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Non-bifurcated routing on 
shortest paths

Routing paths form Sink-Tree
for each destination

3
4

5 4

1
1 1

2

1
1

1 33

11

1
1

HH

H

L
K

F

Ka

M

N

B

S

Routing weights should 
guarantee

unique shortest paths

�����$������( "����	��	�
��	�����

3
4

5 4

1
1 1

2

1
1

1 33

11

1
1

HH

H

L
K

F

Ka

M

N

B

S

Unchanged routing weights

Recompute shortest paths 
in residual network

Only affected demands are 
rerouted



5

)����� ���

�	�� )�
��������������	
���
�����
�����	�

� �������
���
*���������
+�
�����	������+�,,,

�����-��	� ��������.���)���/��$������	�����������

�
�����	���������	��,

( )1 / 2
O Φ

���������������������������������	������������������������

0�#����	���+���������������
+�����������
+�"����	�������������
�


��������������� ���������������"���1�����������
�������!��,

�������	�����	����������
��	���
+�.���)���/��$��������
���	� ��������������"����	�2,

� 3��	�������

Topology & Link & Node Hardware
component variables: router cards, link capacities ...
ressource constraints: # router slots, matching link interfaces, ...

Mixed-integer programming model

( ) 1
s
uv

s

P

f P
∈Ρ

=�

OSPF Routing
unsplittable flow formulation:

binary path or arc-flow variables
demand or flow conservation 

additional shortest path routing constraints

, ,
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≥� � �Capacity constraints

(extra variables for max link utilizations)
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Given: Paths            satisfying path monotonicity( , )v wP

N∈el PGoal: Find              such that    ´s are unique shortest paths
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Metric Inequalities
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Feasible induce shortest paths      uniquely.el P
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Infeasible current paths      cannot be realized as 
shortest paths simultaneously. 
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LP to compute compatible routing weights
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Problem LP Opt. Best LB Best UB Time 
(hh:mm:ss) 

BB-Nodes 

Atlanta nos 56.44 104.39 107.00 2:00:00 3073 
G-WiN2 nos 72.41 76.00 76.00 8 21 
G-WiN3 nos 240.00 240.00 240.00 6 23 
G-WiN4 nos 272.00 272.00 272.00 3 3 
EP98 nos 165.05 176.35 184.17 2:00:00 2114 
NSF nos 229.48 324.42 475.00 2:00:00 1980 
Atlanta fail 65.42 126.46 175.00 2:00:00 960 
G-WiN2 fail 72.41 76.00 76.00 3:07 19 
G-WiN3 fail 320.00 320.00 320.00 24:12 278 
G-WiN4 fail 272.00 272.00 272.00 56 5 
EP98 fail 179.54 202.25 309.23 2:00:00 623 
NSF fail 318.60 389.32 735.00 2:00:00 115 

Arc-flow based model, Intel P4 1.7GHz, CPLEX 7.5, Time limit 2h

Results: integrated network design & routing
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Problem LP Opt. Best LB Best UB Time 
(hh:mm:ss) 

BB-Nodes 

Atlanta nos 0.633 0.834 0.834 7 36 
G-WiN2 nos 0.482 0.576 0.576 38 775 
G-WiN3 nos 0.054 0.106 0.106 8 48 
G-WiN4 nos 0.030 0.057 0.057 18 50 
EP98 nos 0.183 0.235 0.235 1:29 204 
NSF nos 2.740 2.745 2.745 23:48 3453 
Atlanta fail 1.265 1.669 1.669 14 70 
G-WiN2 fail 2.610 3.059 3.059 14:17 1350 
G-WiN3 fail 0.104 0.114 0.578 2:00:00 140 
G-WiN4 fail 0.093 0.137 0.142 2:00:00 1284 

NSF fail 0.731 0.745 0.746 2:00:00 2073 
 

EP98 fail 0.778 0.962 1.271 2:00:00 1406 

Arc-flow based model, Intel P4 1.7GHz, CPLEX 7.5, Time limit 2h

Results: traffic engineering


