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Abstract 
In this paper we propose to improve the resource utilization for connectionless traffic over 
ATM networks. Indeed, ATM establishes end-to-end connections whose characteristics 
can be adapted to the supported traffic. How could IP-based applications, requiring spe
cific QoS needs, take advantage of ATM properties? The IP protocol is unable to carry 
applications QoS requirements needed for ATM connection establishment (traffic source 
descriptors). We observe the traffic source behavior at the IP / ATM interface which allow 
us to perform traffic control and the management of the IP communication. Our ap
proach covers the connection establishment, the dynamic bandwidth allocation, and the 
connection release operations. 

1 INTRODUCTION 

The introduction of ATM technology will have to deal with the existence of IP-based 
protocols. These are now very popular and support an ever growing number of new ser
vices (e.g. multimedia applications). These services impose higher bandwidth and QoS 
requirements. 

ATM offers reliable high speed transmission links allowing the possibility of LAN inter
connection. However, IP and ATM networks are heterogeneous. IP networks are connec
tionless by nature where the network resources are concurrently shared between common 
medium users and QoS are not supported. ATM networks on the other side, are con
nection oriented. Connections are established with specified QoS warranties of allocated 
resources. Two main methods are proposed for IP over ATM interconnection. The direct 
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approach (Recommendation I.364) superposes connectionless servers (CLS) over the ATM 
network architecture. The interworking unit has only got to establish a (semi) permanent 
virtual circuit to the first CLS server that routes the connectionless PDUs over the CLS 
network. The interworking unit does not have to make routing decisions. However, this 
approach adds complexity to the switches that integrate the connectionless functions. 

In the indirect approach (Recommendation I.211 ), the interworking unit establishes end
to-end ATM connections (PVCs or SVCs) between distant IP LANs. No CLS servers are 
required and routing decisions are made at the interworking units. Resources are allocated 
at the connection establishment phase. Underestimated PVC/SVC bandwidth allocation 
leads to big buffers in the interworking unit in order to reduce packet loss. Moreover bigger 
transit delays can be introduced. On the other hand, bandwidth overallocation introduces 
low resource utilization. 

How to satisfy the QoS requirements of the multimedia applications? 
We aim to improve the resource utilization of the indirect approach by observing the 

traffic source activity and by dynamically allocating resources to the switched virtual con
nections. Indeed, IP does not allow to transmit the application's QoS requirements to the 
ATM call control procedures. Our proposition ensures the adaptation of the connection's 
QoS (e.g. bandwidth, transit delay, ... ) to the behavior of the source traffic regardless the 
availability of feedback services (for instance, ABR) where the emitted source is regulated 
by network notifications. The observation allows to collect statistics and to analyze the 
traffic behavior of particular connections. The resource management for new connections 
can then be based and adjusted following the traffic analysis. Connection release policy 
can also be improved in the same way. In order to proceed with an implementation of the 
proposed mechanism in an ATM platform, we validate and present the model using SDL 
language. 

2 PROBLEM STATEMENT 

There is a growing need to support IP traffic generated by higher bandwidth consuming 
applications. Moreover, some of these applications have specific QoS requirements (e.g. 
real time services) that existing IP networks cannot guarantee. On the other hand, ATM 
high speed networks offer different classes of services for different types of applications. 
Different issues and considerations will have to be addressed in order to allow the IP-based 
applications to use and take advantage of ATM networks. 

ATM establishes end-to-end connections prior to the data transfer. Each connection is 
characterized by the QoS parameters negotiated at the connection establishment phase 
and exchanged by means of a traffic contract (Recommendation !.371). The connection 
parameters (e.g. Peak Cell Rate) can be renegotiated, if needed, during the lifetime of 
the connection. This way, connection characteristics can be adapted to the needs of real 
traffic variations. 

IP protocol is connectionless. Application data is sent to the transport layer through 
a port number where it is encapsulated into TCP segments (for a reliable transport 
layer connections) or into UDP segments (for an unreliable transport layer data transfer). 
TCP or UDP segments are then encapsulated into IP datagrams for transmission over 
the connectionless network. The IP control information does not contain any information 
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related to the originating applications nor to any traffic requirements. Moreover, the traffic 
behavior of some applications is not easy to predict or to characterize (Fisher, 1994). 

How to interconnect IP over ATM while preserving the applications QoS requirements 
and optimizing the network resource utilization? 

Figure 1. shows an example of the interconnection of a connectionless environment 
with an ATM network. Resource management is by nature different in each environment. 
When an application wants to send an IP datagram to a distant host (over ATM), an ATM 
connection has to be established and network resources have to be allocated. When the 
IP datagram transmission ends, the connection must then be released. IP transmissions 
are generally considered as Best Effort traffic. Our proposition aims to support QoS 
requirements of IP based services and to optimize the network resources by means of 
dynamic bandwidth management . 

LLC 

MAC 

PHY 

Figure 1 Connectionless LAN - ATM interconnection. 

VPC 

Interworking is done at the IP layer. Outgoing IP datagrams are considered to be encap
sulated into AAL5 data units following the LLC or the NULL encapsulation as described 
by RFC 1483. The IP I ATM router uses the IP source-destination addresses (consequently 
translated into ATM addresses) to establish and identify unique ATM end-to-end virtual 
connections (VCCs). All the IP traffic transmitted between two IP hosts will then be 
carried by a unique ATM connection identified by the hosts' IP addresses. In the case 
that more than one application flow exists between two communicating IP hosts, there is 
no trivial solution for establishing individual virtual connections for each application flow 
(which could be the optimum scenario for establishing ATM connections with appropriate 
QoSs for each specific application). This is because at the IP layer (the IP I ATM router 
visibility), there is no information related to the applications (that actually generate IP 
datagrams) since this information belongs to the control information of the transport layer 
and that ATM connections are established using only the IP addresses of distant hosts. In 
this specific case, there is the inconvenience that the traffic management of the connection 
(as will be described in the following sections) will be executed over the aggregated traffic 
of various application data flows. 
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Alternative solutions intended to address this specific problem can be solved by: 

• the use of dedicated IP hosts for specific applications, 
• differentiating the classes of applications by means of the control information contained 

in the IP header. 

The first issue proposes the use of dedicated IP hosts that would handle different classes 
of applications (e.g. some IP hosts would handle time sensitive applications while other IP 
hosts would handle data applications). In this way we can identify the applications by the 
IP address of the host that offers a specific service and then establish ATM connections 
with the appropriate QoS. This solution has the disadvantage to have static assignment 
of applications offered by specific IP hosts. 

The second issue uses the available control header information of the IP datagram. The 
IP control information is visible at the interworking unit. It contains the TOS (Type Of 
Service, Stevens 1994) field and the Protocol field. The TOS field allows to announce to 
the routers the QoS needs of every single datagram. Unfortunately, the TOS field is not 
implemented by most IP implementations (the BSD 4.3 Reno release is an exception of 
the rule) and thus cannot be considered. 

The Protocol field in the packet header indicates the type of the upper layer protocol 
that will handle the IP datagram's payload (e.g. a TCP or an UDP segment). This does 
not tell us what application is generating the packet but it gives us some idea about the 
type of that application. Indeed, some new multimedia applications use UDP transport 
protocol for time sensitive services such as video conferencing while other data-oriented 
applications, such as FTP, use TCP. This information can be used in order to identify these 
two classes of datagrams and establish connections aligned with the QoS requirements (e.g. 
for UDP datagrams limit the transit delay but allow a certain loss, and for TCP datagrams 
reduce the loss rate but allow larger transit delays). This model is not universal (e.g. not 
all applications using UDP are time sensitive) and the experience will show its utility and 
applicability. 

IPv6 protocol (IP new generation) differentiates between application data flows by QoS 
criteria. This will allow our mechanism to negotiate the connection's QoS in a more precise 
manner. 

In order to keep the IP traffic management over a switched ATM network independent 
of upper layer protocols and of feedback information from the network (e.g. ABR notifi
cations for instance), we propose a mechanism that will consider the following operations: 

• connection establishment, 
• dynamic bandwidth allocation, 
• connection release. 

Before describing these operations, we will first present their location at the protocol 
architecture scheme. 
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3 MODEL ARCHITECTURE 

3.1 Architecture 

The proposed mechanism for the IP traffic management over a switched ATM network 
shall control: the ATM connection establishment, the dynamic resource allocation and 
the connection tear down. These operations will be conducted by the IP source traffic 
activity (the way they operate will be explained in the following sections) and will require 
of signaling call control procedures (for instance using Q.2931, Q.2962 and Q.2963 Rec
ommendations) at the UNI for the Statistical Bit Rate SBR and Deterministic Bit Rate 
DBR ATM transfer capabilities. The mechanism is located at the interface of the IP and 
the AAL5 layers. 

Figure 2. shows the location of the mechanism, the signaling interactions with the 
control plane (for SBR and DBR ATM transfer capabilities) and the use of the ATM 
Block Transfer capability (ABT) at the user plane. 
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' SAAL 
I AAL ,' Q.2100 
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PHY 

I I 
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Figure 2 Protocol layer Architecture. 
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The RFC 1755 describes the exchange of signaling messages used by IP / ATM imple
mentations. Connection resource renegotiation can eventually be done using the ATM 
transfer capabilities ABT-IT or ABT-DT by means of Resource Management (RM) cells 
(Recommendation 1.371). The use of signaling procedures or the use of RM cells for the 
dynamic bandwidth renegotiation procedures will strongly depend on the type of ap
plications used. ABT is better suited for file transfer data applications as resources are 
requested only for the duration of the data block transfer. Applications using DBR or SBR 
ATM transfer capabilities rely on signaling procedures, thus the bandwidth renegotiation 
induces additional costs (signaling traffic, delays). 
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3.2 Mechanism 

The architecture of the proposed mechanism is presented in figure 3. The IP I ATM router 
receives IP datagrams transmitted by the traffic sources (e.g. from IP hosts on an Ethernet 
LAN) into a common buffer space. One by one, IP datagrams are analyzed in a FIFO 
discipline (Sllevel) in order to verify if they belong to a previously established connection 
or if the connection establishment procedure has to be invoked. In the first case, the 
incoming IP datagram is sent to its connection's reserved buffer space which is served 
with the connection capacity C;. In the second case where the connection is not previously 
established, the IP datagram is immediately sent to a newly created buffer space (in order 
to avoid Head of Line problems at the Sl level) and waits for the result of connection 
establishment procedure (e.g. accept or reject the call). The datagrams of the same data 
flow that follow will be directed by the Sl server to the newly created buffer space. In the 
case of a connection reject, the datagrams are discarded and the Sl server is prevented. 

Traffic Analyzer 

Connection CSLilblisbcmen< 
CAC procedures 
IP da<•gnms distribution 

Traffic observation (per connection) 

Operations: Dynamic bandwi!h allocation 
Connection release 
Traffic management 

Figure 3 IP I ATM model for the traffic management. 

Following the connection establishment phase, a traffic activity analysis is performed 
at each connection level (as shown in figure 3.) for making decisions about the connection 
release, and the dynamic bandwidth management. 

IP datagrams will subsequently be encapsulated following the LLCISNAP and AAL5 
encapsulation and finally segmented into 48 byte segments to be encapsulated and trans
mitted in ATM cells. 
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3.3 'I'rafft.c Observation 

The traffic observation is fundamental for our mechanism and must be performed for each 
connection. A traffic analyzer monitors each connection's buffer (Figure 3). It can behave 
as an internal agent responsible of taking real-time decisions about the connection resource 
management (e.g. bandwidth requirements, connection release) and it can be monitored 
by an external manager that will collect information for statistics. These statistics are used 
to estimate connection establishment parameters (e.g. initial bandwidth assignment) and 
improve the knowledge of the bandwidth management mechanism parameters. 

The following sections will describe each of the functions realized by the mechanism to 
perform the IP traffic management over a switched ATM network. 

4 BANDWIDTH MANAGEMENT 

In this section we describe the bandwidth management operations executed by the mech
anism: connection establishment, dynamic bandwidth allocation, and connection release. 

4.1 Connection Establishment Procedure 

The mechanism detects a new IP datagram flow corresponding to a new conversation 
between two distant IP hosts and then calls the connection establishment procedure. 
The ATM virtual circuit will be requested using the call control procedures using Q.2931 
signaling. More specifically, the connection establishment procedures will be invoked by: 

• the reception of the first datagram that initiates a communication between two IP 
distant hosts, 

e the reception of a datagram whose ATM connection was released (e.g. caused by a 
network failure or by a long traffic source idle period). 

Initial Connection Parameters 
The SETUP message used by the call control procedure (Q.2931) to establish an ATM 
connection contains several information elements (IEs) necessary to define the type and 
characteristics of the ATM connection. One of these IEs is the ATM traffic descriptor 
which has to include the bandwidth requirements for the connection. The estimation of 
the initial bandwidth can be based upon the following observations: 

e The RFC 1755 recommends to use a fraction of the link capacity (e.g. 1/10th) when one 
does not have any knowledge of the application and when the traffic is not considered 
as Best Effort type. 

• The bandwidth assignment should be closely related to the LAN characteristics. 
e The traffic observation history (statistics made on previously generated traffic sessions) 

can be used if available. 
• A high initial bandwidth value C; increases the probability of call rejection. It may 

induce fairness problems for future connections and for those already established and 
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it has a high initial cost. On the other hand, it induces lower transit delays and the 
mechanism will easily adapt the bandwidth to the connection instantaneous traffic 
characteristics. Bandwidth release is considered to be always accepted and immediate. 

• A low initial bandwidth value increases the call acceptance probability, reduces the ini
tial cost and avoids potential fairness problems. However, big buffers may be needed in 
order to allow the mechanism to adapt the connection's bandwidth to the source traffic 
behavior which also may induce a higher transit delays. Furthermore, each bandwidth 
modification request induces delays and additional signaling traffic (signaling traffic 
can in turn increase the connection's global cost) and the request can also be rejected. 

Impact of Higher Layer Protocols 
Higher layer protocols such as TCP can have an influence over the performance of the 
mechanism. The Slow Start mechanism is a TCP flow control function (Stevens, 1994) 
allowing the application a smooth increase of its traffic at the beginning of the connection 
and in network congestion situations (e.g. packet loss). It may be desirable to disable 
the dynamic bandwidth allocation procedure until TCP has reached its initial stability in 
order to avoid useless signaling messages and delays. 

4.2 Dynamic Bandwidth Allocation 

The traffic analyzer dynamically manages the bandwidth allocation per established ATM 
connection in order to satisfy the QoS requirements and to optimize the resource utiliza
tion. It is based on the observation of the source activity at the connection's buffer level. 
When the source rate increases and becomes superior to the connection's capacity C;, 
the connection's buffer queue increases. When the buffer length reaches a predetermined 
threshold, the bandwidth increase procedure is invoked. On the other hand, when the 
source rate decreases and becomes inferior to C;, the connection's buffer queue length will 
decrease. If the queue length goes below another predetermined threshold, the bandwidth 
release procedure will be activated. 

Figure 4. shows a generic example of threshold positions and the corresponding connec
tion bandwidth values (considering that C1 < C2 < C3 ... < Cn)· A connection capacity 
C; is maintained while the number of IP datagrams in the connection's buffer (NIP) is 
such that {To < NIP < T;+d where T;+l is the threshold position that, if reached, would 
activate the bandwidth increase procedure. If the traffic decreases and reaches To (in fig
ure 4., T0 is set to zero which means an empty queue), the bandwidth release procedure 
will be activated. 

Bandwidth Increase Procedure 
The source traffic characteristics of IP based applications is bursty and generally un
predictable. The bandwidth increase procedure decides whether to make an immediate 
bandwidth increase request or to delay the decision so if the traffic returns to its previous 
region (NIP E {T0,T;+I}) before lqos seconds, a useless request could be avoided while 
preserving the specified QoS. The time tqos seconds should ensure that the specified QoS 
of the connection will be preserved. 

When a bandwidth increase is being requested, the mechanism waits until an answer 
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from the CAC procedure is received. Meanwhile no bandwidth negotiations will be taken 
into account (for bandwidth increase or bandwidth release). The number of bandwidth 
renegotiation requests is limited by the local mechanism latency and by the round-trip 
times of the signaling network (see Cypher, 1994 for lower bound round trip times us
ing Q.2931 signaling). This is a low bound limit since the network operator can impose 
the maximum number of the bandwidth renegotiation requests per time unit and the 
mechanism would have to consider it. 

Large connection buffers will be required for wide area signaling networks. 
The position of the thresholds T;, related to the the connection speed (C;) will establish 

a lower bound on transit delay in the connection's buffer. This can be used to adapt QoS 
application requirements by setting the appropriate threshold positions T;. 

If the number of thresholds is high, the mechanism will be sensitive to small traffic 
variations (Bianchi, 1992 and Wei, 1995) which induces a high signaling traffic. If this 
number is low, the mechanism will be no longer sensitive to small traffic variations. But 
the transit delay will become higher. 

The way to set the threshold positions will depend of such factors as described above. 
The threshold position settings can be based on statistics of previous traffic observations. 
This may allow better tuning of threshold positions. 

Bandwidth Decrease Procedure 
When the traffic source rate decreases, we can release some amount of bandwidth in order 
to improve resource utilization. Bandwidth release procedure is activated when the traffic 
in the connection buffer goes under the T0 threshold level. 

When the connection release procedure is activated, they can release immediately the 
bandwidth ( C; -> C;_l) or decide to delay this decision (avoid releasing the bandwidth 
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for short traffic variations). Bandwidth release is supposed to be always accepted with no 
delay. 

Numerical Results 
We compare our policy which varies the connection's bandwidth C; based on the DBR 
Transfer Capability with the policy where the connection's bandwidth Ck is kept to the 
Sustainable Cell Rate (SCR) value. These two policies should lead to a fairly comparable 
bandwidth cost if the network rejection probability to a bandwidth increase demand is 
small. 

The traffic source considered is an approximation of real traffic sources resulting from 
experimentations made on the BETEUS project (BETEUS, 1995) using the European 
ATM Pilot network. These experiments show that the QoS requirements of video applica
tions are tolerant to a certain degree of traffic shaping. Thus we approximate the observed 
real traffic using an MMPP traffic model. Two MMPP traffic models were analyzed: a 2 
states MMPP model and a 4 states MMPP model. The 2 states MMPP model charac
terizes fair well the observed traffic but we choose the 4 states MMPP traffic model for 
its pessimistic traffic characteristics. Indeed, the 4 states MMPP traffic model is more 
sporadic than the 2 states MMPP traffic model which allow us to evaluate the robustness 
of our mechanism. 

Two simulation models (MMPP/D/1 and the MMPPfD+Mechanism/1) are used and 
we compare the transit delay statistics under similar global bandwidth cost conditions. 

The source traffic model (used by both simulation models) is a 4 states MMPP where 
the mean rate is 952 Kilobytes/second (representing the mean rate of a JPEG image flow 
measured on the ATM Pilot network). Every JPEG image generates two IP datagrams 
having an average size of 3500 bytes each. This leads to an average of 34 IP packets sent 
per second. 

The M M P P / D /1 model considers a deterministic service rate and we test the mecha
nism using different load values (PI = 0.8, pz = 0.9, p3 = 0.95, P4 = 0.97, and Ps = 0.99). 
The system does not introduce any packet loss because a large buffer size has been used. 
As the value of p decreases, the connection capacity value C; increases. This leads to a 
higher global bandwidth cost since C; is maintained for the lifetime of the connection. 

The dynamic bandwidth allocation mechanism (MMPPfD+Mechanism/1) considers: 

e the possibility of allocating 4 different connection capacities ( C;): C1 = 600 Kbytes/sec, 
C2 = 800 Kbytes/sec, C3 = 1 Mbytes/sec, and C4 = 1.2 Mbytes/sec, 

• system without loss (infinite buffer size), 
• all bandwidth renegotiation requests are accorded, 
• the network round trip renegotiation time value is uniformly distributed between 100 

and 400 ms; this range covers the round trip in the user plane and in the control plane. 

Simulation results comparison. The simulation results of the M M P P / D /1 model using 
different system load values are shown in Table 1. We show the mean and maximum 
transit delay in the system for IP packets with a mean size of 3500 bytes each. It can be 
noted that as the system load approaches 1 (e.g. an unstable system), the transit delay 
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Table 1 MMPP/D/1 transit delay results 

MMPP/D/1 Mean transit Maximum transit 
load (p; = >.;/ p,;) delay (sees.) delay (sees.) 

PI = 0.80 1.1628 12.0189 
P2 = 0.90 2.7540 22.7748 
P3 == 0.95 5. 7258 31.0618 
P4 == 0.97 8.8669 42.6866 
Ps == 0.99 17.0991 54.3113 

Table 2 Example of threshold set values 

Threshold Threshold: T1 Threshold: T2 Threshold: T3 Threshold: T4 
Set C1 == 600Kbps C2 == 800Kbps C3 = l.OMbps C3 = 1.2Mbps 
Number Tl :5 NIP< T2 Tl :5 NIP< T3 Tl :5 NIP< T4 NIP;::: T4 

1 1 2 3 4 
2 1 5 6 8 
3 7 9 11 

9 1 20 26 33 
10 1 22 29 36 
11 1 43 58 72 
12 1 65 86 108 

20 1 236 315 393 
21 1 257 343 429 

26 1 424 572 715 

increases up to unacceptable values. This results will be used to compare the benefits of 
the MMPP/D+Mechanism/1 versus the MMPP/D/1 system. 

Several simulations using different threshold sets were executed for the dynamic band
width allocation mechanism (MMPP/ D+Mechanism/1 model). Table 2. shows some of the 
threshold sets values (in number of IP datagrams, NIP, with a mean size of 3500 bytes 
each) and their corresponding connection capacity C;. Whenever a particular threshold 
T; is reached (such as NIP 2 T;), the bandwidth increase procedures to obtain a connec
tion capacity C; will be invoked. The connection capacity C; will be maintained as long 
as T; :5 NIP < Ti+I· In each particular set, the threshold values are chosen as to have 
similar transit delays for every given capacity C;. The threshold values are incremented 
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in consecutive sets. Bigger threshold values allow more IP datagrams in the connection's 
buffer before a particular threshold is reached. This will have a direct influence in transit 
delays and in the mean time between bandwidth requests. 

We measured the variations of the max/mean transit delay, the mean time between 
bandwidth allocation requests and the gain of the mean transit delay obtained. 

Figure 5. shows the simulation results of the mean transit delay of the proposed model 
(MMPPJD+Mechmniom/1) when using different threshold sets and the mean transit delay 
of the MMPP/D/1 model with different load values (p;). As threshold position values 
increase, the M M P P J D+Mechmni•m /1 model presents bigger transit delays. The simulation 
results show how the dynamic bandwidth mechanism can improve the mean transit delay 
by adjusting the appropriate threshold sets. These results become clearly more important 
by noting that when the MMPP/D/1 model load (p;) decreases, the global bandwidth 
cost of the connection increases as the capacity of the connection (allocated during the 
lifetime of the conversation) is bigger. 
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Figure 5 Mean transit delay for different threshold sets. 

Simulation results using the mechanism show a strong relation between the mean time 
between two bandwidth renegotiation requests and the mean transit delay (see figure 
5 and figure 6). Small transit delays require a larger number of renegotiation requests 
per time unit. The performance improvement price is the increase of the network load 
(signaling network or user network). 

The results comparison shows the improvement of the maximum and mean transit 
delays when using the mechanism. These results show that we can always reduce the 
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Figure 6 Mean time between Bandwidth requests for different threshold sets. 

mean transit delay at the cost of an extra traffic over the network (signaling network or 
user network). The global gain will depend of the cost (fixed by the operator) of each 
bandwidth renegotiation request. We find the threshold sets identified by the numbers 9 
and 10 as presenting reasonable results in terms of mean transit delay and mean time 
between bandwidth renegotiations. These sets have the interest of not incrementing too 
much the threshold position values (e.g. increasing transit delays) and, at the same time, 
generating a fairly number of bandwidth requests per time unit. 

Figure 7. shows the relative gain obtained with the MMPP/D+Mechanism/1 model 
(using different threshold sets) over the MMPP/D/1 model (with different load values). 
The relative gain values were calculated using the following equation: 

R l . G . [CJt] MeanTransitDelayvBR- MeanTransitDelayMechanism OO 
e atwe a~n 10 = . x 1 . 

M eanTransztDelayvsn 

Figure 8. shows how the assigned bandwidth adapts its value (C;) to the actual traffic 
variations of the source. This is an example of the simulation results of the dynamic 
bandwidth allocation mechanism using SIMSCRIPT II.5 graphic simulation tools. 

4.3 Connection Release 

The issue here is to evaluate the optimum idle connection holding time. RFC 1755 in
dicates the use of a configurable timer for releasing connections that have been idle for 
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a certain period of time. Its value ranges from 1 minute to the infinite and the recom
mended value for Best Effort services is 20 minutes. Each time that the connection's buffer 
is empty, the connection release mechanism must decide how long to keep the connection 
open. There is a tradeoff between keeping the connection open too long (resulting in large 
holding costs) and closing it too early (resulting in unnecessary open costs). Different 
connection holding time policies using the mean variance of interarrival times, the Least 
Recently Used technique, and adaptive techniques relying on the history of the actual 
connections are explained in Keshav (1995). 

5 SPECIFICATION AND VALIDATION 

We aim to validate our mechanism using the GEODE tool (GEODE, 1993) based on the 
formal description language SDL (Recommendation Z.100). 

The formal specification allows us to verify the correct operation of the mechanism. 
We use the GEODE tool (using the SDL specification) to test multiple scenarios of the 
mechanism behavior (GEODE's simulator) and to do exhaustive validation (GEODE's 
formal verification tool). 

Figure 9. shows the main block of the IP / ATM interface. Its task, as described earlier, is 
to receive/send datagrams from/to the IP layer in order to negotiate connection establish
ments and QoS variations, to release unused connections and to send/receive the AAL
adapted blocks of data into/from established ATM connections. The Interface block is 
composed of Datagram_ Receiver and Datagram_ Sender blocks. The Datagram_ Receiver 
block is very simple because the received datagrams from the AAL layer can be directly 
presented to the IP layer. 

interface_sap 

block Interface 

~ 
.,I .3 r conn conf, ] 

I.Jhrprii_conf 
~~ ()ool---------'-_;:c--'~ Datagram_Sender 
~ [ conn req, thrput req, J 
~ conn =liber, thrpiii _liber 

Datagram_Receiver 

Figure 9 Interface block. 

Figure 10. shows the Datagram_ Sender block which implements our mechanism. The 
Reception_ Server process is responsible for datagram reception from the IP layer. It 
has to recognize to which connection the arriving datagrams have to be sent. If the 
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connection does not exist the Reception_ Server has to create three instances of processes: 
Connection_ Buffer, Connection_ Server and Traffic_ Analyzer. The Connection_ Server 
process is responsible for sending the datagrams into the established connection, according 
to the negotiated QoS (traffic shaping). The Traffic_Analyzer process has to negotiate 
the connection establishment and the QoS variations, and to decide about the connection 
release. 
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1 [dataRram] 

Reception_Buffer [datagram] Reception_Server 

(1,1) IJPut _datagram] sen_ I 
r• • • • ------••• •• 

(1,1) 
' ' ~uffer created, ed.l 

[ COM_col!f,;il 
y oMection delete Nl 

thrput_co I r uem deleted] ~ 
~;oM _r~q, t":!,ut _re'fbe ] Traffic_Analyzer sen_3 

oM _lilier, t put _1 r sen_S (0,) ~~~~:-~~t~! '<tl .--------
' ~ 

[change t/rrrJUt l' ~ i [datagram] 

Connection_Server [datagram] Connection_Buffer 

(0,) sen_6 fput_datagram] (0,) 

[aal_data_req] 

aal_sap 

Figure 10 Packet_Sender block. 

Ongoing work related to the performance behavior of the mechanism is currently being 
carried out using the simulation tool: SIMSCRIPT II.5. 

6 CONCLUSIONS AND PERSPECTIVES 

In this document, we presented a mechanism that improves the traffic management for IP 
LAN interconnection over switched ATM networks while preserving the QoS application 
needs that IP masks. Our approach considers the ATM connection establishment for 
two communicating distant IP hosts. We propose to observe the traffic activity at the 
connection buffer level for restoring the application traffic characteristics. The restored 
characteristics are used for the dynamic bandwidth management, the connection release 
procedures and the management statistics. 

Dynamic bandwidth management is performed using signaling procedures of SBR/DBR 
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ATM transfer capabilities. We also consider the possible use of the ABT-DT ABT-IT ATM 
transfer capabilities using the RM cells in the user plane. 

Moreover, this mechanism is transparent to the user and operates regardless of feedback 
information issued from the network (e.g. ABR notifications). However, this information 
can be useful for the mechanism behavior improvement. Investigation in this area will 
continue. 

Simulation results showed the possibility to improve the mean transit delays using the 
dynamic bandwidth mechanism. We intend to improve the mechanism functionality in 
order to reduce the number of bandwidth renegotiation requests while preserving the 
applications QoS. 

We validate our mechanism using the GEODE tool based on the formal description 
language SDL. 
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