3GPP TSG-SA WG4 Meeting #17

Naantali, 4 - 8 June, 2001


Tdoc S4-(01)0339

Appendix B




Source:
Nokia
Title:
PSS Buffering Requirements
Appendix B. Questions and Answers
Document for:
Discussion
Agenda Item:
8.5
Packet Switched Multimedia, New Work Items (Extended PSS)
___________________________________________________________________________

1 Introduction

This appendix tries to answer questions that may be arisen from the proposed PSS Buffering Requirements. 

The appendix assumes that the client-side buffering requirements are implemented using a so-called pre-decoder buffer. The pre-decoder buffer operates as a temporary storage between transport decoding and source decoding. 
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3 Why Is Client-Side Buffering Needed?

3.1 Summary

In a nutshell, initial buffering enables the accommodation of fluctuations in transmitted data rate that fall into two categories, encoding or server-specific delay variation and network transmission related delay variation. In this way initial buffering helps to provide a more stable audio-visual quality and to avoid network congestion and packet losses. 

3.2 Transmission Delay Variation

In conversational packet-switched multimedia systems, e.g., in IP-based video conferencing systems, different types of media are normally carried in separate packets. Moreover, packets are typically carried on top of a best-effort network that cannot guarantee a constant transmission delay, but rather the delay may vary from packet to packet. Consequently, packets having the same presentation (playback) time-stamp may not be received at the same time, and the reception interval of two packets may not be the same as their presentation interval (in terms of time). Thus, in order to maintain playback synchronization between different media types and to maintain the correct playback rate, a multimedia terminal typically buffers received data for a short period (e.g. less than half a second) in order to smooth out delay variation. Herein, we refer this type of a buffer component as a delay jitter buffer. Buffering can take place before and/or after media data decoding.

Delay jitter buffering is also applied in streaming systems. Due to the fact that streaming is a non-conversational application, the delay jitter buffer required may be considerably larger than in conversational applications. When a streaming player has established a connection to a server and requested a multimedia stream to be downloaded, the server begins to transmit the desired stream. The player does not start playing the stream back immediately, but rather it typically buffers the incoming data for a certain period, typically a few seconds. Herein, this buffering is referred to as initial buffering. Initial buffering provides the ability to smooth out transmission delay variations in a manner similar to that provided by delay jitter buffering in conversational applications. In addition, it may enable the use of link, transport, and / or application layer retransmissions of lost protocol data units (PDUs). The player can decode and play buffered data while retransmitted PDUs may be received in time to be decoded and played back at the scheduled moment.

3.3 Encoding and Server-Specific Delay Variation

Initial buffering in streaming clients provides yet another advantage that cannot be achieved in conversational systems: it allows the data rate of the media transmitted from the server to vary. In other words, media packets can be temporarily transmitted faster or slower than their playback rate as long as the receiver buffer does not overflow or underflow. The fluctuation in the data rate may originate from two sources:

1. The compression efficiency achievable in some media types, such as video, depends on the contents of the source data. Consequently, if a stable quality is desired, the bit-rate of the resulting compressed bit-stream varies. Typically, a stable audio-visual quality is subjectively more pleasing than a varying quality. Thus, initial buffering enables a more pleasing audio-visual quality to be achieved compared with a system without initial buffering, such as a video conferencing system.

2. It is commonly known that packet losses in fixed IP networks occur in bursts. In order to avoid bursty errors and high peak bit- and packet-rates, well-designed streaming servers schedule the transmission of packets carefully. Packets may not be sent precisely at the rate they are played back at the receiving end, but rather the servers may try to achieve a steady interval between transmitted packets. A server may also adjust the rate of packet transmission in accordance with prevailing network conditions, reducing the packet transmission rate when the network becomes congested and increasing it if network conditions allow, for example.

In order to compare video quality with and without pre-decoder buffering, we carried out some experiments. We used H.263 TMN5 rate-control algorithm [2] to simulate the case without pre-decoder buffering. In addition, we used another rate-control algorithm that utilizes a multi-frame pre-decoder buffer, a certain initial buffering time and a known pre-decoder buffer size. This algorithm is herein referred to as the Nokia streaming rate-control [1].

The design target of TMN5 rate-control was to keep the decoder buffer occupancy level as low as possible in order to minimize the end-to-end delay. The rate-control algorithm assumes that the transmission of a large compressed frame takes a relatively long time. Consequently, the rate-control algorithm skips frames after a large compressed frame, such as an INTRA frame, because it tries to avoid delaying the transmission of the next coded frame following the large frame. While frame-skipping is a suitable approach for real-time conversational applications, it looks annoying in streaming applications. Figure 1 shows how the instantaneous picture rate (1 / coded picture interval) varies in the Glasgow Tour sequence [3] coded with the TMN5 rate control.

The Nokia streaming rate-control algorithm maintains a constant picture rate, because it assumes existence of a multi-frame buffer that can smooth out temporary bit-rate variations caused by occasional large INTRA frames.
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Figure 1. Frame rate of Glasgow tour sequence, TMN5 bit-rate-control, target bit-rate 48 kbps, target frame rate 12.5 Hz, QCIF image size.

The TMN5 rate-control assigns a certain bit budget for each coded frame. It tries to achieve the bit budget by adjusting the quantization parameter while the picture is being encoded. The TMN5 rate-control algorithm does not consider temporal variation of movement and texture complexity. As a result, the visual quality may vary from picture to picture. The Nokia streaming rate-control analyzes a number of consecutive pictures at a time. It tries to achieve a constant picture quality among these pictures. Figure 2 shows an example of PSNR variation in the News sequence. It reveals that the Nokia streaming rate-control maintains a more stabile image quality than the TMN5 rate-control.
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Figure 2. Example of PSNR variation.

4 Why Not to Standardize Means to Cope with Transmission Delay Variation?

3GPP PSS specifies a transparent service in 3G networks. In other words, the specification should not pay attention to any issues specific to network infrastructure, for example. Transmission delay varies because of network infrastructure among other things. Thus, the 3GPP PSS specification should not standardize means to cope with transmission delay variation, but rather these means should be considered implementation-specific.

5 Why to Standardize Means to Cope with Encoding and Server Specific Delay Variation?

In order to allow the media data rate vary within the limits of the receiver-side buffer, streaming encoders and servers have to know the buffering capabilities of streaming clients. Otherwise, streaming encoder and servers would have to assume that no pre-decoder buffer or a very small pre-decoder buffer exists. Consequently, media quality would suffer and servers would have fewer ways to avoid network congestion.

So far, 3GPP TSG SA4 has picked existing standards and recommendations for the PSS specification. However, as SA4 is one of the first standardization groups that specifies a complete streaming service, buffering requirements have not been fully addressed in any prior standards. We feel that SA4 should specify buffering requirements due to the following reasons: First, pre-decoder buffering improves audio-visual quality. Second, most proprietary streaming systems use pre-decoder buffering, and we feel that the 3GPP streaming service should be technically competitive with the proprietary systems.

Unspecified buffering requirements may cause unexpected behavior in streaming systems. For example, let us assume a live encoder and streaming server producing audio RTP stream. At first, the server encapsulates 200 milliseconds of audio data into each packet. A client receives the first audio packet, buffers for 100 msec initially and starts playback after that. Let us assume that there are very few packet losses and an indication of this is sent via RTCP RR messages from the client to the server. Based on this indication, the server deduces that acceptable audio quality could be reached even if larger audio packets were used and lost occasionally, and the server decides to duplicate the packet size in order to reduce packetization overhead. Due to capturing and compression delay, the next audio packet is transmitted 400 milliseconds after the previous one. However, the client is not prepared for such a long delay between packets, but a new audio packet is expected to be received 300 milliseconds after the previous one at the latest. Thus, this results into a pause in audio playback.

6 Why Aren't Video Buffering Requirements Sufficient?

The proposed buffering model is similar to the algorithms described in H.263 Annex B (Hypothetical Reference Decoder) and MPEG-4 Visual Annex D (Video buffering verifier). These algorithms define the buffering behavior for video codecs. Notice that these algorithms cannot be used to replace the proposed pre-decoder buffering algorithm due to the following reasons:

· H.263 Annex B and MPEG-4 Visual Annex D do not take the rate of transport packets into account, but rather they only handle the bit-rate of a compressed video stream. As server-specific delay variation plays an important role in streaming applications, a buffering algorithm that is only applicable to source coding/decoding is not enough to characterize the buffering capabilities of streaming clients.

· H.263 Annex B and MPEG-4 Visual Annex D are applicable to video only. Buffering capabilities for other media types, such as audio, have to be defined to ensure that receivers are capable of receiving all the elementary media streams. For example, it is not obvious how large an audio receiver buffer should be reserved. A buffer size equal to Ethernet MTU size (1500 bytes) may not be sufficient, since at least AMR RTP encapsulation allows interleaving of AMR frames into multiple packets.

· H.263 Annex B does not support initial buffering or storing of multiple frames into the buffer. Both of these features are essential in a streaming application. As the support for MPEG-4 Visual is optional, receivers may lack necessary buffering capabilities for video streaming.

Notice also that the proposed pre-decoder buffering algorithm is fully compatible with the named video buffering algorithms. In a practical implementation, the pre-decoder buffer and the video decoder buffer can be combined.

7 Why a Specific Buffering Model?

Without a specified buffering model, the defined and signaled buffering parameters would not make sense. For example, if the transmitting end assumed that data is removed from a pre-decoder buffer as soon as possible, but the receiving end removed the data just on time for the scheduled playback moment, the interpretation of the buffer size parameter would differ and the receiver-side buffer would be in danger to overflow because of that.

A specified buffering model was found to be necessary in video coding standards (H.263 Annex B and MPEG-4 Visual Annex D). Our proposal follows the spirit of video coding standards and specifies a buffering model.

8 Why a Common Buffer for All Media Types?

We propose a common pre-decoder buffer for all real-time media streams. A common buffer instead of a separate buffer for each media stream was chosen, because:

· It is easier to define a buffering model for a common buffer.

· It is easier to signal receiver's buffering capabilities, if there is only one buffer whose characteristics have to be transmitted.

· A common buffer is likely to require less data memory due to the following reasons:

· There can be cases where some media types are not used at all. For example, a surveillance application streams only video. In such a case, a media-dependent audio buffer may be unnecessarily reserved, if the lack of audio track is not signaled.

· There can be temporal variations of media bit-rates. For example, AMR audio track may have long silence periods resulting into a very low bit-rate, but, on the other hand, a high-bit-rate AMR mode may be used occasionally. If media-dependent buffers were used, each buffer would have to be reserved according to the peak bit-rate of the media stream. If a common buffer was used, the buffer has to be reserved according to the total peak bit-rate. It can be assumed that the variance of the total bit-rate is smaller than the variance of media track bit-rates. Thus, the size of a common buffer can be smaller than the total size of the media-dependent buffers.

· Client-side buffering does not limit server-side bit-rate budgets for individual media tracks. If media-dependent buffers were used, too small a buffer for one media type may prevent the server transmitting a stream that would totally require less buffering space than the buffer sizes in the receiver. 

9 Why Initial Buffering Time Instead of Initial Buffer Occupancy?

The initial buffering time refers to the time that elapses between the time when first media data packet is received and the time when the first media sample is decoded and played back. We propose that the initial buffering time is one of the parameters that characterize the buffering capabilities of the receiver.

Initial buffering is essential in coping with bit-rate variations caused by encoding, serving and transporting. Without initial buffering, the streaming system would be vulnerable to any kind of delay or bit-rate variations.

MPEG-4 Annex D (video buffering verifier) uses the vbv_occupancy parameter to specify the initial occupancy of the video buffer in 64-bit units before decoding the initial picture. We chose a constant initial buffering time instead of a constant initial buffer occupancy due to the following reasons:

· Delay jitter buffering is typically tuned according to an expected maximum transmission delay variation (in time). Thus, it is consistent if the encoding and server-specific delay variation buffering also operates according to an expected maximum delay variation in time.

· The time between the stream selection and the starting of the playback should be limited, as a long session start-up time affects negatively to the perceived quality of the streaming session. If a certain buffer occupancy level was used to trigger the playback, the initial buffering time would vary according to the transmitted data rate and could be longer than the constant initial buffering time.

· Assume that a constant initial buffering occupancy level is used to trigger the start of decoding and playback. Moreover, let us assume that packet losses occur during initial buffering. Consequently, the receiver-side pre-decoder buffer fills up slower than expected. When the decoding and playback are eventually started, the pre-decoder buffer is emptied slower than expected. At the same time, the buffer may be filled up at a normal rate (if no packets are lost anymore). Consequently, there is a danger to have a buffer overflow. If a constant initial buffering time is used, this phenomenon does not happen.

10 Why Does the Buffering Model Assume a Constant-Delay Reliable Transmission Channel?

The buffering model states: "A PSS Client shall be capable of receiving an RTP packet stream that complies with the PSS Server Buffering Verifier, when the RTP packet stream is carried over a constant-delay reliable transmission channel."

The target of the 3GPP PSS specification is to define a transparent service for 3G networks. Thus, transmission delay variation should not been taken into account in the standard (see section 4 for discussion). Consequently, constant delay is assumed in the definition of the buffering model.

Reliable transmission results into the worst case for receiver-side buffering, as each transmitted packet is received too. Otherwise, receiver-side buffering requirements might be looser. Thus, the buffering model assumes reliable transmission.

Furthermore, definition of a buffering model assuming a varying-delay non-reliable transmission channel would be remarkably more complicated than the current model.

11 How to Implement Client-Side Buffering in Practice?

The buffering model assumes a constant-delay reliable transmission channel. However, as real-life RTP packet streams undergo packet losses and varying delay, how the deal with these facts in practice?

Transmission delay variation can be handled by increasing the initial buffering time from the required minimum time. The amount of additional buffering time is up to the implementation. It may depend on the link layer retransmission scheme among other things.

Packet losses do not cause any implications to the buffering scheme in the client. The client should be prepared for the maximum rate of incoming packets (that is achieved without any packet losses).

12 Why Enhanced Buffering Capabilities May Be Needed?

We performed the following experiment to justify the proposed default parameter values and the need for signaling enhanced buffering capabilities: We targeted for an average bit-rate of 64 kbps. We assumed that 48 kbps was reserved for the video track, and the rest was used for other media types and packetization overhead. We considered only compressed video streams, as the rest of the data was assumed to have a nearly constant bit-rate. We selected the Glasgow Tour sequence [3] as input, because it represents a typical material to be streamed having relatively frequent scene cuts. We used H.263 Profile 3 to compress the input sequence. Two bit-rate control methods were used: TMN8 rate control [4] and the Nokia streaming rate control [1] introduced in section 3.3. The Nokia streaming rate control method was tuned for two-second initial buffering and for 30-kB pre-decoder buffer size. A simple RTP packetization model was used to approximate real RTP packetization: we assumed transmission of constant-sized RTP packets and a constant transmission frequency of the packets. 

Table 1, Figure 3, and Figure 4 present the experiment results. "Nokia" stands for the bit-stream generated with the Nokia streaming rate control, and "TMN8" stands for the bit-stream generated with the TMN8 rate control. Table 1 reveals that the Nokia rate control yields a better average quality and a smaller maximum quality variation. (Y PSNR variation stands for the difference of the maximum frame-specific luminance PSNR and the minimum frame-specific luminance PSNR.) Figure 4 presents the luminance PSNR of the example streams as a function of time. It reveals that the Nokia streaming rate control yields a steadier picture quality compared to the TMN8 rate control. Figure 3 shows the pre-decoder buffer occupancy level. Notice that only video is considered in the figure. It can be seen that a 20-kB pre-decoder buffer is sufficient for the TMN8 case. Notice also that the 1-second initial buffering time is barely sufficient for the TMN8 rate control as the buffer occupancy drops to zero at about 48 seconds from the beginning. Meanwhile, the Nokia streaming rate control utilizes two-second initial buffering and requires more than 20 kilobytes of buffering space.

We also experimented with longer initial buffering times and larger buffers. The results are not shown in this document in order to keep the presented graphs readable. However, a general trend is that the longer the initial buffering time and the larger the delay are, the steadier the picture quality becomes.



Nokia
TMN8

Bit-rate (bps)

48037
48059

Average Y PSNR (dB)

28.91
28.30

Y PSNR variation (dB)

11.11
16.38

Table 1. Summary of the experiment results.
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Figure 3. Pre-decoder buffer occupancy level in the experiment.
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Figure 4. Luminance PSNR of the example sequences.
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				102		1		1		358		12.5

				103		1		1		359		12.5

				104		1		1		360		12.5

				105		1		1		361		12.5

				106		1		1		362		12.5

				107		1		1		363		12.5

				108		1		1		364		12.5

				109		1		1		365		12.5

				110		1		1		366		12.5

				111		1		1		367		12.5

				112		1		1		368		12.5

				113		1		1		369		12.5

				114		1		1		370		12.5

				115		1		1		371		12.5

				116		1		1		372		12.5

				117		1		1		373		12.5

				118		1		1		374		12.5

				119		1		1		375		12.5

				120		1		1		376		12.5

				121		1		1		377		12.5

				122		1		1		378		12.5

				123		1		1		379		12.5

				124		1		1		380		12.5

				125		1		1		381		12.5

				126		1		1		382		12.5

				127		1		1		383		12.5

				128		1		1		384		12.5

				129		1		1		385		12.5

				130		1		1		386		12.5

				131		1		1		387		12.5

				132		1		1		388		12.5

				133		1		1		389		12.5

				134		1		1		390		12.5

				135		1		1		391		12.5

				136		1		1		392		12.5

				137		1		1		393		12.5

				138		1		1		394		12.5

				139		1		1		395		12.5

				140		1		1		396		12.5

				141		1		1		397		12.5

				142		1		1		398		12.5

				143		1		1		399		12.5

				144		1		1		400		12.5

				150		6		6		406		2.0833333333

				153		3		3		409		4.1666666667

				154		1		1		410		12.5

				156		2		2		412		6.25

				157		1		1		413		12.5

				158		1		1		414		12.5

				159		1		1		415		12.5

				160		1		1		416		12.5

				161		1		1		417		12.5

				162		1		1		418		12.5

				163		1		1		419		12.5

				164		1		1		420		12.5

				165		1		1		421		12.5

				166		1		1		422		12.5

				167		1		1		423		12.5

				168		1		1		424		12.5

				169		1		1		425		12.5

				170		1		1		426		12.5

				171		1		1		427		12.5

				172		1		1		428		12.5

				173		1		1		429		12.5

				174		1		1		430		12.5

				175		1		1		431		12.5

				176		1		1		432		12.5

				177		1		1		433		12.5

				178		1		1		434		12.5

				179		1		1		435		12.5

				180		1		1		436		12.5

				181		1		1		437		12.5

				182		1		1		438		12.5

				183		1		1		439		12.5

				184		1		1		440		12.5

				185		1		1		441		12.5

				186		1		1		442		12.5

				187		1		1		443		12.5

				188		1		1		444		12.5

				189		1		1		445		12.5

				190		1		1		446		12.5

				191		1		1		447		12.5

				192		1		1		448		12.5

				193		1		1		449		12.5

				194		1		1		450		12.5

				195		1		1		451		12.5

				196		1		1		452		12.5

				197		1		1		453		12.5

				198		1		1		454		12.5

				199		1		1		455		12.5

				200		1		1		456		12.5

				201		1		1		457		12.5

				202		1		1		458		12.5

				203		1		1		459		12.5

				204		1		1		460		12.5

				205		1		1		461		12.5

				206		1		1		462		12.5

				207		1		1		463		12.5

				208		1		1		464		12.5

				209		1		1		465		12.5

				210		1		1		466		12.5

				211		1		1		467		12.5

				212		1		1		468		12.5

				213		1		1		469		12.5

				214		1		1		470		12.5

				215		1		1		471		12.5

				216		1		1		472		12.5

				217		1		1		473		12.5

				218		1		1		474		12.5

				219		1		1		475		12.5

				220		1		1		476		12.5

				221		1		1		477		12.5

				222		1		1		478		12.5

				223		1		1		479		12.5

				224		1		1		480		12.5

				225		1		1		481		12.5

				226		1		1		482		12.5

				227		1		1		483		12.5

				228		1		1		484		12.5

				229		1		1		485		12.5

				230		1		1		486		12.5

				231		1		1		487		12.5

				232		1		1		488		12.5

				233		1		1		489		12.5

				234		1		1		490		12.5

				235		1		1		491		12.5

				236		1		1		492		12.5

				237		1		1		493		12.5

				238		1		1		494		12.5

				239		1		1		495		12.5

				240		1		1		496		12.5

				241		1		1		497		12.5

				242		1		1		498		12.5

				243		1		1		499		12.5

				244		1		1		500		12.5

				245		1		1		501		12.5

				246		1		1		502		12.5

				247		1		1		503		12.5

				248		1		1		504		12.5

				249		1		1		505		12.5

				250		1		1		506		12.5

				251		1		1		507		12.5

				252		1		1		508		12.5

				253		1		1		509		12.5

				254		1		1		510		12.5

				255		1		1		511		12.5

				0		-255		1		512		12.5

				1		1		1		513		12.5

				2		1		1		514		12.5

				3		1		1		515		12.5

				4		1		1		516		12.5

				5		1		1		517		12.5

				6		1		1		518		12.5

				7		1		1		519		12.5

				8		1		1		520		12.5

				9		1		1		521		12.5

				10		1		1		522		12.5

				11		1		1		523		12.5

				12		1		1		524		12.5

				13		1		1		525		12.5

				14		1		1		526		12.5

				15		1		1		527		12.5

				16		1		1		528		12.5

				17		1		1		529		12.5

				18		1		1		530		12.5

				19		1		1		531		12.5

				20		1		1		532		12.5

				21		1		1		533		12.5

				22		1		1		534		12.5

				23		1		1		535		12.5

				24		1		1		536		12.5

				25		1		1		537		12.5

				26		1		1		538		12.5

				27		1		1		539		12.5

				28		1		1		540		12.5

				29		1		1		541		12.5

				30		1		1		542		12.5

				31		1		1		543		12.5

				32		1		1		544		12.5

				33		1		1		545		12.5

				34		1		1		546		12.5

				35		1		1		547		12.5

				36		1		1		548		12.5

				37		1		1		549		12.5

				38		1		1		550		12.5

				39		1		1		551		12.5

				40		1		1		552		12.5

				41		1		1		553		12.5

				42		1		1		554		12.5

				43		1		1		555		12.5

				44		1		1		556		12.5

				45		1		1		557		12.5

				46		1		1		558		12.5

				47		1		1		559		12.5

				48		1		1		560		12.5

				49		1		1		561		12.5

				50		1		1		562		12.5

				51		1		1		563		12.5

				52		1		1		564		12.5

				53		1		1		565		12.5

				54		1		1		566		12.5

				55		1		1		567		12.5

				56		1		1		568		12.5

				57		1		1		569		12.5

				58		1		1		570		12.5

				59		1		1		571		12.5

				60		1		1		572		12.5

				61		1		1		573		12.5

				62		1		1		574		12.5

				63		1		1		575		12.5

				64		1		1		576		12.5

				65		1		1		577		12.5

				66		1		1		578		12.5

				67		1		1		579		12.5

				68		1		1		580		12.5

				69		1		1		581		12.5

				70		1		1		582		12.5

				71		1		1		583		12.5

				72		1		1		584		12.5

				73		1		1		585		12.5

				74		1		1		586		12.5

				75		1		1		587		12.5

				76		1		1		588		12.5

				77		1		1		589		12.5

				78		1		1		590		12.5

				79		1		1		591		12.5

				80		1		1		592		12.5

				81		1		1		593		12.5

				82		1		1		594		12.5

				83		1		1		595		12.5

				84		1		1		596		12.5

				85		1		1		597		12.5

				86		1		1		598		12.5

				87		1		1		599		12.5

				88		1		1		600		12.5

				89		1		1		601		12.5

				90		1		1		602		12.5

				91		1		1		603		12.5

				92		1		1		604		12.5

				93		1		1		605		12.5

				94		1		1		606		12.5

				95		1		1		607		12.5

				96		1		1		608		12.5

				97		1		1		609		12.5

				98		1		1		610		12.5

				99		1		1		611		12.5

				100		1		1		612		12.5

				101		1		1		613		12.5

				102		1		1		614		12.5

				103		1		1		615		12.5

				104		1		1		616		12.5

				105		1		1		617		12.5

				106		1		1		618		12.5

				107		1		1		619		12.5

				108		1		1		620		12.5

				109		1		1		621		12.5

				110		1		1		622		12.5

				111		1		1		623		12.5

				112		1		1		624		12.5

				113		1		1		625		12.5

				114		1		1		626		12.5

				115		1		1		627		12.5

				116		1		1		628		12.5

				117		1		1		629		12.5

				118		1		1		630		12.5

				119		1		1		631		12.5

				120		1		1		632		12.5

				121		1		1		633		12.5

				122		1		1		634		12.5

				123		1		1		635		12.5

				124		1		1		636		12.5

				125		1		1		637		12.5

				126		1		1		638		12.5

				127		1		1		639		12.5

				128		1		1		640		12.5

				129		1		1		641		12.5

				130		1		1		642		12.5

				131		1		1		643		12.5

				132		1		1		644		12.5

				133		1		1		645		12.5

				134		1		1		646		12.5

				135		1		1		647		12.5

				136		1		1		648		12.5

				137		1		1		649		12.5

				138		1		1		650		12.5

				139		1		1		651		12.5

				140		1		1		652		12.5

				141		1		1		653		12.5

				142		1		1		654		12.5

				143		1		1		655		12.5

				144		1		1		656		12.5

				145		1		1		657		12.5

				146		1		1		658		12.5

				147		1		1		659		12.5

				148		1		1		660		12.5

				149		1		1		661		12.5

				150		1		1		662		12.5

				151		1		1		663		12.5

				152		1		1		664		12.5

				153		1		1		665		12.5

				154		1		1		666		12.5

				155		1		1		667		12.5

				156		1		1		668		12.5

				157		1		1		669		12.5

				158		1		1		670		12.5

				159		1		1		671		12.5

				160		1		1		672		12.5

				161		1		1		673		12.5

				162		1		1		674		12.5

				163		1		1		675		12.5

				164		1		1		676		12.5

				165		1		1		677		12.5

				166		1		1		678		12.5

				167		1		1		679		12.5

				168		1		1		680		12.5

				169		1		1		681		12.5

				170		1		1		682		12.5

				171		1		1		683		12.5

				172		1		1		684		12.5

				173		1		1		685		12.5

				174		1		1		686		12.5

				175		1		1		687		12.5

				176		1		1		688		12.5

				177		1		1		689		12.5

				178		1		1		690		12.5

				179		1		1		691		12.5

				180		1		1		692		12.5

				181		1		1		693		12.5

				182		1		1		694		12.5

				183		1		1		695		12.5

				184		1		1		696		12.5

				185		1		1		697		12.5

				186		1		1		698		12.5

				187		1		1		699		12.5

				188		1		1		700		12.5

				189		1		1		701		12.5

				190		1		1		702		12.5

				191		1		1		703		12.5

				192		1		1		704		12.5

				193		1		1		705		12.5

				194		1		1		706		12.5

				195		1		1		707		12.5

				196		1		1		708		12.5

				197		1		1		709		12.5

				198		1		1		710		12.5

				199		1		1		711		12.5

				200		1		1		712		12.5

				201		1		1		713		12.5

				202		1		1		714		12.5

				203		1		1		715		12.5

				204		1		1		716		12.5

				205		1		1		717		12.5

				206		1		1		718		12.5

				207		1		1		719		12.5

				208		1		1		720		12.5

				209		1		1		721		12.5

				210		1		1		722		12.5

				211		1		1		723		12.5

				212		1		1		724		12.5

				213		1		1		725		12.5

				214		1		1		726		12.5

				215		1		1		727		12.5

				220		5		5		732		2.5

				221		1		1		733		12.5

				222		1		1		734		12.5

				223		1		1		735		12.5

				224		1		1		736		12.5

				225		1		1		737		12.5

				226		1		1		738		12.5

				227		1		1		739		12.5

				228		1		1		740		12.5

				229		1		1		741		12.5

				230		1		1		742		12.5

				231		1		1		743		12.5

				232		1		1		744		12.5

				233		1		1		745		12.5

				234		1		1		746		12.5

				235		1		1		747		12.5

				236		1		1		748		12.5

				237		1		1		749		12.5






