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An Experimental Consideration of Flexible Network
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Till now applications, especially these using computer network, have neither the intelligence to
cope with the different and varied end users’ requirements, nor the power of homeostasis so that
any internal disaster is absorbed by the network so that it automatically goes to another stable
equilibrium state. The first problem limits ordinary users to access the functions offered by the
system, while the second leads applications to degrade disgracefully.

In this paper we first propose the idea of Flexible Networking. We then describe the experimental
system using the architecture based on agents. It has a mechanism not to bother the user if changes
in the assets occur, but to offer maximum possible functionalities under the given circumstances.

1 Introduction will behave flexibly maintaining the QoS offered
to the users. We go one step ahead, to build
next generation network infrastructure. There

In today’s systems, failures or new changes ap- 5 . S
are already some reports, including ours, giving

pear as a big hurdle. Whenever such a change

occurs, it takes a long time for the system and
the users to adapt to that. The common goal of
everyone involved in the field of research regard-
ing largescale information network is to create
an environment, where users would be able to
interact with the network in a seamless manner
to exploit its full potential, as well as different
components of the network should be able to
communicate seamlessly. Moreover, any change
or disaster of the networks hould not be observ-
able from outside, or should be absorbed grace-
fully by the system. In other words the network

an outline of the image of flexible networks as
a key to solve future networking problems][1, 2].
We introduce here the broader concept of flexi-
ble information network.

In this paper we propose an approach to real-
ize the Flexible Networking. We then describe
a TV conferencing system we are implementing,
s an example to demonstrate the concepts using
agent[3]. It will not bother the user even if there
are changes in the assets. It continues to offer
the maximum possible functionalities under the
given circumstances.



2 Flexible Networking: an
outline

There is not yet a common view of what a Flexi-
ble Network should be. In this paper we propose
an approach that allows an user to define a ser-
vice and its quality of service frame.

In the following subsections we give a brief
outline of the theoretical background of the
Fiexible Network.

2.1 Configuration and degrada-
tion

An application provides a service that can be
seen as consisting of a set of elementary services,
which either generate data for participants of the
session, or present the data generated by them.

It seems desirable to enpower users to specify
the the following four features of the service they
" desire:

Generation quality Depending on the cur-
rent situation, the quality requirements to-
wards data generated locally may vary.

Presentation quality The participants of a
session may have requirements towards the
data coming in from a presenter that differ
from the generation quality the presenter
chose.

Priority Priorities allow the users to specify
which elementary services and which fea-
tures of the elementary services are most
important and should therefore be kept
from degrading as long as possible.

Limitations Degradation should respect lower
bounds of services.
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Figure 1: Services degrade according to priori-

ties.

In Figure 1, the desired belhavior for a service
consisting of a video and an audio connection
is presented: The audio channel has been given
a higher priority than the video channel, as the
spoken words usually carries more information
than the display of the partner’s face.

Please note that this scheme keeps both au-
dio and video service operational with much less
computational assets available.

2.2 The model

For the following discussion we model a partic-
ipant in a distributed application. The model
consists of four elements:

User requirements The user requirements
provided by the participant can be given
by a four tuple (rg,7,, <, L), defining the
four items identified in the last section: the
generation requirements ry, the presenta-
tion requirements ry, the priorities of the
elementary services and their features given
as a partial order <, and a set L of limi-
tations of the elementary services. (Please
note that the first two requirements implic-
itly define the set of elementary services to
be provided.)

Work station Each participant holds a work
station with computational assets «, which
can be described in terms of CPU cycles,
memory, bandwidth etc.

Peripherals Some hardware connected to the
work station generates a stream of data a,,
e.g. a video picture of the participants face,
a recording of his or her voice etc. The data
stream ag, which can be described in terms
of frames per second, resolution, chromi-
nance, and others, is consumed by some of
the elementary services to generate a stream
of data g that is transmitted to the other
participants via the network.

Network A collection a, of data streams sim-
ilar to the data stream g that is sent over
the network to the other participants is re-
ceived over the network from the other par-
ticipants. It is presented to the participant
by some of the elementary services.

More formally speaking, the available compu-
tational assets, both of the work station and the
network, can be described by a point in a lin-
ear vector space Vp with dimensions {CPU cy-
cles, memory, 10 bandwith, available data, ... }.
(The “D” stands for “demands”, for reasons that



will become apparent soon.) In analogy, the
participant’s requirements rg and rp, as well as
the data assets ag4 and ap, can be expressed as
points in a linear vector space Vg with dimen-
sions {frames/sec., pixel resolution, audio qual-
ity, ... }. The dimensions of Vi are ordered by
the partial order <. However, each dimension
may have two ranks in the order, one for the
generation and one for the presentation require-
ments. (A single partial order instead of two
partial orders has been chosen such that presen-
tation can be preferred to generation, for exam-
ple.) The set L of limitations, eventually, de-
fine points on the axes of Vg, giving the lower
bounds for ry and rp,. For simplicity of graphical
presentation, in the following figures only two-
dimensional projections of Vi and Vp are given.

The generation requirements r, define what
kind of output data to produce and transmit
to the other participants. At the other partici-
pants’ sites the data is presented according to
the presentation requirements r,; of the indi-
vidual participant. However, the presentation
* requirements rp,; may vary, and also may be dif-
ferent from the data generation requirements rg.
It is thus necessary to settle on some commonly
agreed data generation requirements, which can
be achieved by a policy 7 shared by all partici-
pants:

T: Vg — Vg

(rg,Tp2s--sTpn) — Tgp

Possible policies are e.g. the elementwise max-
imum, minimum, or average. (More sophisti-
cated strategies that the common policy 7 can
easily be imagined. However, they are not the
objective of this paper.)

Further, the available data assets may not
match the data assets required to provide the
service as requested. This may be due to a re-
cent change in the requirements, or a different
format of incoming or generated data. The re-
quirements that can be satisfied by the service
with the data assets available can be obtained
by computing the elementwise minimum of rgp
and ag, and 7, and a,:

mg . VR X VH hd VR

(rpi,ag) rg = min(rgp, ag)
myp VR X Vn -~ VR

(rpyap) = 1y =min(rp,ap)

We now hold the requirements r, and r, of

the service that was agreed on by the partici-
pants, and that is supplyable with the available

data assets. We can now consider the compu-
tational assets necessary to provide this service.
The service can be decomposed into elementary
services, i.e. the vectors for the requirements r;
and r;, can be decomposed into an orthogonal
vector sum. (Orthogonality is required, as using
the same elementary service twice will not yield
increase quality of service. Further, the elements
rgi of the vector sum need no be parallel to the
axes of Vg, as an elementary service may satisfy
requirements in more than one dimension.) The
decomposition of rj is not necessarily unique,
however, as one elementary service may present
video and audio, while there may be two indi-
vidual services that only deal with either audio
and video.

Now suppose that there exists a combination
of elementary services that satisfies presenta-
tion and generation requirements ry and T Te-
spectively. An elementary service may provide
several realizations for the same requirements,
each realization consuming a different amount
of computational assets. (There may be no real-
izations available for certain requirements, how-
ever. We will come back to this problem in the
next section.) The individual realizations can be
regarded as basis transforms from the user re-
quirement vector space Vg to the asset demand
vector space Vp. {For simplicity of presentation
only realizations for generating realizations are
given in the Figure.) If a set of m generating and
a set of n presenting realizations can be found,
such that the overall computational demands do
not exceed the existing computational assets a,
the service supplyable with the available data
assets can be provided. In other words: The
m generating elementary services r;i and the n
presenting elementary services r;)i have to meet
the following constraints:
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2.3 Flexibility

Due to high requirements or lacking computa-
tional assets, it is not always possible to find
a combination of realizations that satisfies the



generation and presentation requirenients ry and
7‘;,. but also demands no more than the available
assets a. Furthermore, although the elementary
services exist, there may be no realizations avail-
able for all possible requirements. In both cases,
the requirements have to be shifted to new re-
- quirements 7y and rp, which specify a service
that can be realized with the available compu-
tational assets.

Shifting requirements from ry and 7}, to rJ and
ry, introduces service-requirement differences A,
and Ap. In order to account for the different pri-
orities and limitations of the elementary services
and their features, we use the following weighted
length measure, rather than the standard length,

for a vector v = (v1,vg,...,Up):

lloll == | 3 (i) - o(v, L))?
i=1

The function ¢ is a threshold function which re-
turns 0, if there exists a v; that is lower than
the limit L; for the j-th dimension, or v; else.
This accounts for the fact that a realization of
an elementary service is useless, if any of the re-
quirements the elementary service has to satisfy
is below the lower bound.

Furthermore, the weights p(v;) are the prior-
ities of the requirements and are defined induc-
tively using the partial order <. The weight of
a dimension intuitively corresponds to the level
of priority of the dimension.

1
(if v; is one of the smallest elements
of <)

vxg;aggi(p(vj)) +1
(else)

p(vi) =

We can now define Ay and A,, which supply
a measure for how much the requested service
and the provided service differ:

g =rll
Ag b ry

llry =rp i
8y = !

Due to the different weights of the requirements,
the differences Ay and A, vary more strongly
when the requirements rg and r, are shifted in
the direction of a highly priorized dimension,
than when shifted by the same amount in the
direction of a lower priorized dimension. Shift-
ing the requirements below the lower limit in
one dimension forces the requirements to zero

in all dimensions of the corresponding elemen-
tary service, which causes the according service-
requirement difference to increase abruptly.

We can now state our notion of flexibility as
a minimization problem:

Definition (Flexibility)
An application is called flezible, if it
minimizes the service-requirement dif-
ferences Ay and A,.

3 The TV conferencing ex-
perimental system

3.1 Objective of the experiment

In this chapter we describe a TV conferencing
system, which we are implementing as an exam-
ple to demonstrate the concepts introduced in
the previous section. The points of flexibility we
are dealing with in this paper are the following
two points:

(a) Minimization of the changes in the opera-
tion depending on changes in the computa-
tional assets.

(b) Maximization of the service, if the available
resources do not suffice to fulfill the user
requirements perfectly.

The TV conferencing system is a system that
allows communication via video and audio chan-
nels, and therefore requires real-time transmis-
sion and processing. Therefore, its performance
is easily influenced by changes in the computa-
tional assets, as e.g. work station and network
resources. Present systems do either a) not con-
sider this kind of changes in the computational
assets, or b) have the resources being directly
allocated by the user.

We experiment our system as showen in Fig-
ure 2 with a TV conference connecting Tohoku
University and Chiba Institute of Technology.
The work stations are existing work stations,
and the network used is the WIDE Internet.
Therefore, we cannot ignore the changes in the
computational and network assets in our exper-
imental system. As in our experiment we intro-
duce an architecture based on agents, the user
is not bothered if changes in the assets occur.
Rather, in this situation we execute a mecha-
nism that offers the maximally possible function-
ality under the given circumstances.
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Figure 2: Outline of the Experimental System

3.1.1 Absorption of changes in the assets

Computational assets can be represented as vec-
tors in n and m dimensional vector spaces, Vp
being the one for the computational assets, Vg
the one for the user requirements. We define a
point a € Vp to be the computational assets that
are available to the Experimental System, and
the assets required by the Experiment System to
implement the service as dg +d, = d € Vp. The
functionality required by the user is given by
Tg+ 7, =1 € Vg, the service actually offered by
the Experimental System by rj +r, = r"" € Vg.

In general, if the assets @ change toa — a +
Aa, the demands d change to d — d + Ad the
following has to hold:

d+ Ad <a+ Aa
Further, the requirements r” are changed to:
T” —_ T” + AT”

In this case, our Experimental System changes
d and r” further to

d+ Ad — d+ Ad + 6d
" AP = 4 A" 4 S

in order to get 7'+ Ar” as close to r as possible.
However, the. condition d + Ad + 6d < a + Aa
must be obeyed.

These changes éd and ér" are introduced au-
tomatically by the domain knowledge the system
holds.

3.2 System Structure

The flexibility of our Experimental System is
based on its agent architecture.

The Experimental System counsists of the fol-
lowing four agents, as depicted in figure 2:

(a) Control Agent (CA)
This agent holds the domain knowledge re-
lated to the flexibility described in the pre-
vious section, and such is the part which
actually exhibits flexibility.
(b) User Agent (UA)
This agent is the part which acquires the
user requirements in a conversation with the
user. The Experimental System avoids, in
contrast to present systems, direct represen-
tation by numerical values. Rather, it aims
at handling intelligent representations.

—
-~
~

Video Agent (VA)

The Video Agent is the part that offers the
function to transmit video pictures. The
Video Agent itself is not flexible, but it can
display flexibility by cooperation with the
Control Agent.

(d) Audio Agent (AA) _
The Audio Agent offers the functionality
to transmit Audio signals. Like the Video
Agent, the Audio Agent posesses no flexi-
bility itself, but can act in a flexible way
when cooperating with the Control Agent.

3.3 The Primitive Agents, Organi-
zation Agents, and User Agent

The Experimental System uses the following
three kinds of agents:

(a) Primitive Agent
This agent is in the bottom layer of the
agent hierarchy, and offers a primitive ser-
vice. In the Experimental System, the
Video and Audio Agents are Primitive
Agents.
(b) Organization Agent
This agent is in the layer above the Prim-
itive Agents, and offers new functions us-
ing the functions offered by the Primitive
Agents. In the Experimental System, the



Control Agent is an Organization Agent of-
fering a TV conference by using the Video

and Audio Agents.

(c) User Agent
This agent represents the user as an agent.

3.4 The internal agent structure

The agents used in the Experimental System
can be divided into a Base process (Bp) and a
Meta process (Mp).

The Bp is the part that actually executes the
function of the agent. For a Primitive Agent,
the Bp is a single UNIX process, while for an
Organization Agent, the Bp is a collection of
agents. The Bp of an User Agent if the user
himself and the user interface process.

The Mp adds autonomy and cooperation to
the Bp. Further, a Mp posesses the following
three parts:

(a) Domain Specifier (Ds)
It consists of domain knowledge of the ob-
ject domain, and an inference mechanism
that uses this knowledge.

Co-operator (Co)

It is a mechanism that can start the Do-
main Specifier from other agents, and that,
depending on the Domain Specifier, coop-
erates with other agents.

Task Processor (Tp)

It is a mechanism that starts from the base
process the Domain Specifier, and also a
mechanism that is applied to the Bp by the
Domain Specifier.

3.5 Example of the execution

In this section we give a concrete example of
the flexibility of the experimental system for
the cases that: (1) there is an excess of net-
work bandwidth (2) there is no excess of network
bandwidth

4 Conclusion

In this paper, we defined our notion of Flexi-
bility, as given in [4], and we have presented as
an example a TV conferencing system that ex-
pressed this kind of flexibility.

Concretely, we have introduced an architec-
ture based on agents, which expresses flexibility
by absorbing changes in the computational as-
sets and functionality.
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Figure 3: Example of the execution of the Ex-
perimental System (1)
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Figure 4: Example of the execution of the Ex-
perimental System (2)
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