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]65;C�<H_ L C m E J B+C�<+`�7�e�<;V#7 I m 5;J E C m E D+I C�J :�E <�f+I <+B+J g+C�7�` I 7 b�C ��<HI Fj` <HI�E 5;C�J 9HE C =HI 7 E J <+9j<+`

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$` <HI�E 5;C�` A < ��k�7 9+g'E 5;C�I C A 7 E C g�` A <	��Y : E 7 E C Y J 9+` <+I b�7 E J <+9���J A A6_;C
J 9;: E 7 A A C g�J 9�E 5;C�I <HD+E C I OHG `�E 5;C�I C 
HD;C : E8J :6I C L C m E C g8k E 58C�I <HD+E C I���J A A�: C 9+g�7 9�C I I <HI6b�C : : 7 =+C�E <
E 5;C�I C m C J B+C I k+7 9+g�E 5;C�: J =+9;7 A J 9+=�f;I <+m C : : ��J A A;E C I b�J 9;7 E CHO
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a�V8��@jI C : C I B;7 E J <+9'I C 
HD;C : E�: f;C m J ` J C :�E 5;C'7 b�<HD;9HE�<+`�I C : <HD;I m C :�E <'_;C�I C : C I B+C g$` <+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
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@ 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 :$7 9+g � <HI�: <+b�C#7 g+g+J E J <+9;7 A
m A 7 : : J ` J m 7 E J <+9�9HD;b�_;C I�7 g+g+C g�E <�C 7 m 5�f87 m F;C E O
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]65;C�f87 m F8C E�: m 5;C gHD;A C I�b�7 9;7 =+C :�E 5;C�` <HI ��7 I g+J 9;=�<+`�g+J ` ` C I C 9HE6f87 m F8C E�: E I C 7 b�:�D8: J 9+=�7�: C E
<+` 
HD;C D;C :�7 9+g�f;C I 587 f8:�<HE 5;C I�b�C m 5�7 9+J : b�:�A J F;C�E J b�C I : OHl�A A8f87 m F;C E :�J 9�E 5;C�: 7 b�C�m A 7 : :�=HC E
E 5;C : 7 b�C�E I CH7 E b�C 9HE&` I <+b{E 5;Cuf87 m F;C E": m 5;C gHD;A C I O$] 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
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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

����	�� � ��� � 
 ����� ��
 � ��
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 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$7
: J 9+=HA Cj��J ` ` C I C 9HE J 7 E C g"V8C I B+J m C :�m <+g+C f;<+J 9HE � ��V���@ � O �"J E 5;J 9&E 5;Cjm <HI Cj<+`�E 5;C%9+C E ��<HI F�k
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b�D8: E�_;C�E J = 5+E A K�m <+9HE I <+A A C g8O+@ 7 I E J m D;A 7 I A K8kHE J b�C A K�` <HI ��7 I g+J 9+=�7 9+g�_87 9+g	��J gHE 5'C 9+` <+I m C b�C 9HE
b�7 Kum <+9+` A J m E$gHD+I J 9;=pm <+9;=HC : E J <+98O�]65;J :&m 7 9u_;C^I C : <+A B+C gp_;Kuf+I J <HI J E J � J 9+=pE 5;C�E J b�C A K
` <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
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�
 � 
 
�� � � � � 
 
�	 ��
 ��	�� 
 
�� � � � � 
 ���
	 � � � � �

]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
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 	�
 � � ��� 	 � � 
�� 
 � ]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
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 � � � � � 
 � � � � 
 	�� 
 � � 
 � � ��� � 
�	�� 
 � � � 
 � � � � 
 �

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

��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
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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
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 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)
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[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)
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[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]
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[42]

Least-delay Source O(vlogv) Global Zero
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[43]

Least-cost Source O(gv2) Global Zero

Takahashi-� 	 
 % � � 	 �,	�� � � � Least-cost Source O(gv2) Global Zero
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 � � 	�
 
 	 �  
[45]

Delay-constrained
Least-cost

Source O(gv3d) Global Zero

Sun-Landgengorfer� � � � Delay-constrained
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Source O(vlogv+e) Global Zero

Widyono
[46]

Delay-constrained
Least-cost

Source Exponential Global Zero
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 	 �  
[47]

Delay-constrained
Least-cost

Source O(kv3logv) Global Zero

Rouskas-Baldine
[48]

Delay-constrained
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Source O(klgv4) Global Zero
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[45]

Delay-constrained
Least-cost

Distributed O(v3) Global O(v3)

Chen-Nahrstedt
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Generic Distributed O(ge) Local O(ge)
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m <+b�f;A C E CHOHl�:�7�I C : D;A E k E 5;C�m <+b�f+D+E 7 E J <+9�E 587 E�D8: C :�7 9HK�E ��<�<HI�b�<HI C�<+`6g+C A 7 K8kHg+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�J 9 7 9+K�m <+b�_;J 9;7 E J <+9;:"7 :"b�C E I J m :"J :

�
@ Y m <+b�f;A C E CHO�] 5;C

m <+b�f+D+E 7 E J <+9;7 A A K�` C 7 : J _;A C�m <+b�_;J 9;7 E J <+9;:�<+`6b�C E I J m :�7 I C�_�7 9+g	��J gHE 5�7 9+g�<+9+C�<;`6` J B+C � g+C A 7 K8k
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



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

36

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 : 	
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