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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; “valley free” 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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18)  ENDIF

19) wait_minrouteadver // % £f

minrouteadver i

20) Ad-
ver=Create_advertisement(entry ’.ContentPrefix) //
BB s

21) FOREACH Ze Pro(X) and
X.export_policy(Z, adver, Y) == true

I A b 4 S0 ) N 5 KK adver TR
B adj_ribs_out

22) update_adj_ribs_out (adver, Z)
23) Send update (Z, adver)

24) ENDFOR

25) ENDIF

26) ELSE //update 721 A 5 &

27)  IF entry=Lookup entry(P) or (entry=
Lookup Covering entry(P) and Has adj ribs in (en-
try.ContentPrefix, Y) == false)

IAFAERT P I FIB R entry, BB AFAER
P 1] FIB K1 entry H. Y A5 HADKY entry 78 5511
IE:

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

29) IF  entry.next - hop==3 /lentry I¥]
next-hop 74, MER entry

30) Delete_entry(entry)

31) Withdr=Create_withdrawal (en-

try.ContentPrefix) // B 257 ) % ey

32) FOREACH Ze Pro(X) and
X.export_policy(Z, Withdr, Y)==true

TR AS S ) SRS ) (161 2 A3 Withdr IS
1 adj_ribs_out

33) Update_Adj Ribs Out (Withdr, Z)
34) Send Update (Z, Withdr)

35) ENDFOR

36)  ENDIF

37) ENDIF

38) ENDIF

32 ET “RABK” WHEKREER “HIER”

# AS X YR F) Interest 7 SC1E R 1K N BEALEA
MLZEFIZ T AS W4 (RIFEZE —2) “ibygas” ok
FREIVLAC FIB K1), X AKHE “JCATIK” B rh s
SLIF) FIB RIiHES Interest 1R SCIH%: % . MIRNDN
T AS RSB OB CERIR” HH
Sl N7 — 4% FIB RN 1(b)FTR.

s “ AR B HHIEIS, AS X LU
W) Interest H 3L 1) Bt A (1482 H AR R BT B2 4
& Pro(X)« Peers(X)F Cus(X)'F' AS ¥ k. H
MEE—2 “ I B R A R CAR R AS 4%
PJBAT RN 2, W&l 1(b)H FIB RIUR,
OB AS FIXT4E AS (1482 4 A ix sk 3 4 7
AS [1] Interest R 3L PRI AL EH YR 101

TiAh, MR BRI BN, 6T Y
# AS FXFEE AS R Interest #R3C, 79 4 X AT
LK E %P AS ¥k . HIGFER, MEE—2 <kt
JELR” WAL SEEE RO RWIE T AS ML 205G
SRIGPEE . S8 ok 2 1, Xk AR AS T
X5 AS ¥ Interest % 3N IZ 57, HEIE A VLD
(K] FIB 0.

3.3 Interest 3R CHIEE AL FE

MIRNDN ' Interest R U6 ki Bk 2 ¢ “id
e SO ERINGE R, Wil 2 Brid GO XM
AR 5 YUSCEI ) R44 E AL prefix [P Interest $) 3C
int H. int 76 X 1) CS F1 PIT ¥ ICVCE LIRS ine ()55
Ko WER CS MLZATH PIT iR B A WL AT
DI N BRI R ) o 35 int ZET 1 X ISR — %) “0d
VeSS T 2t B K VUG f5 $R BIVLAC FIB 20 entry(id

W1 Bk, Interest K A FHEN HARS 4% “iyEa8” AR4kBILAIR
TS BN 2R 2 “I BT ARARBIVTHCR I A 1
R i) N T B T AR TSR N A TTIATE, BN AR RREX
FEM) Interest SR BIANT i, AHAHERRES FARWC SIS IR D
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e 536 &

22 %6 1)~4) 28), U AS BERSIRIUT
TSRS, AR B A o (H &N 5O,
$4 int 0] entry (1] next-hop A%/ AS 8213642,
8L10) next-hop T H 1 Ee A, HEMIZ P AS (3%
WCE AT i SEFT R AR RR AT IR A A Interest Yt
A5 int TR 2 “ILUEAS” FIB HOR KB UL AL L I,
JCHE RS 28 — 2 “idugas” B “BAE” B
MG FIB RI0, 73 2 AiiGHl: 45 Y 2% )
AS, Wt BAREE Je g, X TR ine e i B iy
XA AS NN AS sEATN ARG 2 158
6)~10)4); 4 int 2K H TX45E AS siflEfN ¥ AS, ¥
RMEF int.

id#2 2 MIRNDN F Interest i SC[¥154 &

/2 X Y WCE] int, FLNTRAFIE prefix */

1) IF entry=LPM_entry(prefix) //{E 55— “ L)€
a7 KL 5 $25 prefix ULECHT FIB K0 entry

2) FOREACH Ze entry.next-hop and For-
ward_strategy(entry.ContentPrefix, Z)==true

3)  Forward(Z, int)//I0) Z %K int

4) ENDFOR

5) ELSE /#5682 “IL9848 7 K int

6) IF Ye Cus(X)//Y /%) AS, LN AS
FIRFE AS $2K int

7 FOREACH Z € Peers(X)uU Pro(X) and
Forward_strategy(entry.ContentPrefix, Z)==true

8) Forward(Z, int) //I0) Z %K int

9)  ENDFOR

10) ENDIF

11) ENDIF

K 6 254 i£7R T MIRNDN [/~ AS Ze5)#i4h
K] I Interest RCINFEKiAE CanlE 6(a)fifr) AL
MC data FRIRMEEAE CAEL 6(b)FTa)e L, [ R
SEAHTRAOR BN AS FI% T AS (AR RIL, H
SRR A48 AS [RISCRIL. BT AS C I
FeA T ULRA TR A AR, N B RRAE R 4%
OEAE, C RN A ATk Ml & 4y N E(H ) L
(MSEEEk C 2 E o), Ho, E APRs s i i A
R ERIBtNE (BT E BN, (HIFAK
B BALL EIRN R JU(D B F) LUK 5 1U(B) - AS A
S PRV a) AS C NS, 2 A1 B e Fi
SR T Interest FROCHT data R SGRZA I EEAT

il 6(a)iizn, A ¥ Interest i SCRIL LS LN #
Do P24 D (%P B ROX I TS BRI B %

HIERINNE, Pl D ANSH Interest 7 K45 B;
{HIA 1% Interest R K H T2 7 4, KA« LR
P SENS, D P AR RGN AS(D B R
B FIREETT (B M F)e TR D RIET —A
AN DAEP] Interest #R SCLA K45 AS F(IKUN F35AT 1K
MINZS), 2 “TLRIR" Bl kid FE—0%%
1% Interest ¥ K45 F o — X6 i E(FRIEE E Al
F %% % Interest) . M} E 2% Interest ¥ K 45 %
C, A CRIZESG EMB s THERN
HHIEYEMH E AL % P B # k1% Interest,
EKI 2 B 1) % EH B T A P57 Be AR AR T SR I )
e Jas WK 6y, ULECH data R SCA AL C
WA Interest R SCHTIE AL 1) PIT R IUE SR %
W[ ZB)TERE 4.

(a) Interest R L HIH K
[l 6 MIRNDN F Interest £ data #3115 &

(b) data it L F K

M 6 1145117 LA 1, MIRNDN ) 2 2% “id
VRS IR S Interest FRICAVEE K, R IiEE G
ANLE Interest #) 3K (D E| B, FR|ESE
F|F, UNEZF|B). [AK, HT Interest R UTHE
2 ST IR N B B ), W F 92
12 TR 2, T C B ) F 2 FHZRA7 1
P A %R SR, R iy A A SR 1k g
4 SHIHE
4.1 AS 115 FIB RI# B

MIRNDN " i B HA N P AS 1) FJE R
T AS Kik, WAHHMHEBGELN NEES AS K
&, NP AU R BT B A R RS . AS T
KU FIB 4847 DL H S A AR AT EE - ) 28—k 4 B 1) 1
P AT R 45 . AS 15 AU FIB 14k
B A AT UM T RO PR A N A RS R I
%, MIFIB(X)= {ucéau(X)Route(c) U Route(X)} »
Hrp, FIB(X) #/n15 5 X I8 FIB RINES, Route
X)) B X RGN FHEREE BRE R, Cus (DR
X% AS 84, Route ()RR XEZ— ¢
n) X T8 5 (1T IA N 2R B A R BB, AR
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e 44 B P 4% NDN [R)3810] 2 B A2 L 219 -

W26 (1) FIB AX Z125° 8 H S FrE 4l oy 25 1) % E 15 R«
tier 1 Z% 715 K14 FIB B4 B 5 J T %7 AS 7]
IE NI EHAS B, 1XA™ FIB AT HEIR K fH tier 1 AS
K88 P A5 1T N EAE tier 1 IR 5K FIB £ I0
f1%%, Dk FIB K/ SN AS (% P RN E
FEAROG, RIS a5 AR DG

4.2 FEEE RIS B FNB(E T

MIRNDN (] % H Wi S5 Fis i b o v 37 44 7
HIEET A2 R AT A P d 28 A% 4 28 i (3l 25 (1) origin
PR FEAEN R AS B F S Pl 42 ik
TWHEANATIE S SEHE origin T L2 LN #
AS $25%Z o W BBCSIE Iy (1 IR [ R R5 2% (1) 58 4
SCHUGY AIRBEPR A B P ST PR AL S ) A T A5 R4 o
W SR 1) 55 3% i B 8T R minrouteadver 5 % R 1%
% SEHTE SAEAHAR 2 A AS Z (A& Fa (1)~ F- 35 1R
N hy FEREAS AS T REIR (PN A A & (RUFE
LET SO HE A IE IR FAR B (7] ), A, << minrou-
teadver, AS UM EATA do % H S HT update

KT HF S prefix) ) origin 22 S, S A REIA
ZAMENE AS. update TIREHTAE 2 4Bk AEI S 1)
tier 1 AS 5k, XEEkie B AS AT S L2
PENF AS B2 E Vso Vs SEEA T RIRZ L LR
TR RUES Es BT AS G0N — 1
Kl Gs(Vs, Es), #iFrA S EEKRE, dsdizT
Kl ELAT

I 1 BHiEY update WIS TR _FBE &
O((minrouteadver+h+0)ds) »

WERR % Bl 2 update 1) origin 1T L2t
ML E 2 origin T tier 1t . 2 ER
BN Pe v, IR R update W (W B R 12 21X,
P UAREZE P Al UG R N2, BN update 1 P AE
CM S (F7F update )55 NIAB R 2 F)IE P, X H 2
PRI 6 42) . ILiS B Y update
HISCSII 8] 42 update M\ origin S ¥ e 6 A2 2114
Vs AT tier 1 AS JT s I [0 ) e K o 1T dsc ki
AT RKE ERK d H i HE S %
minrouteadver PR, % il 5 update WCSLIN ] F IR
4 O((minrouteadver+k+d) dgo O

EIE 2 Y update WS IR A% 1 58 B
WK FBRJE O(Es|), |Es|i Es S K/,

IERR X TR A5 S update,  FJEALNF
Pe V AAE B IR update H. P 2 B AT [ AIE N #
RIRK T oG 55 prefix (s HIE SN, P A 2xn)iE

AN AS [WEEM R I% update. [RILIES BB
update ¥ Gs RS0 52 51 R — Ui FHEE BT 1)
Rk, R Ol S update WSROI & 3% ) 588 4150
# EIREE Gy 1143 O(Es|) -

EIE 3 BRI update IS ) _EBR A
O((h+0) | Vs|)s | Vs|3E Vs EAETIRAN

IERR PR HAY update T HEVE X SRR R)IA
RN Pev, , UHIZHANE BNXZ 4 BE
BBIE P, prefic NAEROEMEA T RESYE P
fES IRt — 22 m P RN AS TR, 4 T ik
i8S update F prefix N WA ATIAIF LY S BT
A2 N # AS 352, B SO i) B R A update
M S Lt KA 3] S AT tier 1 AS B i) v (1) 5
K. T A update WAEIRIRIEUSE AS 1)
JERN T b, AN IRER K, SR AR E PR
Vsl o DX G 8% 34 update (R W SR 1] 1 BR A
O((h+6) [V)-

FEE 4 I update WIS K 32% 6 5 B
S BR A O(|Es])

HUERR % HHAEY update WCEIOWTE], A4 update
M B AR B)IA Pe v, I, P A AT HEME— 2 5%
Z —UCH LRGSR RN S AS BERE K
%, DB Y update 46 G (AR50 Eik% 5]
R Uk RS (0 3%, W% Y update WWSIOH
[F) K36 () SRR SCE EBR A O(|Es))

M FR 4> M1 B 3|, MIRNDN | 8% i 558 78
origin S ) FJZCREIMRAEE FRZ 5 k—IK
5 RERTAR ST A I% % P SIUTT 75 BN TRt i
IBAh, RIS S 15 B M RIS, BIE N I
ST ] B O R IR I B R AN ik, H 2 R AT
F A A 2 TR SR ER AL T R o (%) fid it P
43 REMH

MIRNDN 5 g [A] A #1325 bH BT SC 5417
(RIAT 5 4045 LT NDN (RSN, % 56 5
H RGBS T DA TIOAIE, R %t A B TS %
4, LB HT S B RRIXFE ) Bt . {H NDN A74E
Interest 72yt Xl:, RUBGHE T HEAIE —LE Interest
I, SRR PR EAEM S AR N, X
FEI Interest 1122 B ARAR R BEA VT N IR A1,
{HEFER T W21 B LA S 251 i 4 2 PIT 43 LK)
HIR %P 1A MIRNDN |, # Interest R 31
KGN B R T AP L8 A% T 2%, AS 5 4% IR

CERIR” BRI E B L IRR N, X
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Eixd 36 %

Al eI Interest v Yt Bt . MIRNDN JfoR 5| A
BB, i H NDN Y R T AT LA B IR
1L U8 Interest V2 Wt i i i, K Mok (116 55 B
(SR
5 MEREITEAY

AXH CEBEFEME T MW 5 RAM
MIRNDN, {E—ANHFER K] AS 25 5 DI R 7 4]
HTE IR ER AL, A FIB K/ 2% i 58 5l
SIS ) A A 8 DA A B P 8 3 AN 7 TR
MIRNDN ZEAT VP4 o 5256 it F #1 h i1 CAIDA $241%,
55 33 508 AN AS 5 SR 75 001 4547 ) 3L (B BE I% );
A7 I 2 P O o (S TR A 2 I
FFR) WP DA SN #7156 R B AT R L

AT 5.1V ZA b MIRNDN T AS 4555
THEY 1) FIB K/ SER R REAS AS P4 1N
FATH— AN T RS H AS 15 g fh 35
AR N TR CL R AS i 1447
R (X B84 FRTHATT B 4, NDN 4 7T
AIRAE AR IEE W), REITHES AS
FIB FH4EH (44 i3 H , /E 0 VFA MIRNDN R
AS FIB 3 K/N A HE .

5.2 T PEf MIRNDN Ri% AS $hbh &5 sk
3 1) 4% £ S A b Y WA SIOBT 7 I TR) A B 1 T
By, HASEUEEWMR 1 Prn. J3— AS 1AM
% BT A R AR, BRI R A S R
AULE Y HT B R B R A W R % A 0 F
minrouteadver 2 [H] (1 BEM LA « % 75  #% H 38 75 Bl
MR R B 10 3, K5 45 REUAME .
MR B 2 FEEE 4, ASLIGLL AS 4 EEXR
Ve B B T B0 A A 1 B El T AL S B 1) 11
54 _EBR

#z1 KESHIRE
B BOE(H
minrouteadver 30s

minrouteadver $}-5) [0.75, 1] minrouteadver

4 [0.01, 0.1] ms

H [5, 10] ms

E2 RIS A R AR AS T s 44 25 () ) 2 BOANEE A IS ST
PITHEIEIE 2 P, A SO A E SR LA (AR 2 5 1 58 (i
AT LAEBIPTIE SR AR 4 T DL R RS AS BBl A T RTA

5.3 TPEA MIRNDN R4 AS Wi RIEN
Interest iR U A E, LU PAk 2504k 1 1 1)
F45 . BI—/™ AS 5 fi &% Interest R SCiE K 55—
AS HAEPINES, &0 SRR FIB B A4k 30, 1
5 Interest AL /DABEER K . MIRNDN
AS WWREZNH BRI B FE T AS
) H S BT A XS Interest 4] SC (KA 06 BE#E 2 34T
2 %ilyg. 4T Hr MIRNDN (1) 2 ¢ “ilygse”
S EITRAERER, 7 B SR e RS U “ T8
BRI B S, BRI o ST “ad yEa”
(PPF, pure policy-based filtering), il Ji&As b %2
Interest % & 1A 8V, 285 i) 22 MIRNDN LAY
% 5 AS [ i1 18 5 7€ PPF Jhih 2 Ldk— 20l &
ANILEL Interest B I RUNE B LSS
FH P i 3K N AN AE T8 R S v AR AR 9 2 v
GEAf, ST R AR O Y B T 58 A i IR
FIB ;% Interest % 3.

5.1 FIB K/)

Kl 7 BoR T 4% AS 1T FIB K IEH 1 284
Ak % CDF, Horp, U 85% AS(HR M 4%) H 5 gy —
AN FIB £, 4 95% AS HFE4E /T 10 4> FIB
FKINCAF] R R ITER 0.03%) , J KK FIB 45 28 796
AR, 207 BRI 89.3%. ZmhFH 31
A tier 1 AS 54, FIB K/NHESHT 10 HI7T 55344
tier 1 1955, N RIEIXYLE tier 1 TR F— %K
Jotier 2 1WA K E A tier 1 WA XERA
MIRNDN H' AS % &5 f#) FIB 44 i 1 A 5 W 4% &
BOAS W2 2 R ) R T B A PN AR ) B IR
A, tier 1 AS T RURIMZE— LR, AR H) B
FEN tier 2 2 A ALY — 28 fier 15 5K (H
LIRS, RIRICT FIB R IUEH 1) S50 B 12
BT X B2 P S i R A B AR R ), SEBR
ZEIAEE R T I8 5 IR A RS IR 0] SR A
T NDN (¥ AL Ry 42 85 2, R AT e A AL
AL Y 2R PR IR 48 T SR e 8 7 1 R T 4%
FTER AR Y 211 44 R 40 i T CAZR A, DR S B
DR A BT O 44 A% 001 S FIB K/ N
T g RN %A BRSO A
MIRNDN '~ FIB [F R BHELSH T —AN5% i, 1]
LUEF] FIB K/ AS FIBL %, KB AS it
YD FIB B/, HA RIIMZERZ0A T iR
(1) FIB, 454> AS 40 2 WAL T IS 77l 15 1)
TEOLTT LURHE,  ATY AR 2RI R .
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