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Abstract: To facilitate content retrieval among NDN domains, a multipath inter-domain routing for named data network-

ing (MIRNDN) was proposed. Under MIRNDN, an AS (autonomous system) maintained merely the routing state of con-

tent reachable from its own network or from its customers’ networks and aggregated routing information to mitigate 

routing scalability issue; Dvalley freeH routing policy was applied to guide Interest packets that solicit content un-

reachable from the AS’s own network nor from its customers’ networks to explore matching data packets via multiple 

paths, and NDN’s requests aggregation, in-network caching and adaptive forwarding optimized such exploration; the 

reachability information of content from multiple paths was collected to support Interest multipath forwarding. The prop-

erties of FIB size and the convergence time and communication cost of routing update under MIRNDN were analyzed in 

theory. The experimental results in the AS level topology of current Internet validates that MIRNDN mitigates the scal-

ability issue of NDN inter-domain routing, has relative short convergence time and moderate communication cost for 

routing update, and effectively reduces unnecessary Interest forwarding.  
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u�{tu�Q~ Pro(X)8ãHO��¬Â>ãH

OQ~�P¬¦�H FIBqr�w[x»�8�V

Y����¦ 5´~8´É8�X���a¦üE P�

FIBqr��� X�¬> Pro(X)8ãHOQ~ PD

���üE P� FIBqr�w[x»�'IJ Y�

XL¬£ P¯°[s FIBqr��'a¦üE P�

FIB qr�¦ 10´�12´É8�X ���a¦ FIB

qr3 P����tu�æ�¸y Y<=�45Q

~�X-��tu
�N�	 FIBqr���¦ 14´

É8�X¼Å£ PN�[s	� FIBqr�Æs

®w X8!y YQ~�� PüE� FIBqr²L¨

©±¦ 15´~17´É �́�y� 2s®�X��	

�0tu¬>ãHO ASQ~�¦ 19´~24´É8�

XpØ minrouteadver�ë�N�	45Q~���

)USr��>ãHO<=	45Q~+ø	�

H� adj_ribs_out�R� 18¦ 26´~37´Éqñ�

update�45�Çë X�ø	R�t¦ 27´~28´

É8�� X a¦!y P � FIB qr entry�vOa

¦üE P� FIBqr entry� Y��Q~Ê��{

entryüE��0tu��1 entry� next-hop8¨

© YD¦ 29´~36´É8��X÷|£{45�Ç

��ø	� FIB qr entry � next-hop £�»�{

entrytu�Î1#$�²ÇX¬>ãHO�Ç�X

°VN�	�45�ÇÁÂ���)USr��<

=ÄãHO+ø	�H adj_ribs_out� 

�� 1  MIRNDN�45ø	��R� 

/* X�u; Y<=�!y�0tu P�45ø

	 update���R� */ 

1) Update_adj_ribs_in (update, Y) // ø 	

adj_ribs_in 

2) IF Is_advertisement (update) //update�45

Q~ÁÂ 

3)  IF entry=Lookup_entry(P) //a¦!y P�

FIBqr entry�¦ entry� next-hop8�V Y 

4)     entry.next-hop+={Y} 

5)  ELSEIF entry=Lookup_Covering_entry(P) 

// P ⊂ entry.ContentPrefix 

6)     IF Y∉Yentry.next-hop//üE P� FIBq

r entry� next-hop'IJ Y 

7)      entry’ = Create_entry(P, Y) 

8)    ENDIF 

9)  ELSE //£ P�¯[s	� FIBqr entry’
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+>ãHO ASd<45Q~ 

10)    IF entry=Lookup_CommonPrefix_entry 

(P) and entry.next-hop=={Y} 

// 

.entry ContentPrefix

k

=

p

k

�Ay���(�

w[x Y 

11)      entry’ = Aggregate_entry (P,  en-

try.ContentPrefix, Y) //
��[s	� FIBqr 

12)      Delete_entry(entry) 

13)    ELSE 

14)      entry’ = Create_entry(P, Y) 

15)      IF entry=Lookup_Covered_entry(P) 

and entry.next-hop=={Y}//entry.ContentPrefix P⊂ �

w[x�£ Y 

16)        Delete_entry(entry) 

17)      ENDIF 

18)    ENDIF 

19)    wait_minrouteadver // p Ø

minrouteadver�ë  

20)  Ad-

ver=Create_advertisement(entry’.ContentPrefix)  //

�¯	45Q~     

21)    FOREACH ( )Z Pro X∈  and 

X.export_policy(Z, adver, Y) == true 

//Î�)USr��>ãHO<= adver +ø

	 adj_ribs_out 

22)      update_adj_ribs_out (adver, Z) 

23)      Send_update (Z, adver) 

24)    ENDFOR 

25)  ENDIF 

26) ELSE //update�45�ÇÁÂ 

27)  IF entry=Lookup_entry(P) or (entry= 

Lookup_Covering_entry(P) and Has_adj_ribs_in (en-

try.ContentPrefix, Y) == false) 

//a¦!y P� FIBqr entry�vOa¦üE

P� FIBqr entry� YQ~Ê�� entryüE�

tu 

28)    entry.next-hop-={Y} 

29)    IF . - ==entry next hop ∅ //entry �

next-hop£�», ¨© entry 

30)      Delete_entry(entry) 

31)      Withdr=Create_withdrawal (en-

try.ContentPrefix) //�¯	�45�Ç  

32)      FOREACH ( )Z Pro X∈  and 

X.export_policy(Z, Withdr, Y)==true 

//Î�)USr��>ãHO<=Withdr +ø

	 adj_ribs_out 

33)        Update_Adj_Ribs_Out (Withdr, Z) 

34)        Send_Update (Z, Withdr) 

35)      ENDFOR 

36)    ENDIF 

37)  ENDIF 

38) ENDIF 

3.2  ��������	
������� 

�AS XºÑ� Interest67BC�#$'¦)

��3u; AS �� (V¦¦[��R¹µ�8

#ÑEF FIBqr)�XÎ���� �45��¯

°� FIB qr@z Interest 67�d<�MIRNDN

w AS ����ÍÅ��ßà/1��� �45

��¯°[³ FIBqr_( 1(b)�ñ� 

Î���� �45���AS X²L�1u;

ºÑ� Interest67>©È��Å�N���Å�I

¯ Pro(X)KPeers(X)3 Cus(X)8 AS�Å�d<��

1¦[��R¹µ��m��W�qäu; AS��

æ��BC�#$�_( 1(b)8 FIB qr�ñ�

P�ãHOAS3�pAS�Å�«£Æ��gu;

AS� Interest67zÕÖ·¦��¸�ßr� 

MN�Î���� �45����y1ãH

O AS3�p ASºÑ� Interest67��� XP²

L�A>u; AS d<� }(ë�1¦[��R

¹µ���m�W�qäu; AS ��æ���B

C�#$���X÷ 2��Æ��gãHO AS

�

1

3

�p AS� Interest67H{�� ��V��EF

� FIBqr� 

3.3  Interest������� 

MIRNDNw Interest67d<�X÷ 2��R

¹µ���«-��W�_R� 2�÷±!y X1

�Å�� YºÑ#$�0IJ prefix� Interest67

int� int¦ X� CS3 PITæ�EFqrë int�d

<�B"� CS ��`a3 PIT BC
��]^²

L{v#$�ÕÖ �́� int¦�� X�¦[��R

¹µ�82RË�EF�#ÑEFFIBqr entry(R

                                 

O1  !PQRSInterestQTU012VW�!X5CY@9Z[,\]&

^�_`1abWcW�!X5CY@9Z[,\]&^Rdefg

Zh012�EiHIjk1�� KL�l-mS012a1no

p� Interestqr,efgSsatu��Zvwxyz{_`c 
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� 2�¦ 1)~4 É́)��ä1u; AS¥�9:-;

BC�#$��Î���d<��±ghHd< �́

� int> entry� next-hop8��u;ASÅ�d<�

v> next-hop8ñ	Å�d<�È�u; ASPÅ

ºAy45ø	8�¤²Ç#$� Interest ���

� int¦¦[��R¹µ�FIB8#ÑEFqr�

Êd<�Î�¦ï��R¹µ�V��� �45

��N�� FIB qr�	 2 s®t� Y �u;

AS�Î���d<���X ²L� int d<Ñ��

�p AS 3ãHO AS vAy��»(R� 2 �¦

6)~10)É)D� int�gy�p ASvãHO AS��

��  int� 

�� 2  MIRNDNw Interest67�d< 

/* X1 YºÑ int�Ê#$�0� prefix */ 

1) IF entry=LPM_entry(prefix) //¦¦[��R¹

µ�Ë�EF�#Ñ prefixEF� FIBqr entry 

2)  FOREACH 

Z ∈ entry.next -hop

 and For-

ward_strategy(entry.ContentPrefix, Z)==true 

3)    Forward(Z�int) //> Zd< int 

4)  ENDFOR 

5) ELSE //Î�¦ï��R¹µ�d< int 

6)  IF 

Y ∈Cus(X )

//Y�u; AS�>ãHO AS

3�p ASd< int 

7)    FOREACH ( ) ( )Z Peers X Pro X∈ ∪  and 

Forward_strategy(entry.ContentPrefix�Z)==true 

8)      Forward(Z�int) //> Zd< int 

9)    ENDFOR   

10)  ENDIF 

11) ENDIF 

( 6 �üñ¤MIRNDNw[s AS�2½¾

(X Interest 67�d<4c±_( 6(a)�ñ´3E

F data ���4c±_( 6(b)�ñ �́Ê8�>w�

m×��qñãHO AS3u; ASì�!�!�¼

�m×qñ�pASì�!�!�(8AS C�-;

<À¤Lá�0tu���#$�{#$ð¦��

8`a�C�}#$�²ÇXQ~ÄãHO E(->X

�m×��C�Eqñ)�Ê8�E²�}45Q~<

=ÄA�ãHO((8 E ��ãHO)��+'�}Q

~<=ÄA��p��(DvF)LMu;��(B)�AS A

�á-;'(ï>AS C�#$�2s�(8��×�

�	2ä�¤ Interest673 data67�2�4c� 

_( 6(a)�ñ�A� Interest67<=ÄãHO

D�|£ D�u; B<=�45ø	ÁÂqä B�

�BC�#$��L D '�� Interest d<Ä BD

�|£{ Interest67�gyu; A�Î���� �

45���D²�Êd<ÄãHO AS(D��ãH

O)3�p��(E3 F)�B"�"Ú D<=¤[s

'��� Interest67Ä�pAS F(|£F��BC

�#$)����� �45��56 F È[É�

{ Interestd<Ä FM[�p�� E((� E'>

Fd<{ Interest)�� E�� Interestd<Äu; 

C�|£ C<=Ä E�45ø	IJ¤�BC#

$�²ÇX(� E'�>u; Bd<{ Interest�

|£ B�45ø	�äA¥âãBC�#$)�

Ë��_( 6(b)�ñ�EF� data671�� C

§� Interest 67§�¯°� PIT qrÁÂ�4

��ÑBCO A� 

 

(a) Interest�J�qr            (b) data�J�qr 

< 6  MIRNDN Interest3 data�J�qr 

1( 6���²L�Ñ�MIRNDN� 2��R

¹µ��©U@z Interest 67�d<�(ë56

'��� Interest67d<±1 DÑ B�FÑ Ev E

Ñ F�LM EÑ B �́(ë�5y Interest67§�

2 ³4c"#BC�#$(b4c45)�_W F `

a¤BC�#$���y Cø#� F��-`a�

#$GH{BC�È�âK#$9:�X¥� 

4  ���� 

4.1  AS� FIB!"#$ 

MIRNDNw45ø	P1u;AS>X.ãH

O AS <=���Å×45ÁÂ>w.u; AS <

=��p��îì���45ÁÂ�j;�AS �

�� FIB�ZLg*£�3u;��[îä���

$8²Ç#$�45ÁÂ�AS ��� FIB qr»

��)��3u;���âã#$45ÁÂ�+

»�V ( ) ( ) ( ) ( ){ }

c Cus X

FIB X Route c Route X∈= ∪ ∪ �

Ê8�FIB (X) qñ�� X� FIBqr»��Route 

(X) qñ X)*âã#$�45ÁÂ�Cus (X)qñ

X��u; AS»��Route (c)qñ X�u;î[ c

> XQ~�²Ç#$�45ÁÂ�¦{��w��
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��� FIBP\ Ag*�âã#$�45ÁÂD

tier 1����� FIB�\ g*M��u;AS²

Ç#$�45ÁÂ�Æs FIB²¥%��� tier 1 AS

�u;��¬£A¦ tier 1����8� FIBqr

k²�|} FIB�I ãHO AS�u;&�I¼

Å�!��Vº8 }�!� 

4.2  �	���%&'()*+,- 

MIRNDN �45ºi�@45Q~8	�0

tuw#$�²ÇXËÌÃi�45Q~� origin

�Å�X.ãHO AS v45�Ç��Ç�0tu

w#$'²Ç�'m� origin ���X.ãHO

AS ÅÀ�45ºi2(�ëì3¬<=�ø	6

7�	2�¤£45ø	�ºiëì3QÁÛÇ�

ºiëì 45ø	)� minrouteadver�!�Ï


45ø	ÁÂ¦�� 2s ASîìÃS�_æ¬*

£ h�¦Os AS���¬*�_æëì£ δ±I¯

¦���+,¬*3��ëì �́h�δ<< minrou-

teadver�AS�2½¾�¼c£ d�45ø	 update

±!y�0tu prefix´� origin� S�S²¥��

bsãHO AS�update ²¥§�b³4c> S �

tier 1 AS Ãi�Æ�4cX� ASä�¤ S�X.

ãHO AS»� V

S

�V

S

 »�8��ìu;KãH

O�!�!»� E

S

 è�¤ AS �2½¾�[s�

( G

S

(V

S

�E

S

)��¤£ S�X.!�(�d

S

�{�

(�¼c� 

�. 1  45Q~ update �ºiëìX��

O((minrouteadver+h+δ)d

S

)� 

/0  45Q~ update> origin���X.ã

HOÃi¼Ñ origin��� tier 1ãHO��X.

ãHO

S

P V∈ �/ºÑ updateë(§Ë$4cÑÇ)�

P�ÐÏu;²Lâã	#$�}ë update¦ P�

�ºi±� update�.1Ê�4cÑÇ P�Æ¥�

£#$�9:âã	4c �́|}45Q~ update

�ºiëì� update1 origin S§�Ë$4cÑÇ

V

S

8Å[ tier 1 AS�¬ëì8�Ë�O�5yË$

4c8�Ë�OX�£ d

S

�45Q~À

minrouteadver�®�45Q~ updateºiëìX�

£ O((minrouteadver+h+δ) d

S

�□ 

�. 2  45Q~ updateºi�ì<=�ø	

67�X�� O(|E

S

|)�|E

S

|� E

S

»��I� 

/0  �y45Q~ÁÂ update�X.ãHO

S

P V∈ P¦�/ºÑ update� Pît��>ãHO

<=!yvüE prefix �45Q~ë�P £�>Q

¶ãHO AS �¢4<= update�|}45Q~

update ¦ G

S

�O³!XËbn<[/45ø	�

<=�V45Q~ updateºi�ì<=�ø	67

�X��( G

S

�!� O(|E

S

|)� 

�. 3  45�Ç update �ºiëìX�£

O((h+δ) | V

S

 |)�| V

S

 |� V

S

 »���I� 

/0  45�Ç update ²¥§b³4cÑÇ

X.ãHO

S

P V∈ �P�{�ÇÁÂ1Æb³4c

æÑÇ P ë�prefix w#$�²ÇX£²¥�� P

�Ç+È[É> P�ãHO ASQ6�£¤-45

�Ç update8 prefixw#$'²Ç�'m� S��

�X.ãHOASÅÀ�A�ºiëìX�£update

1 S2Ë�4cÑ SÅ[ tier 1 AS�¬ëì8�Ë

�O�5y45�Ç update�Ãi4c§� AS�

./1w>X�'Hrí}4�Ë�4c�X��

|V

S

|�|}45�Ç update �ºiëìX�£

O((h+δ) |V

S

|)� 

�. 4  45�Ç updateºi�ì<=�ø	

67�X�� O(|E

S

|)� 

/0  45�Ç updateºi�ì�P� update

1��4cæÑÇ

S

P V∈ ë�P£�²¥.[��Ë

b[/�}�ÇÁÂ>Q¶ãHO AS �¢4<

=�|}45�Ç update ¦ G

S

�O³!XËbn

<[/45�Ç�<=�45�Ç updateºi�

ì<=�ø	67�X�� O(|E

S

|)� 

1X÷	å�Ñ�MIRNDN w45ø	¦

origin S �X.!�(�O³¢4XËbn<[/

45ø	67�<=�45ºi�¬ëì��$�

}N�V,45�ÇÁÂðºi�ghH�d<

_ö²¥�<í�Ç���¸'²Ç��b4c4

5£#$�9:âã¤ÛN�/0X� 

4.3  123 

MIRNDN w��ìj;�45ø	671Á

��©P�ÁÂ�y NDN �ÁÅ®�45ø	

ÁÂ�lmX²LÈ,no�|�45ÁÂ²±W

��²L56tu2�Æ|�34�� NDN a¦

Interest ��34�V34O²¥<=[� Interest

67�BC��mÉX¦��8'a¦�#$�Æ

|� Interest �b4cÕÖ��EF�#$���

�A5²¤��Á6LM����£Ê PIT	F�

��7¸��¦ MIRNDN w�� Interest 67B

C�#$'8y)��3u;���AS��9:

��� �45��1b4czÕÖ#$�Æë
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²¥rí Interest ��34�MIRNDN +n7

	34��� NDN ghHd<_ö²LMë1

2+R¹ Interest��34����34�;<<

=�Ë=

[17]

� 

5  ���� 

)7- C =>?@¤[s�AB)�

MIRNDN�¦[sÁ"C� AS�2|]�½¾

[18] 

8DlX÷45®�1 FIBq�IK45ø	º

iëì3QÁÛÇLM��_öÛÇ 3 sUö�

MIRNDNÈ,EF�mn�-½¾5 CAIDAâã�

IJ 33 508sAS��3 75 001³�>!(V¢4)D

�>!Î�u;KGH(mn8I£u;/ãHO�

!�)K�pOLMãHO�!�È,Î1

[11,19]

� 

)7 5.1�EF{½¾8MIRNDNw AS��

¬�Z� FIBq�I�mnÏ
Os AS���#

$,-[s���0tu+� AS ��>ãHOQ

~)��#$��0tuLMu; AS Q~��0

tu

�

2

(Æ��0tu'²
��NDN �0tu�

²
�X'¦)7ëèìí#)�Ú��ÒÍ AS 

FIB¬�Z��0tu�Ô�«£EFMIRNDNw

AS FIBq�I��J� 

5.2�EF MIRNDNw{ AS½¾8Í��<

=�45Q~345�Çºi�¬ëìMQÁÛ

Ç���K�
&_q 1�ñ��[s AS���

45ø	'L<Në�ÊX.!�(8ÍãHO�

�¦�t45ø	)��ëM�� 0 Ñ

minrouteadverîì��¢�Í��45Q~v4

5�Ç'L�Dl
f 10 N�Ú��W:æ¢�

��A� 2 3A� 4�)mnL AS ��X.!�

(8¢4���«£��45ø	ºi�ì�Q

ÁÛÇX�� 

� 1 ������ 

|� }~� 

minrouteadver 30 s 

minrouteadver�� [0.75, 1] minrouteadver 

∆ [0.01, 0.1] ms 

H [5, 10] ms  

 

                                 

O2  �/����KL���� AS fg������]aWe�J

������K, eJ��}bW�=��(�����)��/

l��,���KL������� AS��]!�����c 

5.3 �EF MIRNDN wÍ AS ��<=�

Interest 67�d<�/��L}EF��_ö�

ÛÇ�V[s AS ��<= Interest 67BCM[

ASâã�#$�Í��9: FIBd<{67��

Ò Interest O�¦b�³¢4d<�MIRNDN 8

AS �� �H-��� �45��3u; AS

�45ø	ÁÂ� Interest67�'��d<È,

2 �R¹�£¤	å MIRNDN � 2 ��R¹µ�

Íg�<P�«-�Dlmn��EFP,-��

� �45���¤£��45ø	��R¹µ�

±PPF, pure policy-based filtering �́R¹'��

Interestd<��©X�Ú�ÂDl MIRNDNLE

Fu;AS�45Q~¦PPF�ÖîXÈ[ÉR¹

'�� Interestd<��©X�B"�Dlmn8

-;�BC#$Pa¦y��¸8�ð¦��8

`a������Q-ghHd<�þ�9:

FIBd< Interest67� 

5.1  FIB45 

( 7Sñ¤Í AS�� FIBqr�Ô�RS	

ÀT� CDF�Ê8�# 85% AS(���)¥¬�Z[

s FIB qr�� 95% AS ¥¬�ZIy 10 s FIB

qr±'ÑOqr��0.03% �́Ë��FIB�28 796

sqr��UOqr�� 89.3%�{½¾8� 31

s tier 1 AS���FIB�I+�t 10���æ£

tier 1���Åw���Æ� tier 1���w[�u

; tier 2 ��LMÊ� tier 1 ���Æ�|£

MIRNDN8 AS ��� FIB �Z5Êg*��M

u; AS ��ä���$�âã#$�45e

f�tier 1 AS�����[VG������Ñ�

�A� tier 2u;���GM[� tier 1����¢

Ð�ä���X÷!y FIBqr�Ô�mn���

�yÆ��0tu'²
��Ï
Ðr��mÉ�

�}Ww���Q~��0tu�²
�X:k

y NDN ���®3��æ��HX²¥,ãH

Oâã#$�Q-��0tu¥�üEu;��

�âã#$��0tuÈ�²L
��|�mÉ

®w����YÊ����Ó��� FIB�I��

ymn��WH{I'��X÷mn£EF

MIRNDNw FIB�²ûüXÄr¤[sK%��²

L�Ñ FIB �I� AS ���T���ñ	 AS �

¬�Z FIB�I�¥������Ó£¬�Z��

� FIB��Os AS �øb#$�0tu¬Q~�

®²L}ØZ�HLÚ[\ØÙ!�� 
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< 7  MIRNDN � AS FIB ¡� CDF 

5.2  �	��%&'()*+,- 

( 8Är¤Í AS�45Q~ºi�¬ëì�

CDF�²L�Ñ�¦mn�-� AS ½¾8�

MIRNDN w AS ��45Q~�ºiëì¦ 12~ 

120 s�� 27%��45Q~�ºiëìIy 40 s�

� 70%��45Q~�ºiëì¦ 40~80 s�'Ñ

1%��45Q~�ºiëì�y 100 s�{mn�

W�ä MIRNDN w	��#$�²ÇX¦<=4

5Q~� 100 sî#H{²L�-;ï>� 

 

< 8  MIRNDN � AS���Evwx� CDF 

( 9Är¤Í AS45�Çºiëì� CDF�

¬�"����( 98!y45�Çºiëì�a

��W�P!y�- AS ½¾8X.!�('a¦

}4����(1�èX��1[s AS��Ñ tier 1

���'Ha¦}4���)7mn�-� AS�

2½¾� CAIDAZa��W�Ê8�a¦}4�

¥�Iñ	���X.!�('a¦}4)�1(

9 ²L�r�AS ��45�ÇÁÂ�ºiëì¦

5~46 ms��60%��45�Ç�ºiëìIy10 ms�

� 95%��45�Ç�ºiëìIy 25 ms�

MIRNDNwAS��45�ÇºiëìG�$�|

£A¥Ãi#$�²ÇX�����4c�ø	

3 Õ Ö � � � 4 5 � Ç � d < Ü Ì ' À

minrouteadverÄ®�}N�{mn�Wqä¦mÉ

� AS�2½¾8�V, AS��Ñ tier 1 AS��

�Ë�4c��$�1]öom MIRNDN +-b

³²-4c«£^ß4c�²,X� 

 

< 9  MIRNDN � AS��HIvwx� CDF 

( 10Är¤ÍAS45ø	ºi�ì<=ø	
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