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Abstract: Optimal BGP route selection on traffic demand is one of the problems in interdomain traffic
engineering. Determining bottleneck area will give important heuristic information to the problem. As the problem
of determining bottleneck area is NP-hard, a bottleneck area predicting algorithm on traffic demand in polynomial
time is proposed, which deals with interdomain peering links and intradomian links simultaneously. Moreover, this
paper also analysis the relationships between the traffic and the bottleneck area, as well as the relationships between
the topology and the bottleneck area. Simulation results show the accuracy of the algorithm is more than 90%. In
addition, a conclusion is drawn from the simulation that the topology is a very important factor in determining the
bottleneck area.
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AS(autonomous systems) MED(multi-exit discriminator) .CISCO
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BGP , 0-1 , NP .7,
( )
0-1 \
X n : 0 1
’ 1, 0.Uy(X) | ,
X,
r>0,X=(x;),x; €{0,1},
j,Uj(X)<|’,
k,U(X)<=r.
0-1 NP (67.12) NP P |
1.3
) ) 1. OUtmax ,0Ut' ax
;0Utmin ,out’ min
,inmax ,in’max xinmin
:in'min :A AS ,B
,C L P “ " ,Out(Py)
P« JIn(Ap) A t(h,ik) h
i k N R(03) b
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y Ny
t'(nyny) ng N )
t'(n;,n,) = Z(Yinl ><an(2r1,i,|<) xt(h,i,k))
hoik 1)
ik, heAicinh)keP,n,neN, R@i)=nY"=1 Y =0}

Table 1 Notations and definitions

1
Notation Description
OUtmax The real max value of the max peering link utility
OUt' max The estimated max value of the max peering link utility
OUtmin The real min value of the max peering link utility
OUt’min The estimated min value of the max peering link utility
iNmax The real max value of the max intra-domain link utility
N’ max The estimated max value of the max intra-domain link utility
iNmin The real min value of the max intra-domain link utility
in'min The estimated min value of the max intra-domain link utility
{A1A;,...,Ag}, set of AS neighbors
B {b1,by,...,bn}, set of peering links
C() The capacity of link j
L Set of intra-domain links
P {P1,Pa,...,Pn}, set of network prefixes for transit routing
Out(Py) Set of egress peering links for Py
in(An) Set of ingress peering links from neighbor Ay
t(h,i,k) Traffic from neighbor h through ingress peering link i destined for prefix k
N Set of border routers
R(bi) The border router whose peering link is b;
f Function that maps traffic to an egress point
f! Function that maps traffic to the intra-domian links
s(j) The link utility of the link j
t'(ny,ny) The traffic from n; to n,
s(i) . @
3
iy i
s(j) = Y X ORI A cin(h)k e P, | <Ot} @)

e C(D)
sl) = Z t'(n;,n,) ft':l,nz 0]
e c)

, fy,f2 504, 1
OUtnax=1,0Utmin=0.5,iNma=4,iNmin=1,P={P1,P»},0ut(P,)={503,504},in(A;)={501},R(501)=1,
A={A,A;,A3,A4As5,As},B={501,502,503,504},L.={401,402,403,404,405,406} N={1,2,3},
oUt’ ax=1,0Ut’ in=0.5,in’ nax=4,iN"1min=0.8( 1.3.1 ).
f(A1,501,P;)=504,f '1 3(402)=1,f '; 5(401)=0,t'(1,3)=100M,5(504)=100%,5(402)=100%.

2. . )
6 ’ 2, 2
3. . ,
Table 2 Network state

2

State Satisfied inequality
inma\><<:0u':min
iNmax>0Utmin and iNmax<=0Utmax and iNmin<OUtmin
iNmax>0Utmin aNd INmMax<=0Utmax aNd iNmin>=0Utmin
iNmax>0Utmax and iNmin>=0Utmin and iNmin<OUtmax
iNmax>0Utmax and iNpmin<OUtmin
iNmin>=0Utmax

An,n,0n,n, eN,lel} 3)

b wWNEFEO
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inmin inmax OUtiyin OUthax irlmin OUtyin inmax OUTmaxV
state 0 state 1
| : : | | : | i
OUtmin N N OLM: OUtmin i~ OUta N
state 2 state 3
1 | ] [} [}
s [ T A N A
iNyin  OUtnin  OUbpay  iNmay Oulwin  aut, N Mo =
state 4 state 5
Fig.2 Network state
2
1.3.1
Q) compute_out_max() out’ max, compute_out_min() out’min,
in’max, compute_in_min() in’min
(2 ,
3 0, : 5,
4) il A =12 ),
1; 3, % 1
compute_out_max
1) t(h,i,k), jeout(k), X 1, =1.
(2 s(i).
(3) OUt' pax-
compute_out_min
Z,0ut’ nin=2.
4 . B~ M
z=r
B j,
X1 xt(h,i k
Vje B,ZL_()g ricin(h),he Ak eP, jeOut(k)
hik C(j)
z xr{i,k =1
i
X 20r>0
compute_in_max .
1) fr, | BGP
FL(N={(n1,nz),(n"1,n"2),..., }(N1,nz,n"1,n",€N).
(2 l
(2-1) t=0;
(2-2) t(h,i,k), jeout(k) X& =1(R(),R(E(,i,K))YeFL(I),  t=t+t(h,i,k);
(2-3) s(h=t/C(l).
(3) in'max-
compute_in_min .
1) t(h,i,k), jeout(k) R(i)=R(), X =1, j’eout(k), Xg{k =0.
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&) @ t(h,i.k)
(2-1)  jeout(k) R(G), RR(R().k)={R0)}.
(2-2) RR 1, n'( D(k) ), RR n' ,
. N'=NuU{n'}, n, , . (24,
(2-3) RR 1, RR n( D(k) ), (2-4).
(2-4) t'(R(i),D(k))+=t(h,i,k).
(3) , t'(ng,ny) n,eN
used(l),leL.
(4) G, t'(n1,ny)(NeN'—N),
, , 7',in min=2'. Gg(i),D(k), reRR(R(i),k).
., (8 . (9~ (1)
7’=w ®)
used(l) + X t'(n,1,)Greiyogig Frr (1)
vl el, T <=w;n;,n, e N,R(i)=n,;,D(k)=n, 9)
c)
ZGé(i),D(K) =1 (10)
Graypg 20,w>0 (12)
] compute_out_max, out’ x=100%. compute_out_min( MATLAB
LP ),out’1in=50%. compute_in_mayx, in'max=400%. compute_in_min,
G’ 3 ( n'). t'(1,n")=100M, in'nin=80%. , 3,
5.7%, 7
Fig3 G’
3 G’
1.3.2
1. 0Ut’ max=0Utmax, IN' max=1Nmax, OUL min<=0Utmin, N’ min<=1Nmin-
(1) OUt’ ax=0Utmax-
( ):
out’ ax , OUL’ max>=0Utnax- OUL’ 1 ax#OUlmax,  OUL' 1ax>0Utax- OUtmax
X,0Ut’ max b, n b.
) n X =1, ) ) )
y. Yy OUt' max.  OUt' max>OUtmax,  OUtmax
,0Ut" ax OUtmax-
2) N max=1Nmax-

L
) IN"max=Mmax-
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3) OUt’ 1in<=0Utmin, IN' min<=iNpmin.
OUtpin Out’min OUtmin ,0-1 , out’min (7
X{ .« €{0,1}. out’ min , OUY’ in<=0Utmin, N’ in<=iNmin- |
: 0, 0,
5, 5. 1, 3 ( iNpax=
OUtmax,iNmin= OUtmin 4 ), . —

Table 3 Relationship between estimated state and state

3
Estimated state state
0,1,2 0
1,2 1
1,2 2
3,4 3
3,4 4
3,4,5 5
2
2.1
OUt’maXvin'max vOUt’minxin’min '
2.2
2.2.1
Out'yin  OUtmin [24 i min iNmin B -a N(/Ulvo'lz)nﬂ
N(,u210'22)~ OUt' min,iN"min )
==y, e_state ,State P .3
(1) state=0

3 =0Utmin—iNmax,82=INmax—1Nmin,

#((a,— )/ o) (ay> p)

1-g((u-2a)lo) (& <p)

#((a, +a,)I(af +03)"*) —p((a, — 1)/ o) (a, > p)

#((ay+2,) (07 +03)"°) ~p((u—a) o) =1 (3 < p)

P(e_state = 2|state = 0) = P(8 - > &, +a,) =1-#((a, + ,) /(c? + c2)"?).
1-H(ar-w)l o) (ar>u)  H(u-a1)l o) (ar<p).

P(e_state=0|state=0)=P(f < a,) = {

P(e_state =1|state =0) = {

(2) state=5
blzinmin_OUtmaXxbZ:OUtmax_OUtmin, (1) ’ 1-g((b1—)/1-g((a1—10)) (01> 1)
A(u-b1)/ 0)(br<p).
(3) statee{1,2,3,4}
4, . '

1,2,3,4,
C:l()l-jtmin_irlminL
state=1,P( )=P(a—ﬂ>0)=l—¢(cl(alz+ 622)1/2)’
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state=2,P( )=P(B-a>C)=1-@(cl(01+ 0,2)*?),
state=3,P( )=P(B-a>C)=1-¢(c/ (0’ + 5,2 "),
state=4,P( )=P(a—B>C)=1-¢(c/(c1*+,2)").
) 0 5 a b y2 ) a b
4, 50%. 1234, c>=(a’+0)",
16%, c=0, 50%.
2.2.2
PP;; , , PP,. 1
0,135 4 1 3 0 5 , 1 0o 1
2 1,234 4 1 3 2 4 ; 2 1
2.
1) :
1 4 , ¥ X1,
) b Xa; )
/4 X3 , /4 X4 PP,
PP, = P(e_state = 0, X, |state = 0) x P(state = 0) + P(e_state = X, |state = X, ) x P(state = X,)
+ P(e_state = X, |state = X,) x P(state = X,).
2.2.1 . a u ,P(e_state=0|state=0) , a; u ,P(e_state=0,X;|state=0)
, P(e_state=0,X,|state=0)xP(state=0)
X1, 3 : X, X X1,C ,
1 .2 e _state X, u , )
P(e_state=X,|state=X;)xP(state=X;)
X,, 3 : X, Xy Xz,C ,
. X5 . P(e_state=X,|state=X,) . PP,
P(state=Xy). 1% , P(state=X,|state=1)>>P(state=X,|state=1), PP,
) : ;
PP, . 2, X1, ., C ,
, , \ P(e_state=X;|state=2) . 1 Lo,
P(e_state=X;|state=X,) ,P(e_state=X,|state=X3) 4 PP, P(state=Xs). 14

,P(state=X,|state=1)>>P(state=Xs|state=1), PP, .
PP, = P(e_state = X, | state = 2) x P(state = 2) + P(e_state = X, | state = X ,) x P(state = X,)
+ P(e_state = X, | state = X,) x P(state = X,).
® @, y
2.3
OSPF, 2~4

© PEBREBALTU bt/ www. jos. org. cn



954

Journal of Software 2005,16(5)
231
( 4),
75%. 0, 2 0; 5, 4 0
0o 5 , , 4
4 ,
Table 4 State and estimated state
4
State e_state Frequency e_state Frequency e _state  Frequency  Precision
0 0 0.924 1 0.176 2 0.000 0.924
1 1 0.827 2 0.173 0.828
2 1 0.270 2 0.730 0.730
3 3 0.979 4 0.022 0.979
4 3 0.670 4 0.330 0.330
5 3 0.000 4 0.000 5 1.000 1.000
2.3.2
, 90%( 1 ), P(state=X,)
. 1% P(state=X,|state=1)>>P(state=X;|state=1), P(state=X,|state=1)
P(state=X,|state=1). 2 v 0.12 .Y , P(state=X,|state=1)
e ) ) )
[9] Internet
2.3.3
) , ( 2).
, 13 7 (1<12%),
1, 2 4 2.2.2
3
3.1
(€
3, , ( 1 3) . ;
2
4, ; )
’ , [2
[13]
3.2
, ( 5) :
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BGP )
4
BGP , )
BGP ,
ISP. (1) LP
, BGP (2 ,
7 .(3) ,
BGP ,
BGP , [7] (RRS) stub ISP
BGP (5]
[6] “ »[4] ,
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Brite* ,
3 ( 4 ). , BGP )
, 500 ,100~400 . 1
, dest 2 , cnt ; , Rid ;
Lid 2~4 :
( 4 )
502 503504 505506 507 508 501 502 503 504
Topology 1 Topology 2 Topology 3
dest | cnt | Rid | Lid | Rid | Lid | Rid | Lid qest| 1 ]2 |3
Lid
1 3 3 | 506 6 | 512 3 | 505
501 1 0 0 0
2 2 1 [502( 6 511
502 0 0 0 1
3 3 1 | 501 1 | 502 1 | 503
503 0 1 0 1
The structure of routing table The structure of traffic demand state matrix
Fig.4 The environment of simulation
4
1
1 , 3 1 100M,
125M. 2 100M, 250M. 3
200M, 100M. 5~ 7 3
Table 5 The simulation result about precision of the algorithm (I)
5 0]
State Count e_state Count e_state Count Precision of Precision of
- - e_state bottleneck area
0 0 - - - - - -
1 119 1 78 2 41 0.655 0.987
2 738 1 199 2 539 0.730 1.000
3 142 3 139 4 3 0.978 0.996
4 3 3 2 4 1 0.333 1.000
5 0 - - - - - -
Average precision of e_state 0.756
Average precision of bottleneck area 0.998
© HHEREBAAIGUT http:/ www. jos. org. cn
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Table 6 The simulation result about precision of the algorithm (1)
6 (n
State Count e_state Count e_state Count e_state Count Precision of Precision of
e_state bottleneck area
0 791 0 730 1 59 2 0 0.924 0.987
1 209 1 209 2 0 - - 1.000 0.617
Average precision of e_state 0.940
Average precision of bottleneck area 0.910
Table 7 The simulation result about precision of the algorithm (111)
7 (UD)
State Count e_state Count e_state Count e_state Count Precision of Precision of
e_state bottleneck area
5 1000 5 1000 3 0 4 0 1.000 1.000
Average precision of e_state 1.000
Average precision of bottleneck area 1.000
2
1 2 , =93 1 , 9 2
in ,out ,in_out

,crossing ratio

Table 8 The simulation result 1 about the relation
between bottleneck area and network state

8 1
State in out in_out Crossing ratio
1 0.213 456 0.785 805 0.000 739 0.654 601
1 0.244 499 0.754 384 0.001 117 0.496 743
1 0.144 578 0.852 503 0.000 000 0.452 701
1 0.000 000 1.000 000 0.000 000 0.146 365
2 0.861 393 0.138 101 0.000 506 0.301 950
2 0.111 931 0.886 625 0.001 444 0.458 937
3 0.944 385 0.000 000 0.055 615 0.395 235
3 0.805 112 0.193 686 0.001 202 0.488 723
4 0.593 750 0.406 250 0.000 000 0.914 634
Table 9 The simulation result 2 about the relation
between bottleneck area and network state

9 2
State in out in_out Crossing ratio
1 0.039 397 0.958 000 0.000 200 0.312 977
1 0.007 218 0.992 65 0.000 132 0.179 728
1 0.000 000 1.00 0000 0.000 000 0.101 779
1] 0.000 000 1.000 000 0.000 000 0.023 441
1 0.000 000 1.000 000 0.000 000 0.009 226
2 0.532 723 0.466 184 0.001 093 0.458 937
2 0.124 759 0.872 200 0.000 003 0.261 614
2 0.020 936 0.978 656 0.000 408 0.195 682
2 0.000 549 0.999 359 0.000 092 0.159 341
3 1.000 000 0.000 000 0.000 000 0.345 983

155M; 100M;

© rhiEBRER

AT hupy/ www. jos. org. cn



958

Journal of Software

2005,16(5)

100

90

80

70

60

50

40

30

20

NN N NN NN NN

State 0 State 1

B Random change

O Monotonic change
out :in =100:450

90
80
70
60
50
40
30
20
10

NN NTNTN

State 0 State 1
B Random change

O Monotonic change
out :in =100:400

State 0 State 1 Stae 2

B Random change

O Monotonic change
out :in=100:200

100

90
80
70
60
50
40
30
20
10

NN N NNTNTN

State 0 State 1
B Random change
O Monotonic change

out :in =100:425

100

90
80
70
60
50
40
30
20
10

NN N N NKNTRTN

State 0 State 1 State 2
B Random change
O Monotonic change

out :in =100:300

100

90

80

70

60

50

40

30

20

10

State 0 State 1 State 2
B Random change
O Monotonic change
out :in=100:125

Fig.5 The simulation result about traffic with random change
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3 , 10, 1~-3. out:in
S f N 2500,10000,622,1000,100,155
Table 10 The simulation result about topology change
10
out:in slf slf s/f slf slf s/f
100:300 0/0 1/0 2/15.6% 3/5.4% 4/0 5/77.6%
100:100 0/0 1/0 2/0 3/89.6% 4/0 5/10.4%
200:100 0/0 1/0 2/0 3/56.9% 4/0 5/43.1%

r 0/0 1/0 2/10.9%  3/89.1% 4/0 5/0
100:450 0/91% 1/9% 2/0 3/0 4/0 5/0
100:425 0/84% 1/16% 2/0 3/0 4/0 5/0
100:400 0/57% 1/43% 2/0 3/0 4/0 5/0
100:300 0/5% 1/91% 2/4% 3/0 4/0 5/0
100:250 0/0 1/85% 2/15% 3/0 4/0 5/0
100:200 0/0 1/46.4%  2/53.6% 3/0 4/0 5/0
100:125 0/0 1/0 2/100% 3/0 4/0 5/0
100:100 0/0 1/0 2/100% 3/0 4/0 5/0
125:100 0/0 1/0 2/0 3/100% 4/0 5/0
200:100 0/0 1/0 2/0 3/43% 4/32% 5/5%
400:100 0/0 1/0 2/0 3/0 4/0 5/100%

r 0/0 1/14.9%  2/85.1% 3/0 4/0 5/0
100:300 0/5% 1/95% 2/0 3/0 4/0 5/0
100:200 0/0 1/73% 2/27% 3/0 4/0 5/0
100:150 0/0 1/71% 2/29% 3/0 4/0 5/0
100:125 0/0 1/4% 2/78% 3/16% 412% 5/0
100:100 0/0 1/0 2/0 3/97% 4/0 5/3%
250:100 0/0 1/0 2/0 3/0 4/0 5/100%

r 0/0 1/22% 2/78% 3/0 4/0 5/0
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