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The CADENUS approach for The CADENUS approach for 
handling service creation, handling service creation, 

negotiation, configuration and negotiation, configuration and 
invocationinvocation
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OutlineOutline

!CADENUS architecture and business roles 
mapping

!Business Models
– Hub model vs Cascade model
– Inter-domain QoS aspects

!Service Creation, Negotiation, Configuration and 
Invocation in a WLAN-based Access VPN 
scenario 

!Scalability issues
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CADENUS Mediation FrameworkCADENUS Mediation Framework
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Reference Models: HubReference Models: Hub
A SP arranges the contract with the Customer, and all the NPs identified to support the service.

– SP is then responsible with respect to the Customer for all aspects of customer care, 
trouble ticketing etc. 

– SM receives the SDs by each RM and builds a Service Offer based on those SDs. 
– When receiving a SLA Contract from a Customer, it has to identify all the RMs that are 

involved to provide the service along the computed end-to-end path and send an SLS to 
each of them.
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Reference Models: CascadeReference Models: Cascade

Service Provider

! No single managing organisation has full 'visibility' of the 
service 

! Peer-to-peer contracts between pairs of  NPs along the 
chain of the end-to-end service have to be arranged 
sequentially
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InterInter--domaindomain managementmanagement
Hub vs Cascade modelsHub vs Cascade models

!Cascade Model:
– the SM issues an SLS for the

whole end-to-end path to an
RM

– the RM identifies the next hop 
toward the destination

– the RM splits this SLS into one
part related to its own domain 
and another part that is 
forwarded to the next RM along 
the end-to-end path

! Hub Model:
– the SM computes the end-to-end 

path, by composing the
“elementary” connectivity services 
provided by RMs

– the SM sends SLSs to each RM
involved in the computed path
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InterInter--domain management (2)domain management (2)
Hub vs Cascade modelsHub vs Cascade models

! End-to-end path Computation:
– The “same” function allocated to different boxes (SM or RM) 

according to the selected model (Hub or Cascade) 
– Compose QoS-enabled connectivity services provided by the NP in 

their respective domains to form a end-to-end connection (with given 
QoS) between points in different domains

To solve a Multi-Constrained Shortest Path problem
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InterInter--domaindomain management (3)management (3)
Hub vs Cascade modelsHub vs Cascade models

! Hub Model
– Centralized
– One entity has global knowledge
– Exchange of Service Descriptions 

between RMs and SM

! Cascade Model
– Distributed
– Each entity has only a partial 

knowledge (its neighbours)
– Exchange of QoS levels information 

among RM neighbours 
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Hub vs CascadeHub vs Cascade
ConclusionsConclusions

! Both models reflect possible and realistic business
organizations among Service and Network Providers 
(including mixes of the two)

! The CADENUS architecture accomodates both models
– SM-RM interface is independent of the selected business model. 

• In the Hub model this interface is used for communication among SP 
and NP (alias SM -RM). 

• In the Cascade model, this interface is also used as an NP-NP
interface (RM to RM)
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IPIP--VPN ScenarioVPN Scenario

Access VPN

 Company HQ

In the following, we concentrate on
WLAN access scenario

! Access VPNs—Provide remote access to 
an enterprise customer’s intranet or extranet 
over a shared infrastructure.

! Access VPNs may use a variety of 
technologies (e.g. dial-up, ISDN, DSL, 
WLAN) to securely connect mobile users, 
telecommuters, and branch offices.
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SLA LifeSLA Life--CycleCycle

Source: TMF GB917v1.5
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•Define and put in a standard format a
description of the business process 
associated to service trading
•Define a standard Graphical User
Interface to allow user’s customization of 
the service parameters
•Define a standard template for the 
Service Level Agreement

Service Creation
•Define SLA/Contract and Service 
Template (internal)
•Define Service negotiation and 
configuration workflows
•Define SLA-SLS translation rules
•Define Configuration policies
•Query the Service Directory and retrieve
business process
•Define data format translation and 
process adaptation rules
•Publish new service in the Service
Directory

QoS-capable
Networks
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Scalability Issues in CADENUSScalability Issues in CADENUS
!Mediation Framework:

– Distributed architecture
!Service Directory: 

– UDDI business registry is implemented as a logically 
centralised, but physically distributed service

!AM, SM, RM:
– Hierarchical structures and algorithms 
– Distribution / Replication
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AM ScalabilityAM Scalability
! The AM is a Web service ...

– Issues about scalability of Web services:
• the number of web users is definitely much higher in the web scenario
• the randomness associated with the way that users visit sites makes 

the problem of workload forecasting and capacity planning difficult 
• a Web service consists of a variety of components: different browsers 

and servers running on a diversity of platforms with different 
capabilities

• end-to-end response time is both time- and space-dependent
– Performance objectives and related approaches:

– high availability --> infrastructure reliability / redundance and software 
robustness

– high scalability, low response time --> replication, distribution
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EndEnd--toto--end Path Computationend Path Computation
the scalability problemthe scalability problem

=
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etc...

EndEnd--toto--end Path Computationend Path Computation
the scalability problemthe scalability problem

=
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ConclusionsConclusions

!CADENUS Architecture supports different 
business models (Hub, Cascade)

!Application of CADENUS Framework to a “mobile 
/ nomadic” service

!Hierarchy, replication and distribution to face 
scalability problems
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Q & A



CADENUS Resource Management 
Architecture:

main concepts and answers to some 
FAQs

Florence Review – 20-22 Nov 2002
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Roadmap
• Preliminary considerations:

– The Cadenus Resource Management Architecture
– The Resource Mediator’s ‘algorithm’

• 4 Questions:
– How to enforce a multi-domain SLS?
– Do Cadenus components trust each other?
– Where is the Cadenus bottleneck localized?
– Is SLS management a top-down or a bottom-up process?



3Florence Review --- 20-22 nov 2002

Service
Mediator

ServicesServicesServices

Service Provider

The CADENUS overall architecture

Access
Mediator

Resource
Mediator

Access 
Network
Provider

Access 
Network
Provider

Backbone 
Network
Provider

Backbone 
Network
Provider

Next 
Network
Provider

Next 
Network
Provider

Resource
Mediator

Service
Mediator

ServicesServicesServices

Service Provider

SLS

SLA

SLS

Cascade Model



4Florence Review --- 20-22 nov 2002

The CADENUS resource 
management architecture

Autonomous System

PEPPEPPEP
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COPS API

Device Controller
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Traffic Control
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SLSNI

DI

ND
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SLS = Service Level Specification

RM=Resource Mediator

NIPR = Network Indep. Policy Repository

NC = Network Controller

PDP = Policy Decision Point

PEP = Policy Enforcement Point

PIB = Policy Information Base
NDPR = Network Dep. Policy Repositor
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Roadmap
• Preliminary considerations:

– The Cadenus Resource Management Architecture
– The Resource Mediator’s ‘algorithm’

• 4 Questions:
– How to enforce a multi-domain SLS?
– Do Cadenus components trust each other?
– Where is the Cadenus bottleneck localized?
– Is SLS management a top-down or a bottom-up process?
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The RM receives a SLS from Mediator M (either a SM or a previous-
hop RM) and the cumulative cost function (empty if M is a SM).

For each resulting time slice, SLS1 is passed to NC for AC together with 
resource bundle related to the corresponding time slice (available from 

previous ACs). The NC returns cost function 
cost=f(delay,jitter,throughput,packet loss) and the updated 

resource bundle.

Is there at least one time 
slice associated with 

infinite cost?

The time interval specified in SLS1’ time schedule field is partitioned in 
homogeneous time slices taking into account the already allocated 

resource bundles.

YES AC fails. A negative response 
is provided to M.

The cost functions for each time slice are “properly” combined 
obtaining a cumulative cost function for the entire time interval.

STOP

The resulting cost function is combined with the cumulative cost
function coming from M (if any).

NO

Is SLS2 empty? YES Return to M the best cumulative 
offer which fits the SLS needs.

STOPSend to the next-hop RM the SLS2 and the cumulative cost function.

NO

Wait for an answer and redirect it back to M.

STOP

Does the ingress point 
belong to this RM?

NO Redirect the SLS to the 
“right” RM.

STOP
YES

The RM, based on the Scope field, asks the NC the splitting point and 
splits the SLS into SLS1 and SLS2.

The RM algorithmThe RM algorithm
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Roadmap
• Preliminary considerations:

– The Cadenus Resource Management Architecture
– The Resource Mediator’s ‘algorithm’

• 4 Questions:
– How to enforce a multi-domain SLS?
– Do Cadenus components trust each other?
– Where is the Cadenus bottleneck localized?
– Is SLS management a top-down or a bottom-up process?
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The SLS splitting (1)

A B

RM1

NC1

C
D

RM2

NC2 E F

RM3

NC3

SLS2

A→B

SLS3

C→F

SLS4

C→D
SLS6

E→F

SLS5

E→F

AS1 AS2 AS3

Service
Mediator

SLS1

A→F
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The SLS splitting (2)

class NCInterface: ... { 
.
.
public:
virtual bool IsIPAddrMine(const TIPAddress& IP) = 0;
virtual void GetBoundaryRouterForDest(const TIPAddress& DestIP, 

TIPAddress& BoundaryIP, TIPAddress& NextHopIP) = 0;
.
.

};
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The SLS splitting (3)

A B

RM1

NC1

C
D

RM2

NC2 E F

RM3

NC3

SLS2

A→B

SLS3

C→F

SLS4

C→D
SLS6

E→F

SLS5

E→F

AS1 AS2 AS3

Service
Mediator

SLS1

A→F

…
Delay = 100ms

Jitter = 10ms

Troughput = 1Mbps

Packet-loss=10-3

…

SLS1
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The problem formalization

• di > 0
• ji > 0
• 0 ≤ pi ≤ 1 
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A multi-dimensional, multi-stage, non linear optimization problem.

(SLS throughput)
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A B
C

D E FAS1 AS2 AS3

A F
100ms

Delay: 10ms
Cost: 8

Delay: 30ms
Cost: 5

Delay: 60ms
Cost: 2

Delay: 5ms
Cost: 10

Delay: 30ms
Cost: 5

Delay: 50ms
Cost: 4

Delay: 8ms
Cost: 10

Delay: 9ms
Cost: 12

Delay: 40ms
Cost: 10

Delay: 80ms
Cost: 9

Delay: 5ms
Cost: 15

Delay: 130ms
Cost: 7

2

3

4

1

2

3

1

2

3

4

1

5

SLS splitting: an example (1)

A B
100ms

C D
100ms

E F
100ms
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1818(2,1)
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1538(3,1)

1060(3,2)

980(3,3)

CostDelay(x1,x2)

6110(4,3)

1455(1,3)

1535(1,2)

2013(1,1)

S2

AS2

CostDelay(x1)

2604

5303

8102

1051

S1

AS1

2549(2,2,2)

3027(2,1,2)

2858(2,1,3)

2798(2,1,4)

2744(1,2,2)

2575(1,2,3)

24115(1,2,4)

3222(1,1,2)

3053(1,1,3)

2993(1,1,4)

3323(2,1,1)

2845(2,2,1)

CostDelay(x1,x2,x3)

3040(1,2,1)

3518(1,1,1)

S3

16170(4,2,4)

17130(4,2,3)

1999(4,2,2)

2295(4,2,1)

18160(3,3,4)

19120(3,3,3)

2189(3,3,2)

2485(3,3,1)

19140(3,2,4)

20100(3,2,3)

2269(3,2,2)

2565(3,2,1)

22120(2,2,4)

2380(2,2,3)

AS3

SLS splitting: an example (2)

Delay

100ms

SLS
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A B
C

D E FAS1 AS2 AS3

A F
100ms

Delay: 10ms
Cost: 8

Delay: 30ms
Cost: 5

Delay: 60ms
Cost: 2

Delay: 5ms
Cost: 10

Delay: 30ms
Cost: 5

Delay: 50ms
Cost: 4

Delay: 8ms
Cost: 10

Delay: 9ms
Cost: 12

Delay: 40ms
Cost: 10

Delay: 80ms
Cost: 9

Delay: 5ms
Cost: 15

Delay: 130ms
Cost: 7

2

3

4

1

2

3

1

2

3

4

1

5

SLS splitting: an example (3)

A B
100ms

C D
100ms

E F
100ms
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Roadmap
• Preliminary considerations:

– The Cadenus Resource Management Architecture
– The Resource Mediator’s ‘algorithm’

• 4 Questions:
– How to enforce a multi-domain SLS?
– Do Cadenus components trust each other?
– Where is the Cadenus bottleneck localized?
– Is SLS management a top-down or a bottom-up process?
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Do Cadenus components trust each 
other?

Access
Mediator

Service
Mediator

(AS)(AS)

Resource
Mediator

(AS)(AS)

Resource
Mediator

SLA SLA

SLS

SLS

Access 
Network

Access 
Network

A B C D

I want to see 
Rambo with
Gold quality.

I want to see 
Rambo with
Gold quality.

I want a virtual circuit 
1MB wide with a 
delay of 100ms

between A and F.

I want a virtual circuit 
1MB wide with a 
delay of 100ms

between A and F.

I want a virtual circuit 
1MB wide with a 

delay of 60ms
between C and F.

I want a virtual circuit 
1MB wide with a 

delay of 60ms
between C and F.

NCNC
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Do Cadenus components trust each 
other?

Access
Mediator

Service
Mediator

(AS)(AS)

Resource
Mediator

(AS)(AS)

Resource
Mediator

SLA SLA

SLS

SLS

Access 
Network

Access 
Network

A B C D

Why am I not 
receiving the 
quality I paid

for?

Why am I not 
receiving the 
quality I paid

for?

Why aren’t you
respecting the SLS I 

paid for?

Why aren’t you
respecting the SLS I 

paid for?

Why aren’t you
respecting the SLS I 

paid for?

Why aren’t you
respecting the SLS I 

paid for?

NCNC

Is the 
video 

server ok?

Is the 
video 

server ok?

Is my intra-
domain SLS 

ok?

Is my intra-
domain SLS 

ok?

Is my intra-
domain SLS 

ok?

Is my intra-
domain SLS 

ok?
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Do Cadenus components trust each 
other?

Access
Mediator

Service
Mediator

(AS)(AS)

Resource
Mediator

(AS)(AS)

Resource
Mediator

SLA SLA

SLS

SLS

Access 
Network

Access 
Network

A B C D

Why am I not 
receiving the 
quality I paid

for?

Why am I not 
receiving the 
quality I paid

for?

Is the 
video 

server ok?

Is the 
video 

server ok?

Why aren’t you
respecting the SLS I 

paid for?

Why aren’t you
respecting the SLS I 

paid for?

Is my intra-
domain SLS 

ok?

Is my intra-
domain SLS 

ok? Why aren’t you
respecting the SLS I 

paid for?

Why aren’t you
respecting the SLS I 

paid for?

Is my intra-
domain SLS 

ok?

Is my intra-
domain SLS 

ok?

NC

I-D
SLS

NO!REFUND REFUND

REFUNDNC
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Roadmap
• Preliminary considerations:

– The Cadenus Resource Management Architecture
– The Resource Mediator’s ‘algorithm’

• 4 Questions:
– How to enforce a multi-domain SLS?
– Do Cadenus components trust each other?
– Where is the Cadenus bottleneck localized?
– Is SLS management a top-down or a bottom-up process?
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Where is the Cadenus bottleneck 
localized?

• The CADENUS framework is built of 3 main 
components.

• The overall logic is spread among the components.
• As for every non trivial system, loads with 

different characteristics stress different parts 
of the framework.

• Hence, to find the bottleneck, we have to
– single out framework life-cycle phases;
– characterize/classify traffic loads.
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Life-cycle phases

Service 
Activation

Involved componentsPhase

Service 
Invocation

Service 
Configuration

Service 
Subscription

Where is the Cadenus bottleneck localized?

Access
Mediator

Service
Mediator

Resource
Mediator

Service
Mediator

Resource
Mediator

Service
Mediator

Service
Mediator

Access
Mediator
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Service Subscription (1)
(The problem)

Where is the Cadenus bottleneck localized?

Service
Mediator

Too many users connecting to the 
same AM.

Too many users connecting to the 
same AM.

Access
Mediator
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Service Subscription (1)
(A solution)

Where is the Cadenus bottleneck localized?

Service
Mediator

The Access Mediators can be 
easily replicated.

The Access Mediators can be 
easily replicated.

Access
Mediator

Access
Mediator

Access
Mediator
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Service Subscription (2)
(The problem)

Where is the Cadenus bottleneck localized?

Access
Mediator

Access
Mediator

Access
Mediator

Access
Mediator

Service
Mediator

Too many AMs contacting the same SM.

This might happen when just one SM sells a particular 
service (e.g. it is the only one who owns the rights, or it
won a market rush against other SMs).

Too many AMs contacting the same SM.

This might happen when just one SM sells a particular 
service (e.g. it is the only one who owns the rights, or it
won a market rush against other SMs).
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Service Subscription (2)
(A solution)

Where is the Cadenus bottleneck localized?

Service
Mediator

Access
Mediator

Access
Mediator

Access
Mediator

Access
Mediator

Service
Mediator

Service
Mediator

SM replication is not as 
simple as in the 
previous case.

Replication might be either 
internal to the ‘bottleneck’ SM, 
or linked to the arrival on the 
market of  new SMs offering 
the service in question.
The more appealing the service, 
the more the SMs wishing to 
sell it (which helps avoiding 
scalability problems).

SM replication is not as 
simple as in the 
previous case.

Replication might be either 
internal to the ‘bottleneck’ SM, 
or linked to the arrival on the 
market of  new SMs offering 
the service in question.
The more appealing the service, 
the more the SMs wishing to 
sell it (which helps avoiding 
scalability problems).
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Service Configuration
(The problem)

Where is the Cadenus bottleneck localized?

Service
Mediator

Service
Mediator

Service
Mediator

Core Network (AS)Core Network (AS)

Resource
Mediator

Resource
Mediator

Resource
Mediator

Resource
Mediator

Too many mediators 
contacting the same 
RM.

It happens in the case of 
intensely accessed 
resources.

Apart from network congestion 
problems, computation problems 
arise.

Too many mediators 
contacting the same 
RM.

It happens in the case of 
intensely accessed 
resources.

Apart from network congestion 
problems, computation problems 
arise.

Access 
Network
Access 

NetworkAccess 
Network
Access 

NetworkAccess 
Network
Access 

Network
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Service Configuration
(The problem)

Where is the Cadenus bottleneck localized?

Service
Mediator

Service
Mediator

Service
Mediator

Core 
Network 

(Virtual AS)

Core 
Network 

(Virtual AS)

Resource
Mediator

Resource
Mediator

Resource
Mediator

Access 
Network
Access 

NetworkAccess 
Network
Access 

NetworkAccess 
Network
Access 

Network

Resource
Mediator

Core 
Network 

(Virtual AS)

Core 
Network 

(Virtual AS)

Resource
Mediator

Resource partitioning 
represents a possible 
solution.

Resource partitioning 
represents a possible 
solution.

AS
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Service Configuration/Activation
(The problem)

Where is the Cadenus bottleneck localized?

Service
Mediator

Core Network (AS)Core Network (AS)

Resource
Mediator

Resource
Mediator

Too many SLSs
delivered to an RM.

It happens in the case of 
complex (time/space) 
services composed by 
many simple services.

Too many SLSs
delivered to an RM.

It happens in the case of 
complex (time/space) 
services composed by 
many simple services.

SLS SLS SLS SLS

SLS

SLS

SLS

SLS SLS SLS SLS

SLS

SLS

SLS

As an example, a VPN 
connecting 5 sites with a full-
meshed graph would need 20 
SLSs (2 for each edge). 
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Service Configuration/Activation
(A solution)

Where is the Cadenus bottleneck localized?

• In this case, there are no solutions to tackle the 
scalability issues. Possible remedies are:
– increase the computation capabilities;
– parallelize the RM’s activities (cfr. D2.3 RM scalability

analysis);
– improve the SLS semantics (e.g. heterogeneous hose

model);
– make network configuration reflects such more complex 

semantics.
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Roadmap
• Preliminary considerations:

– The Cadenus Resource Management Architecture
– The Resource Mediator’s ‘algorithm’

• 4 Questions:
– How to enforce a multi-domain SLS?
– Do Cadenus components trust each other?
– Where is the Cadenus bottleneck localized?
– Is SLS management a top-down or a bottom-up process?
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Service
Mediator

ServicesServicesServices

Service Provider

SLS management is generally top-down

Access
Mediator

Resource
Mediator

Access 
Network
Provider

Access 
Network
Provider

Backbone 
Network
Provider

Backbone 
Network
Provider

Next 
Network
Provider

Next 
Network
Provider

Resource
Mediator

Service
Mediator

ServicesServicesServices

Service Provider

SLS

SLA

SLS
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Special cases

Resource
Mediator

NC

SLSR

t

SLS3
SLS4
SLS7

SLS3
SLS4

SLS4
SLS7

SLS1
SLS3
SLS4

RE-ROUTED

t0

t0

Expected down-time

•Fault recovery
•SLA/SLS monitoring
•Fault recovery
•SLA/SLS monitoring

In these cases the SLS management might be triggered bottom-up.
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Objectives of CADENUS

Each network & service provider recognises the importance of QoS to the 
future of their business, but some points are unclear

They don’t know how to provide this QoS
They don’t know what sort of QoS And for what sort of services

Network providers have another paradigm
QoS is the key point to make money from value–added network services

The Main Goal is
To propose an integrated solution for the creation, configuration and 
provisioning of end user services with QoS guarantees in Premium IP 
networks.
Define a framework in which all the relationship can be seen as 
client/furnisher one
Let the end-user select the QoS he/she wants

Both during the subscription and the invocation process
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Motivations and Solutions 

Solutions are based on the answers to these questions :
Who is requesting the content services QoS ?
Who is requesting the network services ?
Who and How to control the QoS ?

In the context of the NGN architecture
We introduce the Mediation at each level to give a unique entry point and open 

the architecture to different actors.

The CADENUS Business Model defines the roles which are:
Access Mediator, Service Mediator & Service logic, Resource Mediator & 

Network Controller,
the different actors may assume one or many of these roles.
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Scheduling and resource allocation - Vendor & product specific 
implementation

Service Level Specification (SLS)
- QoS requirements
- Traffic characterization

Per Domain Behaviour (PDB)
- Rules (edge) + Behavior (core)
- QoS class definition

Per Hop Behaviour (PHB) - Router local QoS behaviour 

- Administrative contractService Level Agreement (SLA)

From SLA to SLS up to QoS

Network
Devices

Network
Controller

Resource
Mediator

Service
Mediator

Access
Mediator
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Resource
mediator

Backbone Network
provider

SLS
Bus

SM
FTP & HTTP

Proxy

SM
SIP Proxy
H323 GK

SM
RTSP Proxy

Generic
Service

Mediator

Resource
Mediator

Next
Administrative

domain

Access
Network
provider

Unitary
Service

Access
Mediator

SLA
Bus

Network
Controller

Network
Controller

Network
Controller

The Multi-Mediator Architecture
- AAA
- Directory/yellow pages
- Preference lists
- Service Menu
- User profile
- Terminal types

- Traffic engineering
- Terminal localisation
- Terminal capability
- Network capability

- AAA
- Presentation
- Subscription

- Local CAC
- Technology adaptation
- Policy rules
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Objectives of Test trial 2

Build a CADENUS framework on top of commercial products
3 commercial tools for RM and/or NC have been used
2 available Service tools (not designed for CADENUS) have been adapted

Using real Networks
Two Premium IP networks built on Cisco Routers with DiffServ and One ADSL 

network (DSLAM, ATM switches and BAS) for the access have been configured

Using different network technology
Both ADSL and DiffServ have been setup

Skip AM and subscription process to concentrate on invocation process
Test trial 3 will merge both Test trial 1 and Test trial 2 results

And highlight inter-domain capability
Two Autonomous Systems (domains) have been setup
The RM performs the SLS splitting in the Cascade model configuration
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ADSL access 
Network

ADSL access 
Network

SM : VoD
Web server

AS1

Video server

Web &
video
client

DiffServ Aware
Network

DiffServ Aware
Network

Data Plane
Background
Traffic

AS2

BAS

First scenario do nothing: no provisioning and no reservation
Quality is bad
See it in action …

The VoD case study (1)
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DiffServ Aware
Network

DiffServ Aware
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Data Plane
Control
Plane
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Traffic
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NC : ScreamVue

RM (java)

Second step, BAS is configured but not the IP network
Quality is better but not sufficient
See it in action …

The VoD case study (2)
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ADSL access 
Network

ADSL access 
Network

SM : VoD
Web server

AS2

Video server

NC : ICP

RM+NC : 
IQ-Man

Web &
video
client

DiffServ Aware
Network

DiffServ Aware
Network

Data Plane
Control Plane

Background
Traffic

AS1

BAS

NC : Scream

RM (java)

Final step, end-to-end QoS is setup
Quality is as good as request
See it in action … and look at the start and stop log
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DiffServ Aware
Network

Data Plane
Control Plane

Background
Traffic

AS1

H.323 client B

H.323 client A

First scenario do nothing: no provisioning 
and no reservation.

The Netmeeting call is sent without the 
help of the gatekeeper

Quality is bad
See it in action …

The VoIP case study (1)
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SM : H323
Gatekeeper

RM + NC:
IQ-Man

DiffServ Aware
Network

Data Plane
Control Plane

Background
Traffic

The VoIP case study (2)

AS1

H.323 client B

H.323 client A

Second scenario, the Netmeeting is 
registered into the gatekeeper

before sending a call
Quality is as good as requested
See it in action … 
And the start and stop log from the 

H323 GK
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Implementation details

3 commercial products are used
IQ-Man from Operax which implements both RM and NC functionalities
ICP from CPLANE which implements another NC
ScreamVue from NET.com which implements the BAS NC
A small java RM from FTR&D to handle the inter-domain

IQ-Man product have to be adapted to SLS and XML.
They provide an SDK to use their private protocol
SM-RM interface have been developed  based on a tomcat web server
RM-RM interface has been developed based on a “dummy” IQ-Man

ICP and SCREAM products already have XML interface
XML format has been adapted to be in conformance with the CADENUS definition

OpenGK H323 gatekeeper has been modified to act as a SM
Interface with the RM has been added to the OpenH323 library
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IQ-Man adaptation

Apache
Tomcat

Dummy
IQ-Man

SLS

SLS

IQ-Man SDK

IQ-Man
SDK

Courtesy of OPERAX AB.
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Performance result

We start doing some measurement
Available at the end of 2002

The bottleneck is actually located at the interface between the routers and 
the NC:

Cisco routers can only handle a few configuration per second (2-3/s)

Performance of platform (vendor product information)
IQ-Man can perform up to 10000 admission control per second without database 

storage
IQ-Man can perform up to 1000 admission control per second with database 

storage
But this fell to 2-3 per second if we configure Cisco routers
ScreamVue, which used IEEE P1520 interface,  can perform up to 10-100 

configuration per second
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Conclusions

The CADENUS framework is well suited for QoS control driven by services
It is open, flexible and independent of the network technology

BUT work is in progress
To exchange SLA and SLS

There are many proposals AND we need only one standard
CADENUS uses eb-XML
COPS-SLS or Web-Services technology could be used
TEQUILA uses SLRN…
CADENUS wants to publish its interface as a reference model

To choose an appropriate flow process
Reference points are well identified : AM/SM, SM/RM, RM/NC
WHERE to open the architecture to 3rd parties ? Between SM/RM ? AM/SM ?
Who splits the first SLS ? Hub (SM) or Cascade (RM) flow process model ?
Let the Service and Network Operators decide which is the 

most suitable one



Florence, 21-22 November5th review – Public Audit Session

NGN Architectures: ETSI and NGN Architectures: ETSI and 
Cadenus Cadenus current workcurrent work

A. BRAJEUL
France Telecom R&D



Florence, 21-22 November5th review – Public Audit Session

Outline

NGN Standardisation at the ETSI
SPAN

SPAN Architecture
Functional plane

Functional entities

Cadenus Architecture
General framework

Functional entities
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NGN standardisation at the 
ETSI

ETSI wants to take a leading role in pushing for global consolidation of 
NGN standardisation

NGN Implementation Group (NGN-IG)

6 specific NGN technical areas:
architecture and protocols, 

end-to-end QoS, 

service platforms, 

network management, 

lawful interception, 

security.
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NGN standardisation at the 
ETSI – SPAN

SPAN: Services and Protocols for Advanced Network
To contribute to the working domain addressing the subject of architecture and 
protocols

A contribution from France Telecom R&D to the SPAN Technical 
Committee

B.Chatras – September 2002

To describe a technology independent functional architecture for supporting 
multimedia services in Next Generation Network

A work in progress

To be standardised in March 2003
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SPAN Architecture –
Functional plane

Management 
Plane

Application Plane

Control Plane

Transport Plane

SCN
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Cops-SLS, eb-XML, Web services,  SIP vertical…

H248,  COPS
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Mediation

Resource ControlAccess
& Admission
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H248,  COPS

UnPCF

ARF

Resource
Mediation

Resource ControlAccess
& Admission

AMF
The AMF (Access Management Function) coordinates 
the management of network access requests.

The ARF (Access Relay Function) inserts location information in network 
access requests received from end-user equipements and converts them
into network access requests that can be interpreted by the network.

The UnPCF (User network Profile Control Function) contains 
authentication data and network subscription information for each user.

Work in 
progress
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Cops-SLS, eb-XML, Web services,  SIP vertical…
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ALF
UnPCF

ARF

Resource
Mediation

Resource ControlAccess
& Admission

AMF

The ALF (Address Allocation Function) is responsible 
for the allocation of an IP address to the user.

Work in 
progress
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ALF ULF

UnPCF

ARF

Resource
Mediation

Resource ControlAccess
& Admission

AMF

The ULF (User Location Function) registers the 
association between a network address and a user identity.

Work in 
progress
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ALF ULF

UnPCF

ARF

Resource
Mediation

Resource ControlAccess
& Admission

AMF

TPEF
The TPEF (Transport Policy Enforcement Function) 
handles quality of service procedures under the control 
of the RCF (Resource Control Function ).

Work in 
progress



Florence, 21-22 November5th review – Public Audit Session

Control PlaneControl Plane

SPAN Architecture –
Functional entities

Network AAA
& Client Profiles

Transport Plane

Controlled
Transport 
Elements

End-U
ser/Term

inal

Application Plane

RADIUS

Access Relay

SIP, H323, RTSP

SLS, Corba

COPS-SLS

SIP,  H323, OSA

Proxies

RADIUS

PPP, 
DHCP

RADIUS, DHCP

Cops-SLS, eb-XML, Web services,  SIP vertical…

H248,  COPS

FWF

ALF ULF

UnPCF

ARF

Resource
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Resource ControlAccess
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AMF

TPEF
The FWF (Firewall Function) 
enables or disables the forwarding 
of IP packet.

Work in 
progress
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Resource
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Resource Control

ACDF
Access
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AMF

TPEF

The ACDF (Access Control 
Database Function) contains 
policy data.

The NAPTF (NAPT Function) 
performs network address and 
port allocation and translation.

Work in 
progress
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Resource
Mediation

Resource Control
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Access
& Admission

AMF

TPEF

The RCF (Resource Control 
Function) controls the execution 
of quality of service procedures 
in the TPEF.

Work in 
progress
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The ACF (Admission Control Function) is 
responsible for authorizing or denying 
resource allocation requests.

The ESF (End-to-End Service Function) 
is responsible for the end-to-end quality 
of service set-up.

Work in 
progress
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TPEF

The RCPF (Resource Control Proxy Function) acts as an 
application layer gateway for the purpose of resource 
control, when no explicit QoS signalling is available and 
application-specific intelligence is required to derive 
resource requirements from application signalling.

Work in 
progress
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The NCPF (NAPT Control Proxy Function) acts as an 
application layer gateway for the purpose of network 
address translation.

Work in 
progress
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The FCPF (Firewall Control Proxy Function) acts as an 
application layer gateway for the purpose of gate 
management.

The SCPF (Service Control Proxy Function) determines 
which application plane element and/or service specific 
resources need to be involved in the service logic execution.

Work in 
progress
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The UsPCF (User service Profile Control Function) contains 
authentication data and service subscription information for each user.

Work in 
progress



Florence, 21-22 November5th review – Public Audit Session

Cadenus Architecture – General 
framework
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per administrative domain)
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Cadenus Architecture -
Functional entities
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Directory

Resource
Mediator

per administrative domain)

SLS

UsPCF

presents the current service offers to the user
gives a unique entry point to the Service 

Provider
maintains the several passwords in order to 

assist and ease the service selection process
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Cadenus Architecture -
Functional entities
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UsPCF

has also a database with more precise service subscription 
information for each user 

performs the service treatment
translates service request into resources request and 

produces the corresponding SLS to the Resource Mediator
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UsPCF
UsPCF

has an end-to-end network view of the current
QoS availability and is responsible for the end-
to-end quality of service set-up
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Cadenus Architecture -
Functional entities
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QoS inside its sub-domains 

performs the network devices 
configuration 
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Conclusion

Cadenus architecture is in compliance with SPAN NGN Architecture.

SPAN NGN Architecture is under study. This contribution is a work in 
progress. The functional entities are not standardised at the moment.

The contribution aims to identify the functional entities which are 
contained in the Control Plane, in order to standardise them. 

A future work could be to identify the interfaces between these functional 
entities, in order to standardise these interfaces.

Cadenus project aims at publishing the different interfaces between AM 
and SM, SM and RM, RM and NC in order to show how implement these 
interfaces.
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Is there any question?
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Krzysztof Samp
(ITTI, Poland)
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TeleManagement Forum (TMF)
TOM (Telecom Operations Map) and 
eTOM
Mapping of Cadenus functional 
architecture to eTOM
Conclusions

Outline
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TeleManagement Forum

Non-profit global consortium focused on 
Operations Support Systems (OSS) and 
management issues for the communications 
industry
Mission - help service providers and network 
operators automate their business processes in a 
cost- and time-effective way
Members of TM Forum: 

service providers, 
hardware and software suppliers
system integrators
network operators
etc.
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TeleManagement Forum
Key areas of interest:

New Generation Operations Systems and Software 
(NGOSS)
Business Process Modeling and Automation
Managing Next Generation Network Technologies
Systems Integration and Implementation
Service Management
Web-Based Customer Care (E-Care) and Customer 
Relationship Management (CRM)

Selected results of work:
Telecom Operators Map (TOM) - industry’s de facto 
standard to Business Process Automation
SLA Handbook - assisting two parties to develop an SLA 
with practical view of fundamental issues
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eTOMeTOM
Extension of TOM

Enhanced

Enterprise process

eBusiness enabled

Expanded

Everything, Everywhere, Everytime

Etc.

eTOM Business Process Framework is the ebusiness, 
enhanced TOM that addresses the total Service Provider 
enterprise
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eTOMeTOM –– Level Level 0 0 ProcessesProcesses

Strategy, Infrastructure
& Product Operations

Supplier/Partner

Resource
(Application, Computing and Network)

Service

Market, Product and Customer

Customer

Suppliers/Partners

Enterprise Management

Shareholders Employees Other Shareholders

Area 
covered 
by TOM
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Mapping Cadenus to eTOM 
Reasons ?

Automation of processes:
Cadenus architecture focuses on automation of 
service provisioning
Main aim of TMF – automation of crucial 
processes in operators’ activity

High importance of TOM/eTOM 
integral part of NGOSS
good reference point in communication with 
operators and service providers (in 
dissemination activities)
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Example of business relationshipsExample of business relationships

Customer
Provider Customer

Provider

Provider Customer

Provider Customer

 

CRM: Customer Relationship Management

 

S/PRM: Supplier/Partner Relationship Management

Customer-Provider Relationship
 Interactions

Service Provider

CRM

S/PRM

Third Party Service
Provider

CRM

S/PRM Third Party Service
Provider

CRM

S/PRM

Third Party Service
Provider

CRM

S/PRM

© TeleManagement Forum   eTOM  April 2001

AM 

SM1 

RM 

SM2 

, NC
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Strategy, Infrastructure
& Product Operations

Supplier/Partner

Resource
(Application, Computing and Network)

Service

Market, Product and Customer

Customer
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Enterprise Management

Shareholders Employees Other Shareholders
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Conclusions
Cadenus architecture is focused on eTOM 
Operations:

AM - Market, Product, Customer layer
SM - Service layer
RM - Resource layer

Impact of bussines model on results of
CADENUS/eTOM mapping
Plan of future work

Mapping of Cadenus trials to eTOM
Contributions to TMForum
Development of Cadenus business model
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