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Algorithm for Large Scale IP Network Multiple Link Congestion Inference
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Abstract: Congested link inference algorithms only infer the set of share links based on methods of smallest set coverage. When some
congested path contains more than one congested link, the inference performance is obviously descending. Aiming at this problem, a
version of Lagrange relaxation sub-gradient algorithm based on Bayesian maximum a-posterior (LRSBMAP) is proposed. Aiming at the
impacts of congested link inference performance in the different link coverage, and the cost problems of probe deployments and additional
E2E active detection, the paper proposes a preliminary selection method for transceiver nodes by optimally selecting degree threshold
value (DTV) parameter of IP networks. Through introducing the optimization coefficient p, problems of cost and link coverage can be

both considered to ensure the performance of inference algorithm. In addition, according to the sparsity of coefficient matrix in link prior
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probability solution equations, a preconditioned conjugate gradient method based on symmetry successive over-relaxation (PCG_SSOR)
is proposed to obtain approximate unique solutions, helping to avoid the solution failures in large scale IP networks under the scenarios of
multiple link congestion. Experiments demonstrate that the algorithms proposed in this paper have higher accuracy and robustness.

Key words: congestion link inference; tomography; Bayesian network model; Lagrange relaxation; BMAP criterion
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Fig.7 Flow diagram of analog experiment

7
Table 3 Performance comparision of LCDTV under the different DTV (Waxman model)
3 DTV LCDTV (Waxman )
DTV E2E ( ) p(10%)
20 [2-4]) 179 251 (84%) 15 0.429 6
3 266 277 (92%) 26 0.5533
4 276 285 (95%) 30 0.414 0
5 294 281 (94%) 29 0.511 6
6 272 272 (91%) 27 0.661 0
7 286 280 (93%) 32 0.640 6
8,9,10 284 275 (92%) 29 0.658 9
11 283 274 (91%) 27 0.687 7
12,13,14 253 277 (92%) 25 0.506 0
(2) GLP
IP . IP , Brite
200 GLP ( 354 148 47).
LCDTV E2E , , E2E (
o) 4.
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Table 4 Performance comparisons of LCDTV under the different DTV (GLP model)
4 DTV LCDTV (GLP )
3
DTV E2E ( ) (ms) (p(lO ))
1 [2-4]) 1 7 147 _ 188(58%) _ 17 704 _ _
2 4 4 248 250 220(67.9%) 220(67.9%) 23 548 5833 0.321
3 7 7 378 393 247(76.2%) 245(75.6%) 26 005 7692 0.671
4 9 8 494 387 270(83.3%) 253(78.1%) 27319 8 047 0.678
5,6,7 8 8 442 454 260(80.2%) 260(80.2%) 20 455 8 494 0.719
8 9 8 389 416 247(76.2%) 247(76.2%) 19 768 7224 0.792
9~47 10 10 352 352 245(75.6%) 245(75.6%) 20 461 7339 0.859
4 , 200 GLP , P s >
2 2 b IP
s 58%.LCDTV DTV 3 . IP
> , LCDTV , , DTV=3
min(p |pry—3) =0.671, , 75.6%, 17.6%. DTVv=2 ,p ,
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, 8
5 500 ,
i7-5600U CPU,8G ,64  Win7 LenovoX250
Table 5 Comparisons between iterations and operation time under the different algorithms
5
SSOR CG PCG_SSOR
(s) () ()
Waxman 1228 27178 556 2.000 3 112 1.238 5
BA 702 1.544 9 607 2.066 4 103 1.184 7
GLP 661 0.852 9 401 0.627 9 88 0.564 8
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Fig.8 Comparisons of iteration algorithm error curves under the different models
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