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Abstract:
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Introduction

This deliverable reports on experiences using native ATM programming interfaces for the development of multimedia distributed applications inside LEVERAGE project. The use of native ATM protocol stacks was found to have some a priori advantages over the TCP/IP based applications currently in use. To asses its usability for real applications, some initiatives were started to evaluate the current status of native ATM implementations, and to get some performance figures about them. 

The evaluation of native ATM stacks has been based on two applications specially developed or adapted for this purpose. The first one, WS2NetTest, is a network performance testing application designed to test and compare performance over native ATM and TCP/IP. The second was the LEVERAGE videoconference application, which was adapted to work over native ATM in a point to point configuration. Both applications run over Windows 95 PCs; no tests have been carried out on UNIX platforms.

The approach followed in the evaluation of native ATM stacks has consisted in the comparison of behaviour and performance of dual stack applications able to run over native ATM and TCP/IP. This comparison has been made from the point of view of applications, trying to isolate the differences between both stacks and focusing on what happens from the end-to-end point of view, leaving aside the network point of view. 

The results presented in this deliverable are of two types. First, we try to summarise the experience of using native ATM stacks to develop applications, focusing on aspect like installation, stability, etc. Second, we present some comparative figures that try to show the main performance differences between both alternatives.

The document is organised as follows. Section 1 presents the rationale of the native ATM tests. Section 2 details the specific objectives of them. Section 3 comments on the differences between native ATM and TCP/IP options from a theoretical point of view. Section 4 shows the testing environment, specifying all the hardware and software components involved. Section 5 presents the main results of the tests made with WS2NetTest and videoconference applications, and, finally, Section 6 summarises some conclusions.

1 Rationale

LEVERAGE applications make extensive use of video and audio real time flows, to access multimedia documents stored in servers and to allow rich interaction between participants in co-operative sessions. In order to guaranty a good audio and video quality, the transmission of these real time flows requires some commitment from the network in terms of bandwidth and delay. The network should guaranty that these flows are given the necessary resources to achieve a low and stable delay, and enough bandwidth, even in situations of heavy load or network congestion. In summary, the network should guaranty a Quality of Service (QoS) level for the flows generated by applications.

At present, LEVERAGE applications are TCP/IP based. They run over ATM networks using “Classical IP over ATM” [RFC1577] approach, using either permanent (PVC) or switched (SVC) ATM circuits. In this scenario, most of the traffic generated by LEVERAGE workstations, belonging or not to the LEVERAGE applications, is transmitted through one ATM virtual circuit which ends at the router or the site server (Figure 1). This circuit is dimensioned for the maximum estimated traffic that can be generated by a station (currently, an MPEG video retrieval with a simultaneous videoconference session). 

With this approach, video and audio quality are guarantied because:

· the workstations are mono-user and they only run LEVERAGE system (that is, no other significant traffic apart from LEVERAGE applications is generated),

· the network bandwidth is overdimensioned, that is, we are reserving resources for the maximum bandwidth although most of the time we are not using it, and

· shared applications do not generate much traffic, so they do not interfere with audio and video flows.  

However, this approach has some important drawbacks:

· as mentioned, we are using more network resources than needed. The allocation of network resources should be dynamic, to match at any moment the application needs, and  

· all flows (video, audio and data) share the same ATM virtual circuit; we are not making any difference between them. In an ideal situation, every flow should be assigned specific network resources depending on its needs.
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Figure 1: LEVERAGE network scenario

The use of a native ATM stack was found to have real advantages regarding the problems mentioned above. Using ATM networks in a native way, that is, without stacking TCP/IP protocols over it, would let applications dynamically request the network a different ATM circuit for each flow, with a QoS adapted to its needs at any moment. 

Direct native ATM access makes sense mainly for traffic with real time requirements, that is, audio and video flows. However, data coming from shared applications does not have real time constraints, so there is not a clear need to send it directly over ATM. Besides, the lack of a standardised protocol which guaranties reliability over an ATM circuit (see section 3) makes the migration of shared applications difficult and costly, and with no clear benefit that compensates the effort. 

This fact led us to propose the mixed protocol architecture presented in Figure 2. In this architecture, direct native ATM access is used for audio and video flows coming from videoconference applications and TCP/IP for any other purposes.

To implement this new architecture, applications that generate multimedia flows have to be modified to access ATM services directly through a Native ATM API. The rest, will continue accessing network services through TCP/IP Network API. Besides, both protocol stacks must be able to work simultaneously on the same machine.
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Figure 2: Mixed TCP/IP and native ATM architecture

To asses the adequacy of the protocol architecture proposed and, in particular, to asses the usability of native ATM stacks for LEVERAGE applications, some initiatives were started inside the LEVERAGE project to evaluate the current status of native ATM API’s and implementations. After surveying and studying the different standards available [DWP323] and evaluating their availability on the market, we decided to:

· Concentrate the effort on LEVERAGE workstations. Due to immaturity of native ATM standard API’s for UNIX servers and the higher difficulty of testing client-server applications (as it requires modifications in client and server environments), it was decided to focus native ATM tests on the development of point to point multimedia applications like videoconference.

· Use Winsock2 [WS2] based native ATM API’s. Winsock2 is the de facto standard for MS-Windows operating systems (Windows95 and WindowsNT) for accessing network services. It is a multiprotocol API that covers, among other protocol stacks, TCP/IP and native ATM. The main advantage of using Winsock2 is that, apart from the code used to initialise and establish connections, the rest of the code is common to native ATM and TCP/IP. This fact allows an easy comparison between both stacks.

· Use ForeRunner LE ATM cards. At the time we begun the activities described in this document, Fore was the only manufacturer which offered winsock2 native ATM support for Windows95. Few other manufacturers offered support for WindowsNT, but unfortunately LEVERAGE videoconferencing cards do not support it. Finally, one proprietary native ATM API, offered by ATM Ltd (the manufacturer of the ATM cards used in LEVERAGE first trials), was tested but found inadequate. The evaluation of this API is described in the Appendix of this document.

2 Objectives

As mentioned before, the main objective of the activities presented here is the evaluation of native ATM protocol stacks as an alternative to TCP/IP for the development of LEVERAGE applications. In particular, with these activities we have tried to:

· Get real feedback about the usability of native ATM services for the development of multimedia cooperative applications over personal computers running Windows 95 operating system.

· Compare the behaviour and performance of current native ATM protocol stacks with Classical IP over ATM (CLIP) stacks, used at present in LEVERAGE applications.

· Get conclusions and recommendations about the migration of LEVERAGE applications to use native ATM.

As all these activities were carried out inside LEVERAGE workpackage 4, which mainly deals with the development and integration of applications, the point of view adopted is the users’ one and, on some extend, the application developer’s. Therefore, the tests will concentrate on how the use of native ATM can benefit the behaviour of LEVERAGE applications, focusing on what happens inside the end workstations, and paying less attention to the network itself. We will be interested, for example, in looking at CPU usage for both stacks, to see if native ATM reduces it appreciably due to its lighter nature.

For all these reasons, the approach adopted has consisted on developing dual applications able to run indistinctly over TCP/IP and native ATM stacks. Having the same application running over the two stacks, using the same winsock2 based interface, and running over the same network in the same conditions, it is easy and safe to compare results and get the real differences between both alternatives.

The tests have been carried out using Fore winsock2 implementation of native ATM. It was not the objective of LEVERAGE project either to develop nor to integrate any low level software to access native ATM services or cards. Therefore, it is important to note that we are not comparing abstract technical solutions but real implementations of these solutions. That could mean, for example, that some of the real advantages of native ATM solutions deriving from its lighter nature could be invalidated by an immature  or not optimised implementation.

Finally, as mentioned in the previous section, the tests are restricted to point to point configurations. Although LEVERAGE applications include access to servers and multipoint configurations, the lack of standardisation on native ATM API for UNIX servers, and the difficulty of migrating main server modules (like MCU and video retrieval) led us to the take the decision of concentrating our efforts on point to point configurations only. These tests are a first step in the evaluation of native ATM, and their results will tell us about the interest of going deeper. 

3 Native ATM vs. Classical IP

Before presenting the testing scenario and the test results, in this section we will make a brief description of the main characteristics of native ATM and TCP/IP solutions, summarising their main advantages and disadvantages.  

In order to compare both alternatives, we have to define clearly the scenario in which the comparison will take place and the comparison criteria we will use. A general comparison of both alternatives is out of the scope of this study. Instead, we want to compare them in the scenario used in LEVERAGE, which is an “ATM to the desktop” network.

Basically, our objective will consist in comparing native ATM with Classical IP over ATM (CLIP) over the scenario presented on Figure 1. We are not interested in comparing ATM with other network technologies (for example, a typical intranet made of Ethernet segments interconnected by routers); we start from the fact that all machines have direct connection to ATM and we want to see if the use of native ATM has real advantages compared with the CLIP based solution used at present.

Our comparison will be based on the following criteria:

QoS Guaranty

This is clearly the main advantage of native ATM approach. As the applications access directly the ATM service, they can request the specific QoS they need for any traffic flow they generate. In case of multimedia flows, this guaranties that video and audio flows will not be disturbed by any other traffic on the network, and also assures that we only ask for the network resources we need. 

In the case of CLIP approach, the QoS control is not available in TCP/IP stacks. All traffic coming from a host is sent over a virtual circuit (SVC or PVC) directly to the destination or to a router. This circuit has to be dimensioned to cope with the maximum traffic generated by the host. In case of LEVERAGE, the circuit has to be dimensioned to cope with a videoconference and a simultaneous MPEG video retrieval (~3 Mbps). This is clearly a waste of network resources, because the circuits are overdimensioned and LEVERAGE workstations are not transmitting that much traffic continuously.

Several proposal are being studied and tested on the Internet to include QoS guaranty in IP. The main one is based on RSVP protocol [RFC2205]. Unfortunately, none of these is available at present for our testing environment.

Finally, it is important to note that, although the ATM network guaranties the QoS in the transmission, the operating system does not. Typically, when a PC running MS-Windows makes heavy accesses to disk or to the video card, the CPU is completely dedicated to that task and could prevent audio and videoconferencing applications from sending packets on time. This is a general problem, which affects both protocol stacks, and it comes from the fact that operating systems used in personal computers do not offer the real-time services needed for multimedia applications.

Internetworking

This is the main advantage of the IP approach. Applications that make use of the TCP/IP stack are able to work over different network technologies. On the contrary, the native ATM approach “confines” applications to ATM islands. This is clearly a problem from the point of view of application developers, who want to have applications independent of underlying network technologies. Solutions based on TCP/IP with extensions to guaranty QoS are clearly more attractive to application developers, because they combine the advantages of both approaches.  

Reliable Communications

This is another clear disadvantage of native ATM approach. At present, it is not defined which protocol should be used to guaranty reliability in the transmission of data over an ATM virtual circuit. One of the most accepted proposals is the SSCOP protocol. This protocol is used to guaranty reliable communications for signalling messages between ATM stations and switches. However, that protocol is not available in native ATM stacks, at least, not in the one used in these tests.

The lack of reliable services over native ATM stacks makes it reasonable to concentrate efforts on testing multimedia traffic, because it does not require reliability. In particular, we concentrate on audio and video flows, which actually make use of UDP protocol. 

Application Programming Interface (API)

Both approaches offer their services through Winsock standard interface. TCP/IP could be accessed through Winsock 1.1 and Winsock 2.0; native ATM only through Winsock 2.0. 

The effort invested in porting the applications from TCP/IP to native ATM is not high in the case of applications which have already been ported to Winsock 2.0 API. This interface was designed from the beginning with the idea of being a common programming interface for different network services. That is why most of the function calls are exactly the same independently of the protocol stack used (for example, data send or receive calls). The main difference between both approaches comes at the time of establishing the connection.

The use of a common API for both protocol stacks opens the possibility to have applications that, depending on the underlying network, can decide the protocol they are going to use. For example, if there is and end-to-end ATM network, the application can decide to use native ATM with QoS guaranty, using TCP/IP in other cases.

CPU Load, Network Overhead and Network Delay

As the number of protocols and headers involved are lower in native ATM, the CPU time needed to send or receive a data packet should be appreciably lower than the time needed for UDP/IP. Also, network overhead and network delay should be lower, although all of them will depend on packet size and how optimised the protocol implementation is.

The reduction of resources needed by applications when using native ATM should contribute to improve the quality of audio and video, reducing, for example, the cuts due to operating system access to disk. 

Reliability and Stability of implementations

The reliability and stability of protocol stacks implementation heavily depend on the time they have been used. It is clear we are comparing a “young” native ATM protocol stack implementation with a mature TCP/IP one. It is normal to expect lower reliability on native ATM implementations.

Multicast Support

Multicast is supported by IP and ATM. However, in our testing scenario none of them supported multicast. In the case of ATM network, multicast services were supported by cards but not by the switch. In the case of CLIP, the implementation used was not able to use underlying multicast services. For these reasons, no multicast tests were foreseen.  

Table 1 summarises the characteristics used to compare both alternatives.

Characteristic
Native ATM
Classical IP

QoS Guaranty
Yes
No. Possible in combination with reservation protocols like RSVP.

Internetworking with other network technologies
No
Yes

Reliable Communications
Not available. Probably based on SSCOP protocol.
Yes (TCP).

CPU Load
Low, less protocol layers
Higher, UDP and IP processing 

Network overhead
Lower
Higher

Network delay
Lower
Higher

API
Winsock 2.0
Winsock 1.1 and Winsock 2.0

Reliability and Stability
Low
Very high

Multicast Support
Possible
Possible

Table 1: native ATM vs. IP

4 Description of Test Environment

Figure 3 shows the scenario used for the tests described in this deliverable. Basically, the testing scenario is made of two PCs equipped with 25 Mbps ATM cards and a workgroup ATM switch. Other equipment represented in the figure, like the ATM switch and IP router, were used to give support to the tests.

Native ATM tests were made establishing SVC’s between the two PC’s. TCP/IP tests were made using CLIP over a direct PVC between both PC’s. Next subsections describe in more detail the characteristics of the equipment involved and the differences between the scenarios used for tests made with WS2NetTest and with videoconference application.
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Figure 3: Test scenario

4.1 WS2NetTest Scenario

Main characteristics of the hardware involved:

· Personal Computers: Pentium 133 MHz, 32 Mbytes of main memory, 1 Gbyte of disk. Equipped with all multimedia hardware for LEVERAGE applications (Bitfield videoconferencing card, overlay card, camera, microphone, etc.).

· ForeRunner LE ATM cards:  25 Mbps over UTP.

· Virata VM1000 ATM switch: with twelve 25 Mbps access and two 155 Mbps. 

· CISCO LS-1010 ATM switch and CISCO 7000 router: for external access.
· SGI Challenger Server: LEVERAGE server.
The signalling protocol used between ATM cards and switches was UNI 3.0. Due to an incomplete implementation of ILMI protocol by Virata switch, automatic configuration could not be used. ATM addresses and ATM routes had to be configured manually in cards and switch. This fact caused problems in some applications: the winsock2 function call that returns the workstation’s own ATM address does not work if ILMI is not properly working. 

Main characteristics of software and configurations involved:

· Windows 95 operating system, the OS used by LEVERAGE applications.

· FORE SPI native ATM interface for winsock2 and Windows95. Versions used were 4.1.2 (1.27) and 4.1.6 (1.16). 

· WS2NetTest application described in next section.

· Videoconference over TCP/IP and native ATM application described in [DWP461].

· Other LEVERAGE software modules.

4.2 Videoconference Scenario

The test network consisted of two Dell PC workstations connected to Fore ASX-200WG ATM switch. No other traffic was present in the network during the tests. The two workstations are thereafter identified by letters A and B. Hardware and software in the workstations were:

Workstation A

· Pentium 160 MHz CPU

· Windows 95 version win95a

Workstation B

· PentiumII 300 MHz CPU

· Windows 95 win95B

Both workstations:

· Fore ForeRunner LE 25 MHz ATM adapter board. Drivers version 4.1.6.

· Bitfield H.261 video conferencing board. Bbs version 1.90.

· Winsock 2 version 2.0.

The video conferencing software was modified from the version that was used by LEVERAGE before MediaMaster cards were adopted. The software is described in more detail in [DWP461]. 

5 WS2NetTest Application

WS2NetTest is an application designed for testing network performance on PCs using Winsock 2 API. It was specifically written by DIT-UPM for the tests described in this document. Basically, it generates a configurable flow of packets between two PCs and gives some results about network and operating system behaviour during the tests. The traffic generated tries to resemble the multimedia traffic generated by videoconference application. 

WS2NetTest was developed in Delphi 3.0 programming language and it is approximately 3000 lines long. The user interface and some test results can be appreciated in Figure 4.

WS2NetTest is a client/server application. A copy of the WS2NetTest has to be started as server in one of the PCs and another copy as a client in the other machine. In the client machine the user defines the test he wants to carry out, the protocol used and the address and port/selector of the server. Then, he clicks on the “Start test” button to begin the test. When the test finishes, the results are written to the output window of both client and server application.

The following parameters can be modified in WS2NetTest:

· Traffic pattern. The traffic generated by the application is a periodic flow of packets. The user can define the speed in Kbps and the packet size in bytes. The program internally calculates the inter-packet time and programs a periodic multimedia timer to send the packets. It is important to note that the resolution of multimedia timers is limited in practice to ~4 ms. Therefore, if the inter-packet time is less than that minimum value, several packets will be sent for each multimedia timer. For example, a flow of 2 Mbps with packets of 500 bytes will be generated sending 2 packets each 4 ms. 

· End Test condition. The duration of the tests can be configured in seconds or in number of packets to send. The first option is very useful when making batch tests with varying packet sizes. 

· Protocol. At present the application is able to use TCP, UDP and AAL5 protocols. When the protocol is selected the corresponding protocol parameters input windows appears in the lower left part of the window. 

· Test type. Two type of tests are defined: normal and loopback. In normal tests the traffic is unidirectional; in loopback tests, the traffic received by the server application is sent back to the client. The loopback tests are useful to measure roundtrip delays.

· QoS. In case of native ATM tests (AAL5 protocol), the QoS of the virtual circuit established can be defined by means of a menu.
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Figure 4: WS2NetTest user interface

The main results provided by WS2NetTest are the following:

· Test duration in seconds

· Bytes and Packets sent.

· Packets lost by the sender (not sent due to, for example, buffer shortage).

· Packets lost from the point of view of receiver (lost by sender, by the network or by the receiver).

· Mean CPU load during the test (in client and server side).

· Mean throughput in kbps and packets/s (in client and server side).

· Mean and variance of time between packets. 

· And, in case of loopback tests: mean and variance of roundtrip delay and bytes received and lost from sender’s point of view.

Other features of WS2NetTest to mention are:

· Batch Tests. The application offers also the possibility of making batch tests automatically, varying one of the traffic parameters: speed or packet size. This feature was found very useful to make non-attended tests and to repeat some of the tests to get more precision in the results. However, as mentioned in section 7, the instability of native ATM drivers prevented us to use it for native ATM tests.

· Save results to disk. Results can be saved to disk files in order to use them later. 

Some other features were found interesting but were not implemented because of lack of time:

· Multicast support.

· New traffic types. 

6 Experiment Results

This section will present the main results of all tests carried out using the two applications developed: WS2NetTest and Videoconference. It also summarises some general aspects about the experiences using native ATM drivers.

In general, as mentioned before, the installation of native ATM drivers was difficult to achieve. Although not clearly stated in the documentation, the SPI provided by Fore for the ForeRunner LE card can be considered a beta version, from the point of view of installation, as well as from the programming point of view. In fact, the installation instructions were not correct: they said the SPI provided was supposed to work with version 1.6 of Winsock 2.0 SDK and we only could make it work with version 2.0. Besides, it took also some time to make the simple native ATM examples provided Fore work.

One of the main problems found during development and testing phase was the instability of the native ATM configuration. Very often both PCs and even the ATM switch crashed, being necessary to cold boot all of them to start testing again. 

In particular, there was a special situation that had a negative influence on the testing process, and prevented us from making more complete tests. Basically, after having established a SVC circuit between WS2NetTest client and server, if a second connection was tried, there was a very high possibility of having the ATM drivers in both PCs crashed, as well as the switch. After this situation, only a cold boot of both PCs and the switch could make the environment work again. 

This problem seems to be originated by an error in ATM Fore SPI. Looking at the log traces given by Winsock 2.0 debugging tools, an “overflow” error message is seen. This error could provoke the sending of an incomplete or erroneous message to the switch that (due to another different bug in the switch) makes it crash. 

Although some solutions were tried to avoid this problem (for example, long delays between connections, discarding and loading the winsock 2.0 DLL between tests, etc), none of them succeeded, and all the native ATM tests had to be made manually.

Other problems encountered during the tests follows:

· Instabilities with other networking services, basically network disks. After the installation of native ATM drivers, some problems were detected when mounting network disks. Randomly, network disks became blocked, sometimes being necessary to unmount them, sometimes being necessary to restart the computer.

· When programming and testing the QoS parameters used to establish SVC, very simple errors (for example, format errors in ATM Information Elements) made the computer completely crash, being necessary a cold boot.

In summary, the current version of native ATM stack tested in combination with the Virata ATM switch was found extremely unstable, making impractical its use for real applications. However, some interesting results were derived from the tests made with WS2NetTest and videoconferencing applications. These results are summarised in the following sections. 

6.1 WS2NetTest Tests

Tests made with WS2NetTest application have focused on the comparison of both stacks, native ATM and TCP/IP, from the point of view of applications. That means that we have concentrated our attention on the application and operating system behaviour using these stacks, measuring parameters like CPU usage, percentage of lost packets, end-to-end delays, etc. 

As mentioned before, it was not in the objectives of this tests to measure or compare network behaviour. In order to isolate the effects due to end systems from the ones caused by networks, during all of these tests the ATM network was almost empty: the only traffic carried was the one generated by the testing applications. 

It is clear the interest of completing the tests presented here introducing some load on the networks and providing more results measured with external protocol analysers, but this is outside the objectives of this first evaluation of native ATM stacks.

6.1.1 Test 1 - A 2 Mbps flow with varying packets sizes

This test consisted on generating a traffic flow of approximately 2 Mbps and measuring roundtrip delay, packet losses and CPU usage for different packet sizes. The test was repeated for native ATM and UDP and the results are presented in Figures 5, 6 and 7. 

Figure 5 shows the roundtrip delay for different packet sizes. As expected, the roundtrip delay is lower for native ATM due to its lighter nature. However, the difference is not high: it is not constant but it is normally between 1 and 2 ms. For unknown reasons, there is a roundtrip peak for UDP for 1000 bytes packets. 

The roundtrip delay increases lineally with packet size as expected. For example, from 4000 bytes to 6000 bytes the increment is around 2 ms, which is more or less the time needed to transmit 2000 bytes over a 25 Mbps line plus some processing time. 
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Figure 5:  Roundtrip delay vs. Packet Size for a 2 Mbps flow

Figure 6 represents the percentage of packets lost from the receiver’s point of view. As can be appreciated, packet losses are higher for smaller packet sizes. This result is coherent because smaller packets mean higher processing time for applications (more function calls to transmit the same information). However a surprising result is that, although UDP protocol needs in theory more processing than native ATM, its practical behaviour is better. With UDP it is possible to send 2 Mbps in packets as small as 400 bytes with no appreciable losses. However, with native ATM and 400 bytes packets, more that 15% of them are lost.
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Figure 6: Packet Loss vs. Packet Size for a 2 Mbps flow

The same behaviour can be seen in Figure 7, in which we have represented the CPU usage in sender and receiver’s machine. CPU used for receiving is clearly higher than CPU used for transmitting. And CPU usage is higher for receiving a native ATM flow than for receiving an UDP flow. On the contrary, transmitting an ATM flow takes less CPU than transmitting an UDP one.  
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Figure 7: CPU Usage vs. Packet Size for a 2 Mbps flow

Finally, looking at the results relative to inter-packet arrival time to the receiver, we appreciate that the variance of this magnitude is higher for UDP protocol compared with native ATM. 

6.1.2 Test 2 - A flow of fixed size packet at different speeds

For this second test, a flow of 8000 bytes packets was generated, varying the throughput from 1 Mbps to the maximum. Figure 8 represents the CPU usage for transmitting and receiving that flow with native ATM and UDP. In this case, the CPU usage is always higher for UDP (either transmitting or receiving). This contradicts the results obtained in Test 1, and could mean that UDP is more efficient (that is, uses less CPU) for small packet sizes, and native ATM is more efficient for big packet sizes.

The maximum throughput achieved was higher for native ATM (22,2 Mbps) compared with UDP (21 Mbps). 
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Figure 8: CPU Usage vs. Throughput for a flow of 8000 bytes packets

6.1.3 Test 3 - Roundtrip delay with low load

In the third test, we measured the roundtrip delay for packets of different sizes in a low load situation (that is, a slow flow of packets was generated). The results were almost the same than the ones obtained sending a 2 Mbps flow. This fact means that at speeds lower than 2 Mbps, the delays involved come mainly from transmission and processing times, and not from waiting in queues. Figure 9 represents the results of this test. 
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Figure 9: Roundtrip delay vs. Packet size in low load situation

6.1.4 Test 4 - Packet Loss for a 2 Mbps ATM circuit

In order to compare native ATM and UDP, the first three tests were done using best effort ATM SVC’s. In this fourth test we wanted to experiment the behaviour of the native ATM implementation when using ATM circuits that request QoS. 
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Figure 10: Packet Loss vs. Throughput for a 2 Mbps CBR ATM Circuit

Figure 10 represents the results for a flow of packets of 1000, 2000, 4000 and 8000 bytes over a 2 Mbps CBR circuit. We have increased the throughput of traffic generated from around 1700 to 2200 Kbps, and measured the packet losses. As expected, higher packet sizes reach higher throughputs without appreciable losses. This is due to the lower AAL5 headers overhead incurred in big packets. Figure 11 shows the maximum throughput reached for the different packet sizes. 
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Figure 11: Maximum Throughput for a 2 Mbps CBR ATM Circuit

6.2 Videoconference Tests

6.2.1 Test objectives and procedure

The purpose of this test is to compare performances of UDP over CLIP and Native ATM AAL5 transfer protocols in real application environment.  Interesting features are perceived quality, packet loss ratio and variation of transmission delay (jitter). Achieved bitrate is not of great interest, since the ATM network offers 25 Mb/s bandwidth whereas the videoconference application can use only about 2 Mb/s.

The testing procedure was simplified by the fact that neither bitrate nor packet size could be tuned using the videoconference test software. The audio bitrate is constant 64 kbits/s and video bitrate depends on the input from video camera, ranging from less than 500 to over 1500 kbps. The packet size is fixed 1119 bytes for audio and 72-1468 for video. The distribution of video packet sizes depends on the content of the video input. Movement tend to increase the average packet size.

The testing procedure consisted of two series of short video conferencing sessions: one series using UDP protocol over Classical IP (rfc1577) and the other using Native ATM AAL5 protocol. Ten sessions were ran for each of the protocols. Each session lasted about one minute. One of the AAL5 sessions was corrupted, so the total number of valid AAL5 sessions was reduced to nine. The cameras were pointed to a moving person in order to simulate real usage. Audio was monitored using handsets. The video was monitored only part of time using an external TV monitor.

During the sessions, no other activities were performed with the computers. In a separate test the audio quality was monitored when Netscape Communicator 4.0 was started and stopped.

6.2.2 Results

In table 2 there is a short summary of statistics obtained from the video stream measurements. 

Protocol
UDP
AAL5

Direction
A(B
B(A
A(B
B(A

Packets sent
80934
74347
62429
60535

Packet loss count
0
0
0
256

Packet loss %
0%
0%
0%
0,42%

Transfer rate (kbps)
937
891
822
780

Table 2:  Summary of the video transfer statistics from  10 UDP and 9 AAL5 test sessions.

6.2.2.1 UDP test sessions

Perceived quality

The audio quality was excellent, no disturbances were observed. The video quality was also very good in both directions.

Packet loss ratio

The data from packet logging is in accordance with these observations. No packets were lost in audio transmission nor in video transmission from B to A. Closer examination revealed that in all ten sessions, the workstation B ceased to receive packets after about 600 ms after connection establishment.  This blockage lasted about two seconds. After the blockage, the transmission continued in a normal way and no further packets were lost. These first few seconds are considered as a part of session initialisation. The packets lost in the initialisation phase are not taken in the account in the calculation of transfer statistics.

Variation of transmission delay (jitter)

Exact statistics of jitter is not available due to continuous shift in mutual timing between the workstations. The multimedia clocks of the two workstations shifted with respect to each other about 3 milliseconds during the one-minute test session. The packet logging indicates that the transmission delay varies in the range of about 2 milliseconds. This variation is negligible in practice and in the limits of measurement accuracy.

6.2.2.2 AAL5 test sessions

Perceived quality

Audio was excellent in all cases. Video from A to B was very good. The video quality from B to A was quite unacceptable: continuous mosaic appeared on the screen. During movements, the whole picture was distorted.  The picture remained perfectly clear for about 5 first seconds in a session.

Packet loss ratio

All audio packets were transferred successfully. The two-second blockage just after session onset was observed in workstation B, but now only in four of the nine sessions. During the session, all packets were transferred in direction A(B and packet loss ratio of 0.42% was measured in direction B(A. Figure 12 shows number of lost packets as a function of packet index in video transmission from B to A. First 2700 packets are transferred successfully, but after that, one or two successive packets are occasionally lost.




Figure 12: Number of successively lost packets from 4000 (about 30 seconds) first video packets in a session using AAL5 protocol. Direction B(A. This data is from the same session as in Figure 2.

Variation of transmission delay (jitter)

In transmission from B to A, the variation of transmission delay of video packets showed surprising results. In short time-scale, there was fluctuations that most of the time stayed within 10 ms limits. In the longer time scale, there was much larger fluctuations, covering about 300 ms. Usually the transfer delay started to increase after about 1000 packets (about 5 seconds). Figure 13 depicts this phenomenon. The data is from same session as Figure 12.




Figure 13: Transmission delays of 4000 first video packets (about 30 seconds) in a session using AAL5 protocol. Direction B(A. This data is from the same session as in Figure 1.

This strange behaviour is caused by fill-up of the receiving socket buffer. The size of the socket buffer was set to 32 kB, which corresponds about 300 ms of video stream. After session start, the buffer is empty, and packets are read from it immediately after they are received. Slowly the reading rate falls short of the data rate from network, and the socket buffer begins to fill. When the buffer is full, there is video data of about 300 ms in the buffer and incoming packets will be lost. In one of the nine AAL5 test sessions, this buffer filling was not observed.

The video transmission in direction A(B did not suffer of the filling of receiving socket buffer. This enabled the examination of jitter caused by the network subsystem. The jitter values of AAL5 protocol appeared to be so large that the timing inaccuracies of workstations were negligible. Histogram of relative delay values is depicted in Figure 14. It is seen that the transfer delay varies in the range of several tens of milliseconds. In the case of UDP, the delay variation range was only several milliseconds. It is, however, questionable whether these results reflect the features of the network subsystem or if they are caused by the particular testing software.




Figure 14: Histogram of relative transmission delay values using AAL5 protocol.

6.2.2.3 CPU usage

The videoconference software is designed in such a way that it always uses as much CPU as is available. Consequently, the Windows 95 Sysmon tool showed 100% CPU usage whenever the videoconference was transferring data.

6.2.2.4 Effect of external load in workstation

The effect of external computing load in a workstation running videoconference was tested by launching and closing the Netscape Communicator in one of the workstations.  Audio quality in both workstations was monitored perceptually. The results were similar for both UDP and AAL5. Upon launching of Communicator, two or three short (about 100 ms) silent periods were observed in the other workstation. No defects were observed on the workstation where the Communicator was started.

Conclusions and Recommendations

In this deliverable we have reported about the tests carried out inside LEVERAGE workpage 4 using native ATM implementations. As mentioned before, these tests have focused on the use of available native ATM implementations (in particular, Fore’s implementation, which was the only one suitable) for the development of multimedia cooperative applications over personal computers running Windows 95. Several tests have been carried out using one real application (videoconference) and another one specially written for these tests (WS2NetTest).

The main conclusion we can derive from the experience gained during the testing phase and also from the results of the tests is that: native ATM is not mature enough to be used for the development of real applications. At least, it is not mature from the applications point of view that has conducted these tests. 

The main reason we argue to come to that conclusion is the instability of the native ATM environment. The test environment used for testing with WS2NetTest application was unacceptably unstable, making it impractical for any real application. However, the scenario used for testing videoconference application, once installed, was much more stable. The reason could be the use of equipment (cards and switches) from the same manufacturer (Fore), contrary to what happened in WS2NetTest scenario, in which equipment from two different manufacturers was used  (Fore cards + Virata switch). 

These instabilities indicate some immaturity not only in the native ATM stack but also on signalling protocols between the switch and the cards. The simple test that made both computers and the switch crash denote that, even in the case that only one of the equipment is misbehaving (either the switch or the cards), the other implementations are not robust enough to survive to protocol implementation errors (they simply crash). Further investigation of these instabilities could be interesting, in order to discover the real cause of this crashes, but this task was out of the scope of this deliverable. 

Besides, from the performance point of view, there is no clear reason to migrate to native ATM. In most cases the lighter nature of native ATM has resulted in better performance: lower roundtrip delays, less CPU usage, higher maximum throughput, etc. In other cases, native ATM gave worse figures, for example, sending packets of sizes lower than 600 bytes. But in any case, the differences are small and not worth the effort of migrating them to native ATM. Besides, with the increasing power of personal computers, some of the differences reported here are irrelevant now, or, probably, it will be irrelevant in the next months.

Therefore, the discussion about using native ATM should be centred on the main advantage of this approach: the QoS guaranty. That was clearly the main advantage of native ATM approach before we made the tests and it is now after making them. However, as we already mentioned, there are several proposals and experiments directed to add QoS support to IP networks (see for example, [RSVP], [AREQUIPA]). If these proposals have success, the overhead incurred by using IP over ATM networks will be the main reason in favour of native ATM. If we compare this overhead with the main inconvenient of native ATM, the loss of internetworking, we can conclude that, IP with QoS guaranty is a much more attractive proposal from the point of view of users and from the point of view of application developers.

Finally, it is worth mention some possible ways of continuing the tests described in this deliverable. In particular, we find interesting to:

· Test VBR ATM circuits.

· Test several flows in parallel, trying to reproduce the situation of a server sending multimedia flows to several clients simultaneously.

· Test new features of Winsock2 interface that could improve the application performance (for example, overlapped I/O in combination with threads).

· Repeat the tests loading the network with real traffic. 
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Appendix I:    Native ATM Tests with ATMSock Interface

Written by DIT-UPM, 8th December 1997

This document describes the studies and tests carried out inside LEVERAGE project to evaluate the use of ATMSock native ATM programming interface. This interface, offered by ATM Ltd. (the manufacturer of ATM cards used during the first LEVERAGE trials), was tested to assess its usability for writing native ATM applications. However, some important limitations were found which precluded its use for real experimentation.

The documents its structured as follows. After and introduction which describes the motivation behind making native ATM experiments, the main characteristics and limitations of the ATMSock interface are presented. Later, the tests we carried out with this interface are described. Finally, some conclusions are given.

I.1 - Introduction
LEVERAGE applications make extensive use of video and audio real time flows, to access multimedia documents stored in servers and to allow rich interaction between participants in cooperative sessions. In order to guaranty a good audio and video quality, the transmission of these real time flows requires some compromise from the network in terms of bandwidth and delay. The network should guaranty that these flows are given the necessary resources to achieve a low and stable delay, and enough bandwidth, even in situations of heavy load or network congestion. In summary, the network should guaranty a Quality of Service (QoS) level for the flows generated by applications.

At present, LEVERAGE applications are TCP/IP based. They run over ATM networks using “Classical IP over ATM (RFC 1577)” approach, using either permanent (PVC) or switched (SVC) ATM circuits. In this scenario, most of the traffic generated by LEVERAGE workstations, belonging or not to the LEVERAGE applications, is transmitted through one ATM virtual circuit which ends at the router or the site server (Figure 1). This circuit is dimensioned for the maximum estimated traffic that can be generated by a station (currently, an MPEG video retrieval with a simultaneous videoconference session). 


Figure 15: Leverage Network Scenario

With this approach, video and audio quality are guarantied because:

· the workstations are mono-user and they only run LEVERAGE system (that is, no other significant traffic apart from LEVERAGE applications is generated),

· the network bandwidth is overdimensioned, that is, we are reserving resources for the maximum bandwidth although most of the time we are not using it, and

· shared applications do not generate much traffic, so they do not interfere with audio and video flows.  

However, this approach has some important drawbacks:

· as mentioned, we are using more network resources than needed. The allocation of network resources should be dynamic, to match at any moment the application needs, and  

· all flows (video, audio and data) share the same ATM virtual circuit; we are not making any difference between them. In an ideal situation, every flow should be assigned specific network resources depending on its needs.

One of the solutions to the problems mentioned could be the use of ATM networks in a native way, that is, without using IP protocol over it. In this way, applications could dynamically request the network a different ATM circuit for each flow, with a QoS adapted to its needs at any moment. This solution makes sense for the traffic with real time requirements, that is, audio and video flows. However, data coming from shared applications does not have real time constraints, so there is no need to send it directly over ATM. 

The use of native ATM for audio and video flows and TCP/IP for other purposes, will led us to the mixed protocol architecture presented in Figure 1.

Figure 16: Mixed Architecture

To implement this new architecture, some of the applications, which at present access the network through a TCP/IP sockets interface, should be modified to access ATM services directly through a Native ATM API. Besides, the new API should be able to work simultaneously with the TCP/IP one.

Several efforts are underway to define and implement standard programming interfaces to access ATM services [DW323]. Most of them propose extensions to the well-know sockets interface to adapt it to the new characteristics of ATM networks. For personal computers running MS-Windows operating system, the standard that finally reached agreement is Winsock 2.0 [WS20], which is a general multiprotocol programming interface which has been adapted to several protocols and networks, ATM among them. 

Winsock 2.0 standard interface support was announced by several ATM NIC manufacturers, however until very recently, none of them have offered usable and stable implementations. And, unfortunately, Winsock 2.0 is not at present available for VirataLink cards from ATM Ltd., the ones being used in LEVERAGE project. So, the only possibility to make native ATM tests was to use a proprietary interface provided by ATM Limited. This interface, named ATMSock, is described briefly in section 0.

I.2 - ATMSock API Description

ATMSock is a proprietary native ATM Programming Interface developed by ATM Ltd. for their Virata Link ATM cards. It is mainly based on Windows Sockets 1.1 specification, but includes specific extensions to provide access to ATM facilities. These extensions were based on Winsock 2.0 proposal, in particular, the QoS definition and the management of multi-point services were borrowed from it. Therefore, ATMSock interface is something between Winsock 1.1 and Winsock 2.0. The complete specification of ATMSock interface can be found in [ATMLtd96].

In principle, ATMSock definition includes all the functionality needed to implement the transmission of video and audio flows over ATM. In particular, it includes:

· structures to specify the QoS requested for a circuit, 

· functions to establish and release point-to-point or multipoint ATM SVC´s, 

· functions to transfer and receive data over a SVC or PVC,

· access to ALL0 and ALL5 ATM Adaptation layers,

· coexistence with TCP/IP stack and interfaces (essential to implement the mixed TCP/IP-native ATM scenario described in section 0).

However, the implementation of the interface which is offered at present has several important limitations:

· QoS is not available, all circuits created are UBR (Unspecified Bit Rate),

· only PVC or proprietary SVC (based on MAST proprietary signalling system supported by Virata equipment) are available. There is no support for standard addressing or Q.9231 signalling,

· no support for asynchronous socket functions (like WSAAsyncSelect), which are very important when programming over MS-Windows operating system.

· no support for name resolution and registration services.

Finally, it is important to note that this interface has not been changed or improved since March 1996. The reason is that ATM Ltd. is developing a Winsock 2.0 standard interface for their ATM NICs. Although a first beta version of this interface was foreseen for June 97, the latest news from ATM Ltd. indicate that it won’t be available till the end of first quarter of 1998.

I.3 - Test Objectives

Although, a priori, the limitations mentioned in the previous section were important enough to discard the use of ATMSock interface for developing native ATM applications, some tests were made to evaluate it in more detail. 

The main objectives of these tests were to get familiar with the interface and make some performance estimation, while waiting for a better and more complete implementation, or even a real Winsock 2.0 complaint new interface.

Several applications were used to test the interface. Some of them are available in the ATMSock  development kit distributed by ATM Inc. The others were specially written by DIT-UPM for this tests. In particular, we developed a tool aimed to measure performance over ATM circuits. This tool is able to generate traffic patterns which resemble the multimedia flows generated by videoconference and audio retrieval applications, and give back some figures about throughput, delay and looses rate. This application was written using Delphi programming language.

As QoS definition was not available, the tests concentrated on measuring the behaviour and performance of ATM circuits, either PVCs or proprietary SVCs. The main conclusions were:

· The ATMSock interface was, in general, usable, but the lack of asynchronous functions made it difficult to use (it requires important modifications to the applications to make use of synchronous sockets calls, more adapted to UNIX systems).

· Although the MTU for ATM links is bigger, the packet size was limited to 1500 bytes. Bigger packets were discarded. This fact limits the throughput, as increases the number of functions calls needed to transmit a large amount of data (as it is needed for video flows).

In summary, the limitations of the ATMSock interface together with the results of the tests just described, 

led us to the conclusion that no effort should be invested on migrate LEVERAGE applications to this interface. 

I.4 - Conclusions
When the decision to experiment with native ATM applications inside LEVERAGE project was taken in the first months of 1997, the status and availability of native ATM API´s was clearly not adequate to migrate some of the applications to use it. The proprietary interfaces were not usable and the new Winsock 2.0 based ones were announced for the third or fourth quarter of 1997. The situation for ATM cards being used on UNIX servers was even worse: no native ATM API was announced.

Taking this situation into account, the consortium decided during one of its meetings to wait till the new interfaces were available for the workstations ATM cards. It was also decided to concentrate the effort on making point to point videoconference native ATM experiments, due to the lack of interfaces on server machines. In the meantime, some of the applications would be modified to use the new TCP/IP Winsock 2.0 interface. As all the Winsock 2.0 based interfaces (for TCP/IP, IPX, ATM, etc) share most of the functions and structures, the later migration of these applications to use an ATM native interface will be simpler.

As mentioned, no Winsock 2.0 interface will be offered for VirataLink cards in the near future. Therefore, the consortium has decided to make native ATM tests using FORE cards, which in the last software release implement Winsock 2.0. Videoconference applications, which at present run over TCP/IP using Winsock 2.0, is being ported to use native ATM and will be tested over LEVERAGE ATM network very soon.
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