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Abstract: With the growth of Internet, it becomes a challenging problem to test the running characteristics of
routing protocol implementations in realistic large-scale networks. An Internet routing emulation system (IRES) is
developed as a test bed to test and analyze the above characteristics. A novel approach by combining Internet
topology generation and routing protocol implementation is proposed, and the architecture of IRES is presented.
Then the Internet hierarchical topology is analyzed and a method is proposed to transform GT-ITM model to
BGP-OSPF oriented Internet topology. In the given examples, by measuring the routing interaction with
CISCO2600 router, its computation complexity of the OSPF protocol implementation in the CISCO2600 router is
O((IgN)*), and the upper bound it supports is given. The experimental results show that as a test bed, IRES has an
important role that cannot be replaced by others.
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Fig.2 Internet topology architecture Fig.3 Area and intrface
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Fig.4 Transit-Stub topology model
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Table 1 Mapping transit-stub model to BGP-OSPF oriented internet topology
Fz 1 TS HALY Internet [1)%] I K &

Transit-Stub model

Whole network graph

A transit domain and all stub domains it connects
Link which connects multiple transit domains
Transit domain

Stub domain

Node connecting multiple transit domains

Node in transit domain

Node in stub domain

Link connecting two stub domains

BGP-OSPF oriented Internet topology
Internet

An autonomous system

Link on which BGP interacts

OSPF backbone area

OSPF non-backbone area

AS boundary router

OSPF area border router

Router within an OSPF non-backbone area
OSPF virtual link
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F2 Interface chain
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Hb ik 2R A Sk e DR 0 Sy T (S R AL, P R R RUT A IRES 425 11 TP ik, 1 07 B2 19 4 Py it ik ) & 20 28
BCAHE B SR BCE RUT JHARAR I 1 TP Mk, AR5 2 MG A RE A 9 00, O BRI A3 11 DU oy B R 4%
(K107 1 1K TP btk Dy 1 48 b ik 22 1) DI 3 K RS 017 B0 10 5 5K R A BE B A — NS O 255.255.255.252
(17 194 B 8% £ 19 2% 10 0 A XA ) o (K Y ) T L

FUNCTION CAL(N)

1) FOR interface / of node N

2) (Suppose I belongs to area A)
3) IF A not exist in Ly THEN

4) Create area structure 4
5) Insert 4 into Ly
6) Insert [ into interface chain of 4

7) Interface number of 4 plus 1
8) Sorting Ly

9) RETURN Ly

FUNCTION RUT-SELECTION

1) Lryr=CAL(RUT)

2)  FOR each node N in graph

3) Ly =CAL(N)
4) IF Lryr matches Ly THEN
5) RETURN N

6) RETURN selection failure

Fig.6 RUT selection algorithm
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FeF BRI R T A I IRES R 40 .1% R Zi 48 FE T Compact PCI = 26 #7043 22
AP, 3 3650 A 2L N B R 48 VxWorks 15 R TF K F & L B # ] Motorola MPC750 4bH 2% ,121T OAM
T ARG WIMVERT RS RUT WWHT RGN LSA /4T R4 .4 Rl | Motorola 860 4b P 2%, 3 L& AT Hp 1l
D5 BT RG] FPGA SZHL T 2R LUK EE ORI 38 942 O, A 45 T IR ORI 1 . 1 Ik LUK R4 AT 2M
Gz 3NN

i F BT oF SCE0 K TRES ik 56 PR, B ATTH) CISCO2600 ¥ th #8347 7 4 B85, i FL T CISCO2600 % h #%
7 Internet 71 )3 Bl [ 3 142 TR F2 BB AE RUT J Bl 10 4 o Al it phy % 40 TR B A A4 5 e 4 HL A A
T [ % 1h 26 R0 RE RS AE B B RS L T 3 AN 48 5 RUT 2 [A) ) KA =53 OSPF i 1h A8 B3 ik Wl == 4
PrILAs AR, BATAF 5 T RUT 1) OSPF SEILI o7 8552 2% FE M 75 5 508 LIRS U0 3 99, IRES R 4P Hh S T &
GEBevt HAR. B 7 30 T 05 T B P AR OIR AR S (LS A) R W 28 FE SR L5 05 3T W 48 JUAE 22 1) () 5% 2. Y B % 7R IRES
RER 4% LSA BRI LN 2 2 (8] GE IR 1402 IEE E(D),X il Ny BT 47 LI ) 468 BASE, BT -7 P A 4.

AR 7 AR T MR N<4000 I, Y=E(D)=F(N)}Jy HAHE N (¥ 3 ) bR 2503 U6 W1 MR 05 P 1306w
HEMSLRUT () OSPF S5 AL F #2250 315 5 IR 255 8 LR JUEAT B35 ¥ (delayed acknowledge). 71X il 3 25 i it o,
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2 RUT UK 2] — > LSA W, AR ZI R 1% Ack 434 W 25, T 2 25 A — 2 [0 s (1] ) B g 2 WAL 21— 2 B (N 2B )
BRI LSA Jo, 7577 AR — AN R B4R SCHf A X &8 LSA M a] LAFT 48 37 96« 388 0 4 4% Ab BR RE 7 H 1t T LSA 4
IR, B FE R R — BB AR A LSA HBE AL F RUT M2 T TR, FIE RUT 2 4b7E AR A,
P B 2 (1 LSA, H BB IN X H 7 LSA W REIR 5K, FRATHRIX Bl 1 T~ 218 W25 5 BUE R 1R K LSA
SRR LSAMAEIX Z A ) LSA Hh T B 5 P, S A I 1) 5 RUT #4282 B ) A Eb ] DL 2SR
T, BRI AT LA IR 88 LSA JE % S5 A7 5B IR 1) . BEAE LSA M5 H 89 K A T2 655 & 1) LSA 7T LSA i
() B AN W 9IS DR B E(D)BEAE N (38 0T 98/ 2 N AN K0, - RUT AS gk AT 5 BR300 22 54 OF
T B A PR AR AR ) INF 1 SRR SUAS W™ R, DR b RUT Ak 5 28 47 i 60 Ak TR ISF i) 86 K, 22 B0 g AN i R I A A Wi )
[ LSAJTLL E(D)FE N 138 Jin i 386 .
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Fig.7 Relation between acknowledgment delay and network scale
Bl 7 A5 AEIR I 2% FUBE I Ok R
TR Ge v AR R A AT I 7 R TV AR A BEAREK, B SR N ORI A B A AR X=1n(N),
YAERR Y=E(D), SR i Fl d5 /s VAR B AR b B 404 i 2, ] 8 . B v 4 Sl EAT T k. = ORITIY IR
it 2 [0 V1. R LA H, DU 0 it 2 [l 265 o 3 R B, B W RUT 1R R 9™ e Pk 265 o, A 06 2650 e e 3 12 DK AR oY
R A E(D) o O((InNy*) AZ DUV 27 72
E(D)=0.0160(Inx)* — 0.4082(Inx)* + 3.8641(Inx)* —16.4158(In x) + 28.8157.

Multi-Power curve fitting in logarithmic coordinate system

4
35 Original data
= ° | Quadric curve fitting
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Z Cubic curve fitting
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g Fi
= 2 73
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Fig.8 Multi-Power curve fitting
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U FEERAN B FHOCE M LSA T &% a0 ST R A IR0 B, AN S5 IR 3% K B 98,10 HL& % RUT 38 ™ &
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5 BE5T—4I1E
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PR A SCE ST T I B 4 T OIRES (R AREE K, I Y T4 GT-ITM R 48 4 i e 118
%4 3 [l ] BGP-OSPF [ Internet 1 &5 f4 ¥ J7 125 4535 138 T IRES 11 JLAN % O S0 R o, A0 4 el MAFh
I P v R O 22 1) R A A B R 2 LA B A R B LA 247 L Internet 2% BRI BN A&ME B 45 H T IRES MY,
5245 38 3k 55 CISCO2600 6 1% K FLIBE, 20 M A5 21 7 4 I 248 OSPF Phil SeBLIN 5 24 4 O((1gN) "), FE 4 i 1
JLSZHFFI P 26 AR B S50 IF B, 3% R i e 0 B R G B AL A R A v BAR I EEZEAE A

WL TAEHE K BGP Vil IRES FR4e, 70 $b &5 4 v 45 I B D438 BL 1% 1P bl 23 i 75 %8, DUIE .
BGP [ H1 58 4 SR 0 Sb A0, e 477 B S R B0 858 T (19 e b 2B 3R 58 75 B 50 3 — 20 Il DA 92
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