;C'D8: C gjE <%J 9+B+C : E J =;7 E C�J : : D;C :�<;`

e�<;V�I <HD+E J 9+=�J 9�E 5;C�G 9HE C I 9+C E O

5.4.1 Architecture
]65;C�e�a�V'7 I m 5;J E C m E D+I C�J :�: 5;<	��9�J 9 � J = D+I C

13
OH]65;C�` D;9+m E J <+9;:�<+`�e ��V8@ � k+a�V8��@$7 9+g�a�>

7 I C�E 5;C�: 7 b�C�7 :���C�g+C : m I J _;C g'J 9$: C m E J <+9
5.2

O � D;9+m E J <+9;:�<+`�f87 m F;C E�m A 7 : : J ` J C I�7 9+g'E I 7 ` ` J m
: m 5;C gHD;A C I#g+C : m I J _;C g�J 9�: C m E J <+9

5.2
7 I C^f;C I ` <HI b�C gu_+K�9+<+g+Cp7 9+g�A J 9HFdm <+b�f;<+9+C 9HE :

I C : f;C m E J B+C A K8O%a�CH7 A E J b�C ] I 7 ` ` J msV8<HD+I m C � V8J 9HF J :qD8: C g E <vb�<+g+C A^e�<;VwE I 7 ` ` J m ��J E 5
_87 9+g	��J gHE 5�I C 
HD;J I C b�C 9HE : O

�60 �+S�T .
13

��. � 0 �+,��+, �'0 ,�- . T ��� - 0 �+,�� ��. - ��. . , � �+?�� �+,�. ,�- � ��� � ���

��D+I J 9+= 7�: D;m m C : : ` D;A#m <+9+9+C m E J <+9 : C E D+f <+`�7u` A <	��k'E 5;C�J 9HE C I 7 m E J <+9;:p7 b�<+9;= E 5;C : C
m <+b�f;<+9+C 9HE :�7 I C+3

l�E�E 5;C�_;C =HJ 9+9+J 9+=j<+`�E 58C'm <+9+9+C m E J <+98k6a�C 7 A E J b�C�] I 7 ` ` J m$V8<HD+I m C'I C 
HD8C : E :�a�V8��@"` <HI�E 5;C
` A <	�^m <+9+9+C m E J <+9�: C E D+f�kHa�V8��@�E 5;C 9 
HD;C I J C :�e ��V8@ � ` <HI6E 5;C�9+C �+E85;<Hf�kHJ `i7�B;7 A J g�9+C �+E85;<Hf
J :�I C E D+I 9+C g8k8a�V8��@#: C E :�E 5;C�@8l�] � : E 7 E C�J 9'E 5;C�` A <	�pE 7 _;A C'7 9+gj: C 9+g;:�7�@8l�] � b�C : : 7 =HC
E 5+I <HD;= 5

�
<+g+C�7 9+g�niJ 9HF�E <�a�V8��@$7 E8E 5;C�9+C �HE�5;<Hf�O

�
C �HE a�V8��@$7 A : <�7 : F8:�e ��V8@ � ` <HI6E 5;C

9+C �+Ei5;<Hf�k���5;C 9'E 5;C�@8l�] � b�C : : 7 =+C�` J 9;7 A A K$7 I I J B+C :�7 E�a�V8��@#7 E�E 5;C�g+C : E J 9;7 E J <+98k�a�V8��@
J 9+` <HI b�:ia�C 7 A E J b�C�]6I 7 ` ` J m�V8J 9HF�7 _;<HD+E;E 5;C�` A <	�"D8: J 9+=�E 5;C�@8l�] � b�C : : 7 =+CHO

G `�a�C 7 A E J b�C�] I 7 ` ` J m�V8J 9HF���7 9HE :�E <': C E D+f�E 5;C�` A <	��k+J Ei7 9;: ��C I :�a�V8��@�E <': C E D+f�E 5;C�` A <	��O
]65;C 98k a�V8��@ ��J A A�` J I : E�7 : Fja�>tJ `�C 9+<HD;= 5jI C : <HD+I m C :�7 I C�7 B;7 J A 7 _;A CHO6G `�a�>tI C f;A J C :�K+C : k



��C : J =H9�<+`67�e�<;V�a�<HD+E J 9+=�V8J b�D;A 7 E <HI

45

a�V8��@�: C E :$E 5;C&a�h�V8�r: E 7 E C&J 9^E 5;C&` A <	� E 7 _;A C"7 9+gq: C 9+g;:%7#a�V8��@�a�h�V8�wb�C : : 7 =+C
D+f8: E I C 7 brE <"E 5;C%f+I C B+J <HD8:'5;<Hf�O�a�V8��@u7 E�E 5;C%f+I C B+J <HD8:'5;<Hfq7 A : <�7 : F8:$A <+m 7 A�a�>x` <HI
I C : <HD+I m C�I C : C I B;7 E J <+98O

� J 9;7 A A K8k ��5;C 9qE 5;C�a�h�V8� b�C : : 7 =+C�7 I I J B+C :&7 E�a�V8��@ 7 E�E 5;Cq: <HD+I m CHk�a�V8��@dI C f;A J C :
a�C 7 A E J b�C�]6I 7 ` ` J m'V8<HD+I m C�E 5;C�: D8m m C : :�<+`�E 5;C�m <+9+9;C m E J <+9j: C E D+f�O ] 5;C 98k6a�CH7 A E J b�C'] I 7 ` ` J m
V8<HD+I m C�: E 7 I E :�E <�: C 9+g'g;7 E 7�f�7 m F;C E :�E 5+I <HD;= 5

�
<+g+C�7 9+g�C �;7 m Ein6J 9HFj7 m m <HI g+J 9+=�E <�E 5;C�9+C �HE

5;<Hf�J 9�E 5;C�` A <	�"E 7 _;A CHO

�"5;C 9�7 9�J 9HE C I b�C g+J 7 E C�9+<+g+C�I C m C J B+C :�E 5;C�g87 E 7�f87 m F;C E : k8J E�` J I : E�m 5;C m F8:�E 58C�m A 7 : :�E KHf;C�<+`
E 5;C�g;7 E 7�f87 m F;C E O;G `�J E6_;C A <+9+=;:�E <'7�` A <	�p` <HI ��5;J m 5$7�m <+9+9+C m E J <+9'C �;J : E : k+E 5;C�g;7 E 7pf87 m F;C E
��J A A'_;C^` <HI ��7 I g+C g�7 m m <HI g+J 9+=qE <pE 5;C^9;C �HE�5;<Hf�J 9pE 5;C�` A <	� E 7 _;A C�	�<HE 5;C I ��J : CHk�J E$J :
` <HI ��7 I g+C g"7 m m <HI g+J 9+=%E <#E 5;C�f�7 E 5&J 9#E 5;Cj9+<HI b�7 A�I <HD+E J 9+=#E 7 _;A CHO�l�` E C I�E 5;Cjg;7 E 7�f87 m F;C E
7 I I J B+C :�7 E8E 5;C�g;C : E J 9;7 E J <+98k E 5;C�a�C 7 A E J b�C�] I 7 ` ` J m�V8J 9HF�m <+9;: D;b�C :iJ E�7 9+g�D+f;g;7 E C :�: E 7 E J : E J m : O

G `�7'I C 
HD;C : E�<+`�7$` A <	�sm <+9+9;C m E J <+9&: C E D+f&` 7 J A : kuE 5;J :�I C 
HD;C : E���J A A�_;C�I C f;CH7 E C g"7 ` E C I�7
m C I E 7 J 9�f;C I J <+g�<+`�E J b�CHO ] 5;J :6f;C I J <+g�B;7 A D;C�m 7 9�_;C�g+C ` J 9+C g�_;K�E 5;C�D8: C I O

5.4.2
�=8(A(@I; H(8�P?: -I1 1 8�1

G 9�e�a�V k ��C": f;C m J ` K�` <HD+I6F;J 9+g;:i<+`6` A <	��:�7 9+g�7 : : J =H9�E 5;C bqE <�g+J ` ` C I C 9HE ��<HI F;A <;7 g�E KHf;C :�7 :
: 5;<	��9�J 9p]�7 _;A C

4
O���A 7 : :ilqJ :iE 5;C�5;J =H5;C : E8f+I J <HI J E Kp` <HIim <+9HE I <+A 7 9+g�: J =+9;7 A J 9+=�E I 7 ` ` J mHk+J O CHO k

a�V8��@#E I 7 ` ` J m$7 9+g$I <HD+E C�E I 7 ` ` J m�	6m A 7 : :��7 9+g ��7 I C�` <HI�I C 7 A Y E J b�C�E I 7 ` ` J m$: C I B+J m C : k E 5;C K
587 B+C'5;J =H5;C I�7 9+g%A <	��C I�f;I J <HI J E K%I C : f;C m E J B+C A K 	 ��A 7 : :�� J :�E 5;C�A <	��C : E�f+I J <HI J E K#` <HI�_;C : E Y
C ` ` <HI E8E I 7 ` ` J m�: C I B+J m C : kHJ O CHO k � ]6@6kH]6C A 9;C E 7 9+g�: J b�f;A C�E I 7 ` ` J m���<HI F;A <;7 g8OH]6I 7 ` ` J m���J E 5�5;J =H5;C I
f+I J <HI J E K���J A A6_;C�: C I B+C g'_;C ` <HI C�E I 7 ` ` J m ��J E 5$A <	��C I�f+I J <HI J E K$J 9$7 m m <HI g87 9+m C���J E 5�E 5;C�� �e
: m 5;C gHD;A J 9+=�7 A =+<HI J E 5;b'O

���	� � .
4

��. T R+0 � . � � �+� � . ��0 , � ���
��A 7 : :6l ��A 7 : :  ��A 7 : : � ��A 7 : :i�

Workload
a�V8��@6k a�<HD+E C a�C 7 A E J b�C

] I 7 ` ` J m
a�C 7 A E J b�C
] I 7 ` ` J m

� ]6@6k ]iC A 9+C E k
V8J b�f;A C�] I 7 ` ` J m

a�<HD+E C
V8C A C m E J <+9

a�V8��@i3 � A <	�^]i7 _;A C
a�<HD+E C+3H]6<Hf;<+A <+=+K�]�7 _;A C

� A <	�"]�7 _;A C � A <	�"]�7 _;A C a�<HD+E J 9+=�]i7 _;A C

@8I J <HI J E K � J = 5;C : E � J =H5;C I ni<	��C I n6<	��C : E

5.4.3
�?8(-0: B ; LM8

�
F,A(-0E E ; H �.20R.A(H(8�� �=; /.<

a�C 7 A E J b�C�] I 7 ` ` J m�V8<HD+I m C � V8J 9HF�f87 J I�J :�D8: C g'E <$=+C 9+C I 7 E C'e�<;V$E I 7 ` ` J m�D8: C g$J 9$: J b�D;A 7 E J <+98O
�K$m <+9+` J = D;I J 9+=�J E :�f87 I 7 b�C E C I : k�B;7 I J <HD8:de�<;V$E I 7 ` ` J m�` A <	��:�m 7 9�_;C�b�<+g+C A C g8O ] 5;C�b�7 J 9
f87 I 7 b�C E C I :�7 I C � U ��� 3

•
� A <	� J 9+g+C ��3�h�7 m 5&f87 J I�<+`�a�C 7 A E J b�C%] I 7 ` ` J m#V8<HD+I m C � V8J 9HF"J :'J 9+g+C �;C g#_;K#E 5;C%` A <	�
J 9+g+C �&9HD;b�_;C I O�G 9&m D+I I C 9HE�B;C I : J <+9&<+`�e�a�V kiE 5;Cj` A <	� J 9+g+C �": 5;<HD;A g#_;C%7 9&J 9HE C =+C I
��J E 5;J 9 � Q8k�P Q+Q � O���J ` ` C I C 9HE�f87 J I :�<+`ia�C 7 A E J b�C�] I 7 ` ` J m�b�D8: E�587 B+C�g+J ` ` C I C 9HE ` A <	��J 9+g+C �
numbers;



��C : J =H9�<+`67�e�<;V�a�<HD+E J 9+=�V8J b�D;A 7 E <HI

46

•
��A 7 : :6E KHf;C+3 ]65;C�f�7 I 7 b�C E C I6m <HI I C : f;<+9+g;:6E <�E 5;C�m A 7 : :i<+`�E 5;C�E I 7 ` ` J mHk J O CHO k ��A 7 : :il�k��k ��k
7 9+g"��O���7 A D;C;P$I C ` C I :'E <���A 7 : :� ��5;J A C%B87 A D;C%M&I C ` C I :'E <���O�] 5;C%m A 7 : :�E KHf;C#<+`
a�C 7 A E J b�C�]6I 7 ` ` J m�m 7 9�<+9+A K�_8C�P�<HI6M 	

•
� A <	�pI 7 E C � _+KHE C : � : C m � 3 ] 5;C�f87 I 7 b�C E C I�: f;C m J ` J C :�E 5;C�_87 9+g	��J gHE 5$I C 
HD;J I C b�C 9HE :�<+`�E 5;C
a�C 7 A E J b�C�]6I 7 ` ` J m�` A <	� 	

•
� A <	�^g+C A 7 K�3H] 5;C�f�7 I 7 b�C E C Ii: f;C m J ` J C :6E 5;C�g;C A 7 K�I C 
HD;J I C b�C 9HE :�<+`�E 5;C�a�C 7 A E J b�C�] I 7 ` ` J m
` A <	��O ��D+I I C 9HE A K8k J E�J :i9+<HE;D8: C g 	

•
� A <	�^V;E 7 I E J 9+=83H] 58C�f87 I 7 b�C E C Ii: f;C m J ` J C :6E 5;C�E J b�C�_;C E ��C C 9�E 5;C�: J b�D;A 7 E <HIi: E 7 I E :6D+f�7 9+g
a�C 7 A E J b�C�]6I 7 ` ` J m�_;C =HJ 9;:6E <�I C 
HD8C : E�` <HI f87 E 5�: C E D+f 	

•
� A <	��@8I <+gHD;m J 9;=83 ]65;C�f87 I 7 b�C E C I�: f;C m J ` J C :�E 5;C�7 m E J B+C�f;C I J <+g � �

�
��<+`�E 5;C'a�C 7 A E J b�C

Traffic;
•

� A <	�u@ 7 D8: J 9+=�3�] 58C�f87 I 7 b�C E C I�: f;C m J ` J C :�E 5;C�J 987 m E J B+C�f;C I J <+g � � � � ��<+`�E 5;C�a�C 7 A E J b�C
Traffic.

G `�7�a�C 7 A E J b�C�] I 7 ` ` J m�J :�m <+9+` J =HD+I C g�E < �': C m <+9+g;:�<+`6` A <	�q: E 7 I E J 9;=;k+K�: C m <+9+g;:�<+` �
�
k+7 9+g

��: C m <+9+g;:i<+`�� � � k J E���<HI F8:igHD+I J 9;=�: J b�D;A 7 E J <+9�E J b�C�7 :i` <+A A <	��: 3

G E6I C 
HD;C : E :�7�m <+9+9+C m E J <+9�: C E D+f$7 E ��: C m <+9+g;:�7 ` E C I�: J b�D;A 7 E J <+9�: E 7 I E C g8O�l�` E C I�E 5;C�: D;m m C : :
<+`�E 5;C�: C E D+f�k�J E�: C 9+g;:6f87 m F;C E :i` <HI6K�: C m <+9+g;: k E 5;C 9�E C I b�J 9;7 E C : O l�` E C I���7 J E J 9+= ��: C m <+9+g;: k J E
I C 
HD;C : E :�m <+9+9;C m E J <+9': C E D+f�7 =+7 J 98O;]65;J :�f+I <;m C : :�I C f;C 7 E :�E J A A E 5;C�C 9+g'<+`iE 5;C�: J b�D;A 7 E J <+98O;G 9
E 5;C�m 7 : C�E 5;C�m <+9+9+C m E J <+9': C E D+f'` 7 J A : k;J E���J A A�I C Y I C 
HD8C : Ei7 ` E C I�7�m C I E 7 J 9�f;C I J <+g'<+`iE J b�C�E 587 E
m 7 9�_;C�g;C ` J 9+C g�_;K�E 5;C�D8: C I O



e�<;V�a�<HD+E J 9+=�@�C I ` <HI b�7 9+m C�7 9+g ��<;: E8l�9;7 A K;: J :

47

6
��� � � ������� ��� � ���������� ��������������� � � ���*����� 	 � � �

G 9%E 5;J :�m 5�7 f+E C I k ��Cj7 9;7 A K	� C�E 5;Cje�<;V&I <HD+E J 9;=jf;C I ` <HI b�7 9;m Cj7 9+g#m <;: E O � J I : E���Cj=HJ B+Cj7
=+C 9+C I 7 A�g+J : m D8: : J <+98O;V8C m E J <+9�U;O P�f+I C : C 9HE :�E 5;C�f87 I 7 b�C E C I : ��5;J m 5'mH7 9�f;<;: : J _;A K�7 ` ` C m Eie�<;V
I <HD+E J 9+=�f;C I ` <HI b�7 9+m CHk;7 9+g�E 5;C�: J =+9+J ` J m 7 9+m C�<+` E 5;C�C ` ` C m E ` I <+buC 7 m 5�f87 I 7 b�C E C I O;G 9�: C m E J <+9
U;O M8k���C�C �+f;A 7 J 9�f87 E 5�m 7 A m D;A 7 E J <+9�m <;: E kHA J 9HF': E 7 E C�D+f;g;7 E C�m <;: E67 9+g�: E <HI 7 =+C�m <;: E k;7 : ��C A A 7 :
E 5;C J I�m <+9HE I J _+D+E J <+9jE <&e�<;V#I <HD+E J 9+=%m <;: E O�G 9&: C m E J <+9&U;O [;k ��C�D8: C%e�a�V&E <&: J b�D;A 7 E C$<+9;Y
g+C b�7 9+g�e�<;V�I <HD+E J 9+=�7 J b�J 9+=�E <�: E D;g+K�J E :if;C I ` <HI b�7 9+m C�7 9+g�m <;: E�D;9+g+C Iig+J ` ` C I C 9HE 9+C E ��<+I F
m <+9+g+J E J <+9;:�: C E8_;K�B;7 I K+J 9+=�9;C E ��<HI F�E <Hf;<+A <+=+K�<HI�: J � CHkHniV �p7 A =+<HI J E 5;bu7 9+g�9+C E ��<HI F�E I 7 ` ` J m
b�<+g+C A O;G 9': J b�D;A 7 E J <+9;: k	��C�` J I : E6m <+A A C m E�E 5;C�B;7 A D;C :�<+`�B;7 I J 7 _;A C : ��C�7 I C�J 9HE C I C : E C g�J 98k;7 9+g
E 5;C 9�f+I <+m C : :iE 5;C b'O�] 58C�f+I <+m C : : C g�g;7 E 7�J :iD8: C g�E <�J 9+B+C : E J =+7 E C�E 5;C�f;C I ` <HI b�7 9+m C�7 9+g�m <;: E
<+`6e�<;V�I <HD+E J 9+=8O

6.1 %�'�(	�+'�/�! . �	� � "�# � '�# � ����,$"
e�<;V%I <HD+E J 9+=�f;C I ` <HI b�7 9;m C'J :�D8: D87 A A Kjg+C : m I J _;C gjJ 9jE C I b�:�<+`�E 5;C'D+E J A J � 7 E J <+9%<+`�9+C E ��<HI F
I C : <HD+I m C :�<HI6E 5;C�9;C E ��<HI F�E 5+I <HD;=H5+f+D+E67 m 5;J C B+C g�_;K�9+C E ��<+I F�E I 7 ` ` J mHO+G E J :�7 ` ` C m E C g�_;K�: D;m 5
parameters:

•
a�<HD+E J 9+= 7 A =H<+I J E 5;b�3 ��<+b�f87 I J 9+= ��J E 5w: J b�f;A CdI <HD+E J 9+= 7 A =+<HI J E 5;b�: k%m <+b�f;A J m 7 E C g
I <HD+E J 9+=�7 A =H<HI J E 5;b�:im 7 9�m <+9;: J g+C Iib�<HI C�I C 
HD;J I C b�C 9HE :�7 9+gqf;I <+B+J g+C�b�<HI C�7 m m D;I 7 E C�7 9+g
C ` ` J m J C 9HE8I C : D;A E : k _+D+E;E 5;C K�b�7 K�m <+9;: D;b�C�b�<HI C�E J b�CHO

•
n�V � 7 A =H<HI J E 5;b�36e�<;Vjf87 E 58:�7 I C�m <+b�f+D+E C g�_87 : C g$<+9�E 5;C�I <HD+E J 9;=$J 9+` <HI b�7 E J <+98O �"J E 5
b�<HI Cu7 m m D+I 7 E CqI <HD+E J 9+=dJ 9;` <HI b�7 E J <+98k�E 5;CpI <HD+E J 9+=s7 A =+<HI J E 5;bzm 7 9df;I <+gHD;m Cub�<HI C
7 m m D+I 7 E C�e�<;V�f87 E 58: O;]65;C�m 5;<+J m C�<;`�niV ��7 A =H<HI J E 5;bdg+J I C m E A K�7 ` ` C m E :�E 5;C�7 m m D+I 7 m K�<+`
I <HD+E J 9+=�J 9+` <HI b�7 E J <+98kH7 9+g�E 58C I C ` <HI C�7 ` ` C m E :6E 5;C�f;C I ` <HI b�7 9+m C�<+`6e�<;V�I <HD+E J 9+=8O

• �
C E ��<HI FjE I 7 ` ` J m'b�<+g+C A 3�e�<;V%I <HD+E J 9+=%7 E E C b�f+E :�E <%J b�f+I <+B+C�9+C E ��<HI F%D+E J A J � 7 E J <+9j_+K

g+J B+C I E J 9+=�E I 7 ` ` J m�E <'f�7 E 58:�E 587 E�m <HD;A g$9+<HEi_;C�g+J : m <+B+C I C g�_;K'_;C : E Y C ` ` <HI E�I <HD+E J 9+=;O�]65;J :
b�7 Kj_;C�J b�f;<;: : J _;A C�J ` 7 A A�f87 E 58:�7 I C$C 
HD87 A A K%A <;7 g+C g8O�e�<;V&I <HD+E J 9;=%b�J = 5+E�_;C$b�<HI C
D8: C ` D;A�7 9+g'b�<HI C�C ` ` C m E J B+C�J 9�E 5;C�C 9+B+J I <+9+b�C 9HE :���5;C I C�E I 7 ` ` J m�7 9+g�9+C E ��<HI F$m 7 f87 m J E K
7 I C�b�J : b�7 E m 5;C g�7 9+g�7 A E C I 9;7 E J B+C�f87 E 58: ��J E 5�A <	��C I6A <;7 g�C �;J : E O

• �
C E ��<HI F�E <Hf;<+A <;=HKj7 9+g$: J � C+3���C I E 7 J 9�9+C E ��<HI F$E <Hf;<+A <+=+J C :�7 9+gj: J � C :�b�7 K�_;C E E C I�: D;J E

��J E 5': <+b�C�I <HD+E J 9+=�7 A =+<HI J E 5;b�:�E 587 9 ��J E 5': <+b�C�<HE 5;C I�7 A =+<HI J E 5;b�: kHE 5;C I C _;K�7 ` ` C m E�E 58C J I
performance.

•
� J =H5'A C B+C A67 g+b�J : : J <+9�m <+9HE I <+A 3 � J = 5'A C B;C A67 g+b�J : : J <+9�m <+9HE I <+A b�7 K�I C L C m Ei7�I C 
HD;C : EiJ `
7 g+b�J E E J 9+=�E 5;C�I C 
HD8C : E���J A A�A C 7 g�E <�J 9+C ` ` J m J C 9HE�D8: C�<;`i9+C E ��<HI F�I C : <HD+I m C :�C B+C 9 ��58C 9�7
` C 7 : J _;A C�f87 E 5�5�7 :�_;C C 9'` <HD;9+g8O;] 5;C I C ` <HI C�E 5;C�m 5;<+J m C�<+`i5;J =H5'A C B+C A67 g+b�J : : J <+9'm <+9HE I <+A
b�7 K�7 ` ` C m E8E 5;C�e�<;V�I <HD+E J 9;=�f;C I ` <HI b�7 9+m C�: J =H9+J ` J m 7 9HE A K8O

6.2 %�'�(	�+'�/�! . �	� � ' � !
e�<;V�I <HD+E J 9+=�m <;: E8b�7 J 9+A K�J 9+m A D;g+C :6f87 E 5�m <+b�f+D+E 7 E J <+9�m <;: E k n�V �^m <;: E 7 9+g�: E <HI 7 =+C�m <;: E O



e�<;V�a�<HD+E J 9+=�@�C I ` <HI b�7 9+m C�7 9+g ��<;: E8l�9;7 A K;: J :

48

6.2.1
��-IB +QP?-I: H(R=: -IB ; 2I/QP?2I1 B

e�<;V f87 E 58:vm 7 9t_;Cr<+9;Y g;C b�7 9+g m <+b�f+D+E C g <HIsf+I C Y m <+b�f+D+E C g8O ��9;Y g+C b�7 9+gtf87 E 5
m <+b�f+D+E 7 E J <+9�J 9+B+<+A B+C :iE I 7 B+C I : J 9;=�E <Hf;<+A <+=HK�g;7 E 7 _87 : C�7 9+g�g+C E C I b�J 9+J 9+=�7�: J 9+=HA C�e�<;V�f87 E 5�O
]65;C�m <;: E�<+`�7�: J 9;=HA C�f87 E 5jm <+b�f+D+E 7 E J <+9�g+C f;C 9+g;:�b�7 J 9+A K�<+9�E 5;C�9+C E ��<+I F$E <Hf;<+A <+=HKj7 9+g
E 5;C�I C A 7 E J B+C�g+J : E 7 9+m C�_;C E ��C C 9�E 5;C�: <HD+I m C�7 9+g�E 5;C�g+C : E J 9;7 E J <+98OHV8J � C�<+`�E 5;C�I C 
HD;C : E 7 9+g�E 5;C
A C B+C A :i<+`67 B;7 J A 7 _;A C�_87 9+g	��J gHE 5�<+9�9+C E ��<HI F�A J 9HF8: ��J A A�7 ` ` C m E8E 5;C�9HD;b�_;C Ii<+` m <+b�f+D+E 7 E J <+9;7 A
: E C f8: ki7 9+g$E 5;C I C ` <HI C'E 5;C�m <;: E O ��B+C I 7 A A k E 5;C'E <HE 7 A�m <;: E�<+`�<+9;Y g+C b�7 9+gjf87 E 5%m <+b�f+D+E 7 E J <+9
g+C f;C 9+g;:�<+9&_;<HE 5"E 5;C%m <;: E�<+`�J 9+g+J B+J gHD87 A�m <+b�f+D+E 7 E J <+9;:$7 9+g&E 5;C J I'` I C 
HD;C 9+m K8k�J O CHO k�E 5;C
7 I I J B;7 A;I 7 E C�<+` 9;C �&I C 
HD;C : E : O

G 9�m <+9HE I 7 : E k�f87 E 5uf+I C Y m <+b�f+D+E 7 E J <+9uJ :&b�<;: E A KuJ 9;: C 9;: J E J B+C�E <pE 5;Cq` I C 
HD;C 9;m Ku<+`%9+C �
I C 
HD;C : E : ki7 9+g$f+I J b�7 I J A K%g+C f;C 9+g;:�<+9j5;<	� <+` E C 9jE 5;C$e�<;V#I <HD+E J 9;=$E 7 _;A C�J :�I C m <+b�f+D+E C g8k
��5;J m 5�k+7 :�<Hf+f;<;: C g�E <�E 5;C�7 I I J B;7 A;I 7 E C�<+`69+C �^I C 
HD8C : E : kHJ :�7�f87 I 7 b�C E C I6E 587 E�E 5;C�I <HD+E C I�m 7 9
m <+9HE I <+A O ��A C 7 I A K8k�` I C 
HD;C 9HE'I C Y m <+b�f+D+E 7 E J <+9;:jf+I <+B+J g+C^b�<HI C�7 m m D+I 7 E C�e�<;Vuf87 E 58: k�7 9+g
E 5;C I C ` <HI C#_;C E E C I�9+C E ��<HI F^f8C I ` <HI b�7 9+m CHO��D+E�E 5;J :$m <+b�C :%7 E�E 5;C&m <;: E�<+`�7&: D+_8: E 7 9HE J 7 A
J 9+m I C 7 : C�J 9�f+I <+m C : : J 9;=�A <;7 g8O �D;J A g+J 9+=j7�m <+b�f;A C E C'e�<;V$I <HD+E J 9+='E 7 _;A C�J :�E KHf;J m 7 A A K$b�<HI C
m <+b�f;A J m 7 E C g�E 587 9�m <+b�f+D+E J 9;=�7�: J 9+=+A C�f87 E 5�7 9+g�J E ` D+I E 5;C I�J 9+B+<+A B+C :�E 5;C�7 g+g+J E J <+9;7 A m <;: E6<+`
g+C 7 A A <+m 7 E J 9;=j7 9+g�I C 7 A A <+mH7 E J 9+=$b�C b�<HI K8O6G 9%7 g+g+J E J <+98k���5;C 9�f87 E 58:�7 I C�f+I C Y m <+b�f+D+E C g8k67 9
7 g+g+J E J <+9;7 A�: E C fu<+`�f87 E 5�: C A C m E J <+9pJ :jI C 
HD;J I C gqE <qI C E I J C B+C�7^: D;J E 7 _;A C"f87 E 5 ��5;C 9�7 9
J 9+m <+b�J 9+=#I C 
HD;C : E�9+C C g;:�E <&_;CjI <HD+E C g8O�]65;C#: D;J E 7 _;A Cjf�7 E 5^J :�I C E I J C B;C g"` I <+bwE 5;C#e�<;V
I <HD+E J 9+=�E 7 _;A C�_;K�: C 7 I m 5;J 9+=�m <+A D;b�9�_;K�m <+A D;b�98O l�:6E 5;C�I <HD+E J 9+=�E 7 _;A C�=+C E :6_;J =+=HC I k E 5;C�m <;: E
<+`�I C E I J C B+J 9;=�_;C m <+b�C :ib�<HI C�C �Hf;C 9;: J B+CHO

G 9d=+C 9+C I 7 A k�9+<db�7 E E C I ��5;J m 5�F;J 9+gd<+`#f87 E 5 m <+b�f+D+E 7 E J <+9db�<+g+CpJ :"m <+9+m C I 9+C g8k�E 5;C
m <+b�f+D+E 7 E J <+9�m <;: E�J :iJ 9+` A D;C 9+m C g�_;K�E 5;C�` <+A A <	��J 9;=�E ��<�` 7 m E <HI : 3

•
@ 7 E 5�m <+b�f+D+E 7 E J <+9^m I J E C I J 7H3�CHO =8O k�A <	��C : E�m <;: E k���J g+C : E�_87 9+g	��J gHE 5^f87 E 5�k�C E mHO ��: J 9+=
b�D;A E J f;A C&f87 E 5pm <+b�f+D+E 7 E J <+9pm I J E C I J 7&A C 7 g;:jE <pb�<HI C�: <Hf+5;J : E J m 7 E C gpm <+b�f+D+E J 9+=p7 9+g
E 5;C I C ` <HI C�b�<HI C�m <;: E8E 587 9�D8: J 9+=p: J 9;=HA C�m <+b�f+D+E 7 E J <+9�m I J E C I J 7 O ]65;C�E I 7 g+C <+` ` J :i_;C E ��C C 9
E 5;C m <;: E ��5;J m 5rb�7 J 9+A Krm <+b�C :�` I <+b|` J 9+g+J 9+=re�<;V�Y : 7 E J : ` K+J 9+= f�7 E 58: 7 9+g E 5;C
m <+b�f+D+E 7 E J <+9;7 A8m <+b�f;A C �+J E K�<+`�E 5;C�I <HD+E J 9+=�7 A =+<HI J E 5;b�	

•
� A C �+J _;J A J E KjJ 9#: D+f+f;<HI E J 9+=#7 A E C I 9;7 E C'f87 E 5&: C A C m E J <+9%m 5;<+J m C : 3iCHO =;O k6b�7 J 9HE 7 J 9+J 9;=%C 
HD87 A
m <;: E m 5;<+J m C :�7 9+g�: C A C m E J 9+=�7 b�<+9;=�E 5;C b'k;7 m m <HD;9HE J 9;=�` <HI�J 9;7 m m D;I 7 m K�J 9�9;C E ��<HI F�: E 7 E C
J 9+` <HI b�7 E J <+98k�C E mHO�G 9u=HC 9;C I 7 A k�E 5;C^D;9;7 B+<+J g;7 _;A C�J 9;7 m m D;I 7 m KuJ 9qE 5;C�9+C E ��<HI Fd: E 7 E C
J 9+` <HI b�7 E J <+9�587 :�J b�f;A J m 7 E J <+9;:�` <HI�E 5;C�f87 E 5jm <+b�f+D+E 7 E J <+9�f+I <+m C : : O G 9�f87 I E J m D;A 7 I k�J E�J :
g+C : J I 7 _;A C�E <�b�7 J 9HE 7 J 9�7 9+g�7 A E C I 9;7 E C�_8C E ��C C 9�: C B+C I 7 A�m 5;<+J m C :�J 9�<HI g+C IiE <'7 B+<+J g�_;C J 9;=
: E D;m F���J E 5'7�: J 9+=+A C�_87 g�m 5;<+J m C�m 7 D8: C g�_;K�J 9;7 m m D+I 7 E C�J 9+` <HI b�7 E J <+98O;V8J b�J A 7 I A K8kHI C A K+J 9;=
<+9j: E I J m E�m <;: E�b�J 9+J b�J �H7 E J <+9$m I J E C I J 7�b�7 K$9+<HE�_;C�L D8: E J ` J C g ��5;C 9$m <;: E�J 9+` <HI b�7 E J <+9$J :
9+<HE�7 m m D+I 7 E CHO8G 9�: D;m 5�m 7 : C : k;I C A 7 �+J 9+=�E 5;C�<Hf+E J b�J � 7 E J <+9'm I J E C I J 7�<+`�E 5;C�f87 E 5j: C A C m E J <+9
f+I <+m C : :�b�7 K�f+I <+gHD8m C�b�<HI C�I <H_+D8: E�: <+A D+E J <+9;: O � <	��C B+C I k 7 A A <	��J 9+=j: D8m 5j<Hf+E J <+9;:�m 7 9
7 ` ` C m E;E 5;C�<+B+C I 7 A A;m <+b�f+D+E 7 E J <+9;7 A8m <;: E O



e�<;V�a�<HD+E J 9+=�@�C I ` <HI b�7 9+m C�7 9+g ��<;: E8l�9;7 A K;: J :

49

6.2.2
T,; /.< �=B -0B 8�>?K.O=-IB 8�P?2I1 B

n�V �dm <;: E�J 9+m A D;g+C :�E ��<�f87 I E : 3 <+9+C�J :�E 5;C'm <;: E�<+`�=+C 9+C I 7 E J 9+=%7 9+g�I C m C J B+J 9;=�n�V;l�: k#E 5;C
<HE 5;C I�<+9+CtJ :�E 5;C�E I 7 ` ` J m$m <;: E kpE 587 E�J :�_87 9+g	��J gHE 5"m <+9;: D;b�f+E J <+9"7 : : <+m J 7 E C g ��J E 5#n�V;l
traffic.

��C 9+C I 7 E J 9+=�7 9+g�I C m C J B+J 9;='7 9�n�V;lpJ 9+B+<+A B+C :�7 m m C : : J 9+=�E 5;C�A J 9HF�: E 7 E C�g;7 E 7 _87 : C�E <'C �+E I 7 m E
J 9+` <HI b�7 E J <+9&<HI�J 9;: C I E�9+C ��A K#I C m C J B+C g&J 9+` <HI b�7 E J <+98O�G 9"7 g+g+J E J <+98k�E 5;Cj=+C 9+C I 7 E J <+9&<+`�7 9
n�V;ldI C 
HD;J I C :�E 587 E�7�f�7 m F;C E�J :�7 : : C b�_;A C g%7 9+g$E I 7 9;: b�J E E C g8O l�9+g$E I 7 9;: b�J E E J 9+=$E 5;C'n�V;l
f87 m F;C E�m <+9;: D;b�C :�A J 9HFj_87 9+g	��J gHE 5�O��<HE 5jF;J 9+g;:�<+`�m <;: E�f+I J b�7 I J A K$g+C f8C 9+g$<+9$5;<	�d<+` E C 9
E 5;C�niV;lqJ :�E I J =+=HC I C g8OHn�V;l�E I J =+=+C I�7 A =H<+I J E 5;b�:�g+C : m I J _;C g�J 9

5.3.1
7 I C�D8: C g�E <�m <+9HE I <+A8E 5;C

` I C 
HD;C 9;m K�<+` n�V;l�k E 5+D8:6E <�m <+9HE I <+A;n�V �^m <;: E O

�C : J g+C : k;9;C E ��<HI F'E <Hf;<+A <+=HK$7 9+g�E 5;C�m 5�7 I 7 m E C I J : E J m :�<+`�I C 
HD;C : E :�J 9+` A D;C 9;m C�E 5;C�B+<+A D;b�C�<+`
D+f;g;7 E C�E I 7 ` ` J m�7 A : <8O;]65;C�` <HI b�C I�g+C E C I b�J 9+C :�E 5;C�7 m E D87 Ai9HD;b�_;C I�<+`�n�V;lpf87 m F;C E :�E 587 E�7 I C
C �;m 587 9+=+C g#<+9&C 7 m 5"A J 9HF�kiE 5;CjA 7 E E C I�7 ` ` C m E :�E 5;CjA C B+C A�<+`�7 m E J B+J E K&J 9#E 5;Cj9;C E ��<HI F�k�J O CHO k
9HD;b�_;C Ii7 9+g�gHD+I 7 E J <+9�<+`�I C 
HD;C : E : kH7 9+g�m <+9;: C 
HD8C 9HE A K�E 5;C�` I C 
HD;C 9+m K�<+`�D+f;g;7 E C�=+C 9+C I 7 E J <+98O

a�C : C 7 I m 5���<HI F � �+N���: 5;<	��:�E 587 E m <;: E <+`i=+C 9+C I 7 E J 9+=�7 9+g�I C m C J B+J 9+=�n�V;l�:^J :�7�b�7 L <HI�m <;: E
m <+b�f;<+9+C 9HE6J 9'e�<;V'I <HD+E J 9+=�7 9+g�_�7 9+g	��J gHE 5'm <+9;: D;b�f+E J <+9'7 : : <+m J 7 E C g���J E 5'n�V;lqE I 7 ` ` J m�J :
<+9+A K'7�: b�7 A A ` I 7 m E J <+9�<+`iA J 9HF�_87 9+g	��J gHE 5'C B;C 9���J E 5�E 5;C�b�<HI C�` I C 
HD;C 9HE6D+f;g;7 E C :�E 587 Eie�<;V
I <HD+E J 9+=�I C 
HD;J I C : O ] 5;C I C ` <HI CHk E 5;C�I C : E8<+`�E 5;J :6f87 f;C I6J =H9+<+I C :6E 5;C�n�V �^E I 7 ` ` J m�m <;: E O

6.2.3
�=B 20A�-03I8�P?201 B

��<+b�f87 I J 9+={E <{_;C : E Y C ` ` <HI EwI <HD+E J 9+=;kve�<;V~I <HD+E J 9+=}J b�f;<;: C : 7 g+g+J E J <+9;7 Ar: E <HI 7 =HC
I C 
HD;J I C b�C 9HE : O � J I : E k E 5;C�E <Hf;<+A <+=HK�g87 E 7 _87 : C�9+C C g;:iE <�: E <HI C�b�<HI C�J 9+` <HI b�7 E J <+9�: D;m 5'7 :�A J 9HF
I C : <HD+I m C�7 B;7 J A 7 _;J A J E K�J 9+` <HI b�7 E J <+98O+V8C m <+9+g8k���5;C 9�f87 E 5�f+I C Y m <+b�f+D+E 7 E J <+9�J :iD8: C g8k E 5;C�e�<;V
I <HD+E J 9+=�E 7 _;A C�J E : C A `6I C 
HD;J I C :�7 g+g+J E J <+9;7 A : E <HI 7 =HCHO+]65;C�b�7 =+9+J E D;g+C�<+`6E 5;J :�: E <HI 7 =HC�<+B+C I 5;C 7 g
g+C f;C 9+g;:�E <&7'A 7 I =+C$C �HE C 9HE�<+9#: f;C m J ` J m$J b�f;A C b�C 9HE 7 E J <+9%g+C E 7 J A :�: D;m 5"7 :�E 5;C$C �;7 m E�g;7 E 7
: E I D;m E D+I C :iD8: C g8O � < ��C B+C I kHJ E J :�7 A : <�7 ` ` C m E C g�_;K�f87 I 7 b�C E C I :�<+`�e�<;V�I <HD+E J 9+=8k;: D;m 5�7 :�E 5;C
<Hf;C I 7 E J <+9$<+`�E I J =+=+C I J 9+=�f;<+A J m K8k���5;J m 5%m 7 9jJ 9+` A D;C 9+m C�E 5;C'9HD;b�_;C I�<+`�g+J : E J 9+m E�f87 E 58:�E 587 E
E 5;C%f87 E 5^m <+b�f+D+E 7 E J <+9�7 A =H<+I J E 5;b =+C 9+C I 7 E C : O � <HI�C �;7 b�f;A CHk�E 5;C I C#b�7 K�C �+J : E k�` <HI'C 7 m 5
g+C : E J 9;7 E J <+98ki7'A 7 I =+C�9HD;b�_;C I�<+`�g+J : E J 9+m E�f87 E 58:���J E 5#J 9+m I C b�C 9HE 7 A A K%g+J ` ` C I C 9HE�_87 9+g	��J gHE 5
B;7 A D;C : k 5;C 9+m C�m <+9HE I J _+D+E J 9+=�E <�7�A 7 I =+C Iie�<;V�I <HD+E J 9+=�E 7 _;A CHO

� <	��C B+C I k�J E'J :j9+<HE�C �+f;C m E C g^E 587 E�e�<;VqI <HD+E J 9+= ��J A A�gHI 7 : E J m 7 A A Kqm 5�7 9+=+C&E 5;C^: E <HI 7 =+C
I C 
HD;J I C b�C 9HE :�<+`i7�I <HD+E C I O l�9+g�J E J :�` <HD;9+g � �;\ � E 587 E6e�<;V�I <HD+E J 9+=�587 :�<+9+A K�7�: b�7 A A8J b�f87 m E
<+9�E 5;J :�` 7 m E <HI kHJ 9�f87 I E J m D;A 7 I kHE 5;C�J 9+m I C 7 : C�J 9�: J � C�<+`6E 5;C�E <Hf;<+A <+=+K�g;7 E 7 _87 : C�J :�b�J 9+<HI O l�9+g
7 A E 5;<HD;=H5$E 5;C'e�<;VjI <HD+E J 9;=�E 7 _;A CHk���5;C 9$D8: C g8k6m 7 9�_;C'A 7 I =+CHk J E�J :�9+<HE�7�f+I <H_;A C bs` <HI�E 5;C
: E <HI 7 =+C�m 7 f87 _;J A J E J C :�<+`�b�<+g+C I 9$: K;: E C b�: O8l�:�7�I C : D;A E k���C�J =H9+<HI C�E 5;C�: E <HI 7 =+C�m <;: E�J 9'E 5;C
I C : E�<+`�E 5;J :pf87 f;C I O l}g+C E 7 J A C g g+J : m D8: : J <+9 <+`qE 5;C : E <HI 7 =+Csm <;: E�<+`u7s: f;C m J ` J m
J b�f;A C b�C 9HE 7 E J <+9�<+`�e�<;V$I <HD+E J 9+=8k�7 9+g�J E :�m <+b�f87 I J : <+9'E <'E 587 E�<+`�_;C : E Y C ` ` <HI EiI <HD+E J 9;=;k�m 7 9
_;C�` <HD;9+g�J 9 � �+N�� O

G 9�7 g+g+J E J <+9�E <'7 _;<+B+C�E 5+I C C�e�<;V�I <HD+E J 9+='m <;: E : k+E 5;C I C�7 I C�: <+b�C�<HE 58C I�m <;: E :�I C A 7 E C g�E <�E 5;C
J b�f;A C b�C 9HE 7 E J <+9%<+`�e�<;V%I <HD+E J 9+=%: D;m 5&7 :�: J =H9;7 A J 9;=jm <;: E ki: <+` E ��7 I C�m <;: E k6<Hf;C I 7 E J <+9%m <;: E
7 9+g�b�7 J 9HE C 9;7 9+m C�m <;: E k���5;J m 5�7 I C�9+<HE8m <+B;C I C g�J 9�E 5;J :6E 5;C : J : O



e�<;V�a�<HD+E J 9+=�@�C I ` <HI b�7 9+m C�7 9+g ��<;: E8l�9;7 A K;: J :

50

6.3 (�. � /�� ��! . '��*(�! /�� �

6.3.1
�.; LMR.: -IB ; 2I/ V U�� 8(H(B ; @I8(1

�^C�: J b�D;A 7 E C�e�<;V�I <HD+E J 9+=�J 9�g+J ` ` C I C 9HE89+C E ��<HI F�C 9+B+J I <+9+b�C 9HE :iJ 9�<HI g+C I E <�3

•
C �87 b�J 9+C#E 5;C&_87 : J m"` C 7 E D;I C :j<+`$e�<;VpI <HD+E J 9+=8k�J O CHO k�` J 9+g+J 9;=^f87 E 58:jE 587 E'b�C C E�e�<;V
I C 
HD;J I C b�C 9HE : 	r7 m m <+b�b�<+g;7 E J 9;=~_;C : E Y C ` ` <HI EtE I 7 ` ` J m�	rJ b�f+I <+B+J 9;=yE 5;C}9+C E ��<+I F
E 5+I <HD;= 5+f+D+E 	;J 9+g+J m 7 E J 9+=�g+J : I D+f+E J <+9;:�E <�E 5;C�m D+I I C 9HE�f87 E 5'<+`�7�` A <	�p7 9+g�_+D;J A g+J 9+='7�9+C �
f87 E 5�J ` <+9+C�C �;J : E : 	

•
` J 9+g�E 5;C�` 7 m E <HI :6E 587 E 7 ` ` C m E8f;C I ` <HI b�7 9+m C�7 9+g�m <;: E�<+`6e�<;V�I <HD+E J 9+= 	

•
J 9+B+C : E J =+7 E C�5;<	�"E <�J b�f+I <+B;C�E 5;C�f;C I ` <HI b�7 9+m C�<+`�e�<;V�I <HD+E J 9+=���5;J A C�F8C C f;J 9+=�E 5;C�m <;: E
<+`6e�<;V�I <HD+E J 9+=�<+9�7 9�7 m m C f+E 7 _;A C�A C B+C A 	

•
=;7 J 9$f+I 7 m E J mH7 A�C �+f;C I J C 9+m C�` <HI�g+C : J =H9+J 9;=%7 9+gjJ b�f;A C b�C 9HE J 9;=$E <HE 7 A A K#` D;9+m E J <+9;7 A�e�<;V
routing.

6.3.2 Measurement

Performance

�^C�D8: C�E 5;C�7 B+C I 7 =+C�9;C E ��<HI F�E 5+I <HD8= 5+f+D+E�7 m 5;J C B+C g'_;K�I C 7 A Y E J b�C�E I 7 ` ` J m ��J E 5�_87 9+g	��J gHE 5
I C 
HD;J I C b�C 9HE :#E <uI C f+I C : C 9HE$E 5;C�9+C E ��<HI Fuf8C I ` <HI b�7 9+m CHO�]65;C <HI C E J m 7 A A K8k E 5;CqA 7 I =+C I%E 5;C
7 B+C I 7 =+C�9+C E ��<HI F E 5+I <HD8= 5+f+D+EiJ : k+E 5;C�_;C E E C I�E 5;C�9;C E ��<HI F'f;C I ` <HI b�7 9+m C�: 5;<HD;A g�_;CHO;]6<'=+C E
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