
 1

Configuration Managements for 

BGP/MPLS VPN and DiffServ-aware-MPLS VPN 

Hyung-Woo Choi, Young-Tak Kim 

Dept. of Info. & Comm. Eng., Graduate School, Yeungnam University, 

214-1, Daedong, Kyungsan-Si, Kyungbook, 712-749, KOREA  

shout0713@yumail.ac.kr , ytkim@yu.ac.kr  

 

ABSTRACT 
 

VPN efficiently connects Intranet sites which are distributed over wide areas. Internet based VPN has 
lots of merits, such as flexibility in network configuration, expansibility, and low operational cost compared 
to existing leased line private network. Since the request of reliable information exchange through Internet is 
increasing explosively, and the MPLS network can offer efficient traffic-engineering function, the necessity 
of MPLS VPN is also increasing rapidly. In order to provide MPLS VPN efficiently, Network Management 
System(NMS) must be able to collect information of many MPLS VPN-sites in the network, and manage the 
information of each node systems and links in service provider network that supports MPLS VPN. 

In this paper, we propose an MPLS VPN configuration management system that is designed and 
implemented by Object-Oriented Programming (OOP). We explain the configuration management function 
of QoS guaranteed BGP/MPLS VPN where expansion of site is easy, and a DiffServ-aware-MPLS VPN that 
provides DiffServ with guaranteed QoS. We designed and implemented BGP/MPLS VPN Manager module 
and DiffServ-aware-MPLS VPN module in NMS with MOs for VPN and VPN-site. Also, the MPLS VPN 
management system has CLI (Command Line Interface)-based auto-discovery function to collect information 
of previously configured MPLS VPNs. 
 

 
   1. Introduction 

 
VPN (Virtual Private Network) connects Intranet sites 

which are distributed in wide areas. Internet based VPN is 
flexible in network configuration, expansibility, and low 
operational cost compared to leased line based private 
network. Requests of guaranteed service in VPN based on 
Internet with security and traffic engineering for high 
speed realtime multimedia services are increasing. Also, 
requests of reliable communication are increasing. 
Accordingly, the necessity of MPLS (MultiProtocol Label 
Switching protocol) VPN (Virtual Private Network) also 
increasing [1]. 

VPN can be classified into IP-based VPN and MPLS-
based VPN. BGP(Border Gateway Protocol)/MPLS 
VPN[1]  which is a kind of IP-based VPN is easy to 
expand customer sites because it is configured with peer-
to-peer links between the PE (Provider Edge) router of 
service provider network and CE(Customer Edge) router at 
customer site. BGP/MPLS VPN has advantage offering 
traffic-engineering function to private network. However, 
BGP/MPLS VPN has shortcoming of not providing 
DiffServ-aware-MPLS services. 

MPLS-based VPN is suitable to guarantee scalability 
and QoS (Quality of Service) in large-scale VPN 
configuration. DiffServ-aware-MPLS VPN [2] is based on 
overlay model that connects customer sites in full mesh, 
and has advantage of flexibility to provide MPLS's QoS 

and DiffServ. 
In this paper, we propose an MPLS VPN configuration 

management system. We especially propose the 
configuration management function of QoS guaranteed 
BGP/MPLS VPN where expansion of site is easy, and 
DiffServ-aware-MPLS VPN that provides DiffServ with 
guaranteed QoS. We designed and implemented 
BGP/MPLS VPN Manager module and DiffServ-aware-
MPLSVPN module in NMS with MOs for each VPN and 
VPN-site.  

In this paper, we describe standardizations and NMS 
related with MPLS VPN in Section 2, and explain 
configuration of MPLS VPN using Cisco router in Section 
3, and explain the design of configuration management for 
MPLS VPN including Cisco 7204CLI module in Section 4. 
We analyze the performance of configuration management 
system for MPLS VPN in Section 5, and finally conclude 
in Section 6. 

  
2. Related works 
 

Standardizations related with MPLS VPN have been 
progressed in IETF and ITU-T. The commercial NMSs 
have been developed for MPLS VPN by various vendors, 
such as Cisco Systems, WANDL, and Sheer Networks. 
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2.1 Standardization of MPLS VPN 
 
IETF (Internet Engineering Task Force) has progressed 

standardization of BGP/MPLS VPN to provide MPLS 
VPN service [1]. Also, IETF has produced L2VPN (Layer 
2 VPN) Framework where the L2 tunnels can be 
configured with MPLS LSP (Label Switched Path), L2TP 
(Layer 2 Tunneling Protocol) tunnel, IPsec tunnel, and 
MPLS-in-IP tunnel. The L2 tunnels, as current status, 
however, can not provide QoS guaranteed differentiated 
services.  

 
2.2 MPLS VPN Managers 
 

For BGP/MPLS VPN management, Cisco developed 
the Cisco VPN Solution Center [3]. The Cisco VPN 
solution center has advantage of providing optimized 
function for Cisco router to manage BGP/MPLS VPN. But 
it only supports layer 3 VPN with VRF (VPN Routing and 
Forwarding) table configurations, and does not support 
layer 2 MPLS VPN with DiffServ-aware-MPLS traffic 
engineering among client sites. For L2 VPN management, 
Cisco developed the Cisco IP Solution Center. The Cisco 
IP Solution Center has an advantage of providing 
optimized function for Cisco router to manage L2 VPN. 
However, it doesn’t support other vendor’s router. 
Therefore, the Cisco VPN Solution Center and Cisco IP 
Solution Center can not manage various vendors’ routers 
that co-exist in actual commercial network. 
 
3. Configuration of MPLS VPN 
 

MPLS-based VPN offers guaranteed bandwidth and 
reliable data forwarding, and requires low operational cost 
compared to leased line-based private network [4]. 
Topology of MPLS-based VPN is composed of VPN site 
area and service provider backbone area. 
 
3.1 Configuration of BGP/MPLS VPN 
 

BGP is used to set the path for MPLS packet 
forwarding across different autonomous system, exchanges 
EBGP (exterior BGP) routing information between PE and 
CE, and uses IBGP (interior BGP) between PE and PE in 
BGP/MPLS VPN. PE router receives IP prefix from CE 
and add 8 bytes RD (Route Distinguisher) to the IP prefix 
[5]. VPN is established with defining VRF that is consisted 
of RD and RT (Route Target). 

Table 1 shows the CLI commands that are used in 
Cisco MPLS router [5], and Table 2 shows the CLI 
commands that are used in Juniper MPLS router [11]. 
Comparing Table 1 with Table 2, we can find that two 
table are very similar. Hence, CLI modules can be for each 
router implemented with minimal modification. 

 
 
 
 

 
Table 1. MPLS VPN configuration based on Cisco MPLS 

Router  

 
 

Table 2. MPLS VPN configuration based on Juniper 
MPLS Router 

 
 

3.2 Configuration of DiffServ-aware-MPLS 
VPN 
 

In this paper, we propose a DiffServ-aware-MPLS 
VPN to offer differentiated services with guaranteed-QoS 
on DiffServ-aware-MPLS network. Filtering of source IP 
address of packet and specification of destination IP 
address can be possible, using route-map. Hence, paths 
among VPN-sites can be created by applying route-map to 
PE. Tunnels between VPN-sites are established in full 
mesh, and DiffServ-aware E-LSP provides guaranteed QoS 
and DiffServ to VPN sites. It is very efficient to deliver 
VPN traffic using DiffServ-aware E-LSP in a large-scale 
VPN, because DiffServ E-LSP can guarantee QoS and 
bandwidth. 

Table 3 shows the configuration of DiffServ-aware-
MPLS VPN based on Cisco MPLS router. Access lists 
perform packet filtering to control which packets move 
through the network and where. The class-map command 
and its subcommands are applied on a per-interface basis 
to define packet classification, marking, aggregate, and 
flow policing as part of a globally named service policy. A 
policy map associates a traffic class with one or more QoS 
actions. The router supports QoS policing actions such as 
policing and class-based weighted fair queuing (CBWFQ). 
WRED can specify minimum threshold, maximum 
threshold and mark_probability_denominator for each 
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class-type. WFQ schedules interactive traffic to the front of 
the queue to reduce response time, and it fairly shares the 
remaining bandwidth among high bandwidth flows. Paths 
among VPN-sites are created by applying route-map to PE.  

 
Table 3. Configuration of DiffServ-aware-MPLS VPN 

based on Cisco MPLS router 
function command description 

 
 

access-list 
setting 

Access-list access-list 
number [permit |deny] 
source_ip_address  
netmask destination ip 
address netmask  
port_number 

Access lists perform packet 
filtering to control which 
packets move through the 
network and where. Such 
control can help limit 
network traffic and restrict 
the access of users and 
devices to the network. 

 
 

class-map 
setting 

class-map [match-all| 
match-any]  
class_name 
match access group 
ACL_number 
match ip dscp 
dscp_number(optional)
match mpls 
experimental_value(opt
ional) 

The class-map command 
and its subcommands are 
applied on a per-interface 
basis to define packet 
classification, marking, 
aggregate, and flow policing 
as part of a globally named 
service policy. 

 
policy-map 

setting 

policy-map policy- 
map_name 
class class-map_name 
set mpls  
experimental_value 

A policy map associates a 
traffic class with one or more 
QoS actions. The router 
supports QoS policing 
actions such as policing and 
class-based weighted fair 
queuing (CBWFQ). 

Queuing : 
WRED 

(congestion 
avoidance) 

policy-map policy- 
map_name 
class class-map_name 
random-detect 
precedence value min-
th max-th mark-prob 

WRED can specify 
minimum threshold, 
maximum threshold and 
mark_probability_denominat
or for each class-type. 

Schedul 
ing : WFQ 
(congestion 

mgmt.) 

policy-map policy- 
map_name 
class class-map_name 
bandwidth [bps |  
percent] 

WFQ schedules interactive 
traffic to the front of the 
queue to reduce response 
time, and it fairly shares the 
remaining bandwidth 
between high bandwidth 
flows. 

 
route-map 

setting 

route-map route-map- 
name permit sequence_ 
number 

Paths among VPN-sites are 
created by applying route-
map to PE. Filtering of 
source IP address of packet 
and specification of 
destination IP address can be 
possible, using Route-map. 

 
4. Design of MPLS VPN configuration 

management function 
 

If MPLS VPN routers exist in network, administrator 
must be able to collect and manage the information of sites 
that use MPLS VPN service. Even in the case of middle 
scale VPN, the service points of VPN site are about 200, 
and manual collection of information about VPN-sites is 
time consuming and error prune. Therefore, information of 

MPLS VPN router and site must be gathered automatically.  
Administrator performs often addition, deletion and 

modification of VPN-site as well as creation, deletion of 
VPN to manage VPN. It is not efficient for administrator to 
always connect directly to router to create or delete VPN 
and VPN-site. 

We implemented an auto-discovery function that can 
automatically collect information of VPN and VPN site of 
large number. Also, we implemented configuration 
management function module for BGP/MPLS VPN and 
DiffServ-aware-MPLS VPN, by which the operator can 
manage MPLS VPN with minimal manual operations 
using GUI. 

 
4.1 Design of configuration management 

module for MPLS VPN 
 

VPN management module to offer configuration 
management function of MPLS VPN has 
BGPMPLSVPNManager MO (Managed Object) and 
VPNSite MO. Each information of VPN is implemented as 
BGPMPLSVPNManager MO which has attributes of VRF 
name, RD, RT, VRF enable interface, and so on. VRF 
enable interface is physical interface of PE router connected 
with VPN-site. 

VPNSite MO contains necessary information to 
configure VPN-site which contains attributes of VPN-site’s 
name, IP address, BGP number, and so on. 
 
(1) BGPMPLSVPNManager Module 

 
VPNNetwork module uses BGPMPLSVPNManager 

MO to configure BGP/MPLS VPN, and to manage VPN 
and VPN-site. VPNNetwork MO interacts with VPNPE 
module to configure VPN. Fig. 1 shows the interactions 
between BGPMPLSVPNManager and other network 
management modules.  

 

 
Fig. 1. Interaction between L3BGP/MPLS-

VPNManager Module and other modules 
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Using BGPMPLSVPN GUI, operator inputs 

information of VPN. Then, information of VPN is 
provided to VPNNetwork module. VPNNetwork 
configures BGPMPLSVPNManager MO using VPN 
parameters, and configures VPNSite MO using VPN-site 
parameters, which are provided by GUI. Then, 
BGPMPLSVPNManager accesses VPNPE, and specifies 
target-router to establish VPN, VPN-site, TE-LSP. VPNPE 
module uses methods in Cisco7204 module to establish 
VPN, VPN-site, and TE-LSP. Cisco7204 module 
communicates router to establish VPN, VPN-site, and TE-
LSP using CLI/telnet. 

 
(2) DiffServMPLSVPNManager Module 
 

 
Fig. 2. Interaction between DiffServ-aware-MPLS 

VPN Manager module and other module 
 
 
Using DiffServMPLSVPN GUI, operator inputs 

information of VPN which is delivered to VPNNetwork 
module. VPNNetwork configures DiffServMPLSVPN-
Manager MO using VPN parameters, and configures 
VPNSite MO using VPN-site parameters which are 
provided by GUI. DiffServMPLSVPN Manager accesses 
VPNPE module, and creates DiffServ-ELSP MO. Then, 
DiffServMPLSVPNManager accesses VPNPE module, 
and specifies target-router to establish DiffServ-aware-
MPLS VPN, VPN-site, and DiffServ-ELSP. 

 
4.2 Auto-discovery for MPLS VPN Topology 

 
In the proposed scheme, we use CLI as a basic method 

to gather information of previously configured MPLS VPN, 
and use Cisco routers to configure a VPN test bed network. 
Cisco router’s CLI commands to gather MPLS VPN 
information are as shown in Table 4. 

 
 
 
 

 
Table 4. Cisco router command to gather information of 

MPLS VPN 

 
 

Table 5. Juniper router command to gather information 
of MPLS VPN  

 
 

VPN related information of Cisco router can be 
gathered automatically through CLI commands which are 
shown in Table 4. Commands to gather VPN information 
of Cisco router are very similar to Juniper router’s, as 
shown in Table 4 and Table 5. We can implement CLI 
module for Juniper router with minimal modification of 
Cisco7204 CLI module that is explained in this paper, and 
also implement scalable MPLS VPN NMS. Procedure of 
auto-discovery for information of MPLS VPN topology is 
shown in Fig. 3.  

 

 
Fig. 3. Procedure of auto-discovery for information of 

MPLS VPN topology  
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VPN-NMS establishes a pivot-router (7204_G) which 
is connected physically with it and accesses to the pivot-
router using CLI and confirms whether information of 
VRF is configured. In the testbed network, 7204_G router 
is connected to the pivot router (7204_F). Such neighbor 
router’s information is gathered through CLI. If 7204_F 
has information about VRF, we can get information about 
VRF from 7204_F using command. MOs and attributes 
gathered from the auto-discovery are shown in Table 6. 

 
Table 6. MOs and attributes gathered from result of 

auto-discovery  
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If operator executes ADM (auto discovery module) 

using GUI, ADM accesses directly to router using 
Cisco7204CLI via MPLS LSR, and gathers information for 
configuration of network. Among information for 
configuration of network, information of physical 
configuration is delivered to PhysicalNetwork module, and 
information of logical configuration such as LSP is 
provided to MPLS Network module, and information of 
VPN such as VPN ID is provided to VPN Network module.  

PhysicalNetwork MO information contains information 
of node and port. Attributes of node MO are router 
function, local router name, and neighbor router name.  

Router function is an attribute, which is used to 
distinguish whether the router is MPLS-based or IP-based. 
Local router name is name of local router, while neighbor 
router name is the name of neighbor router linked 
physically with the local router.  

Attributes of LSP MO are LSP ID, Ingress router name, 
Explicit path, and Destination IP address. LSP ID is ID of 
LSP, and Ingress router name defines the name of ingress 
router of the LSP. 

PhysicalNetwork manages the information of physical 
node and link, and depicts physical topology using GUI. 
MPLS Network depicts logical topology using GUI, and 
VPN Network depicts VPN topology using GUI. 

 

4.3 Cisco 7204 Command Line Interface (CLI) 
Module 

 
We implemented a telnet-based Cisco7204CLI, and 

implemented Router module which accesses to 
Cisco7204CLI module to gather information of VPN from 
Cisco Router. 

 

 
Fig. 4. Relationship of inheritance of CLI for other 

vender’s router 
 
The CLI which is an abstract class has common 

abstract methods to confirm configuration of other 
vender’s routers such as GetVPN(), GetSite(), and 
GetRouterPlatform(). Because inherited subclass CLI 
module is inherited from abstract CLI class, it can be 
implemented by optimized functions for the specific router 
model. If NMS sends a CLI command to Cisco MPLS 
router through telnet, a lot of information is provided in 
return. Cisco7204CLI module parses necessary 
information, and provides them to Physical Network 
module. 
 

4.4 BGP/MPLS VPN GUI module 
 

We implemented BGP/MPLS VPN GUI to configure 
easily VPN and VPN-site even if operator of MPLS VPN 
does not understand the internal operation of VPN network 
module. We implemented GUI using Java, and used socket 
and XML (Extensible Markup Language) for interaction 
between GUI and VPN network module. 

VPN View GUI activates BGPMPLSVPNManager 
GUI for creation and deletion of VPN and VPN-site, and 
for configuration information of VPN and VPN-site. 
Create VPN GUI receives input information of VPN, such 
as VPN ID. VPN ID is represented in VPN list of 
BGPMPLSVPNManager GUI. Add Site GUI is used to 
add a site to a specified VPN, and operator can input 
detailed information of the VPN-site using the GUI. Verify 
VPN GUI is used to confirm information that is added 
through Add Site GUI. 

(b)L3BGP MPLS VPN MO 

(c)DiffServ-aware-MPLS 
VPN MO 

(a)PhysicalNetwork MO 
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Fig. 5. VPN GUI for configuration of BGP/MPLS VPN 

 
In BGP/MPLS VPN GUI module, scenario for creation 

of VPN and addition of site is as following. 
① Operator clicks button of L3BGP/MPLS VPN 

manager in VPN View GUI and activates 
L3BGP/MPLS VPN Manager GUI. 

② If operator clicks Create VPN button to create 
VPN in VPN Manager GUI, Create VPN GUI is 
activated. 

③ After providing information of VPN such as VPN 
id, and operator clicks ok button, VPN ID is added 
to the VPN list in L3BGP/MPLS VPN Manager 
GUI. 

④ After selecting a VPN ID, operator clicks Add 
Site button and activates Add Site GUI. 

⑤ After input information of MPLS VPN site such 
as MPLS VPN site IP address and ASN 
(Autonomous System Number) in Add Site GUI, 
operator clicks Accept button and establishes the 
VPN-site. 

⑥ Operator clicks Show-VPN-site list and confirms 
information of configuration of VPN and VPN-
site.  

 
4.5 DiffServ-aware-MPLS VPN GUI Module 
 

VPN View GUI activates DiffServ-aware-MPLS VPN 
Manager GUI for creation and deletion of VPN and VPN-
site, and for confirmation of the attributes of VPN and 
VPN-site.  

We implemented DiffServ-aware-VPN Manager GUI 
to easily establish VPN and VPN-site. DiffServ-aware-
VPN Manager GUI has function of creation and deletion of 
VPN, addition and deletion of site, and confirmation of 
information of VPN and VPN-site. Add Site GUI is used to 
add a site to specified VPN. Operator can input detailed 
information of VPN-site through it. Using DiffServ-ELSP 
setting GUI, operator can establish DiffServ-ELSP 
between sites to provide QoS-guaranteed DiffServ. 

 
Fig. 6. VPN GUI for configuration of DiffServ-aware-

MPLS VPN  
 
4.6 Relationship among each Layered Network 

Modules 
 
For efficient network management, the proposed 

MPLS VPN NMS defines 4 layer networks according to 
the protocol layer and their functionality: IP layer network, 
MPLS layer network, physical layer network and VPN 
layer network. 

In physical layer network, the network nodes, ports of 
each node, links between ports and hosts are managed. The 
physical connectivity among nodes and hosts are 
automatically discovered and shown in GUI for network 
operator. Network operator can configure or update the 
attributes of each node, port, link, and control the usage of 
network resources by enabling or disabling the 
administrative operation state. 

In MPLS layer network, the traffic engineering (TE) 
trunks among provider edge (PE) routers are configured to 
provide virtual network topology with optimized network 
resource utilization. Also, the DiffServ-aware-MPLS 
ELSPs are established and maintained to provide user 
requested DiffServ across MPLS network. 

 

 
Fig. 7. Class definitions for Layered Network Management 
 

In VPN layer network, the configuration and 
management of L3BGP/MPLS VPNs and DiffServ-aware-
MPLS VPNs are supported. The traffic engineering trunks 
among PE (Provider edge) routers and the VRF (VPN 
routing and forwarding) tables are configured by the VPN 
layer network management functions. The PE LSPs with 
VRF are configured to map VPN virtual routing and 
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DiffServ-aware-ELSP through which to forward the VPN 
service packet to its destination VPN site. Figure 7 shows 
the layered network management concept. 

 
5. Analysis of performance of system for 

configuration management of MPLS VPN 
 

We analyze the performance of MPLS VPN NMS 
which offers convenient function for configuration of 
MPLS VPN through GUI. We also analyze performance of 
auto-discovery which gathers information of MPLS VPN 
automatically. 
 

5.1 VPN topology for analysis of performance 
of MPLS VPN NMS 

 
We configured an MPLS VPN topology as shown in 

Fig. 8 using CLI in Cisco router. In the test bed network, 
we configured Service Provider Backbone network using 
Cisco 7204 routers, and customer VPN-sites using Cisco 
3620 routers. 7204_H router operates as P(Provider) router, 
and 7204_F and 7204_G router operate as PE(Provider 
Edge) router. VRF is not configured in 7204_H router 
which is P router. We configured VPN sites using 4 CE 
routers(3620_A, 3620_B, 3620_C and 3620_D). 

 

 
Fig. 8. Topology of network to configure MPLS VPN  
 

5.2 Analysis of function of auto-discovery of 
pre-configured VPN 

 
After configuration of MPLS VPN as shown in Fig. 8, 

the result of auto-discovery is shown in Fig. 9. We divided 
the network by AS(autonomous system) unit to depict 
network topology through VPN view GUI. As shown in 
Fig. 8, NMS is connected physically with 7204_G router. 
First of all, NMS retrieve information of node, port, and 
LSP and neighbor router in 7204_G router. 

As shown in Fig. 8, we configured 3620_D router as 
VPN-site with VPN-site ID of L3BGP/MPLSVPN-site2, 
and AS number of 300. Fig. 9 shows VPN information 
gathered through auto-discovery. We can verify the VPN 
topology shown in Fig. 9 is same as the network 
configuration shown in Fig. 8. Information of MPLS VPN 
is gathered automatically through auto-discovery function. 

 

 
Fig. 9. Result of auto-discovery of pre-configured VPN 

 
5.3 Analysis of function that configure 

BGP/MPLS VPN 
 

Operator of VPN can add conveniently VPN site using 
GUI. Add site GUI to add VPN site is same as Fig. 10. 
Using GUI, operator provides attributes of VPN such as 
VPN ID, Route distinguisher, BGP number, VPN site IP 
address, VPN site AS number, and so on, and can add a 
VPN-site. Information of VPN and site which are provided 
using GUI are provided to router through Cisco7204 CLI. 

 

 
Fig. 10. BGP/MPLS VPN-site's addition using GUI 
 

5.4 Analysis for function of configuration of  
 DiffServ-aware-MPLS VPN 
 

Operator can add DiffServ-aware-MPLS VPN-site 
using GUI for addition of VPN-site and configuration of 
DiffServ-ELSPs, as shown in Fig. 11. Operator can add 
site through input of VPN ID, and site's IP address. 
Operator also configures links of DiffServ-aware-ELSP 
between sites using DiffServ-ELSP setting GUI. 

  

 
Fig. 11. Add DiffServ-aware-MPLS  

VPN-site using GUI 
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We implemented operator interface using Java to create 
and manage DiffServ-aware-ELSP. DiffServ-aware-ELSP 
GUI is consisted of network address field to manage user 
traffic, LSP bandwidth, routing mode (Explicit, CSPF, 
Dynamic) and priority field. It is also consisted of GUI 
fields that receive parameters of service class, CIR, 
BC(Committed Burst size), BE(Excess Burst size), delay 
and jitter as necessary information  to establish DiffServ's 
SLA. 

GUI for configuration of attributes of LSP is shown in 
Fig. 12, and GUI for service class is shown in Fig. 13. 
Input data through GUI is provided to MPLSNetwork 
module through XML/Socket interface. 

 

 
Fig. 12. DiffServ-aware-LSP setting using GUI  

 

 
Fig. 13. DiffServ setting using GUI 

 
5.5 Performance Monitoring of TE-LSP 

 
If we send the traffic from each host with transmit rate 

defined at Table 7, the measured result is as shown in Fig. 
14 and Fig. 15. 

 
Table 7. Transfer data rate (in Kbps) for each DiffServ 

class-type 

400800600400AF4

Period 4Period 3Period 2Period 1Class-type

800800600400NCT

600800600400EF

400800600400BE

400800600400AF4

Period 4Period 3Period 2Period 1Class-type

800800600400NCT

600800600400EF

400800600400BE  
(Note NCT: network control traffic; EF: expedited 

forwarding; AF: assured forwarding; BE: best effort) 
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Fig. 14. Transfer data rate 
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Fig. 15. Received data rate using TE-LSP 

 
In Fig. 14 and Fig. 15, if the input data rate is 400kbps 

each, the transfer rate is guaranteed because the aggregated 
rate does not exceed the total bandwidth which is 1.9Mbps 
at the output link of CE router. And we can verify that 
there is no packet drop. In the second period, the only 
500kbps of all class-types are delivered to destination. The 
excessive packets of 100 kbps are all dropped. In period 3, 
the only 500kbps of all class-types are delivered to 
destination. The excessive packets of 300 kbps are all 
dropped. In period 4, AF4 and BE class type data of 
400kbps is delivered to destination. But NCT type traffic 
and EF type traffic share remained bandwidth, and excess 
traffic which exceeds the remained bandwidth is dropped.  

As a result, TE-LSP guarantees QoS for traffic which 
not excess bandwidth but, it doesn’t provide differentiation 
of traffic for each class type. 

 
5.6 Performance Monitoring of DiffServ-ELSP 

 
Each precedence setting information for class-type is 

shown in Table 8. If we send the traffic from each host 
with transmit speed defined at Table 7, the measured result 
is as shown in Fig. 14,Fig. 16 and Fig. 17.  

 
Table 8. SLA configuration 

PortBEBCCIRClass-type

2000260000130000800NCT

3000200000100000600EF

400012000060000400AF4

No settingBE

PortBEBCCIRClass-type

2000260000130000800NCT

3000200000100000600EF

400012000060000400AF4

No settingBE  
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In Fig. 14 and Fig. 16, if the input data rate is 400kbps, 
the transfer rate is guaranteed because the rate does not 
exceed the total bandwidth which is 1.9Mbps at the output 
link of CE router. And we can verify that there is no packet 
drop in Figure 17. 
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Fig. 16. Received data rate using  

DiffServ-aware-ELSP 
 

packet drop rate

0

100

200

300

400

500

600

700

800

900

1

1
0

1
9

2
8

3
7

4
6

5
5

6
4

7
3

8
2

9
1

1
0
0

1
0
9

1
1
8

1
2
7

1
3
6

1
4
5

1
5
4

1
6
3

1
7
2

time[sec]

k
b
p
s

NCT

EF

AF4

BE

 
Fig. 17. Differentiated packet drop rate 

 
In the second period, the traffic of NCT, EF class-types 

are guaranteed with transfer data rate of 600kbps, but only 
380 kbps of AF4 traffic was delivered to destination, while 
only 320 kbps of BE traffic was delivered. Because the 
sum of data rate exceeds the capacity of output link of CE 
router, we can see that the received data rate in low priority 
traffic is decreased. In period 3, the packet drop rate of EF 
is 800 kbps that exceeds the allocated 600kbps, the 
excessive packets of 200 kbps are re-marked to the 
precedence of AF4 class-type, and occupy the bandwidth 
of AF4. Also, the packet rate of AF4 is 800 kbps that 
exceeds the allocated 400 kbps. Since the higher 
precedence traffics of NCT and EF preempt the link 
capacity, remaining bandwidth becomes only 1.9 Mbps – 
2*800 kbps = 300 kbps. 

As a result, only AF4 packets of 300 kbps are delivered, 
while the received rate of BE class-type become zero. 

 
6. Conclusion 
 

As the necessity of MPLS VPN is explosively rising, 
NMS's configuration management module must be able to 

gather information of MPLS VPN effectively. We 
implemented auto-discovery functional module to collect 
information of MPLS VPN effectively. For efficient 
administration, the operator confirms the attributes 
information that has been gathered through auto-discovery 
to MO. MPLS VPN configuration and MPLS VPN auto-
discovery use Cisco7204CLI module to interact physical 
Cisco router. We implemented management function of 
BGP/MPLS-VPN to provide guaranteed QoS and to 
simplify scalability problem in the expansion of VPN sites 
in NMS. We also implemented DiffServ-aware-MPLS 
function that BGP/MPLS-VPN does not offer.  

We implemented the MPLS VPN configuration 
management system by Object-Oriented Programming 
(OOP). The expansion of MPLS routers other than Cisco 
router can be implemented easily in the proposed extensible 
NMS by implementing a new CLI module for the specific 
router model using generic CLI abstract class. 

As future works, we are developing detailed traffic 
engineering for various class-types in DiffServ-aware-
MPLS VPN, and for guaranteed QoS provisioning with 
MPLS VPN across multiple service providers. 
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