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É �W���	��� ÁÂ�S� » á�?� � É ¡¯�S�)"
Å Ú ��Å�� ���.¡ ���O�S�G�Â��I²��Þ
·�¸cµ K ¿ � ·HÇ � Ë2���
·®µØ¸ K Õ K º�¿ � ¸�¿ � Ë2���
·®µØ¸ K Õ K ºOÇ � ¸�¿ � ���
·®µ ½aK ·�¿LÇ K ·�¸ Õ � · Õ � ���
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X ß á ß X ��±A�O¡��\���0�Ã�W�

•
�ï�	�������	� �\�O `IZ� ��¡OI_�Î�*�  G����¼ Ä �¯�Q±��
¡G���[� ���W��
`���[�0�Ã�W� ±��S�W¡��

•
�3�WIPI��O¡®��� �\�` OI²� ���������Ã���
Ä �H��� ���W��
Ø�����0���.� ���®�Ê���
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Õ ��Öy×bØÚÙ Ë ÛFÁ Ü�ÝOÞ}ÒOØàß�Ýyá�âÊã�Ö�Þ�ÖyäSÙ*Ý�ÝSÜSá
ÞåÝSÜ�ÝOÞ}Ò�ÖSÙ	ØæÛÊäJÜ

• ç ãfÞ�ÞåÝeäSÙ èlé Ü�ÝOÞ¬êOØàß�Ýfë ì�íeÝSÜ�Ù Ý9îÍÛ ÞÈÙSïàð

•
ìòñ ã�Öy×bØÚÙ�ó ôUõ ö¡ÝeÞ¬êOØàß�Ý�ð	ë ÷�ØøÜ�Ù	Ø�ä+âÊãeØøÜ9ù
÷_Ø#îÍÝeÞåÝOäoÙ Ù�ófúOÝoÜ Û[õ Ü�ÝeÞ¬êOØàß�Ýfï

•
ì*û ã�Ö(Þ�ÖfäoÙ*ÝKÝ�ð ØøÜ ßSÛXü ü ÝeÞýß(ØvÖf×�á
äQÛ�Ù Ù*ÝJß[ùfäeØàßQÖy×þï

• ÿ ÝJß[ùfäeØàßQÖy×qÛeîÍÝOÞ�ØÆäQâ Ø Ü ÞåÝoÜ�ÝOÞÈê[ÖoÙ	ØàÛÊä�á
äQÛ�Ù âÊã�Ö�Þ�ÖyäSÙ*Ý�Ý�ï

•
� ÝoÜ�ÝOÞÈê[ÖoÙ	ØàÛÊäJÜ ÞåÝoÜ9ù�ÖfúOÝ õ�ÖeØÆ×�ãyÞåÝ ÷�ØøÜ�Ù�ÞÄØ�ífãoÙ	ØàÛÊäqï

���



Õ Û�� Ø Ü ÞåÝQÖf×�× ó ÞåÝSÜ�ÝOÞ¬ê�ÖSÙ	ØæÛÊä

ç ùQÛ�ØàßSÝ�ë � ÷y÷ ÞåÝoÜ�ÝeÞ¬ê[ÖoÙ	ØæÛXäJÜ
Ù*Û èÄäSÙ*ÝeÞ�äòÝ)Ù Ü�ÝOÞÈê�ØàßSÝ	�

ÿ ùòÝ Ø�ü ú�Ö+ß1Ù Û[õ ÞåÝoÜ�ÝOÞÈê[ÖoÙ	ØàÛÊäJÜ ØøÜ Ù*Û Þ ÝSÜ9ù�ÖfúOÝ
Ù�ùQÝ Ü�Ù�ÖSÙ	ØøÜ�Ù	ØàßòÖf×�÷�ØøÜ�Ù�ÞÄØ�ífãoÙ	ØàÛÊä ÛeõÊÜ)ã+ß�ß�ÝoÜ*Ü�
+õ�ÖOØ�×�ãfÞ Ý�ï

� ÝKÝ 
 ÞåÝoÜ9×àÖfã á���ßSÛ[Ù�Ù �2ùQÝeä��4ÝOÞ®ï
ì�
ÍÝoÜ�Ù���Ý)îÍÛ�ÞÈÙ ê+ÝeÞYÜ9ãKÜ ÞåÝoÜ�ÝeÞ¬ê�ÖSÙ	ØæÛXäKÜKë
Ö Ü1Ø�ü úy×$Ý ß�ÛÊü ú�Ö�Þ�ÖoÙ	Ø#ê+Ý Öfä�Öy× óòÜ1ØøÜKïàð
� � � ����� � � � � ���! 

"$#



%'& Öfü úf×$Ý Û[õ õ�ÖOØ�×�ãfÞåÝ ( 
	( Û ÞåÝoÜ�ÝeÞ¬ê�ÖSÙ	ØæÛXä

� ÛqÖ+÷ äòÝ)Ù)( Û Þ*� ( Ø#Ù�ù Öfúfúy×vØ¹ßòÖSÙ	ØæÛÊäJÜ Ù�ù�ÖoÙ Ü�ÝOäQ÷
Ö Ü�Ù�ÞåÝQÖfü Û[õ ú�Ö+ß+�^Ý�ÙÌÜ�á-,ÊãeØÚÙ ÖSÙ .DÞYÜ�Ù ÷ÊÞåÛÊúqï
é ÞåÛÊí�ÖfíeØ�×bØÚÙ�ó Ý & Ö+ß1Ù�× ó

n
ú�Ö+ß+�^Ý�ÙÌÜ Ü9ã+ß�ß�Ý�ÝK÷ ë

Pr(n) = Pr( /10!243 ) · (1 − Pr( /10!243 ))n

= Pr( /506273 ) · eln(1−Pr( /10627398 )n

� ÝoÜ�ÝOÞÈê[ÖoÙ	ØàÛÊä ÞåÝJ÷sã+ßSÝSÜ
Pr( /10!243 ) á: ÖoÙ�Ù*ÝOäKÜ Ý & úeÛXäQÝeäSÙ	ØvÖy×q÷yÝeäJÜ1ØÚÙ�óoï

"<;



é ÞåÛÊí�ÖyíOØ�× Ù�ó Ûeõ ÷yÝe×vØ$êQÝeÞÄØ�ä+â ú�ÞåÝ=. &
íOÝSÜ Ù Ý)î¡Û ÞÈÙ
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best effort
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é ÞåÛXí@?fí!ACBDAFE�ó Û[õ ÷�Ý6BDA#ê+ÝeÞGA�ä+â ú(ÞåÝH. &
â�A$êQÝeä ÞåÝoÜ�ÝeÞ¬êI?JEKAæÛXä

n
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best effort

reservation
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é ÞPOXí@?fí!ACBDAFE�ó O[õ ÷�Ý6BDA#ê+ÝeÞGA�ä+â ú(ÞåÝH. &
ÞåÝQ,ÊãòÝJR�EKAÆäQâ ÞåÝSR�ÝeÞ¬êI?JEKATOXä

n

pa
ck

et
s 

su
cc

ee
d

n
pr

ob
ab
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ty

 e
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best effort

reservation
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� ÝW,sãQÝSRXEKA�ä+â ÞåÝJR�ÝOÞ¬êI?JEKATOÊä ß[ùI?yä+â�ÝJR
õ*?6AYB�ãfÞåÝ âsÞZ?fäyã�B[?(ÞGAFE�ó

• \ B[?SE]E*ÝOÞ Ý & ú6OÊäQÝeäJEKAD?�B ù@?WR B^?(Þýâ�ÝOÞ ü Ý_?fäa`
Ý & ßSÝKÝK÷6R äQÝbE*( O�Þ*� ßc?fúI?Qß@AFE�ó

•
�2ú6AY�4Ý ?JE d úI?Qß!�4ÝbEeR ÞåÝK÷ÊãQß�ÝSR ü Ý_?fä EfO
≤

íOÝSRXE Ý)îgO�Þ1E

•
éh?Qß!�4Ý=E õi?!ACB�ãyÞåÝ R9ù6A#õjE*ÝJ÷ EfO
ÞåÝSR�ÝeÞ¬ê+?SEKATOXä õi?!ACB�ãyÞåÝ

"�k



l ?mB|ãòÝ Oeõ ÞåÝJR�ÝOÞ¬êI?JEKATOÊä EfO ãWR�ÝOÞ

π(n)
AnR ê+?mB�ãQÝ Oeõ

n
úI?Qß!�4Ý=EeR EfO ãWR�ÝeÞ

• o êQÝOÞZ?mB7Byê+?mB�ãQÝ
=

∑
π(n) · Pr(n)

• π′′(n) > 0 ⇒ π(a + b) > π(a) + π(b)

p ÞåÝSR�ÝeÞ¬ê+?SEKATOXä ùQÝ!B�ú�õHã�B

• π′′(n) = 0 ⇒ π(a + b) = π(a) + π(b)

p ÞåÝSR�ÝeÞ¬ê+?SEKATOXä äQÝeãJE�Þq?�B

• π′′(n) < 0 ⇒ π(a + b) < π(a) + π(b)

p ÞåÝSR�ÝeÞ¬ê+?SEKATOXä ( ?WRXE*Ý)õ�ãmB

"*r



l ?�B�ãòÝ õHãfäQßbEKATOXä�ë s R9ãyú6t!u R9ãyí vwBDA�ä_t_?xu

n
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res
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lpf

ul

reservation wasteful

reservation neutral
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l ?mB�ã_t õ�ãyä	zaEKATOXäWRJ{ | ãfä 8 ù_t!B�ú�õ�ãmB uPtJR}t6u¬êI?JEKATOÊä
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l ?�B�ã_t õHãfä	zaEKATOXäQR
BDA�ü AFEftK÷ ù_t!B|úSõ�ãmB�u~tJR�t!u¬êI?JEKATOXä

n

pa
ck

et
s

n
va

lu
e 

of

� ? & A�ü An�St
π(n)/n

�
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�2ùI?xuPt ? . & tJ÷ z_?yúI?_z@AFE�ó

 uPtSRHB[?�� � �2ùct6�m��t!u�zJO��WR�A¹÷�t6u�ú@?@uVEKAFEKATO��!AY�	� E�ùct
zc?fúI?_z@AFE�ó O[õ E�ùct �_tbE*( O�u*� ?fü O��_� : OW( RKï

ÿ ùctIAYu π
?fúfúmBDA[tSR EfO íI?m�+÷@( Aà÷IE�ù�{

�_OIE � Oeõ úI?_z!��t=EeR�ï

ç O��WR�A¹÷�t6uq?JEKATO��QR ?fí!O��JE R9ùI?yú6t Oeõ
π

?xuPt
tSRfR�t!�JEKAD?�B7B ó E�ù_t R�?yü tfï

"��



� ùI?SE A�RfRH�ct ( AYB7Bq÷mtbEft6ulü AY�_t uPtJR}t6u¬êI?JEKATO��WR��

•
ü ? & AÆü A��Jt ��B�OXíI?mB�z�OÊü ü ���!A[z_?SEKA[O�� �JEKAYBDAFE�ó
p ?�B7B�O�zc?JEft AY��ê_tJRXE�ü t!�JE AY� z_?yúI?_z@AFE�ó êcRKï

uPtSR�t!u¬ê+?SEKATO�� RÌóWRXEfteü

•
E�ù�u~O��	�sùfúm�JE EKA�ü tSR ÷mt!B^?	ó � úI?_z!��t=EeR AY�
EbuZ?m�WRaAFE
p BDA�ü AFEeR ��uZ?m���mB^?xuGAFE�ó O[õ

t!�+÷x�iEfO@�]t!�+÷ ÷mtQz@A�RaATO��WR

•
uPtSR�t!u¬ê+?SEKATO��WR

⇒
z[ùI?xuj�mtSR��

" �



� ÿ � 
 ë�z�O[ê	t!u�E�ó�ú6tSR Oeõ uPtQz�O�uý÷6R AY� R}OXü t ÷mt��
E�?6AYBÆï

�$#



� � � ë��I?fü tSR O�u ù@?��Q÷�B�tJR��

•
�2ù_O�uVE}zJOXü AY�	�6R Oeõ èlé �m�fü í6t!u�R
p ùI?xuý÷ EfO uPtOü teü í6t!uZ
!���_tSRfR
p ÷mteú6t!�+÷�t6�SE O�� �_tbE*( O�u)� EfOXú6O�B�O��[óI
wB�O�zc?JEKATO��

ç ù_O�A[zJt�ë èG�JEbu~Os÷��_z�t ü t	?m�6AY�	��õ]��B��I?fü tSR�{
�_OIE ü t	?m�6AY�	��B�tSRfR ùI?m�+÷�B�tSR��

�<;



� � � ù6A�RXEfO�u¬ó

� A�RXEfO�u¬óqë

� ï �c 6¡ dW¢ ¡�£ ��B�OÊíI?mB�E�?fímB�t O[õ : ?JE ùcO�RXE �@?fü tJRKï

£ ï zyï �W �¡�¤ EfO�O ü ?m��ó ùcO�RXEeRKï

¤ ï �c 6¡�¤ ¢ ¡�¥ � \ ç ¡�¡m£ { ¡m¡�¤ { � d ¤6¦ { � d ¤�§ {
� � �

•
� ÿ � 
 õGO�u ù@?��+÷�B�t ,��_OIEft

•
� ÿ � 
 õGO�u �@?fü t ,��cO+Eft

¨ �6A�íyí�B�t�ë � ?fü tJR�
_ùI?m�+÷�B�tSR u~t9õ©t6u EfO 0Qª�«Q¬�­j® {�_OIE EfO ¯m° ®�­j® ï% ï7� ï1{�±b±=±h²G³H´w²Vµ@³<¶!·�³K¸�¹�º�²q»�¼�µqï
é uGAY�	zxA�ú�B�tfë ½ ¾�¿mÀÂÁÄÃÆÅ�ÇCÈ�É Ê�ËÍÌGÎSÏ�Ð�Ñ4Ë7Ò@Ó�Ô!Õ
½ Öb×g¿�ØxÇYÙ�ÚCÚnÁ ËÍÛ Ü@Ý�ÞßÓ�Ì*ÔQà�ÐwÜ+Ó�Õ

��>



¦ B�t)ê	t!BFR O[õ Aà÷mt!�JEKAá.ßt!u�R

US English

Chinese Polish

routes handles names

network
administration

addresses

individual
members

#437
netbotGrampa

Bizco, Inc.

network
locations agents meanings

communities

deliveries
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� t)õGt!uPt6�_z�t í!t=E*( t�t6� Aà÷mt!�JEKAá.ßt!u�R

•
èY÷�t6�SEKAá.ßt6uâR ã «�® ° 3åä�« õÆuPOXü u©A^�sùJE EfO B�t9õjESï

•
èY÷�t6�SEKAá.ßt6uâR ã «@/æ« ã ÷�OW( �J( ?@uý÷ ï

•
�',��@?@u~t ú@?JE�ùQR R9ùcO���Bø÷ z!B�O�R}t � ⇐ �

⇓ ⇑

� ⇒ �

•
� B7B�OÊí$çÆtWzaEeR ?xuPt ê6ACu1Eb�I?�BÆï
p � t_?��!AC�_� Oeõ OÊí$çÆtWzaEeR ÷mt!uGA#ê	tK÷
õ]u~OXü uPt!B[?JEKATO��QRKï

p ç O�u*u~tWzaEb�_tSRfR O���B ó AY� uPt!B[?JEKATO��QR�{
�_OIE OXí�ç]tQzaEeRKï

p è Ó�ÐßÑêé�Ó�ÔSË4ë�Û é�Ó�ÜmË7ÔSË�ôìÛ Ë7Ô
í î ô ÜeôêÛ�ÎSÌ�ôìÑDÔ Ì*Ó�Ô�ôêÑCÏ�ÎbË�ôìÛÄÕ

�*r



ï ÔbÓ�Ï�éÊô î Ë7ÔKÎ^ô�ÌðÝ ôßñ Û�Ó�Î í ô�ÌXò Ë7é�Ó�Û�ÎbËôóõÓ�Ì*Ô

•
� O��SEftJR AC� � � ç é ë@¶_ºQ´fö6÷�øV¶_º�´}öQùßø�ïÈïÈïúø1¶_ºQ´fö�û
p �h?�B7B ó R�t!�+÷6RüEfO û uZ?fü úI?�ýþR�z_?m�+÷�ó RXEfO�uPtfë

¹�¸�ÿH¹Jº����b»ßø ¸ û=µ��!·a´�ø��xº û	�c»
��øG³�¸ û�¼��
p � O �mO�O�÷ õGO�u ��?���B ` ù_t ü �WRXE �WR�t


 µbû!·��	»�ÿ�øZ»�����ø�¹bÿ�¸ û!·<öW»�øq¸�ÿbö�¶bµJÿhø©³K¸�û�¼��

• � � ���fü í6t!u�RKë ÷�ù���²��Hùß²�����²��
p �h?fü t ?Q÷f÷�uPtJR<R uPt_?	z[ù_tSR û uZ?fü úI?
õGO�u í!O+E�ù �h?�B7B ó ?��+÷ �h?m��BÆï

p � O �mO�O�÷ ( ùct6� û uq?fü úI? ü O��_tJRJ{
�_tbE*( O�u)� EfOÊú6O�B�O��[ó zeù@?��	��tJR�ï

��y



ï ÔbÓ�Ï�éÊô î Ë7ÔKÎ^ô�ÌðÝ�� Ü[ôìÛ�ÎbËÍÛßÏ�Ó�é

•
� OXü ?6AY� �I?fü tSR�� ³�¸ û�¼��h²©³Kº �
p �h?fü t �@?fü t ( O�u*�bR õ©O�u t!�_t6u¬óHO��_tfï
p û uq?fü úI? z_?m� �fúO÷�?JEft uPtSR�O�B"�_t6�SE�Oeõ ³�¸ ûJ¼��h²©³Kº��

( ùct6� ù_t ü O��_tJR�ï
p ��teü ?m�JEKA[z �+?mB7�_t O[õ ³K¸�û�¼���²G³�º � B�t_?+÷!R

EfO z�O�� : A[zaESï
∗


 A[���mt!u�zc?��+÷�ó zJOXü úI?m��ó ( ?m�JEeR ³�¸ û�¼��h²©³Kº �

∗ # ?��Q÷ $ zJOXü úI?��Só ( ?��JEeR ³K¸�û�¼��h²G³�º �
p �ÊóWRXEftOü A[z z�O�� : A[zaE%� # ù6AY�_tSR�t ?�B�úfù@?fí6tbES{

ïÈï¬ï

� �



ï ô�ÔbÔSËÍÞ�ÑDÓ ñXÏ�ÎJÏ�Ì*Ó

•
� ?m�+÷�B�tSR�� ¶�÷�¹�&'��(!(�)x÷�*%+!��,���*%+-&
�.(0/��
p � ?��Q÷mOÊü B�O�O��	AY�	�ß{21��SE �_O+E ü �	z[ù ( O�uâR�t

E�ùI?m� úfù_O��_tm{hz+uPtK÷wAFE zc?@uå÷ �m�fü 16t!u�RKï
p # ?�� 16t R�t!B õ ?WRfR�A^���_tK÷ ( AFE�ù �_O z�t!�JEbuq?�B

?��SE�ù_O�uGAFE�óoï
p � ?yü tSR uPtSR�O�B3�_t EfO ùI?��Q÷�B�tSR ( ù6A[z[ù uPt��

R�O�B3�_t EfO ?+÷f÷�uPtSRfR�tSRKï
p � t RXEKAYB7Bm.��sùJE O4�	t!u �@?fü tJRKï
p o E�ù_t!u ( ?	ócR EfO .õ�+÷ ùI?m�+÷�B�tSR 16tSRaAà÷mtSR

� � � �5$g?yù_O�O�{ û O�O���B�t�{ ïÈï¬ï

��"



� ?m�+÷�B�tSR �616A[,��!AáEfO��WR AY� z�OÊü úm�JEKAY�	� RÌóWRXEfteü R

• # OXü ú6AYB�t6u7�
Aà÷mt!�JEKAá.ßt!u

→
RÌófü E�?61�B�t AY�Q÷mt &

→
?+÷y÷�uPtSRfR

•
� % % � � o � % %98 � � � �h% �

���



� ?yü tSR O���B ó2�

•
� uGAY�	zxA�ú�B�t:� ; î Ó�Û Î í ô ÔaÓ�ÌðÊ�Ë Ü+Ó�Ô Ð�Ì*Ó Ó=<�Ï�Ð�ÑCÑ^Ý
Ó�Ð�Ô�Ý Î^ô Ë?> à�ÑDÓ5> Ó�Û�Î@��Ü î ô�ô�ÔaÓ Î î Ó > ô�Ì*Ó
ÊmÐ�ÑCÏ�Ð�Þ�ÑDÓ ôìÛ�Ó-Õ
p � ?yü tSR ü O�uPt �I?�B7�I?61�B�t E�ùI?m� ù@?��Q÷�B�tJR�ï

� ?m�+÷�B�tSR ?m�+÷ �I?fü tSR��

•
� uGAY�	zxA�ú�B�t:� ï Ï�Î é�ËBA Ó�Ì*Ó�Û�Î ÔbÓ�ÌðÊ�Ë Ü+Ó�Ô ËÍÛ
é�ËBA Ó�Ì*Ó�Û�Î > ôõé�ÏßÑDÓ�Ô!Õ
p � ?yü t_
_ù@?��+÷�B�t uPtSR�O�B4�SEKATO�� ÷mteú6t!�+÷ O��
÷wA#îgt!uPt6�SE ?m�JE�ù_O�uGAFEKATtJR�ï

• # O����SEft6ulú@uGAY�_z@A�ú�B�t:� C ÐßÑCÏ�Ð�ÞßÑDÓ Ô=Ü!Ð�ÌúÜ!Ó
Ì*Ó�Ô1ôìÏ�ÌúÜ!Ó�Ô Ð�Ì*Ó Ü[ô�Ô�ÎJÑ^Ý Î^ô é�ÓmñúÓ�Û�égÕ

� �



��tWz+��uGAFE�ó E�ùmuPO��_�Êù z!u¬ófúJEfO���uZ?yúfùSó

•
� uGAD�I?	z�ó+
@R�tWz+uPtQz)ó

•
� �SE�ù_t!�JEKA[zc?JEKATO��@
IRaA[���@?JEb�muPt

� #



��tQz!u~t=E�����t)ó z!uÈó�úSEfO���uq?fú	ó |útfï7� ï � % � 8

• # uPt	?SEft O��ct uq?��+÷�OXü ��B�O�O��_AY�	� ��t)ó
K

• E t)ó ÷mt=.õ�_tSR E*( O õ]���_zbEKATO��WR�{
K

{
K

{�( AFE�ù
K(K(x)) = x

|XAY�.�_t6uâR�tJR 8

•
�2ùI?xuPt R�tQz!u~t=E
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