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The mandate for the H.263 Conformance ad hoc group is given below.



Mandate:

The purpose of the Ad Hoc Group for H.263 Conformance Testing is to develop procedures that aid manufacturers in developing conforming H.263 codecs. Conformance is achieved when H.263 encoders generate only valid H.263 bitstreams, as defined in ITU-T Recommendation H.263, and when H.263 decoders produce acceptable pictures for all valid input bitstreams.  Although the intent is to develop as thorough a set of tests as possible, in no way can they be considered complete and hence do not guarantee conformance. Also, procedures, test videos and bitstreams will be developed which will aid manufacturers in quality testing H.263 encoder and decoder implementations. 
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FOREWORD

The ITU Telecommunication Standardization Sector (ITU-T) is a permanent organ of the International Tele�com�munication Union. The ITU-T is responsible for studying technical, operating and tariff questions and issuing Recommendations on them with a view to standardizing telecommunications on a worldwide basis.

The World Telecommunication Standardization Conference (WTSC), which meets every four years, established the topics for study by the ITU-T Study Groups which, in their turn, produce Recommendations on these topics.

ITU-T Recommendation H.XXX was prepared by the ITU-T Study Group 15 (199x-199x) and was approved by the WTSC (Place, Month xx-xx, 199x).
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SUMMARY



This is a non-normative appendix to ITU-T Recommendation H.263. The purpose of this appendix is to present procedures that may serve as aids to manufacturers developing conforming ITU-T Recommendation H.263 codecs. A conforming ITU-T Recommendation H.263 codec is one whose encoder generates only valid H.263 bitstreams, and whose decoder produces acceptable pictures for all valid input bitstreams. Although the intent was to develop as thorough a set of tests as possible, in no way can they be considered complete and hence do not guarantee conformance.





�Draft H.263 Conformance Testing

Conformance testing for H.263 low bit rate video codec

(Place, 199x)

{Text within curly brackets is not part of the Appendix, but serves to hold notes, questions etc. by the editor.}

Scope

References

The following ITU-T Recommendations and other references are cited in this Appendix. At the time of publication, the editions indicated were valid. All Recommendations and other references are subject to revision; all users of this Appendix are therefore encouraged to investigate the possibility of applying the most recent edition of the Recommendations and other references listed below. A list of the currently valid ITU-T Recommendations is regularly published.

[1]	ITU-T Recommendation H.223 (1995): "Multiplexing protocol for low bitrate multimedia communication"

[2]	ITU-T Recommendation H.245 (1995): "Control protocol for multimedia communication"

[4]	ITU-T Recommendation H.263 (1995): "Video coding for low bitrate communication"

[5]	ITU-T Recommendation H.261 (1993): "Video CODEC for audiovisual services at p X 64 kbit/s"

[6]	ITU-T Recommendation H.320 (1993): "Narrow-band ISDN visual telephone systems and terminal equipment"

[7]	ITU-T Recommendation H.324 (1995): "Terminal for low bitrate multimedia communication"



Definitions

For the purposes of this Recommendation the definitions given in clause 3 of both H.223 and H.245 apply along with the following.

Codec: coder/decoder, used to convert audio or video signals to/from digital format.

Connection: a bi-directional link between two end-points.

Support: the ability to operate in a given mode, however a requirement to “support” a mode does not mean that the mode must actually be used at all times. Unless prohibited, other modes may be used by mutual negotiation. 

Videophone: a terminal capable of sending and receiving audio and video information simultaneously.

Abbreviations

For the purposes of this �ref standard \* mergeformat �Recommendation �, the following symbols and abbreviations apply.



CIF	Common Intermediate Format

GSTN	General Switched Telephone Network

ITU-T	International Telecommunications Union - Telecommunications Standardization Sector

QCIF	Quarter CIF

SQCIF	Sub QCIF

Conventions

The word  “shall” is used in this Recommendation to specify a mandatory requirement.

The word  “should” is used in this Recommendation to specify a suggested, but not required, course of action.

The word “may” is used in this Recommendation to specify an optional course of action, without expressing a preference.

Test Overview

� REF _Ref343918861 \* MERGEFORMAT �Table 1� summarizes the tests described in this document. The nature of the tests vary in that some require electrical input and output, some require real-time operation and some require digital input and output. Some of the tests apply only to the encoder, only to the decoder, or to both encoder and decoder. The feasibility of performing each of these tests depends upon the particular implementation of an H.263 video codec.



Table � SEQ Table \* ARABIC �1� List of Tests

�Item�Encoder�Decoder��1�Video Levels�E�D��2�Frame Size Support�E�D��3�Geometric Distortion�E���4�Minimum Picture Intervals�E�D��5�Valid Motion Vectors�E�D��6�Inverse DCT and Coefficient Scanning Order��D��7�Clipping��D��8�Forced Updating�E���9�Freeze Picture��D��10�Fast update request��D��11�Maximum bits per picture�E�D��12�HRD Compliance�E�D��13�Extra insertion information�E�D��14�����15�����

Reference Decoder and Test Bitstreams

Several of the tests in this Appendix rely upon the H.263 reference decoder available electronically from TBD. The reference decoder exists as a set of source files which have been found to compile on a wide variety of platforms. Additionally, binary executable versions of the reference decoder are available for a select number of popular computing platforms. Again, these are available from TBD. By their very nature, conformance testing using this reference decoder requires the manufacturer be able to record the output bitstream of an encoder under test into a data file which can then be read by the reference decoder.

{Editors Note: The reference decoder is based upon the H.263 simulator decoder made available by Telenor.}

Several of the tests in this Appendix rely upon test bitstreams available electronically from TBD. These bitstreams exist in the form of binary files. Hence conformance testing with these bitstreams require a manufacturer’s decoder to be able to accept input bitstreams originating from data files by some method. A summary of the test bitstreams, including description and availability is provided in � REF _Ref353786233 \* MERGEFORMAT �Table 2�.

Table � SEQ Table \* ARABIC �2� List of bitstream and video input files.

Name�Description�Availability��FLAT.YUV�QCIF size video of flat fields where each field takes on the values {1, 128, 254}. Used in test of Section � REF _Ref353609174 \n �8.1.1�.�Not available��FLAT.263�Rec. H.263 bitstream corresponding to input video FLAT.YUV. The first frame of each pair is coded in INTRA mode.�Not available��DISTx.263�Rec. H.263 bitstreams representing the geometric distortion test image shown in � REF _Ref353615454 \* MERGEFORMAT �Figure 1�. The letter x in the name is one of {S, Q, C, 4, 16} and denotes picture size. �Not available��MPIxy.263�Rec. H.263 bitstreams used for testing minimum picture interval. The letter x in the name is one of {S, Q, C, 4, 16} and denotes picture size. The letter y in the name is one of {0, 4, 8, 12, 16, 20, 24, 28, 32} and denotes MPI for the bitstream.�Not available��SIZEx.263�Rec. H.263 bitstreams used for testing picture sizes in decoders. The letter x in the name is one of {S, Q, C, 4, 16} and denotes picture size. The video sequence starts with a black and white checkerboard pattern where each block is the size of macroblock. Following the test pattern is natural video.�Not available��MVxxx.263�Synthetic and natural Rec. H.263 bitstreams used for motion vector tests. �Not available��MVMBtest.263�Rec. H.263 bitstream used for testing motion vectors by moving a gray macroblock around the picture.�Not available��MVBtest.263�Rec. H.263 bitstream used for testing motion vectors by moving a gray block around the picture.�Not available��SCANTEST.263�Rec. H.263 bitstream used for testing DCT coefficient scanning order.�Not available��MAXx.263�Rec. H.263 bitstreams used for testing maximum picture sizes handled by decoders. The letter x in the name is one of {S, Q, C, 4, 16} and denotes picture size.�Not available��CLIP.263�Rec. H.263 bitstream used for testing clipping levels in decoders.�Not available��HRD.263�Rec. H.263 bitstream used for testing HRD compliance in decoders.�Not available.��PEI.263�Rec. H.263 bitstream used for testing PEI compliance in decoders.�Not available��

Description of Tests

Video Levels (ITU-T Recommendation H.263 § 4.1)

PURPOSE:

The purpose of this test is to verify that the encoder supports input values from 1 to 254 for luminance and the two color difference components. This test can only be performed when digital I/O are available.

Encoder

USES:

Digital video file with QCIF size pictures that are flat fields with the following pixel values for the components {Y, Cb, Cr}: each component takes on each of the values {1, 128, 254}, hence there are 27 possible combinations. Each picture is repeated so there are 54 total frames.  The file FLAT.YUV can be used.

Reference decoder.

METHOD:

Connect the digital source pattern to the encoder under test and connect the output of the encoder under test to the reference decoder.

RESULTS:

Check the pictures decoded with the reference decoder. Inputs from black to white shall imply outputs from black to white. A value of {128, 128, 128} shall give a gray picture.

Decoder

USES:

Rec. H.263 bitstream representing input video described in Section � REF _Ref353609174 \n �8.1.1�. Preferably, the first frame in each pair is coded in INTRA mode. The file FLAT.263 can be used.

METHOD:

Decode the stream with the decoder under test.

RESULTS:

Check the pictures decoded with the decoder under test. Pattern values corresponding to black to white shall imply output from black to white. A value of 128 shall give a gray picture.

Frame Size Support (ITU-T Recommendation H.263 § 4.1)

PURPOSE:

ITU-T recommendation H.263 states that all encoders shall support at least one of SQCIF or QCIF picture sizes. An encoder may also support CIF, 4CIF and 16CIF picture sizes. Similarly ITU-T Recommendation H.263 states that all decoders shall support SQCIF and QCIF picture sizes and may optionally support CIF, 4CIF and 16CIF picture sizes. The purpose of this test is to verify that the encoder and decoder correctly support the picture sizes claimed.

Encoder

USES:

Reference decoder

METHOD:

An image sequence is provided as input to the encoder under test. The encoder is selectively set to operate at each of the picture sizes claimed to be supported and at the very least one of SQCIF or QCIF. A bitstream is produced which is then analyzed by a reference decoder.

RESULTS:

The Source Format field of the Type Information field of each picture header shall accurately describe the picture size as stated in ITU-T Recommendation H.263 § 5.1.3. When GOB headers are present, they must accurately reflect the arrangement of groups of blocks as stated in ITU-T Recommendation H.263 § 4.2.1. Observe the video produced by the reference decoder. No artifacts should be present.

Decoder

USES:

Rec. H.263 bitstreams of all supported picture sizes that begin with a black and white checkerboard where each block is the size of a macroblock. The test pattern is followed by natural looking video. The file SIZEx.263 can be used.

METHOD:

Bitstreams will be provided to the decoder in which all supported picture sizes claimed by that decoder are represented. At the minimum, pictures sizes of SQCIF and QCIF shall be represented. A recommended video sequence is one that starts with a test pattern in which consecutive macroblocks alternate between black and white so the total number of macroblocks is easily indicated. Following the test pattern, normal video sequences should follow so that other artifacts may be detected.

RESULTS:

The decoder should produce pictures without error. If the black and white macroblock test sequence is used, the correct number of macroblocks should be present. Observe the video sequence for any unusual artifacts.

Geometric Distortion (ITU-T Recommendation H.263 § 4.1)

PURPOSE:

All encoders operating with QCIF or greater size frames shall maintain a picture aspect ration of 4:3. For SQCIF, all encoders shall maintain the same pixel aspect ratio as for QCIF and CIF. The purpose of this test is to verify the aspect ratio.

Encoder

USES:

Physical image containing a square, a circle and cross all centered at the same point as shown in � REF _Ref353615454 \* MERGEFORMAT �Figure 1�.

Reference decoder.

METHOD:

Provide the image described above to the encoder under test and connect the output of the encoder to the reference decoder.

RESULT:

Check the pictures decoded with the reference decoder. Verify that there has been no geometrical distortion of the image.

����







Figure � SEQ Figure \* ARABIC �1� Geometric distortion test pattern.

Decoder

USES:

Rec. H.263 bitstream representing images of a square, a circle and cross all centered at the same point as shown in � REF _Ref353615454 \* MERGEFORMAT �Figure 1�. The files dists.263, distq.263, distc.263, dist4c.263, dist16c.263 can be used.

METHOD:

Provide the bitstreams representing distortion test patterns to the decoder under test. Test using QCIF and SQCIF bitstreams, as well as CIF, 4CIF, 16CIF, if supported.

RESULTS:

Check the pictures decoded with the decoder under test. Verify that there has been no geometrical distortion of the image.

Minimum Picture Intervals (ITU-T Recommendation H.263 § 4.1 and H.245 § ??)

Encoder

PURPOSE:

Means shall be provided to restrict the maximum picture rate of encoders by having a minimum number of non-transmitted pictures between transmitted ones. This minimum number of pictures shall be signaled by external means (for example Recommendation H.245). The purpose of this test is to verify that the encoder never sends two consecutive pictures with less than the requested number of nontransmitted pictures in between.

METHOD:

At the encoder provide an image sequence which contains periods of low detail stills, long periods of high motion, panning, zooming, and high detail stills. The output bitstream is stored for off-line analysis. A minimum of 5 minutes of picture data should be stored.

A representative set of bit rates in the range intended for the encoder should be tested. At the very minimum, the minimum bit rate, the maximum bitrate and a midpoint, (max - min)/2, should be tested. All allowable minimum picture intervals should be tested (0...32). All frame sizes supported by the encoder should be tested.

RESULTS:

Examine the temporal reference (TR) field in the picture header. The difference between TR values of all consecutive pictures should be greater than or equal to the minimum picture interval plus one. The modulo-256 nature of the TR field must be accounted for first, of course.

Decoder

USES:

Rec. H.263 bitstreams created with minimum picture intervals of {0, 4, 8, 12, 16, 20, 24, 28, 32}, of sizes SQCIF, QCIF, CIF, 4CIF, and 16CIF. Each bitstream represents a video that is exactly 300 seconds long. The files MPIxy.263 may be used.

PURPOSE:

The purpose of this test is to verify that a decoder which claims to support a certain minimum picture interval, really can for all picture material.

METHOD:

Input a Rec. H.263 bitstream as described above to the decoder under test at each MPI and picture size supported. Record the exact amount of time it takes to play each video.

RESULTS:

Observe the decoded video for any jerkiness of motion that would indicate skipped frames, or errors that would indicate dropped frames. Measure the exact amount of time it takes to play the video and compare to the amount specified. For bitstreams supplied by the ITU, this number should be exactly 300 seconds.

Valid Motion Vectors (ITU-T Recommendation H.263 § 4.2.3)

PURPOSE:

The purpose of this test is to ensure that an encoder produces correct motion vector differentials and that the resulting motion vectors are all within the allowable range. The term “correct motion vector differentials” means that the differentials written to the bitstream produce the same motion vectors used in creating a P or B-frame. The use of non-zero motion vectors is not mandatory in a conforming bitstream. In the default mode, all motion vectors should be in the range of [-16, 15.5], inclusive. In the Unrestricted Motion Vector option, Extended Motion Vectors are permitted in the range of [-31.5, 31.5] with some restrictions as described in Annex D of H.263. All motion vectors shall always reference macroblocks completely in the bounds of the picture except when Advanced Prediction or Unrestricted Motion Vector options are signaled. In that case, a motion vector can reference a macroblock that is outside of the normal picture boundaries. Also in advanced prediction, there are possibly four motion vectors per macroblock, each referencing one of the luminance blocks. Additionally, in PB frames mode, there may also be a motion vector delta for B frame macro blocks. Also in PB frames mode, an INTRA coded macroblock may still have a motion vector.

Encoder

USES:

Video sequence with high motion. The file foreman.yuv may be used.

Reference decoder

METHOD:

Configuration�GOB Headers�UMV

 (H.263, Annex D)�AP

 (H.263, Annex F)�PB-frames

 (H.263, Annex G)��1������2��X����3���X���4����X��5��X�X���6��X��X��7���X�X��8��X�X�X��9�X�����10�X�X����11�X��X���12�X���X��13�X�X�X���14�X�X��X��15�X��X�X��16�X�X�X�X��Provide the test sequence high amounts of motion to the encoder under test. Using this test sequence, operate the encoder in the following configurations if supported.



The bitstream produced by the encoder should be stored off-line and processed by a reference decoder.

RESULTS:

{The following paragraph is explaining how to check for the case that the encoder created an incorrect mv differential. It is not a case of non-conformance, however, it produces visual artifacts in the decoder.}

In all cases the output of the reference decoder should be visually inspected for any unusual indication of misplaced blocks. When evident, it usually signifies that the encoder produced a motion vector representation that was different than the one used in creating the delta frame in the encoder. When the right hand part of lines seem to float, it is usually an indication of a bad motion vector delta calculation in the encoder

The motion vectors produced should never reference pixels outside the picture boundary unless unrestricted motion vectors are used. In that case there is no restriction on motion vectors near picture boundaries. One should visibly inspect the decoded pictures for evidence that an edge macroblock occasionally translates unexpectedly. This is usually an indication of illegal motion vectors at picture boundaries.

The motion vectors produced should be checked to verify they are in allowable limits.

Decoder

USES:

Rec. H.263 bitstreams of all the configurations listed above. Both with and without GOB headers. The files MVxxx.263 may be used.

A synthetic motion vector test sequence in which a gray square is moved around a picture using MV data. Use files MVMBtest.263 and MVBtest.263. {What about the impact of OBMC on this?}

METHOD:

Input sequences representing each of the supported modes listed above should be presented to the decoder.

Another test sequence can be created in which an INTRA frame is encoded that is a black frame with two gray squares corresponding in shape and position to two different macroblocks. Subsequent intercoded frames in the bitstream move the gray blocks around using motion vectors and no coefficients until they come to the exact same position and appear as one gray block.

The same test sequence can be repeated but with block size gray squares.

RESULTS:

The decoded pictures should be visibly inspected for any of the artifacts mentioned above.

If the “gray square” sequence is used, the squares should move with no artifacts and come to rest at the exact same position. If they do not exactly coincide, then the decoder miscalculated motion vector predictors.

Inverse DCT and Coefficient Scanning Order (ITU-T Recommendation H.263 § 6.2.3)

Decoder

USES:

Rec. H.263 bitstream as described below. The file SCANTEST.263 may be used.

PURPOSE:

The purpose of this test is to ensure that an 8x8 inverse DCT of sufficient accuracy is used for processing the transmitted coefficients. Additionally, this test ensures that a decoder is processing coefficients in the right scan order.

METHOD:

This method involves the creation of a synthetic bitstream. The first frame of the bitstream is an INTRA coded frame with luminance and color difference signals set to 128 to produce a uniform gray. The PQUANT value in the picture header is set to 8. The next frame is an INTER coded frame where only one coefficient in each block is nonzero. Specifically, the top left 64 blocks (8 rows, 8 blocks per row) each contain one nonzero coefficient corresponding to the same location in the DCT matrix. For example the fifth block in the third row has a nonzero coefficient corresponding to the fifth coefficient in the third row of the DCT. The next frame should then again be the INTRA coded gray frame followed by an INTER coded frame in which the top left 8x8 blocks in the Cb plane have similar nonzero coefficients. This pair of frames is then repeated again for the Cr plane.

RESULTS:

The decoded pictures should be compared to decoded pictures from a reference decoder with full precision inverse DCT. The results should be visibly similar.

Additionally, the intensity patterns should match those of the reference decoder. Any mismatch in orientation indicates an error in the coefficient scanning order.

Clipping (ITU-T Recommendation H.263 § 6.2.2)

Decoder

PURPOSE:

Check that a clipping function is applied to all reconstructed pictures in the decoder.

USES:

Rec. H.263 bitstream as described below. The file CLIP.263 may be used.

METHOD:

A test bitstream is sent to the decoder under test.

The bitstream contains a saturated green (respectively purple) uniform picture encoded in INTRA mode, with INTRADC = 0000 0001 (respectively INTRADC = 1111 1110), followed by several frames encoded in INTER  mode in which the DC component is equal to a programmable negative (respectively positive) value.

RESULTS:

The decoded pictures shall always be saturated green (respectively purple). 

Forced Updating (ITU-T Recommendation H.263 § 4.4)

Encoder

PURPOSE:

ITU-T Recommendation H.263 states that each macroblock shall be coded in INTRA mode at least once every 132 times  when coefficients are transmitted for this macroblock in P-pictures.

USES:

reference decoder

METHOD:

At the encoder provide an image sequence which contains periods of low motion, low detail stills, long periods of high motion, panning, zooming, and high detail stills. The output bitstream is stored for off-line analysis. A minimum of 5 minutes of picture data should be used.

RESULTS:

The stored bitstream must be decoded by a reference decoder capable of keeping track of inter coded macroblock counts. An accumulation greater than 132 shall be signaled as an error by the reference decoder.



Freeze Picture (ITU-T Recommendation H.263 § 5.1.3)

Decoder

PURPOSE:

Check that the decoder under test freezes its displayed picture when a “Freeze Picture Request” is sent until a “Freeze Picture Release” is received. “Freeze Picture Request” is sent by external means and “Freeze Picture Release” is received via the bitstream.

METHOD:

A test bitstream which contains one black frame and one white frame encoded in INTRA mode is continuously sent to the decoder under test. “Freeze Picture Request” (FPR) is first sent to the decoder. Two seconds later, “Freeze Picture Release” is signaled in the bitstream. Again, two seconds later, a new FPR is sent.

RESULTS:

The decoded pictures shall be alternatively black and white. The first “Freeze Picture Request” shall cause the decoder to display a black (or white) still picture. Two seconds later, it can be observed that the displayed picture is changing again. Again two seconds later the picture shall be frozen.

Maximum bits per picture (ITU-T Recommendation H.263 § 3.6)

Encoder

PURPOSE:

The purpose of this test is to ensure the encoder conforms to ITU-T Recommendation H.263 § 3.6.

METHOD:

At the encoder provide an image sequence which contains long periods of high motion, panning and zooming. An image sequence is provided for every picture size the encoder claims to support. The number of bits generated between picture start codes is continuously monitored.

RESULTS:

The encoder fails if the number of bits generated between picture start codes exceeds the values in Table 1/H.263 of §3.6 of Rec. H.263.

Decoder

PURPOSE:

The purpose of this test is to ensure the decoder is capable of handling the maximum picture sizes specified in §3.6 of Rec. H.263.

USES:

Rec. H.263 bitstream containing pictures near the maximum size. The files MAXx.263 may be used.

METHOD:

Provide decoder with bitstreams containing pictures near the maximum size for each picture format supported by the decoder.

RESULTS:

The decoder fails if it cannot operate on all the test bitstreams without error.

HRD Compliance (ITU-T Recommendation H.263 §5.1.9 and §5.1.10)

Encoder

PURPOSE:

An ITU-T Recommendation H.263 encoder shall control its output bitstream to comply with the requirements of the hypothetical reference decoder (HRD) defined in ITU-T Recommendation H.263 Annex B.

METHOD:

At the encoder provide an image sequence which contains firstly a long period of blank input (encoder buffer should settle to steady state). This is followed by low detail stills, long periods of high motion, panning, zooming, scene cuts and high detail stills. 

Extract from the resulting ITU-T Recommendation H.263 bitstream the coded picture data.

The bitstream is then passed through the HRD as defined in Annex B of REC. H.263.

RESULTS:

The encoder is said to pass if after removing data from the HRD the buffer occupancy is less than the maximum stated in the HRD.

Decoder

PURPOSE:

An ITU-T Recommendation H.263 decoder shall be able to accept and properly decode any ITU-T Recommendation H.263 bitstream that conforms to the hypothetical reference decoder defined in Annex B of H.263.

USES:

Rec. H.263 bitstream that uses full limits of HRD. The file HRD.263 may be used.

METHOD:

A decoder should be supplied with an ITU-T Recommendation H.263 bitstream which utilizes the full limits of the permitted buffer excursions which fall within the decoder’s declared capability.

RESULTS:

A decoder  which accepts and properly decodes the above bitstream is said to pass.

Extra Insertion Information (ITU-T Recommendation H.263 )

PURPOSE:

The purpose of this test is to ensure that the encoder and decoder handle the spare information fields in ITU-T Recommendation H.263 § 5.1.9 and § 5.1.10. Encoders shall not insert PSPARE, decoders shall discard PSPARE.

Encoder

METHOD:

The PEI bits from an ITU-T Recommendation H.263 encoder should be continuously monitored. These bits should never be set to “1”.

RESULTS:

The encoder fails if PEI is ever set to “1”.

Decoder

USES:

Rec. H.263 bitstream with PEI bit alternately set to “1”. The file PEI.263 may be used.

METHOD:

Supply an ITU-T Recommendation H.263 bitstream to a decoder in which alternate pictures have the PEI bit set to “1”. The decoder picture should not break up. The number of PSPARE fields inserted should vary between one and many.



Installation and Operation of the ITU-T Recommendation H.263 Reference Decoder

{Instructions to be added here on how to download, compile and run the reference decoder.}



Conformance Test Worksheet.

{Worksheet to be added in which to record test results.}



� Thomas R. Gardos

Intel Corporation

+1 503 264 6459

trgardos@ibeam.jf.intel.com
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