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Implementing Inter-domain Traffic Engineering with BGP in BGP/MPLS VPNs
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Abstract In BGP/MPLS VPN, traffic engineering achieved by using MPLS was predominantly limited to intra-do-
main and single administrative domain, However with the rapid expansion of enterprise scale, a VPN has spanned a
large number of administrative domains, Thus effective management of inter-domain traffic is urgently demanded.
Presented the simplest method is on the basis of various BGP attributes, BGP import or export routing policy and AS
relationship constructed according to bilateral economical agreements. To implement inter-domain traffic engineering,
the best route in an AS depends on the routes coming from its neighboring ASes that apply export routing policies, as
well as the import routing policies of the AS, The control of the outgoing traffic is often a requirement for providers
that wish to optimize the distribution of their content, For this, they can rely on the LOCAL..PREF attribute to con-
trol the routes that will be chosen for the packets that leave each BGP router of the provider, A customer AS serving a
large number of individual users or small corporate networks will typically have a very asymmetric inter-domain traffic
pattern with several times more incoming than outgoing traffic. These ASes typically need to optimize their incoming
traffic only. In order to balancing incoming traffic, ASes are allowed announce their prefixes to a selected subset of
providers instead of all providers. According to BGP export policies, an AS cannot act as a transitive AS for its two
providers or peers, Simulation shows that our approach can effectively implement inter-domain traffic engineering in
BGP/MPLS VPNs,
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2 BGP/MPLS VPNs #4¢

2.1 BGP/MPLS VPNs #5%

BGP/MPLS VPNsC(Il [ 1 i) B 3 M ##F4 L. CE
(Customer Edge, % i1 #)#% % .PE(Provider Edge, {2t &
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PE &4 2 J8)5# 1t #7253 B . IGP (Interior Gateway Protocol,
NER R S W) . 8% EBGP (External BGP, #1351 A W 3%t
PO L FE AS HIZZHE P VPN IR BT ikEE A,

PE B 25 B E TREMN D KIS, CHEEES CER
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ikfE B R RIA B I . BAR BGP % F 7 i R Bk (3R 40
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REVBEHHR . A AS. PATH sh BG4 AS, Bl ASO &2
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LOCAL PREF: & #iff 554% (local preference) ;

MED: £ i [1 % %Il (multi-exit discriminator) .,

ORIGIN: J# 27 BMER . B{EN 0~2,

FATA 1. attribute 7R {1 ¢ BIARRE#E:, 218 r. local
pref FRBRH r i LOCAL PREF, A ru &5 ASd Higsh
88\ AST B 25 BRI 1

CR) A e « SO By AT K B el PO B 2 B R AR T
AT NS EM BOP Bl Z2 s Bk

BGP $&ihif5 BEEH F o = 5 4L -

(D Ad-RIBs-In: fil- % MILE BGP & % & H .

(D ARIBs-Out: W & @EE B HE BGP REH IR,
3.2 BGP AR RAR
WCEIERTIN G A T % AS PATH =483, Pt il
WEERHAD ASSHHAE AS PATH RS H . REHK
HaH: T BGP JR 3 500 A ARG , P8 R X A PR b
SR A5 1 % E o SR e S R P 0 BT LA 4 5 1 B 1R 4
LOCAL. PREF 1, 75X /B b SERGE AR
HRE 1 XV, € NN B ASd % &% , Blik[F
— B b B, BTA BFE AS BB AR, JkEN,
A 1,j#d,i7), £ ASd H RS 2 4E BGP v, WIT A &
B ra P, T E B import (ASd+ASH [ {ra } 1004
AR ey HEmE ol
;1% LOCAL. PREF B &M
if rge. loc. pref=max( ry. loc pref)and
rai. loc— pref#ry. loc... pref then
import{ ASd«—ASD [ {rs} J=rqg
PR AS PATH RAER
else if length(rg. as path) =min(length(r4. as- path))
and rg. as_ path7rg. as- path then
1 mport{ ASd=ASD{ {rg} ]1=ry
;7% ORIGIN 8/ &
else if ra. origin=min(rs. origin)and
tg. next. hop7ry. next hop then
import(ASd«—ASD[{rs} ]=ra
s ERE MED 8/ M5
else if ra. med ==min(ry. med)and
rg. med#ry. med then
import(ASd«ASD[{rs} ]=ra
end if
R %R LOCAL PREF HE®EMEE, ¥ 1.O-
CAL..PREF ##[R, WI#%# AS _PATH B&IMEEE . i,
43¢ Hiti LOCAL- PREF #1 AS_ PATH 1% B %t A %K
BE AR .
3.3 BGP ¥yt 2& i SR
PR S R TR R R R B XA E
FHBERAME AS,
i H o b SRR DR F i A A — N e 5 2B MED, B¢
f£ AS PATH MBI TEH N £ M) AS 5, 2 H A F i
.
3.3.1 ASX#&
KEHAS ZIGEN B A FBE 7 AS KR, BWE
PIF JLRhSHI0] it 3 — 2 11 (Provider-Customer) , 3 %5 56
% (Peering-Peering) , T HI#A HAHRL 2 X o
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EX 1 ¥MVYLIEN,HASIHAS BB EBRR%E. W
R AS LA RA AS) RECH IR %, AS) o LLidiid ASi
PHREE M4, X0FER ASi 5 AS) jﬂﬁﬁi&%‘—g}*‘%ﬁ(ﬁo-
vider-Customer) ; it 27 : ASi € ASj. providers, ASj € ASi. cus-
tomers,

B —HAEXRERY LA —2XER, E Internet
FF MR X P RS EEE, eI REE (ET
MY —ZP (RN XRE. 2R, —TR|ETUEENE
PR XA B RGEE

EX2 XVi,jeN,# ASi f1 AS] R BIRRZE, W
R AS 5 ASj TR EZH NERE U IR RS, X EFR ASI
5 ASj Jyxt4i- %t %k 3¢ & (Peering-Peering) ;12 4 : ASI €
AS;. peerings, ASi€ AS), peerings,

SERRBREN KA RKRE,ERE -1 ISP A
K MSBEHEIELR. '

LR AS KR Internet B ERPAMEBET ASZ
[ R, T HAE— B R L BUE AS 22 18] BB B SR

3.3.2 AT ASAROB dih ik

M2 % export(ASH=ASD[{r; )} JRZRM ASi o] L4}
RE| AS HIBE B s rpr  Tic T MBS ASI NERIRBEE
F P RO SHRBHBEE R KR ASI HO KB HE. 0
BT AS SRR B b SRR R
R ASHDEACHBHAMER PREREEA TR
RUtE.
if ASj& ASL. providers then

export( ASi—=ASH[{r; } |=r, Ure
sIREEE ASHWLUE H MBS H AN EE P RIS BT
AEHARERMEAENER.
clse if ASj€& ASi. customers then

export(ASi~ASH{ {r;} J=r Urc Uty Urpe
XTI AS AT LU A DB EE PR BEH B A T
XK,
else if ASj& ASi, peerings then
export( ASi—~AS) [ {1i} ]=riUric
end if

KRG 2 W — Rk — A AS RRBEERERR A
BB RN Gk 2 6] SRR ST . H first(r. as_ path) &
AHITE . as. path B — A ASCHIBEH r RIGETH
AS), W~ ASu 7 M 38 LT #0358 %8 T 04 4 SR e, LUGE
1818 ASv REHIBEH ru.
if ASv& ASu. providers|J ASu. peerings and

first(r,y. as.. path) € ASu, providersJ ASu. peerings
then export( ASu—~ASv)[ {rw}]=1{},

4 £ BGP/MPLS VPNs th /i BGP 3t 8 it i T
BHHiE
AS g B AERS R EER, BEAK I T-48 8 AS BRI K
BERIERBBEH . KT 8 5 AS 5y I A 5082 I8 50 B
M.
4.1 #EEHRHRNOSE
MPERGEFBRMERAND L B A2EEHTELH
HARE,
FE 1 15 AS BEiES L EE LOCAL-_ PREF B4R {4,
EHEF SRS R RSB d, T RRRN
M 40 .
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B %,
B 4 FRH 6 > AS M BGP/MPLS VPN #y 46 #)
BFMEH. Hh. 81 AS HA 1 ASBR,

B4 {44k BGP/MPLS VPNss KB T Mg

T, EERAENR

B — R LR X BT R B o 2% 2 AR AE AT BGP BB
. Hit, £ BB R MR B LOCAL_PREF {H#)
FE T R B b R BT R, B BRI AR LK AS
PATH BERIBH fE N B H s p B E B . 8 ASO
H B % RO, EH R ELE B ASA T R4, B 4 SR IR
1, B 16 AS_PATH 2914 :AS_PATH 0 4,AS_PATH O’
24,AS PATH 0 3 4 1 AS PATH 0 1 3 4, {R#E%ms 1,
ASO AP BRI A R B 7280 AS_PATH 0 4 MBS (fr &
1 APD), A ASO B RO —/ MR A& D4 R BB H i
ASt i Rd,

B AME R R, %4 LOCAL_PREF g8, & R0 R
AT B B A, T AE 208 AS2 M B A,
B4, TR A LA ro:. local pref % B A PU 2 6% BE P SE R it
HR—. WBEEE 1, 1 5B LOCAL _PREF B @K
WA AS PATH 0 2 4 KBgh (fr &4 AP T AREN A APL
HIBEH

Wt e LR . o] LA B, B LOCAL-PREF 7]
DASEER R B

4.2 EEANFRRERSE

ARBENAR B/ MRS K% 5 AS, 7235
MEEHER LIERA R ABHARREL Y R EFR
BAOMREME., XEASRTFERCTINHARRE. UT=
PO ASE Bl — TR

FiE2 REET AS KRB N, FIEEF
AS e SR 2 R s 3ot 4 Ak ) o R

B2 4 FFRE B F5, R MEE S 6 N AS KR
T

AS0. customers={ AS1 AS2 AS4};

AS1. customers={ AS3};

AS3. customers={ AS4 AS5};

AS2. customers= { AS4},

B4, TEBC B B oy 40 o SR B, 3% % 1 ASA B RE K b
37, Bl AS4 [RIAt R ASO, AS3 FI AS2 ix =~ AS B P, T kA
EAEREITTERE. #0844 AS PATH 20 3 (@14
A AP3)F1 AS_PATH 2 4 3 (f5 458 APOKIEHS, HEHK
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HEHRE 2, AS2 ¥4 H /8 T AS3 MEIEREEL AP &%
ALt AP4 &%,

FEI ATEEARTE, F ASHEMNK LR
BEFRSREEMARSTRMAE. X, AERAZ,
WM RUEE, AT &S MR, R EXEAZ S AS
L MEERAEFAEWREERAENXNEF ASH
AW ATTELBLE T AS AR Hi i 5.

H LA 4 RF), R AS3 R T ¥ 85 A F W8, M ASS
BRI E 8 R-ROELHBTH MRS ASO,
BB, AS3 (9 F — R EE ASL, BAB ] AS3 XA E L, B
RL, HEBEst AS PATH 103 588 Bi# /B T AS5 (HBE
By, B, AST REEME 5 AS3 (M E 4% B R3-R1 14
ASl1 #¥ HrE T ASS e, RE AS_PATH10351Lk
AS PATH135 K,ASI i A AE LRI KIBEE, @
AS1 K% H#R T ASs MEEE.

FiE 4 A% LOCAL PREF AKHEAT , fifF AS
A5 & B Al AR B2 L AS B, 455X
AR, SRME AS MR B, AT ES X AN B
BEMARTR.

xt F FERIHT, ASLH M AS5 881 MR M R3-Ro 7
R3-R1 PR 43 5 45 44 B~ SR 6 ASO #1 ASL,{HE,
£ R3-R1 85 B% 38 &5 B& e i, (45— AS_PATH 3335
AR AS-PATH 3 5, [Hit,AS] 4K Hi/E F ASS
Mg E BT, B EEFE ASSPATH 1 0 3 5(&4& R APS)HI
AS_PATH 1 3 3 3 5(f148 0 AP6) R4E R W 1, B H b B
SBER APS, RE AS PATH B MR LR H#
maEe,

5 IRERWRERI

TRATH SSFnet* e K 46 F 41148 i (9 A1 BGP £ BGP/
MPLS VPNs Rl Bt ] & TR .

51 ABGPLHRARTIEMRGH

PTEm A 5 fras. B HE Y BGP/MPLS
VPNs &FMifiit ASBR HiEMHER. BV ERAER—1
AS, BT Z B3 AR BGP 1%, B ASH HA 1
ASBR,

X5 ASZREIMXRELIT:

AS]1, providers={ AS0 AS3};

AS2. providers={ ASO ASl};

ASS3. providers={ AS0};

AS4. providers= { AS2 AS3},

B 5 AR R R
W1 RIUFEKBEIRR, ik ASH RS B g
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BB AS_PATH 4 21 3 0 BB # HOR B 75 B 693
ASO, HA S ASt HA M.

AT BEXAFRIEH K B IR, BRIV IR A KR
Gl LR

B, BE&MAM LOCAL. PREF HIIF .

142, local_ pref=100;1,3. local . pref=80;

r21. local— pref=100; 5. local— pref=80;

3. local - pref="100;1y,. local-. pref=80;

I's. local pref=100,

HWRE—NE 7 AS A AAERTBAS AL sl w4 2
E2ESOR 388

BUG, ik AS2. AS1 #1 AS3 R B 1¥64 #4kE ASo &
8BRS T ASA AR TR AEEE &2 M RT 4.

Wit FRELE S, ) SSFnet (F ., BEIMTEE R InE
LR G R R & AS PRSI 88 1 Loc RIBGA & X4 i
EREE SN DR N v

A1 FHRHERARS)
(a)Loc-RIB at bgp@0:1;

NetworkNHI NextHopNHI LocPr{ ASPathNHI

* >0 self - i
* >1 11D 1
*>>3 3:1(1) - 3
*>2 2.1¢D 2

(b)Loc-RIB at bgp@1:1.

NetworkNHI NextHopNHI LocPrf ASPathNHI

* >0 3:1(2) 100 30
*>1 self - i

* >3 3:1(2) 100 3

% > 3:1(2) 100 3 0 2

(¢)Loc-RIB at bgp@2:1:

NetworkNHI NextHopNHI LocPrf ASPathNHI

* >0 1.1(2) 100 1 30
* > 1.1(2) 100 1

* >3 1:1(2) 100 1 3
* >0 self i

(d)Loc-RIB at bgp@3:1:

NetworkNHI NextHopNHI LocPrf ASPathNHI

* >0 0:1(3) 100 0
*>1 0:1(3) 100 o1
* >3 self i
* >2 0:1(3) 100 0 2

(e)Loc-RIB at bgp@4:1:

NetworkNHI NextHopNHI LocPrf ASPathNHI

* >0 2:1(3) 100 2 1 3 0
*>1 7 2:1(3) 100 2 1

* >3 2:1(3) 100 2 1 3
* >2 2:1(3) 100 2

* >4 self 1

ME1 I UFL, AS4 5% ASPathNHI 2 1 3 0
I8 B 2 B it ASO, [H]BY , E R B B AT LA ik AS4. K
BT RIFHK BT

A R AR 7T LA SE AR (R B P B AR R EOR ,
TS B2 E R AL,

nW2 RIVHEMBIRRE, 1L ASE AR EREH PER
Bi#2 AS_PATH 4 21 0 (MBS eR S M B TE B i ASo,
BRI A4 HEAEARE.

o 41 o
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S FEE S5 R L 1. local . pref (1, i B3R 1 80,
BOAL 100, BETT LA ik AS4 AR 1 B th o i BE B A2 AS.
PATH 4 2 1 0 (B el M RO B 2675 H 3 ASO,

5.2 REHARIENNLAR

L3I RINGEMBRE, ik A DB Rt ik
BERk#: AS PATH 4 3 0 W, M B XA B # it
ASO, B ftifFi AS4 HEA B E .

Bl 6 B M TR

2 BEER(ARS)
(a)Loc-RIB at bgp@0:1;

NetworkNHI | NextHopNHI ASPathNHI
x>0 self i
*>1 11D 1
* >3 3:1(D 3
x>2 2:1(D 2
* >4 3:1(D 3 4
(b)Loc-RIB at bgp@1 ;1.
NetworkNHI l NextHopNHI ASPathNHI
* >0 0;1(D 0
*>1 self i
* >3 3:1(2) 3
*>2 2:1(2) 2
* >4 3:1(2) 3 4
(¢)Loc-RIB at bgp@2:1;
NetworkNHI | NextHopNHI |  ASPathNHI
* >0 0,1(2) 0
x>1 1:1(2) 1
* >3 4,1(2) 4 3
* >>2 self i
x >4 4,1(2) 4
(d)Loc-RIB &t bgp@3:1;
NetworkNHI | NextHopNHI ASPathNHI
% >0 0:1(3) 0
* >1 1:1(3) 1
* >3 self i
* 2 4,1(D) 4 2
* >4 4,1(1) 4
(e)Loc-RIB at begp@4.1;
NetworkNHI NextHopNHI ASPathNHI
* >0 3;1(3) 30
x >1 3:1(3) 31
* >3 3:1(3) 3
*>2 2,1(3) 2
* >4 self i
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