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10 Resource Management with Virtual Paths in ATM
e Networks
‘ | The authors present a survey article on resource man-

‘ agement using virtual paths in an ATM network. Of

| interest are techniques that modify the VPC topology
and capacity assignments in order to adapt to changing traffic
conditions and possible network failures.
V. J. Friesen, J. J. Harms, and J. W. Wong

77 Voice over ATM: An Evaluation of Network
Architecture Alfernatives
) | This article describes eight application scenarios in
which there is a business case for voice over ATM. It
then evaluates alternative network architectures for
implementing the required network functionality. The article

incorporates much of the ongoing work of the ATM Forum and
the ITU, but does not restrict itself to standards and implemen-
tation agreements. In addition, it evaluates nonstandardized
alternatives for ATM transport of voice traffic.

David J. Wright

28 Monitoring and Control of ATM Networks Using

Specmal Cells

| The authors describe a framework for monitoring and

ﬁ controlling ATM networks based on the use of man-
| agement cells. They explore various existing and new

uses of management cells for performance monitoring, traffic

control, fault management, and network administration.
Thomas M. Chen, Steve S. Liu, David Wang, Vijay K.
Samalam, Michael J. Procanik, and Dinyar Kavouspour

40 End-Station Performance under Leaky Bucket Traffic
Shaping

In this article, the authors study the contribution of
E the leaky bucket plus cell spacer subsystem to the
delay and jitter in an end station. They also study the

distribution of the size of the bursts of cells leaving the end sta-

tion and entering the network. Finally, they derive the theoreti-
cal upper bound for the size of bursts of cells.

Baiju V. Patel and Chatschik C. Bisdikian, IBM Research
Division
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New Sponsors for
IEEE Network

David C. Feldmeier

am pleased to announce that in addition to the IEEE Communications

Society, IEEE Network is now co-sponsored by the IEEE Computer Soci-

ety and the Internet Society. The co-sponsorship begins in 1997, and shortly

I will be adding members of the co-sponsoring societies to the editorial
board of IEEE Network. My thanks to Tom Plevyak, the ComSoc Director of
Publications, and Steve Weinstein for putting together the co-sponsorship
agreement. My thanks as well to Ron Williams of the Computer Society, and
Don Heath of the Internet Society.

Throughout my tenure as Editor and Chief, I have worked to include more
articles on data communication, network computing, and the Internet in IEEE
Network. 1 have continued the shift in article coverage that started under Craig
Partridge, the previous Editor in Chief. I believe that the co-sponsorship of
IEEE Network will make a good magazine even better. The new sponsors of
IEEE Network provide a new source of articles on some of today’s hottest topics
in communication, as well as a new source of readers. I look forward to these
changes, which will allow IEEE Network to publish more articles of higher quali-
ty that are central to the interests of our readers.

On another note, as some of you may already know, I recently left Bellcore
to become Director of Strategic Planning at MUSIC Semiconductors. MUSIC
sells hardware to accelerate protocol processing to many of the big data net-
working and telecommunication companies, and I'll be specifying new devices to
expand the product line. For me, the job is a chance to learn new skills and to
commercialize some of my research. So far, the job has been fun, although
MUSIC is two orders of magnitude smaller than Bellcore, and it takes some
adjustment. | keep waiting for things to settle down, and I'm starting to realize
that it’s not going to happen. We’re hiring new people rapidly, and the organi-
zation chart is mostly theoretical. As with any other small company, I usually
end up doing a bunch of different things every week. I feel like I should have
four or five different business cards.
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Resource Management with Virtual Paths in

AIM Networks

V. J. Friesen, J. J. Harms, and J. W. Wong

Abstract

In an ATM network, a virtual path connection (VPC) is a labeled path which can
be used to transport a bundle of virtual channel connections (VCCs) and to man-
age the resources used by these connections. Using the virtual path concept, the
network is organized as a collection of YPCs which form a VPC, or logical, over-
lay network. If the VPCs are permanent or semi-permanent and have reserved
capacity, establishing new VCCs requires simple connection admission decisions at
the VPC terminators of existing VPCs. This would enable faster connection estab-
lishment since transit nodes are not involved in the connection setup. The virtual
path concept also allows the possibility of segregating traffic types according to
quality of service requirements. However, the exfent to which VPC provisioning is
able to improve network efficiency is dependent on the resource management deci-
sions that determine the VPC topology and capacity allocations. This is a survey
article on resource management using virtual paths in an ATM network. Of interest
are techniques which modify the VPC topology and capacity assignments in order
to adapt to changing traffic conditions and possible network failures. The resource
management activities employed to facilitate such adoptation can be categorized
by the timescale on which they operate. On the shortest timescale are strategies for
dynamically making minor changes to the VPC topology or copacigr assignments.
On a somewhat longer timescale are strategies for making more widespread modi-
fications to the VPC overlay network. This would be appropriate for traffic changes
based on time of day and for recovering from network failures. Finally, on an even
longer timescale, strategies may be empﬁ’oyed to design a general VPC overlay net-
work, to be used at startup or after major network upgrades. Solutions to VPC
resource management for each of these timescales are discussed.

n asynchronous transfer mode (ATM) networks, multi- unchanged. Transit nodes are therefore freed from perform-

plexing and switching are performed on 53-byte cells

which are transported across the network on virtual channel

connections (VCCs) [1]. A virtual path connection (VPC)
is a labeled path which can be used to transport, process, and
manage a bundle of VCCs. Two levels of cell forwarding are
defined: virtual path (VP) and virtual channel (VC), which
use the virtual path identifier (VPI) and virtual channel iden-
tifier (VCI) fields in the cell header, respectively [2].

A VPC can be characterized by its two VPC terminators, a
physical route between these terminators, and a possible
assigned capacity. A VCC, on the other hand, traverses a set
of concatenated VPCs. An example of this relationship
between the VPC and VCC is shown in Fig. 1. At the origi-
nating VPC terminator (node A), a cell belonging to a given
VCC is identified by a VCI (i.e., VCI 6). This VCI, as well as
the identifier of the VPC used to carry this VCC (i.e., VPI 4),
are then written in the header of the cell. At the other end of
the VPC (node D), VCI and VPI translation takes place for
transmission onto the next VPC. At transit nodes, only the
VPI label needs to be recognized, and the VCI field remains
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ing VCI translation when routing cells.!

In general, a VCC is constructed from one or more VPCs
(or VC links). The number of VPCs traversed by a VCC will
be referred to as its VPC hop count. Likewise, a VPC is con-
structed from one or more physical links (or VP links). The
number of physical links traversed by a VPC (or a VCC) will
be referred to as its physical hop count. In Fig. 1, the VCC has
a VPC hop count of two and a physical hop count of five,,
while VPC 1 and VPC 2 have physical hop counts of three
and two, respectively.

Using the virtual path concept, the network is organized as
a collection of VPCs which form a VPC, or logical, overlay
network (Fig. 2). In this logical network, links correspond to
VPCs, while nodes correspond to VPC terminators. The logi-

EIn fact, a VCC need not be transported exclusively within a system of
VPCs. There may be individual VCC routing prior to reaching the first
VPC, after leaving the last VPC, or along the entire route. For the purposes
of our discussion, we largely ignore these cases.
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cal network can be modified (both the configuration of the
logical links and their capacities) according to resource provi-
sioning decisions, whereby the network can adapt to changing
conditions. In general, the possible node types in the physical
network are:
* VP transit nodes
* VPC terminators
* Composite nodes

Composite nodes serve as VPC terminators for some VPCs
and transit nodes for the other VPCs. These

VvCC

three types are also referred to as VP node, VC |
node, and VP-VC node, respectively [2].

In the network of Fig. 2, nodes A, E,and F |
are VPC terminators, node C is a transit node,
and nodes B and D are composite nodes. Con-
sider nodes A and F. They are connected by a
number of VPC routes. One of the routes con-
sists of VPC 2, which takes the path A-B-C-F.
This route is called a direct route, since it has a
VPC hop count of one. In relation to nodes A
and F, this is referred to as a direct VPC. Anoth-
er possible route between nodes A and F can be
constructed by concatenating VPC 1 (A-B) with
VPC 3 (B-C-F). This is an indirect route which
has a VPC hop count of two. Note that both of

- VPC 1 > «—VPC2—»
[B]
(Arrienls e R (D e el )
VPI=4 VPI=15 WI=8 VPI=10 VPI=25
| VWi=6 V=6 V=6 V=3 Vi=3
| OVPC terminator DTransit node
!
W Figure 1. VCT and VPI translation.
Physical network VPC overlay network

s . ——
Transnt, node __ Physical link
= VPC

VPC terminator

00

O Logical node
—— Logical link

these routes have a physical hop count of three.
The VPC hop count is therefore not a clear indi-
cator of the physical hop count.

We note that several VPCs may traverse a given link, and
several VCCs may be routed over each of these VPCs, as
illustrated in Fig. 3. Given these relationships, the provision-
ing of resources in a VP-based network can be viewed on
three separate timescales, corresponding to the physical net-
work (long-term), the VPC overlay network (medium-term),
and the individual VCCs (short-term) [3]. With respect to
resource management activities, VCCs are provisioned on a
call-by-call basis by the control plane, which makes both con-
nection admission control (CAC) and route selection decisions
[4]. On the timescale of VPC provisioning, resource manage-
ment activities are more likely to be handled by the manage-
ment plane and include VPC topology and VPC capacity
allocation decisions.

VPCs, as defined in the standards [5], play a role in both
traffic control and network resource management. Some of
the advantages which can be realized through the use of the
virtual path concept are [5-7]:

* Simplified connection admission (involving only VPC termi-
nators)

» Simplified routing at transit nodes (i.c., based on VPI only)

* Adaptability to varying traffic and nuuor]\ failures through
dynamic resource management

* The ability to implement priority control by segregating

B Figure 2. Sample VPC over[crzkjiziﬁcﬁvork.

role of VPCs is to enhance operating efficiency by the means
stated above.

This is a survey article on virtual path management in ATM
networks. The key management tasks involve VPC topology
and VPC capacity allocation. These are discussed in the fol-
lowing section. Our survey is organized around four VP man-
agement activities. In the third section, successive VPC
capacity reallocation is discussed. Successive reallocation is
concerned with changes in capacities allocated to specific
VPCs. The next activity, discussed,in the fourth section, is suc-
cessive topology reconfiguration. This involves a slight modifi-
cation to the VPC overlay network (e.g., the addition of a new
VPC to facilitate resource management). The fifth section is
concerned with scenarios where significant changes to the
VPC topology, and corresponding capacity allocations, are
performed. This may occur, for instance, in response to pre-
dicted changes in demand (e.g., time of day). In the sixth sec-
tion, long-term VPC topology planning is discussed.
Long-term planning is applicable to VPC topological design at
startup or after a physical network upgrade. Finally, the last
section provides some concluding remarks.

The VPC Topol og’g and Capacity Allocation

."O lems

e extent to which VPC provisioning

traffic with different quality of service (QoS).?
control costs and transmission costs
are defined (see, e.g., [11, 12]), the

While the benefit offered by these
advantages, and therefore the roles
VCGCs SO
most common view is that the primary |
et . 6]

// \\ VPC ] Tlhs able to improve network efficiency
is highly dependent on its ability to
VPC ] provide VCCs with low setup and

switching costs, while maintaining a low

2 We note that virtual networks [8-10] have

call blocking probability. This, in turn,

appropriate for VPCs, depend on how
e

also been proposed as a means of segregating

traffic by service type. Using this concept, rout-
ing management could still be handled by

\ ] i —| is dependent on the VPC topology and
e capacity allocations resulting from
Physical link resource management decisions.

In general, the switching cost of a

l PCs, while bamledlh .'mrfzagunem may be

T
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| Figure 3. VCCs, VPCs, and the physical

VCC increases with the physical hop
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