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1 Introduction 
The Mbone VCR [Holf95] was one of the first MBone tools that allowed the recording and 
offline playback of sessions that were transmitted over the MBone. This allows Users to record 
sessions, which they are not able to watch live, and play them back at any time. An interesting 
application of this tool is for example the recording of a lecture at a University that was trans- 
rnitted via the MBone, and playing back that session at a different location, at a different time 
and as often as wanted. 

With the current version of the MBone VCR (RVIC971 sessions can only be recorded and 
played back in best-effort quality. Using the Internet Integrated Services (11.5) [BrCS94], it is 
possible to reach a higher quality for transmissions on the Internet. Therefore it was our goal to 
extend the functionality of the MBone VCR to use these new services. This extended MBone 
VCR makes it possible to cooperate with other MBone tools that were extended for the use of 
the IIS, like the rsvp-vic [MaMS97], [RVIC97]. 

The new services are implemented in the network layer (packet level). but we believe in 
order to make them work efficiently and effectively it is necessary that they are supported by a 
QoS-active link layer. In our point of view ATM will become more and more popular in the 
backbones of MANs and WANs, and becomes thus an important link layer technology from 
the Internet perspective. This trend implies thnt in the near future ATM and IP networks will 
coexist and ATM networks will be used to interconnect IP networks. To provide QoS support 
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in heterogeneous IPIATM networks, an interaction between the QoS architectures of the Inter- 
net and ATM has tobe implemented. 

We decided to implement 'RSVP over ATM' to solve this problem, that means we based our 
design on an extension of the Classical IP over ATM model [Laub94]. By overlaying the RSVP 
on an ATM network i t  is possible for IP applications to request a certain QoS through the use 
of RSVP. The infomation delivered by RSVP is used by the ATM subnetwork to setup a VC 
whose QoS characteristics should approximate the ones signalled by RSVP as closely as possi- 
ble. An alternative would have been to use native ATM services for the QoS extension of the 
MBone VCR. Obvious drawbacks of this approach would have been that the ATM-capable 
MBone VCR could only run on ATM workstations, and that the whole data communication 
part of the MBone VCR would have had to be rewritten. In contrast to this, our approach of 
extending the MBone VCR by RSVP leaves the data communication part unchanged and fur- 
thermore does not restrict the use of the MBone VCR to a homogeneous ATM network. 

In our prototypical system the MBone VCR Signals the desired QoS to RSVP which is 
aftenvards mapped to ATM QoS parameters. Depending on the ATM QoS parameters a QoS 
VC will be Set up on which the appropriate data is sent. 

While we give an overview about related work in the next section, section 3 deals with our 
implementation of RSVP over ATM. The fourth section descnbes how the MBone VCR had to 
be enhanced to become an RSVP-aware application and in section 5 the interaction of all com- 
ponents of our prototypical system is illustrated by some typical Scenarios. Section 6 then sum- 
marizes our work and gives some thoughts on possible future work. 

2 Related Work 
To satisfy the requirements of distributed multimedia applications in the Internet, as for exam- 
ple the MBone tools, the Internet Integrated Services (11s) were introduced. These new ser- 
vices shall support hard real-time (guaranteed sewice) [RVIC97] and adaptive real-time 
(controlled load) [ShPG97] applications like e.g. vic. The provisioning of QoS for applications 
is done by the Resource reSerVation Protocol (RSVP) [BZBH+97], an extension of the Inter- 
nei protocol Suite. 

Several tools for transrnitting and receiving data via the MBone have been developed in the 
last few years (vic, vat, nv, ivs, sdr, wb ...). Unfortunately, today most of them are not able to 
work with the new services provided by IIS. One of these extended applications which support 
RSVP is the well known vic [RVIC97]. At present it is only possible to have high quality ses- 
sions on the MBone between a sending and a receiving rsvp-vic. A User can only receive live 
sessions with a desired QoS. Playing already stored sessions or recording sessions with a 
desired QoS with the available MBone tools is not possible at the moment. 

Since ATM is becoming more and more important in the WAN and backbone area there has 
already been done some work in the field of interaction between the QoS architectures of the 
Internet and ATM, e.g. some architectural considerations have been made [BCDB95] 
[CBBB+97][SKB96], implementation guidelines have been developed [Berg97], and a few 
RSVP over ATM implementations have been conducted. One of these implementations is 
described in [BFGK95] which is suitable for the handling of a large number of RSVP receiv- 
ers. Another implementation is described in [BrGi96] which however in contrast to the one 
above does not support multicast. These two implementations are taking the approach to map 
one IP Flow to one ATM VC which differs from a third implementation in which an IP flow 



multiplexing is performed [MaMS97]. This multiplexing allows the combination of several IP 
flows into one VC. 

The main approach of all of this implementations was to extend the Classical IP over ATM 
model [Laub941 to support the transport of IP flows over ATM networks. Although there are 
already some implementations existing, we recognized that there was no publicly available 
RSVP over ATM implementation for SUN's Solaris. as far as we know. 

3 Implementation of RSVP over ATM 
It was our goal to develop an RSVP over ATM implementation that allows applications mn- 

ning on top of IP the reservation of resources in a heterogeneous network environment. We 
decided to use the Solaris 2.5.1 implementation of RSVP [RSVP97] as a basis for our RSVP 
over ATM implementation and to extend it with an appropriate interface to ATM. Figure 1 
illustrates the environment in which such an implementation is used. The RSVP over ATM 
implementation resides in the so-called Edge-Devices, which have connectivity to both worlds 
and therefore have to 'translate' between them. 

Figirre I: RSVP over ATM. 

Section 3.1 describes the differences between RSVP and ATM signalling. How the mapping 
between the different QoS models in heterogeneous IPIATM networks is achieved will be 
described in section 3.2. In section 3.3 the underlying model of our RSVP over ATM imple- 
mentation is presented. 

3.1 Differences between RSVP and QoS signalling in ATM 

The RSVP and QoS signalling in ATM [ATMF96;\1[ATMF96b] are very different. These dif- 
ferences complicate any RSVP over ATM implementation: 

Initiation of a Reservation 
The actual reservation in RSVP is performed when the Resv message arrives which is initi- 
ated by the receiver. In opposite to RSVP a reservation in ATM is done by the sender during 
VC setup. 



State in the Network Nodes 
In RSVP a route between sender and receiver can change and RSVP will adapt to this route 
change (soft state). If by any reason a route in ATM has tobe changed, the connection has to 
be cancelled and a new one is setup (hard state). 
Time of Reservation 
In ATM data transrnission and resource reservation are synchronized, i.e. the reservation is 
done during VC setup. In contrast to ATM a reservation in RSVP can be done asynchro- 
nously to data transmission. 
Variation of an Existing Reservation 
If a reservation has to be changed in ATM the existing VC must be closed and a new one has 
to be Set up. In RSVP a reservation can be changed during data transmission. RSVP allows 
the dynamic change of QoS which is in contrast to ATM where the requested QoS is static. 
Unihidirectional FlowslConnections 
An RSVP reservation is always for unidirectional flows which means that a reservation is 
performed for data flowing from a sender to a receiver. ATM reservations are bidirectional 
for a data connection from a sender to a receiver and vice versa. 
Heterogeneity 
In opposite to RSVP heterogeneous receivers are not supported in ATM because the signal- 
ling allows only point-to-multipoint VCs with a uniform reservation (homogenous QoS). 

Reservation setup 

Modification of existing 

Table 1: Differences between RSVP and QoS signalling in ATM 

Table 1 summarizes the differences between RSVP and QoS signalling in ATM. 
One of the tasks of an RSVP over ATM implementation is to solve the problems that are 

caused by these differences 

3.2 QoS Support 

In order to provide QoS support for applications mnning on top of TCPlIP or UDPlIP on heter- 
ogeneous IPIATM networks a mapping between IIS' QoS and the ATM QoS Parameters must 
be implemented in the Edge-Devices. With this mapping it is possible to setup a VC which 



characteristics comply to the ones signalled by RSVP. The RSVP over ATM implementation 
has tu perform the following steps for the mapping between the different QoS Parameters: - Mapping between the different IIS and ATM service classes as described in [GaBo97] and 

shown in Figure 2. 
Translation between the values of the QoS Parameter from bytes (11s) to cells (ATM). 

The mapping shown in Figure 2 can only be seen as the 'theoretical optimum' because VBR 
and ABR are not yet implemented in most of the ATM hardware. 

IIS ATM 

Figure 2: Mapping of QoS Service Classes 

3.3 Architecture of the RSVP over ATM implementation 

We extended RSVP by an interface to ATM which is responsible for the VC rnanagernent. 
With this new interface, a flow, for which a reservation has been made, will be sent over a VC 
with a QoS corresponding to the one signalled by the RSVP reservation (QoS-VC) instead of a 
Best-Effort-VC as in the Classical IP over ATM model. That means cell-level scheduling is 
used in order to avoid the duplication of functionality already provided by ATM in the net- 
worWIP layer, i.e. we try to maximize the use of ATM facilities in order to alleviate the task of 
the network/IP layer. 

In our implementation we used the Fore-API [FORE951 to realize this interface including 
the VC management. The library routines of the Fore API provide a connection-oriented client 
and server model. For transmitting data between client and server a connection has tobe estab- 
lished first. Therefore we also had to implement a so-called ATM-Connection-Server that is 
responsible for the connection setup and receiving of data on the egress Edge-Device. The cli- 
ent of this design is part of the RSVP over ATM implementation. 

The steps that have to be performed for a reservation and data transmission of a flow are as 
follows: 

If a Resv message arrives at the ingress Edge-Device, a QoS-VC to the egress Edge-Device 
is setup. 
After a successful setup of the QoS-VC data belonging to the flow will be sent over this VC 
and no longer over Classical IP's Best-Effort-VC. 
On the egress Edge-Device the ATM-Connection-Server transfers the data to the traditional 
LAN interface (e.g. Ethernet, Token Ring), in case the application is not mnning on the 
ATM interface of the Edge-Device. 



the cell-level and is therefore much more eficient than a software scheme. The only advantage 
of a CBQ module 'in front of' ATM could be the possibility of doing a two-level scheduling. 
However, it was not our aim to investigate different strategies to assign groups of RSVP flows 
to ATM VCs and therefore we chose a one-to-one mapping between RSVP flows and ATM 
v c s .  - The mapping between the IIS and ATM service classes could not be realized as described in 
chapter 3.2 because the Fore API does not Support the reservation of resources in terms of UNI 
3.013.1 or 4.0 service categories and parameters, but uses its own, simplified QoS model. For 
requesting resources three different parameters are offered by the Fore API. The values of 
these Parameter have to be specified in kbitsls which makes a translation between bytes and 
cells unnecessary. On the table below the mapping between the API and IIS Parameters is 
shown. 

I Fore API ( Guaranteed Service I Contrulled Load 1 
I 

peakbandwidth I guaranteed rate (R) 1 token bucket rate (r) 

Table 2: Mapping of QoS parameters. 

mean-bandwidth 

mean-burst 

For signalling the desired QoS to RSVP the applications can simply use an API which acts as 
an interface to the RSVP daemon. How the interaction between the application and RSVP is 
realized will be shown in section 4.2. 

4 The Extended MBone VCR 

token bucket rate (r) 

token bucket depth (b) 

The MBone VCR is an application that allows the recording and playback of video and audio 
sessions that are transmitted via the MBone. But with the current version of the MBone VCR it 
is not possible to use the Intemet Integrated Services which make it possible to record or play- 
back data in a higher quality than best effort. However, especially for the recording case a guar- 
anteed quality of service is very desirable, since the recorded session might be played back 
many times and can only be recorded once as is the case for example for a lecture. Due to these 
considerations we decided to implement an interface to RSVP into the MBone VCR. Section 
4.1 gives an overview of the RSVP API and in section 4.2 the extended VCR is described. 

token bucket rate (r) 

token bucket depth (b) 

4.1 RAPI the RSVP API 

The RAPI is the standard application programrners interface of RSVP that can be used by 
applications for the invocation of RSVP services [BrHo97]. In other words, with RAPI appli- 
cations have the opportunity to request QoS. RAPI is implemented as a client library that can 
be linked with an application. The most important functions contained in this library are shown 
below: 

rnpi-sr.r.rio>i(): creates a RAPI Session. 
rnpi_sender(): a sending application must issue a rapi-sender() call to initiate the sending 
of an RSVP Poch message. 



Figure 3 illustrates the setup and disconnection for an RSVP reservation. 

DATA 
Host A Host B 

affort VC 

ATM-CLOSE 

DATA 

RSVP Reserve- -tzz7 
Data over hrsr 

Figure 3: Setup and Disconnect of an RSVP Reservation 

To identify data that is helonging to a flow, a table exists in each Edge-Device. A new entry 
will be inserted in the table if a reservation arrives at the Edge-Device. Since there is no flow- 
labe1 in the IPv4 header this entry contains the source and destination address, the source and 
destination port number and also the protocol ID of the flow. If the reservation is tom down the 
corresponding entry in the table will be deleted. This table is used by the dafamanagement that 
is running on the Edge-Device to find out whether an IP packet arriving on the Ethernet inter- 
face belongs to a flow or not. The interaction hetween the extended RSVP implementation, the 
ATM-Connection-Server and the dafamanagement in the protocol hierarchy is shown in 
Figure 4. 

Figure 4: Extended Architecture. 

In contrast to other RSVP over ATM [MaMS97] implementations we decided not to imple- 
ment the VC management into the CBQ[FIJa95], the packet classifying and scheduling module 
supplied with [RSVP97]. because ATM has its own traffic management which performs almost 
the same procedures as implemented in the CBQ. However in ATM it is done in hardware on 



rapi-reserve(): a receiving application uses rapi-reserve for making a reservation 
rapi-release(): removes an existing reservation. 

In Figure 5 it is shown which functions have to be called by a sending and a receiving applica- 
tion. 

Sender Receivei 

rapi_sessiori() 
PATH rapisession() 

rapisender() 
\ 

rapi-resen,e() 

rapi_release() 'EARDOWN rapi-releasr() - 
Figure 5: RAPI Functions 

4.2 QoS Functions of the VCR 

With the RAPI described above it is possible to give the VCR the functionality to record or 
playback sessions with a requested QoS. Because of the two modes of the VCR (sending or 
receiving düta) it has to be possible to initiate either a Path or a Resv message. The extended 
VCR has the functionality of both the sender and receiver as they are shown in Figure 5. Its 
User interface is shown in Figure 6. 

Figure 6: User Interface of the Extended VCR. 

It was our intention that the request for QoS should be user-driven and not automated by the 
application (at least as far as the User can give more accurate information). Therefore a new 



item (QoS) was inserted in the top menu of the VCR as shown in Figure 6. By inserting this 
new item it is the users decision whether the quality for the session is adequate without a QoS 
request or not. The menu QoS includes the topics Playing and Recording, which are essentially 
synonyms for initiating a Path or Resv message. By choosing Playing the User gets a menu in 
which he or she is able to determine the QoS which is required to receive the data in the best 
possible quality. At the moment there are three parameters that can be determined by the user: 
token brrcket rate, token bucket depth and peak rate. The furtherly needed parameters are auto- 
matically set by the implementntion. We felt thnt it would make no sense to let the User deter- 
rnine all parameters which are needed for a TSpec/RSpec, since parameters like minimum 
policed unit, maximum packet size or slack are meaningless to the user. One could argue that 
this might also be the case for the user-selectable parameters mentioned above, however it 
should be pointed out that our work was not concerned with finding an adequate QoS User 
interface which allows users to request QoS in a very simple and intuitive way. We are aware 
that there is at least one layer of abstraction missing in order for a layman User to cope with the 
QoS parameters setting. 

If the topic Recordirig is chosen almost the Same window as in the Playing case will be 
shown. But in this case the fields token bucket rate, token bucket depth andpeak rate are initial- 
ized with the values received from a Path message. These values can be seen as a proposal 
which can be edited by a User if he or she wants to request a higher or lower QoS.After inser- 
tion of the three parameters a Path or Resv message will be initiated through the extended VCR 
and signalled to RSVP by a RAP1 call. In the case of a Path message the addresses of the 
receivers will be determined from the session information that is stored with each session. A 
third topic in the QoS menu is called Cancel, which allows a User to cancel an existing QoS 
request. 

In addition to the extended VCR another RSVP capable application is necessary to allow 
QoS supported sessions. As mentioned above, one of these already extended applications is the 
rsvp-vic, which allows the request for QoS in a way that it takes the values included in the 
received Path message to form a Resv message. 

5 Scenarios 
To illustrate the interaction between the extended VCR, the RSVP daemon. our RSVP over 
ATM implementation, and the rsvp-vic. we describe some typical interactions. In each case we 
used the rsvp-vic as sending or receiving application to communicate with the extended VCR. 
In the case that the rsvp-vic recognizes that it is mnning on an RSVP-supported Computer a 
Path message will be automatically setup in the sending case. In contrast to the extended VCR 
the parameters for this message can not be set by the user. In the receiving case a Resen~e  but- 
ton exists in the actual window that allows the User to generate a QoS request. The parameters 
for the Resv message are adopted from the incoming Patlz message, again without invocation 
of the user. 

5.1 VCR in Playing Mode 

In the first scenario (scenario A, Figure 7) the VCR acts as a sender that distributes a session 
which was recorded before. With the extended VCR there is now the opportunity to distribute 
this session with a certain QoS. Before or during the session the User is able to generate an 
appropriate Path message, that will be propagated to all possible receivers. Depending on the 



IP address that is stated in the session information of a recorded session the Path message will 
be distributed as unicast or multicast message. The IP address can be edited and therefore it 
can be determined by the User if this session should be transmitted as unicast or multicast. The 
Patli message generated by the VCR will be forwarded from RSVP router to RSVP router until 
it reaches its destination. In the case of an ATM backbone in between, the Path message will be 
transniitted via Fore IP [FORE961 (a proprietary modified version of Classical IP over ATM) 
over the existing best effort VC. In the ingress and egress Edge-Devices no further processing 
on the Parh messages has tobe done than in a standard RSVP router. 

rsvp vcr rsvp vic 

a QoS playing 
m 

Path I Resv Resv 1 1 Patli 

over ATM over ATM 

Edge Edge 
Device Device 

Figurr 7: Scenario A 

By using rsvp-vic as receiving application a User can press the Reserve button that was 
described above which will initiate a Resv message and should consequently raise the quality 
of the transmitted session. It has to be seen as a disadvantage that the rsvp-vic directly adopts 
the information received from the Patli message because the User has no chance to manipulate 
this information that results in the fact that he or she is not able to change the QoS even if it is 
not satisfying. By using this strategy, i.e. rsvp-vic choosing exactly what the sender tells him, 
RSVP's capabilities to support heterogeneous, receiver-oriented QoS is essentially destroyed. 
After initiating a Resv message by RAP1 this message will be sent upstream towards the 
sender. In each router in between the requested resources will be reserved if possible. On the 
transition between IP and ATM the rnessage will also be sent over the best effort VC as it is 
done with the Path message. After the Resv message has reached the ingress Edge-Device an 
appropriate QoS-VC will be setup as described in section 3.3. On the egress Edge-Device no 
further processing has to be performed by the RSVP over ATM irnplernentation because the 
reservation has to be done on the Ethemet interface. 

5.2 VCR in Recording Mode 

In scenario B (Figure 8) the recording function of the VCR is used. With the extended VCR 
there will be the opportunity to record a session in a higher quaiity than best effort. To perform 
this operation the recordable data must be sent from an rsvp-capable application like the rsvp- 
vic. Now the roles of rsvp-vic and extended VCR are interchanged. The rsvp-vic is the sender 
that distributes video information from e.g. a video grabber or a camera. As described above 
the rsvp-vic automatically initiates a Path message when the distribution of data is started. The 
Path message will be handled in the sarne way as shown in scenario A. When the Patli message 



reaches the receiver this will be signalled to the VCR by a RAP1 upcall. Now it is possible to 
initiate a Resv message by the use of the new implemented features described in section 4.2. 
The User has the chance to accept the TSpec Parameters that were offered by the Path message 
or to modify them according to hisher own QoS needs thereby allowing for heterogeneous 
receivers in contrast to rsvp-vic. The processing of the Resv message that is initiated by the 
VCR is done in the same manner as described in Scenario A. 

Resv I 1 Path Path I 1 Resv 

over ATM over ATM 

Edge 
Device 

Edge 
Device 

Figure 8: Scenario B .  

6 Conclusion and Future Work 
Much work has been done on the development of applications that allow the transmission of 
audio and video data. Since the introduction of the MBone VCR there is also the opporiunity to 
record and play back such audio and video data transmissions. On the other hand considerable 
effort has been spent on the support of integrated services in the Internet as well as in ATM. 
Both worlds (Internet, ATM) do now offer support for integrated services but in very different 
ways. The increasing deployment of ATM especially in the backbone makes an integration 
between ATM and IP necessary. To support integrated services this integrating cannot satisfac- 
torily be solved by Classical IP over ATM. In this case a more successful approach is the intro- 
duction of RSVP over ATM, which allows QoS support in heterogeneous IPIATM networks. 

It was our goal to show in a prototypical system how the support of Internet Integrated Ser- 
vices in heterogeneous IPIATM networks for video and audio applications in the future may 
look like. Because there was no RSVP over ATM implementation available for our environ- 
ment as we started our project, we had to implement our own RSVP over ATM Prototype that 
could be used by the extended VCR and other RSVP capable applications. 

In the second step we extended the MBone VCR in a manner that allows to play and record 
sessions in a guaranteed quality. From our point of view these enhanced applications (e.g. 
rsvp-vic, enhanced VCR) will lead to an increasing use of the Internet for audio and video 
applications. This will also be supported by the raising use of ATM as network media in the 
backbone, since ATM prornises to support QoS on the link layer even in a WAN environment. 

We are currently testing the system in relation to performance and reliability to ,find out in 
which elements further optimization has tobe done. 

Future work could be to improve the RSVP over ATM implementation in the areas of QoS 
mapping. niulticast support for heterogeneous receivers and clever schemes to solve the prob- 
lem of supporiing RSVP's dynamic QoS. A further area of future work in the application 



domain could be to develop a better QoS User interface for the extended VCR in order to make 
it more intuitive for a layman user. 
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