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This paper describes and evaluates an algorithm for cooperative control over both logical 
(switching) and physical (transmission) networks in multiservice environments. The control of 
logical networks, which conduct traffic routing in response to demands for grades of service, 
is best performed in cooperation with the control of the physical network, which allocates 
capacity based on the network topology and its resources. A case study is carried out to show 
the usefulness of the proposed cooperative control method by indicating an improvement in the 
grade of service. In addition, the application of the proposed control method to ATM networks 
is discussed. 

1. INTRODUCTION 

Networks should be able to provide stable commu
nication services even in the face of such fluctuating 
factors as traffic overloads, network failures, and traffic 
forecast errors. In a multiservice environment, because 
traffic overloads and network failures are likely to cause 
different effects on the grades of service that individual 
services are able to maintain, networks should be capa
ble of allotting total capacity among the services to keep 
individual desired qualities. Such control becomes even 
more important as new services are added because, with 
each new service, we may expect an increase in forecast 
errors. 

We have previously proposed a network planning 
method to respond to assumed failures [1], but plan
ning alone is insufficient to cope with a large variety 
of network fluctuations. Multiservice networks require 
higher levels of control than have been achieved to date. 
A number of network control methods have been pro
posed in recent years. Control of either logical (switch
ing) or physical (transmission) networks has been held 
to be sufficient for single service networks[2][3][4][5], but 
such an approach is, of course, not appropriate to mul
tiservice networks because it cannot handle interaction 
among services. 

With regard to multiservice networks, proposals 
have been made for determining the control parame
ters on both logical and physical networks[6], as well 
as for determining traffic routing and movable bound
aries between services[7]. The problem with [6] is that 
it does not take into account the relationship between 
controls in the physical network and controls in the log
ical network. The problem with [7] is that the control 
parameters for the logical network are determined inde
pendently of those for the physical network. This means 
that neither of these approaches is able to take advan-

tage of the logical network's potential for fine control 
within individual services or the physical network's po
tential for superior outside control over the services. In 
order to overcome such limitations, we propose here a 
method for cooperative control over logical and physical 
networks. 

This paper is organized in the following way. Section 
2 proposes a network control algorithm for dealing with 
various network fluctuations. In Section 3, case study 
results are given and the performance of the proposed 
method is discussed. The extension to ATM networks 
is discussed in Section 4. Finally, a summary of our 
conclusions is given in Section 5. 

2. COOPERATIVE CONTROL 

2.1 Logical and Physical Network Control 

Logical networks operate within individual services, 
each of which have different switching methods and dif
ferent grades of service. Logical network control con
sists of traffic routing (switch routing), trunk reserva
tion, and traffic restriction. Changes in logical network 
control parameters affect only those calls arriving after 
the changes have been made. Although traffic routing 
is in general an effective method for utilizing network 
resources, its characteristic bundling of small amounts 
of traffic onto a single circuit can have the undesirable 
result of an overload in one area creating a degradation 
in traffic quality in other areas. Trunk reservation can 
suppress this phenomenon to some extent. 

Traffic routing requires a separate processing for 
each arriving call, and the capacity of nodes for such 
processing may be so limited as to create a bottle neck. 
Moreover, when a logical network becomes part of a 
multiservice environment, changes resulting from out
side forces may be beyond the capacity of any individual 
service's logical network control. 
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Table 1. Formulation 

Input network topology 
traffic demand 

Control Logical traffic routing rij. 
Parameters network traffic restriction riO. 

Physical circuit routing Pmn. 
network capacity assignment 1m. 

Objective T= 'Es c. x (total throughput of service s) 
function - 'Es 'EiP(GOS of traffic i of service s) 
Constraints switching node capacity constraints 

transmission link capacity constraints 

Physical network control refers to the mapping of 
logical networks on the physical network. The physical 
network is controlled with circuit routing (cross-connect 
routing) and capacity assignment to each logical circuit. 
While the quality of traffic under logical network control 
is sensitive to traffic changes in other areas, in physical 
networks, changes in one area will not affect the quality 
of traffic in other areas. 

In addition, physical network control can deal with 
traffic changes occurring as the result of forces outside a 
single service in a multiservice network. The speed with 
which physical network control can be put into force is 
limited, however, because such changes will cause the 
disconnection of currently active calls. This means that 
current connections must always be taken into consid
eration when exerting physical network control. 

Such are the various advantages and disadvantages 
of logical and physical network control. In order to make 
best use of these various characteristics, we propose here 
a cooperative control method which links the control of 
the respective parameters of both logical and physical 
networks. 

2.2 Problem Description 

Let us consider here the control problem formulation 
presented in Table 1. We have a multiservice network 
which consists of a number of logical networks being 
used on a single physical network. These logical net
works are switching networks established for individ
ual services, and they are assumed that non-hierarchical 
routing schemes are adopted. Each node has switching 
and cross-connect functions. 

As shown in Table 1, the input is the network topol
ogy and traffic data. One of the logical network con
trol parameters is traffic assignment ratios rij. for the 
logical route j of traffic between the node pair i for ser
vice s. The other is the portion riO, of total traffic to 
be restricted. The physical network parameters are the 
capacity assignment ratio Pmn. for physical route n of 
circuit m for service s and the allotments of capacities 
1m. for the circuit m for service s. 

The formulation contains an objective function to be 
maximized, as well as two constraints. The objective 

function consists of two terms. The first term repre
sents network revenue calculated on the basis of traffic 
throughput. The second term represents the penalty in
curred as a result of deterioration below standard in any 
grade of service between pairs of nodes. The standard, 
here, is a grade of service level predetermined as satisfac
tory for each node pair. We may define grade of service 
here as, for example, blocking probability. If all node 
pairs satisfy the grade of service standard, this second 
term is zero. In such a case, control strives to maxi
mize the first term, i.e. network revenue. When there 
are node pairs which do not satisfy the grade of service 
standard, the second term will have a large negative 
value, and control will strive to minimize the number of 
degraded node pairs and their levels of degradation. 

The two constraints in our formulation are switch
ing node capacity and transmission link capacity. The 
switching node capacity restraint refers to the restric
tion placed by the call processing capacity of each node 
on the amount of traffic which can be routed through 
it. Transmission link capacity constraint refers to the 
degree to which the capacity of any individual link con
strains the total capacity of the circuits routed on it. 

2.3 Cooperative Control Algorithm 

In the network control problem, we wish to maxi
mize the objective function, subject to the above two 
constraints, and to do this, we propose the algorithm 
shown in Fig. 1. First, logical and physical network 
control parameters are initialized. For example, they 
may be set to the values of the designed basic control 
parameter-set. 

Next, the marginal objective function for each of the 
logical networks is calculated, along with that for the 
physical network. For logical networks, this refers to 
the changes tlT in objective functions caused by small 
changes tlr in traffic on individual routes. For the phys
ical network, the marginal objective function refers to 
the changes tlT in objective function caused by small 
changes III in the capacity of individual circuits. Cal
culation of marginal objective functions is made on the 
basis of information shared between each of the logi
cal networks and the physical network. These marginal 
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Figure 1. Cooperative control algorithm 

functions are calculated for both plus and minus changes 
in traffic and circuit capacity. 

The algorithm then searches for route (i*, j*, s*), for 
which a traffic change creates the maximum positive 
marginal objective function in its logical network. It 
also searches for circuit (m * , s*), a change in whose ca
pacity creates the maximum positive marginal objective 
function in the physical network. 

If no positive marginal objective function can be 
found for either network, the algorithm stops. If at least 
one is found, it proceeds to the next step. 

By converting changes ill in circuit capacity to the 
changes ilr traffic which they would effect for circuit 
(m*, s*), we are able to compare its marginal objective 
function with that of traffic route (i*, j*, s*). The larger 
of the two is then chosen for further processing. 

If the marginal objective function chosen is for route 
(i* , j* , s*) and it is for a plus traffic change, the traffic as
signment of route (i* , j* s*) is increased by il r, and a cor
responding decrease is made in the assignment to that 
route, connecting the same node pair i* of the same ser
vice s*, for which a minus change in traffic will create the 
largest marginal objective function for that pair. If the 
marginal objective function chosen is for route (i*, j*, s*) 
and it is for a minus traffic change, the traffic assignment 
ri-j".- is decreased by ilr and a corresponding increase 
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Figure 2. Configuration of network studied 

is made in the assignment to that route ,connecting the 
same node pair i* of service s*, for which a plus change 
in traffic will create the largest marginal objective func
tion for that pair. If, on the other hand, the marginal 
objective function chosen is for circuit (m*, s*), and it is 
for a plus change in circuit capacity, its capacity is in
creased by borrowing from whatever spare capacity its 
links possess. If the available spare capacity is insuffi
cient for the increase, the physical routes to allocate the 
needed circuit capacity are searched for in the following 
way. The weight of each physical link is calculated as 
the smallest marginal objective function created by mi
nus capacity changes among the various physical routes 
(other than those comprising (m*,s*)) using that link. 
These weights are that used to determine the minimum 
cost routing for circuit (m*,s*), and capacity ill to in
crease circuit (m * , s*) is then borrowed from the route 
chosen. The marginal objective function for a minus 
capacity change in the physical network is always nega
tive, so it would never be selected in the first place, and 
need not be considered here. 

After change has been made in either traffic or ca
pacity, a new objective function is calculated in response 
to the new control parameter-set. When the resulting 
objective function shows an increase, the algorithm goes 
to next marginal function calculation. When it shows 
a decrease or no change, the changed traffic or capac
ity parameters are restored to their original values, the 
value of the marginal objective function which had been 
selected as largest is changed to zero, and the algorithm 
proceeds to the selection of the next marginal objective 
function. 

3. CASE STUDY 

This section describes a case study conducted for 
the purpose of evaluating our proposed network control 
method and discusses results from a grade of service 
viewpoint. 

3.1 Model Description 

The hypothetical network shown in Fig.2 is used in 
our case study. It consists of 4 nodes, each capable of 
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Figure 3. Case study results (overload) 

tandem switching and cross connecting. Two services 
are considered in the study, telephone and video. The 
required bandwidth ratio of telephone to video is 1/12, 
and the offered traffic volume ratio is 10/1 under nor
mal conditions. The grade of service standards are 1% 
for telephone and 10% for video. Initial traffic routing 
is direct routing for all node pairs, and needed circuit 
capacities are calculated on the basis of uniform offered 
point-to-point traffic, traffic routing, and grade of ser
vice. Initial circuit routing is direct if direct link exists 
between the two end nodes; otherwise, it is two hop 
routing. The estimated required link capacity is calcu
lated on the basis of the previously calculated "needed 
circuit capacity", and to this a 20 % surplus is added. 
Node capacity is assumed to be infinite. Here, control 
of traffic and circuit routing is made on the basis of, at 
most, two hop routing. 

In this case study, we evaluate the effects of using our 
proposed network control method to cope with the fol
lowing situations: overload between a given node pair, 
link failure, and traffic imbalance between services. We 
also compare these results with those for conventional 
control methods in which either logical or physical net
work controls conducted separately. 

3.2 Case Study Results 

Figure 3 shows control results for cases of traffic 
overload and make clear the improvement in the objec
tive function gained by using the proposed method, as 
compared with separate control of logical and physical 
networks. 

The horizontal axis of Fig. 3 shows the ratio of con
centrated overload between the No.1 and No.3 nodes. 

Figure 4. Case study results (logical routing of tele
phone service) 

25 

o 

Figure 5. Case study results (logical routing of video 
service) 

The ratio is presented by multiples of forecast traffic. 
Here, coefficient of penalty function is much larger than 
that of throughput. Thus a plus value objective func
tion is smaller than absolute value of minus value ob
jective function. Since a minus value objective function 
indicates that the standard for grade of service is not 
being satisfied, we can see from Fig. 3 that the cooper
ative method provides grade of service satisfaction for a 
wider range of overload. Specifically, we may note that 
it enters the minus range at a overload ratio value of 
4.0, ' while the equivalent values for separate logical and 
physical network control are 1.5 and 3.5, respectively. 
This effect, of improved range of grade of service satis
faction during overload, is the first purpose of control. 

Figure 4 and 5 show the results for a single control 
parameter, the ratio of two-hop routing to total rout
ing for the separate services. At a 3.5 degree overload, 
for example, the point at which the objective function 
was seen in Fig. 3 to go into the negative range for sep
arate physical network control, two-hop routing in the 
telephone service is the same 0% for both cooperative 
control and separate physical network control. In the 
video service, however, at that value of overload, while 
the two-hop routing ratio is still 0% for physical net
work control, it is between 16 and 17% for cooperative 



control. Because the video bandwidths are so large, 
meaning that the steps for capacity assignment control 
are also large, it can be impossible at times for phys
ical control alone to make desired adjustments in the 
balance in grade of service among pairs of nodes. By 
way of contrast, the fine control necessary for such ad
justments is available in traffic routing, and this is why 
cooperative control, which uses traffic routing in combi
nation with physical network control, is able to maintain 
a positive objective function, i.e. grade of service sat
isfaction, when physical network control alone has gone 
into the negative. 

Figure 6 shows results for a link failure situation, 
and its horizontal axis indicates individual link failures 
(only single link failures are considered here). There is 
no difference in the affect on objective function among 
the individual failures of links 1 through 4 because the 
network is used symmetrically. Because link 5 is used 
by fewer pairs than the others, its failure causes less 
degradation. As may be seen in Fig. 6, whatever the 
link being considered, the cooperative method provides 
a higher objective function value than does either of the 
other separate control method. 

Figure 7 shows results for a traffic imbalance situa
tion, and its horizontal axis indicates traffic imbalance 
coefficient k, which indicates unbalanced situation in 
which total telephone traffic is multiplied by k and video 
traffic is multiplied by 1/k. Of the 12 points tested be
tween k=O.l and k=10, 9 points yielded a minus objec
tive function value for logical network control, 6 points 
for physical network control, and only 5 points for co
operative control. This means, of course, that grade of 
service standards are satisfied over a greater range with 
the cooperative method. At most points, however, phys
ical network control yielded essentially the same results 
as cooperative control. This is because the contribution 
of logical control to the cooperative control total was 
almost negligible. The main effective control parameter 
in response to a traffic imbalance was the individual ca
pacity assignment to each service, and this was the same 
for both physical network control alone and cooperative 
control, with the result that both achieved essentially 
the same improvement level. With regard to the second 
purpose of our proposed method, improved throughput, 
the cooperative approach showed somewhat less of an 
advantage. A comparison with the throughput results 
achieved by physical network control alone shows par
ticularly little gain achieved by cooperative control in 
terms of the range of grade of service standard satis
faction. This is because the high connectivity of the 
model network and the high flexibility of circuit rout
ing result in highly effective physical network control. 
In order to test this point further, we applied the three 
methods to two more complex topologies. One was a 
high-connectivity, 6-node mesh network and the other 
a low connectivity, 6-node network. In the low connec-
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Figure 6. Case study results (link failure) 
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Figure 7. Case study results (unbalanced traffic) 

tivity network, the cooperative method showed about 
5% improvement, while only about 0.1% improvement 
was shown in the mesh network, which indicates, as sug
gested above, that the effectiveness of separate physical 
network control decreases with decreasing connectivity 
as its circuit routing flexibility decreases in consequence. 
Cooperative control offers the advantage, in this situa
tion, of being supplemented by logical network control, 
which is independent of network topology. In other 
words, in actual networks, which may be expected to 
have large numbers of nodes and relatively low connec
tivity, the advantage gained by using cooperative con
trol will increase accordingly in significance. 
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4. EXTENSION TO ATM NETWORKS 

Asynchronous Transfer Mode (ATM) is a key tech
nology for use in integrating multiservice in aB-ISDN. 
The control algorithm described above can be applied 
to ATM networks. In such an application, logical net
work control would correspond to virtual-channel level 
control, and physical network control would correspond 
to virtual-path level control. Call processing complex
ity increases in ATM networks because some functions, 
such as admission control, are needed. On the other 
hand, link capacity constraints are more or less loose in 
ATM networks but must still be satisfied. The effect 
of virtual-channel level control is to improve link ca
pacity utilization with statistical multiplexing of calls. 
The effect of virtual-path level control is to manage the 
quality required by individual service classes and to de
crease call processing. Our proposed cooperative net
work control method would also be effective when ap
plied to ATM networks because it could make best use 
of each of these advantages. 

However, the following problems remain for such ap
plication. The first problem is the need to determine 
the bandwidth to be used for individual ATM calls, for 
which, unlike the circuit switching calls dealt with in the 
previous sections, bandwidth is not given. Application 
to ATM networks is possible if circuit bandwidths can 
be obtained on the basis of traffic characteristics and 
required cell transmission quality. Our proposed coop
erative control method could be applied to ATM calls 
through the use of a "virtual bandwidth" method[8], in 
which "virtual bandwidths" are allocated to circuits to 
guarantee cell loss probability. 

The second problem is how to group individual ser
vices into virtual-path classes. Each virtual-path class 
provides unique grade of service. If all services are es
tablished within the same virtual-path class, the fine 
control needed to adapt to the grade of service of each 
service could not be achieved. On the other hand, if 
individual services are established in individual virtual
path classes, the effect of multiplexing may be expected 
to be small. In order to provide the proper grade of ser
vice for individual services and to improve capacity uti
lization with effect of statistical multiplexing, the study 
on grouping services into virtual-path classes is needed. 

5. CONCLUSION 

This paper has proposed a method of cooperative 
control over logical and physical networks in a mul
tiservice network environment. The proposed control 
method can handle various network fluctuations which 
can cause serious affects in multiservice networks. Co
operative control is provided by sharing information be
tween logical and physical networks and determining in-

dividual control parameters on the basis of this shared 
information. For a control performance measure, we 
use the objective function, which indicates throughput 
when the grade of service standard has been satisfied, 
and indicates a penalty when it has not. 

In a case study, we have applied our proposed 
method to a multiservice network. In some cases, it 
happened that grade of service standards were satis
fied with the proposed method, while they were not 
satisfied when logical or physical networks were con
trolled separately. In the case in which grade of service 
were satisfied, the objective function, which represents 
network revenue, showed improvement when the coop
erative method was applied. Our results indicate the 
advantages of using the proposed cooperative control 
method. 

We discussed the extension to ATM networks, and 
showed that the proposed method can be applied to the 
ATM networks. 
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