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Abstract 
 Mesh Network Topological Optimization and Routing (MENTOR) algorithm is a low complexity and efficient 
partial mesh networks design algorithm. This study explores the relation between design parameters and performance of 
traffic assignment of MENTOR algorithm. We analyze 432 networks designed by MENTOR for 4 sets of 50 nodes each 
with equivalently distributed demand and randomly generated locations. For each of these networks, the performances at 
normal load and at congestion threshold of MENTOR flow assignment are calculated and compared with the optimum 
solution obtained by solving the linear programming. It is found that the routing performances depend on the initial tree 
used in the MENTOR algorithm, as well as the allowable minimum and maximum link utilization. MENTOR networks 
start with star topology give much better performance than that start with minimum spanning tree. In term of utilization, 
routing performances keep very close to that of the optimal when the gap between maximum and minimum utilization is 
small and get as worse the gap increase. The impacts of node degree on routing performances are also investigated. We 
observed that the performances decrease as node degree increase, and get worse when maximum utilization increase.    
 
Key-Words: - MENTOR Algorithm, network design, Optimum routing,  Mesh network, traffic routing 
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1. ���A	 
"�Z ) Internet ���
"�M�PQ����1��0ZV�$�����Q�%

���T���
� ���))�+OO��OO�Z )���,1)�Y�,��*N�%R
���"�M��1)�Q�����f�����"*W�N��Rg ���,�V� ��� �N�
���"*W��� ���Q�%�� ��*QZ) IP Network "�M� datagram 
network -� � routing protocol �1)� route traffic N�
��
������ ��V��� ��* +��"0Z )+�1�h%��*����R�	 backbone 
,)� ISPs �R	�N�%R��N�1	
T� Overlay -� � route traffic O� 
Permanent Virtual Connections (PVC) ,)� ATM ��Z)
O1���WN�1 Label Switch Paths (LSP) Multi Protocol Label 
Switching (MPLS) [3] 

���"*W����Q�%)����������� ���  ISPs �1)�
Q�����f��QZ) Traffic Demand �� "�
OP�)
R���	*"�W	 ���N�1 
ISPs �1)���*��� Capacity ,)�PQ��,R�
X	1�)���O���
,
�
��	*����R�	N�)��Q�  -� ������fQ	OQ��*1	
X*1
*1	
QR�,)� parameters �� N�1N����))�+OOPQ��,R�
 -� �
�� ��*"���� ��*QZ)QR��� 
)���OX*1,)� maximum link 
utilization +�� minimum link utilization P*
�����V�QR��� 

)���OX*1,)� maximum link utilization +�� minimum 
link utilization X	1� �� ��������X��YR��OOPQ��,R�
�� ��
QR�N�1�R�
�Y�+�R�����f����)� Capacity X	1X*1���,�V� 

Kershenbaum +��Q\� [1] X*1"��) Heuristic 
)���)�
��� �� ��Q	��-�O-1)�� �� (��*�O O(N2)) �� "��
�	R� 
MENTOR (Mesh Network Topological Optimization 
and Routing) -� �PQ��,R�
�� X*1��� MENTOR ��V���
����f��N��1"Q�
���OPQ��,R�
�� X*1���)���)�
�����
Q	��-�O-1)��Y� +�� MENTOR 
����Q	��
Z*�
�R����
0)�� �����X�N�1"�M����O	����N����))�+OO
PQ��,R�
 Virtual Circuit )
R��"�R� ATM ��Z) MPLS -� �
N�1"�M���OO Overlay ������O Backbone ,)� ISP "�

��"*�
	  )
R��X��W������ routing traffic ,)� MENTOR 
X�RX*1"�M�	
T������ *��� ��*"��)X� ��V���V,�V�)
YR��O 
parameters �R��g N����))�+OO*1	
 

���	
��
��V+�*�N�1"�W�Q	�����0��T'���	R��QR� 
��	+�����Q�%N����))�+OO+������
�T
U�0N����

��*��� traffic ,)� )���)�
��� MENTOR P*
.Y1	
��
X*1
	
"Q����' PQ��,R�
����	� 432 PQ��,R�
 �� ))�+OOP*
 
MENTOR -� �+�R��PQ��,R�
������	� Node 50 nodes 
�R	���������*QR� Traffic demand +�����+��R�,)� 
Node N�+�R�����R���V�����P*
	
T���R�  +�1	Q���	\
����
�T
U�0N������*��� Traffic ,)�+�R��PQ��,R�
 �� 
��
��\���N�1������
 +��N�U�	��� "�
 �+))�* +��
�����"���
O"��
O��O�����*��� Traffic �� *��� ��* 
(Optimum solution) -� ���������+�1�h%��P*
N�1 linear 
programming 
2. �BCD	���	�E�F�C 
 2.1 *��+*
��D� MENTOR 

MENTOR )���)�
��� [1] "�M�)���)�
���N����
))�+OO��OOPQ��,R�
+OO Heuristic �� ��Q	��-�O-1)�
� �� -� �"�
*���0
���\���� Route X�*1	
N�,\��� 
0
���\�����
*��V� link P*
 traffic demand ��fY�
�����*N�1N�1"�1������ �������� ��* ����� �� Utilization 
�� "������ 

���O	����,)� MENTOR "�
 ��1�*1	
�����*
���R�-� �N�,�V��)���V P��*��+
�))�"�M�P��*�1����
+��backbone ��V���VN����	
��
��V.Y1	
��
0
���\�"u0��N�
��\��� +�R��P��*"�M� Backbone Node 
  �����V� Tree ��fY���1��,�V���"0Z )"�Z )����	R�� 
Backbone Node ��V���* P*
N�1	
T��� 0�v�����
)���)�
��� ,)� Prim +�� Dijkstra -� �N������1�� tree 
+�R����QR���	+��  
 α, 0≤α≤1 "�M���	�����*��
*,)� tree P*
"�Z ) α=0  
��"�M�  MST(Minimum Spanning Tree)  +��"�Z ) α=1 
��"�M� SPT (Shortest Path Tree)  

�������X*1 Tree +�1	 MENTOR  ���
*��V� 
Direct Link ���	R��QYR Node �������
��\ traffic �� 
"������  �����*N�1QR��Y���*,)� utilization  "�M� ρ   
�R	�QR�� ����*,)� utilization ��)
YRN��Y�,)� ρ +�� 
slack(s) *������� ( )ρs−1   "�Z ) s, 0≤s≤1  ���
0
���\����	R��QYR Node A +��  B  P*
N�1 ABC  "�M� 
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Link Capacity  +�� ABl "�M� load ��V���*�� X�����	R�� 
A ��O B P*
)���)�
�����V��0
���\�����
*��V� Link 
P*
f1� traffic ���	R����* A  +��  B  �1)
���g -� �QZ) 

ABl  < ρ ABC ( )s−1   Link ��V���X�RfY��
*��V�+�� 
traffic ��V���*,)� ABl  �W���1�X�
��"�1�����R)����� 
��V��� ��*"�M����*�O�)���X� +�R��� traffic )
YR���	R��
QR��Y���*+��� ����* ( ) ABABAB ClsC ρρ ≤≥−1  
Link �W��fY��
*��V� )
R��X��W*�N���\���  ABl  >  
ρ ABC  ���"�Z )��R)�����fY�"0
 �",1�X� P*
���"�Z )�
N��R ABC  ��fY��
*��V�",1�X�"0Z )�)���O traffic  ρ ABC   
+�� traffic �� "��Z)  ���1�X�
��"�1������ N��1�� ��*"�M�
���*�O�)���X�  

MENTOR ��V�N�1.���0T'�� QR)�,1��*� )
R��X��W
��� ��������"�� 
	��O.�����ON����))�+OOQR��R��g 
)��
 ρ, s +�� α �� ���R)����
�T
.�,)���������*
"�1�������,�fR�
,1)�Y� ��V�
��X�RX*1�������������R)� 

2.2 Objective Function  

"�Z )0
���\����z,)���OOPQ��,R�
 G = 

(N,A) Q	��"�W	 Ca ������O+�R�� a∈A +������� 
)T
O�
X	1N�  �R)���1���V  �����*N�1 dst +������	�

,)� traffic flow ���	R�� s +�� t N�1  ƒa
st +�*���
��\

,)� traffic flow ��� s f�� t O��R	�PQ1� a  

��
��\ traffic la O� link a∈A "�M�.��	�

,)� ƒa
st N� [4] ��V�X*1"��)	
T����	�*����
�T
U�0,)�

��OOPQ��,R�
X	1P*
N�1zh��'�� ��1���� (cost function) 
),,( a

Aa
a Cl∑

∈

Φ=Φ  (1)   

N�,\���  φa(la,Ca) )
���OQR� Delay N���	+OO 
M/M/1 �|�&� Queueing -� �X*1��� 
   ( ) ( )aaaaaa lclcl −= /,φ      (2) 

 
2.3  Optimum Solution 

)
R��X��W*��������VN�1X�R"������N����
Q���	���QR� optimum N���\� ��  la ��QR����"�R�  la ≥ 

Ca  "0Z )+�1�h%����V  la / (Ca - la) ��fY������\QR�P*

N�1zh��'�� �"�
�"�1�+OO piecewise *����V 

   1for0≤ la/ca<1/3,               
   3 for 1/3≤  la / ca< 2/3,  

  10 for  2/3  ≤  la / ca<9/10,           
 70 for   9/10≤ la/ca<1, 

  500for1≤ la/ca<11/10, 
  5000 for 11/10≤  la / ca < ∞.   (3)   

*1	
zh��'�� �"�
�"�1��� "�M� piecewise ���
����� (3) �h%�������"�1����"*
�,)�,1)�Y������f
+�*�N��Y�,)�P��+���"�
�"�1�*������� [4] [5] 

Min ∑
∈

=Φ
Aa

aφ      

(4) 

 








=−

=

=− ∑∑
∈∈

otherwise 0

0 if 

 if 

),(:

,
,

),(:

,
, vd

tvd

ff st

st

Avuu

ts
uv

Avuu

ts
vu

 

       v,s,t ∈N,     
(5) 
  φa ≥  la   a∈A,    

(6) 
  φa ≥  3la – 2/3ca    a∈A,       

(7)  
  φa ≥  10la – 16/3ca   a∈A,   
(8)  
  φa ≥  70la – 178/3ca    a∈A,   
(9)  
  φa ≥  500la – 1468/3ca   a∈A,   
(10) 

  φa ≥  5000la–19468/3ca   a∈A,    
(11)   
   la = ∑

∈Nt

fa
s,    a∈A,  

(12) 
   fa

s,t ≥  0  a∈A; t ∈N.  
(13) 

 
,1)�����* (5) +��"�Z )�X, Flow conservation
,1)�����* (6)�(11) +��"�Z )�X,,)� (3) +��,1)�����* 
(12) +��"�Z )�X,,)� load O�+�R�� Arc +��"0Z )N�1
�����f"���
O"��
O.���OPQ��,R�
�� X*1��� MENTOR 
-� �����������*QR��Y���*,)� Utilization )
R��"�R� 
)���)�
��� .Y1	
��
���X*1"0
 �"�Z )�X,*������� (14) ��X�
*1	
 
  ρ≤aa cl /  (14) 

φ’a(la, ca) =       
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2.4 Normalizing Routing Cost 

Fortz +�� Thorup [3] X*1"��) Normalize scaling 
Factor ������O���N�1���"���
O"��
O���	R��PQ��,R�
�� ��
,��*+�� topology �R����� ��Q	��"�M�X�X*1*������� 
(15) 

∑
∈

=Φ
NxNts

tstsUNCAP hd
,

,,  (15) 

"�Z ) hst= ����	� hop �1)
��*���	R�� s +�� t 
������O routing cost Φ N*g ��V� ���� scaling routing cost 
��Z) normalizing routing cost *������� 

 UNCAPΦΦ=Φ /*   (16) 

������R��g,1���1���V"�M������ Linear 
Programming �� ��OY�\'+OON����+�1�h%���� 	X�,)�
����R�fR�
,1)�Y� -� �"��N�1 Φ +�� Routing cost general 
routing cost �� *��� ��* 

 
3. E����	�E�F�( 
 3.1 
��-
	-��F
��G�	 

.Y1	
��
X*1N�1P��+��� DELITE [6] N����
���"Q����'��OO,��* 50 Node ����	� 4 ��* P*
+�R��
��*+���R������� ��������
,)� Node �� �����* -� �.Y1
�*�)O��+��PQ��,R�
+�R����**1	
 N1, N2, N3 +�� 
N4 �R	�QR� traffic demand ������OPQ��,R�
+�R����*X*1
fY������*���P*
N�1QR�.��	�,)�traffic ,�",1� +�� 
traffic ,�))����+�R�� Node "�R���O 100 Mbps 
  PQ��,R�
�� N�1N�����*�)���V"�M�PQ��,R�
�� 
��1��*1	
)���)�
��� MENTOR ��V���* 432 PQ��,R�
-� � 
Link "�M�+OO full-duplex Q	��"�W	 45 Mbps  P*
 4 ��* 
QZ) +��+�R��* N1-N4 ��fY�+OR�"�M��)����R� ���R�+��
"�M�PQ��,R�
�� "�
 �*1	
 MST (α=0) �R	����R��� �)�QZ)
PQ��,R�
�� "�
 �*1	
 SPT (α =1) +��������O+�R�����R���
����)OX�*1	
 54 PQ��,R�
 �� ������"��� 
�+�����	

+��*����V QZ)N�1 ρ , ρ ∈(0.4,0.5,0.6,0.7,0.8,1.0) 
+�� s, s ∈(0.1,0.2, 0.3,0.4,0.5,0.6,0.7,0.8) 

 
3.2 Routing Performances 

�����"�1������ "�������� ��*N�+�R��
PQ��,R�
�����P*
�����*QR�ρ ����� )T
O�
X	1N� 
section 2.3 +����"�1����*1	
P��+��� GLPK[2] -� �
N� Intel Pentium IV Xenon 3.3 GHz ��N�1"	�������\ 
2 �� 	P�� "0Z )����"�1������ "������*����R�	 *1	
 
demand ,)�PQ��,R�
�� �����* ����
�T
U�0N����
�����*���X��,)� MENTOR \ P��*���
 ��fY�
���"�
\QR�P*
.��R��"�M� % ,)� Cost  ,)�PQ��,R�
�� 
��1��*1	
)���)�
��� MENTOR ��O PQ��,R�
�� *��� ��*�� 
Q1�0O*1	
	
T� Linear Programming 

 

,100
*

**

×
Φ

Φ−Φ
=∆

O

OMC  (17) 

 
"�Z )  *

MΦ  "�M�QR� Normalized Cost ,)����
�����*���X��*1	
	
T� MENTOR +�� *

OΦ  "�M�QR��� X*1
���	
T�+�1�h%���� *��� ��*  

�����	,1)��  2 ��"�W�	R�QR� Cost function ��
"0
 �,�V�)
R���	*"�W	 ������� 

3
210=aφ  ����
�T
U�0

���X��,)�,1)�Y�N�PQ��,R�
�� ))�+OO*1	
)���)�
��� 
MENTOR ��",1�X��YR��*	
�|���f����*Q�OQ� � -� �	�*���
.��R��,)� Cost "�M� % ���QR��� X*1���PQ��,R�
�� *��� ��*  

 

100×
−

=∆
O

OM

D

DD
D  (18) 

 
"�Z ) DM QZ) Scaling traffic demand ,)�

PQ��,R�
�� ��1����� MENTOR +�� D0 QZ)QR��� X*1���
PQ��,R�
�� *��� ��* P*
	�*"�Z )QR�

3
210=aφ  P*
.����

�*�)�"�M�*���Y��� 1-16 
 
3.3 ����
���IJ�+�
�K�*� 
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 ����Y� 1-4  +�*�QR� ∆C ,)���OOPQ��,R�
�� 
))�+OO*1	
)���)�
��� MENTOR *1	
 α = 0 ������O 

N1-N4 �R	�+���Y���  5-8  +�*�QR�  ∆C ,)�PQ��,R�
�� 
))�+OO*1	
)���)�
��� MENTOR  *1	
 α = 1 ������O 
N1-N4 0O	R� N�PQ��,R�
��  α = 0 ��V� ∆C  ��QR�"u�� 
)
YR

��  5.5244% N�,\���  N�PQ��,R�
��  α = 1 ��V� ∆C ��

��QR�"u�� 
)
YR��  0.0037% -� ��R���W"�M�QR� ∆C �� ��*	R��1)

��� 

����Y�9-12 +�*�N�1"�W� ∆D ,)���OO
PQ��,R�
�� ))�+OO*1	
)���)�
��� MENTOR *1	
 α = 

 
 
 
 

 0 ������O N1-N4 ������*�O +��U�0��  13-16 +�*�N�1

"�W� ∆D ,)���OOPQ��,R�
�� ))�+OO*1	
)���)�
��� 
MENTOR *1	
 α = 1 ������O N1-N4 ������*�O 0O	R� 

N�PQ��,R�
��  α = 0 ��V� ∆D ����QR�"u�� 
)
YR��  0.9629% 
N�,\���  N�PQ��,R�
��  α = 1 ��V�∆D ����QR�"u�� 
)
YR��  

0.0077% -� ��R���W"�M�QR� ∆D �� ��*	R��1)
��� 

  "�Z )"���
O"��
OQR� ∆C +�� ∆D  +�1	��"�W�
X*1	R� ����
�T
U�0,)���OO�� �� α = 1 ������
�T
U�0
����	R���OO�� ��α = 0 
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�Y���  1 +�*� ∆C ,)� Network �� �� QR� Alpha = 0 ������O N1. 
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�Y���  2 +�*� ∆C ,)� Network �� �� QR� Alpha = 0 ������O N2. 
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