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Foreword 
ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission) form 
the specialized System for worldwide standardization. National bodies that are members of ISO or IEC participate in the 
development of International Standards through technical committees established by the respective organization to deal 
with particular Felds of technical activity. ISO and IEC technical committees collaborate in fields of mutual interest. 
Other international organizations, governmental and non-govemmental, in liaison with ISO and IEC, also take part in 
the work. 

In the field of information technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1. 

The main task of technical committees is to prepare International Standards, but in exceptional circum 
committee may propose the publication of a Technical Report of one of the following types: 

stances a technical 

- type 1, when the required support cannot be obtained for the publication of an International Standard, despite 
repeated efforts; 

- type 2, when the subject is still under technical development or where 
not immediate possibility of an agreement on an International Standard 

- type3,whena technical committee has collected data of a 
an Intemationa 1 Standard (“state of the art”, for example). 

for any other reason there is the future but 

different kind Flom that which is normally published as 

Technical Reports of types 1 and 2 are subject to review within three years of publication, to decide whether they tan be 
transformed into International Standards. Technical Reports of type 3 do not necessarily have to be reviewed until the 
data they provide are considered to be no longer valid or useful. 

ISO/IEC TR 138 18-5, which is a Technical Report of type 3, was prepared by Joint Technical Committee ISO/IEC 
JTC 1, Information technology, Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia 
information. 

ISOIIEC TR 138 18 consists of the following Parts, under the general title Information technology - Generic coding of 
movingpictures and associated audio information: 

- Part 1: Systems 
- Part 2: Video 
- Part 3: Audio 
- Part 4: Compliance testing 
- Part 5: SofYare Simulation 
- Part 6: Extensions for DSM-CC 
- Part 7: Advanced Audio Coding (AAC) 
- Part 9: Extension for real time interface for Systems decoders 
- Part IO: Conformance extensions for DSM-CC 

Amendment 1 to this part of ISO/IEC 138 18 will be published to make audio bitstreams upgraded to comply with 
ISOIIEC 1381803:1997. 
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Introduction 

This part of ISO/IEC 138 18 was developed in response to the growing need for a generic coding method of moving 
pictures and of associated Sound for various applications such as digital storage media, television broadcasting and 
communication. The use of this specification means that motion Video tan be manipulated as a form of Computer data 
and tan be stored on various storage media, transmitted and received over existing and future networks and distributed 
on existing and Mure broadcasting channels. 
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Information technology - Generic coding of moving 
pictures and associated audio information - 
Part 5: 
Software simulation 

1 General 

1.1 Scope 

This part of ISO/IEC 13 8 18 provides a C language Software simulation of an encoder and decoder for Part 1 (Systems), 
Part 2 (Video), and Part 3 (Audio) of ISO/IEC 13818. 

1.2 References 

ISO 639: 1988, Code for the representation of names of languages. 

ISO 8859- 1: 1987, Information processing - g-bit Single-byte coded graphic Character sets - Part 1: Latin 
alphabet No. I. 

ISOIIEC 109 18- 1: 1994, Information technology - Digital compression and coding of continuous-tone still 
images: Reguirements and guidelines. (See also ITU-T Rec. T.8 1.) 

ISO/IEC 11172- 1: 1993, Information technologv - Coding of moving pictures and associated audio for digital 
storage media at up to about IJ Mbit/s - Part 1: Systems. 

ISO/IEC 11172-2: 1993, Information technology - Coding of moving pictures and associated audio for digital 
storage media at up to about 1,.5 Mbit/s - Part 2: Video. 

ISO/IEC 11172-3 : 1993, Information technology - Coding of moving pictures and associated audio for digital 
storage media at up to about 1,5 Mbit/s - Part 3: Audio. 

ISO/IEC 11172-4: 1995, Information technologv - Coding of moving pictures and associated audio for digital 
storage media at up to about I,5 Mbit/s - Part 4: Conformance testing. 

ISO/IEC 11172-5: -U , Information technology - Coding of moving pictures and associated audio for digital 
storage media at up to about IJ Mbit/s - Part 5: Software Simulation. 

ISO/IEC 13 8 18- 1: 1996, Information technology - Generic coding of moving pictures and associated audio 
information : Systems. (see also ITU-T Rec. H.222.0) 

ISO/IEC 13 8 18-2: 1996, Information technology - Generic coding of moving pictures and associated audio 
information : Video. (see also ITU-T Rec. H.262) 

1) To be published. 
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ISO/IEC 13 8 18-3: 1995, Information technologv - Generic coding of moving pictures and associated audio 
information : Audio. 

ISOIIEC 13 8 18-4:-‘>, Information technology - Generic coding of moving pictures and associated audio 
information : Compliance testing. 

Recommendations and reports of the CCIR, 1990, XVIIth Plenary Assembly, Düsseldorf, 1990, Volume XI - 
Part 1, Broadcasting Service (Television) Rec. 60 1-2, Encodingparameters of digital television for Studios. 

CCIR Volume X and XI Part 3 Recommendation 648: Recording of audio Signals. 

CCIR Volume X and XI Part 3 Report 955-2: Sound broadcasting by satellite for portable and mobile 
receivers, including Annex IV Summary description of advanced digital System II. 

IEEE Standard Specifications for the Implernentations of 8 by 8 Inverse Discrete Cosine Transform, IEEE Std 
1180-1990, December 6, 1990. 

IEC 46 1: 1986, Time and control Code for Video tage recordings. 

IEC 908: 1987, Compact disk digital audio System. 

ITU-T Recommendation H.26 1 (Formerly CCITT Recommendation H.26 1) “Codec for audiovisual Services at 
p x 64 kbit/s” Geneva, 1990. 

2 Technical elements 

2.1 Definitions 

For the purposes of this part of ISO/IEC 138 18, the following definitions apply. 

2.1.1 16x8 prediction [Video]: A prediction mode similar to field-based prediction but where the predicted block 
size is 16x8 luminance samples. 

2.1.2 AC coefficient [Video]: Any DCT coefficient for which the frequency in one or both dimensions is non-Zero. 

2.1.3 access unit [Systems]: A coded representation of a presentation unit. In the case of audio, an access unit is the 
coded representation of an audio frame. 
In the case of Video, an access unit includes all the coded data for a picture, and any stuffing that follows it, up to but 
not including the Start of the next access unit. If a picture is not preceded by a group Start code or a 
sequence header Code, the access unit begins with the picture Start Code. If a pictureis preceded by a 
group st&% codeänd/or a sequence header Code, the access unit begins with the fnst byte of the first of these Start 
codes,If it G the last picture precediig a seqienceend-Code in the bitstream all bytes between the last byte of the 
coded picture and the sequence end code (including the sequence end - - - - Code) belong to the access unit. 

2.1.4 adaptive bit allocation [audio]: The assignment of bits to subbands in a time and frequency varying fashion 
according to a psychoacoustic model. 

2.1.5 adaptive multichannel prediction [audio]: A method of multichannel data reduction exploiting statistical 
inter-channel dependencies. 

2.1.6 adaptive noise allocation [audio]: The assignment of coding noise to fiequency bands in a time and 
frequency varying fashion according to a psychoacoustic model. 

2.1.7 adaptive Segmentation [audio]: A subdivision of the digital representation of an audio Signal in variable 
Segments of time. 

2.1.8 alias [audio]: Mirrored Signal component resulting from sub-Nyquist sampling. 

2.1.9 analysis filterbank [audio]: Filterbank in the encoder that transforms a broadband PCM audio Signal into a 
set of subsampled subband samples. 

2.1.10 ancillary data [audio]: part of the bitstream that might be used for transmission of ancillary data. 

2.1.11 audio access unit [audio]: For Layers 1 and 11, an audio access unit is defined as the smallest part of the 
encoded bitstream which tan be decoded by itself, where decoded means “fully reconstructed Sound”. For Layer 111, 
an audio access unit is part of the bitstream that is decodable with the use of previously acquired main information. 

2.1.12 audio buffer [audio]: A buffer in the System target decoder for storage of compressed audio data. 
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2.1.13 audio sequence [audio]: A non-interrupted series of audio frames (base frames plus optional extension 
frames) in which the following Parameters are not changed: 

- ID 
- Layer 
- Sampling Frequency 

For Layer 1 and 11, a decoder is not required to support a continuously variable bitrate (Change in the bitrate index) of 
the base stream. Such a relaxation of requirements does not apply to the extension stream. 

2.1.14 B-field picture [Video]: A field structure B-Picture. 

2.1.15 B-frame picture [Video]: A frame structure B-Picture. 

2.1.16 B-picture; bidirectionally predictive-coded picture [Video]: A picture that is coded using motion 
compensated prediction from past and/or future reference fields or frames. 

2.1.17 backward compatibility: A newer coding Standard is backward compatible with an older coding Standard if 
decoders designed to operate with the older coding Standard are able to continue to operate by decoding all or part of 
a bitstream produced according to the newer coding Standard. 

2.1.18 backward motion vector [Video]: A motion 
frame or reference field at a later time in display Order. 

vector that is used for motion compensation from a reference 

2.1.19 backward prediction [Video]: Prediction from the future reference frame (field). 

2.1.20 Bark [audio]: Unit of critical band rate. The Bark scale is a non-linear mapping of the frequency scale over 
the audio range closely corresponding with the frequency selectivity of the human ear across the band. 

2.1.21 base layer [Video]: First, independently decodable layer of a scalable hierarchy. 

2.1.22 big picture [Video]: A coded picture that would Cause VBV buffer underflow as defined in C.7 Annex C of 
ISO/IEC 138 18-2. Big pictures tan only occur in sequences where low-delay is equal to 1. “Skipped picture” is a 
term that is sometimes used to describe the same concept. 

2.1.23 

2.124 

bitrate [audio]: The rate at which the compressed bitstream is delivered to the input of a decoder. 

bitstream; stream: An ordered series of bits that forms the coded representation of the data. 

2.1.25 bitstream verifier [Video]: A process by which it is possible to test and verify that all the requirements 
specified in ISO/IEC 138 18-2 are met by the bitstream. 

2.1.26 block [Video]: An 8row by 8column matrix of samples, or 64 DCT coefficients (Source, quantised or 
dequantised). 

2.1.27 block companding [audio]: Normalising of the digital representation of an audio Signal within a certain time 
period. 

2.1.28 bottom field [Video]: One of two fields that comprise a frame. Esch line of a bottom field is spatially located 
immediately below the corresponding line of the top field. 

2.1.29 bound [audio]: The lowest subband in which intensity stereo coding is used. 

2.1.30 byte aligned: A bit in a coded bitstream is byte-aligned if its Position is a multiple of 8-bits from the first bit in 
the stream. 

2.1.31 byte: Sequence of 8bits. 

2.1.32 centre 
stereo image. 

channel [audio]: An audio presentation channel used to stabilise the central component of the frontal 

2.1.33 channel [audio]: A sequence of data representing an audio Signal being transported. 

2.1.34 chroma simulcast [Video]: A type of scalability (which is a subset of SNR scalability) where the 
enhancement layer (s) contain only coded refinement data for the DC coefficients, and all the data for the AC 
coefficients, of the chrominance components. 

2.1.35 chrominance format [Video]: Defines the number of chrominance blocks in a macroblock. 
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2.1.36 chrominance component [Video]: A matrix, block or Single Sample representing one of the two colour 
differente Signals related to the primary colours in the manner defined in the bitstream. The Symbols used for the 
chrominance Signals are Cr and Cb. 

2.137 coded audio bitstream [audio]: A coded representation of an audio Signal as specified in part 3 of ISO/IEC 
13818. 

2.1.38 coded B-frame [Video]: A B-frame picture or a pair of B-field pictures. 

2.1.39 coded frame [Video]: A coded frame is a coded 1-frame, a coded P-frame or a coded B-frame. 

2.1.40 coded 1-frame [Video]: An 1-frame picture or a pair of field pictures, where the first field picture is an I- 
picture and the second field picture is an 1-picture or a P-picture. 

2.1.41 coded Order [Video]: The Order in which the pictures are transmitted and decoded. This Order is not 
necessarily the same as the display Order. 

2.1.42 coded P-frame [Video]: A P-frame picture or a pair of P-field pictures. 

2.1.43 coded picture [Video]: A coded picture is made of a picture header, the optional extensions immediately 
following it, and the following picture data. A coded picture may be a coded frame or a coded field. 

2.1.44 coded representation: A data element as represented in its encoded form. 

2.1.45 coded Video bitstream [Video]: A coded representation of a series of one or more pictures as defined in 
ISO/IEC 13818-2. 

2.1.46 coding Parameters [Video]: The set of user-definable Parameters that characterise a coded bitstream. 
Bitstreams are characterised by coding Parameters. Decoders are characterised by the bitstreams that they are capable 
of decoding. 

2.1.47 component [Video]: A matrix, block or Single Sample from one of the three matrices (luminance and two 
chrominance) that make up a picture. 

2.1.48 compression: Reduction in the number of bits used to represent an item of data. 

2.1.49 constant bitrate: Operation where the bitrate is constant from Start to finish of the coded bitstream. 

2.150 constrained Parameters [Video]: The values of the set of coding Parameters defined in 2.4.3.2 of ISO/IEC 
11172-2. 

2.1.51 constrained System Parameter stream; CSPS [Systems]: A Program Stream for which the constraints 
defined in subclause 2.7.9 of ISOLIEC 138 18-1 apply. 

2.1.52 CRC: The Cyclic Redundancy Check to verify the correctness of data. 

2.1.53 critical band [audio]: Psychoacoustic measure in the spectral domain which 
selectivity of the human ear. This selectivity is expressed in Bark. 

2.1.54 critical band rate [ audio] : Psychoacoustic function of frequency. At a given audible frequency, it 
proportional to the number of critical bands below that frequency. The units of the critical band rate scale are Barks. 

2.1.55 

2.1.56 

corresponds to the frequency 

data element: An item of data as represented before encoding and after decoding. 

data partitioning [Video]: A method for dividing a bitstream into two separate bitstreams for error resilience 
purposes. The two bitstreams have to be recombined before decoding. 

2.1.57 DC coefficient [Video]: The DCT coefficient for which the frequency is zero in both dimensions. 

2.1.58 DCT coefficient [Video]: The amplitude of a specific cosine basis function. 

2.1.59 de-emphasis [audio]: 
distortion due to emphasis. 

Filtering applied to an audio Signal after storage or transmission to undo a linear 

2.1.60 decoded stream: The decoded reconstruction of a compressed bitstream. 

2.1.61 decoder input buffer [Video]: The first-in first-out (FIFO) buffer specified in the Video buffering verifier. 

2.1.62 decoder: An embodiment of a decoding process. 
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2.1.63 decoder sub-loop [Video]: Stages within encoder which produce numerically identical results to the decode 
process described in ISO/IEC 138 18-2 Chapter 7. Encoders capable of producing more than just 1-pictures embed a 
decoder sub-loop to create temporal predictions and to model the behaviour of downstream decoders. 

2.1.64 decoding (process): The process defined in ISOLIEC 13818 Parts 1, 2 and 3 that reads an input coded 
bitstream and Outputs decoded pictures or audio samples. 

2.1.65 decoding time-stamp; DTS [Systems]: A field that may be present in a PES packet header that indicates the 
time that an access unit is decoded in the System target decoder. 

2.1.66 dequantisation: The process of rescaling the quantised DCT coefficients after their 
bitstream has been decoded and before they are presented to the inverse DCT. 

representation in the 

2.1.67 digital storage media; DSM: A digital storage or transmission device or System. 

2.1.68 discrete cosine transform; DCT: Either the forward discrete cosine transform or the inverse discrete cosine 
transform. The DCT is an invertible, discrete orthogonal transformation. 

2.1.69 display aspect ratio [Video]: The ratio height/width (in SI units) of the intended display. 

2.1.70 display Order [Video]: The Order in which the decoded pictures are displayed. Normally this is the same Order 
in which they were presented at the input of the encoder. 

2.1.71 

2.1.72 

display process [Video]: The (non-normative) process by which reconstructed frames are displayed. 

downmix [audio]: A matrixing of n channels to obtain less than n channels. 

2.1.73 drift [Video]: Accumulation of mismatch between the reconstructed output produced by the hypothetical 
decoder sub-loop embedded within an encoder (see definition of “decoder sub-loop”) and the reconstructed Outputs 
produced by a (downstream) decoder. 

2.1.74 DSM-CC: digital storage media command and control. 

2.1.75 dual channel mode [audio]: A mode, where two audio channels with independent Programme contents (e.g. 
bilingual) are encoded within one bitstream. The coding process is the same as for the stereo mode. 

2.1.76 dual-prime prediction [Video]: A prediction mode in which two forward field-based predictions are averaged. 
The predicted block size is 16x16 luminance samples. Dual-prime prediction is only used in interlaced P-pictures. 

2.1.77 dynamic crosstalk [audio]: A method of multichannel data reduction in which stereo-irrelevant Signal 
components are copied to another channel. 

2.1.78 dynamic transmission channel switching [audio]: A method 
most orthogonal Signal components to the transmission channels. 

of multichannel data reduction bY allocating the 

2.1.79 editing: The process by which one or more coded bitstreams are manipulated to produce a new coded 
bitstream. Conforming edited bitstreams must meet the requirements defined in Parts 1, 2, and 3 of ISO/IEC 13818. 

2.1.80 Elementary Stream Glock Reference; ESCR [systems]: A time stamp in the PES Stream from which 
decoders of PES streams may derive timing. 

2.1.81 elementary stream; ES [Systems]: A generic term for one of the coded Video, coded audio or other coded 
bitstreams in PES packets. One elementary stream is carried in a sequence of PES packets with one and only one 
stream-id. 

21.82 emphasis [audio]: Filtering applied to an audio Signal before storage or transmission to improve the signal-to- 
noise ratio at high frequencies. 

2.1.83 encoder: An embodiment of an encoding process. 

2.1.84 encoding (process): A process, not specified in ISOLIEC 13818, that reads a stream of input pictures or audio 
samples and produces a valid coded bitstream as defined in Parts 1, 2, and 3 of ISO/IEC 138 18. 

2.1.85 enhancement layer [Video]: A relative reference to a layer (above the base layer) in a scalable hierarchy. For 
all forms of scalability, its decoding process tan be described by reference to the lower layer decoding process and the 
appropriate additional decoding process for the enhancement layer itself. 
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2.1.86 entitlement control message; ECM [Systems]: Entitlement Control Messages are private conditional access 
information which specify control words and possibly other, typically stream-specific, scrambling and/or control 
Parameters. 

2.1.87 entitlement management niessage; EMM [Systems]: Entitlement Management Messages are private 
conditional access information which specify the authorisation levels or the Services of specific decoders. They may 
be addressed to Single decoders or groups of decoders. 

2.1.88 entropy coding: Variable length lossless coding of the digital representation of a Signal to reduce redundancy. 

2.1.89 event [Systems]: An event is defined as a collection of elementary streams with a common time base, an 
associated Start time, and an associated end time. 

2.1.90 evil bitstreams: Bitstreams orthogonal to reality. 

2.1.91 extension bitstream [audio]: Information contained in an optional additional bit stream related to the audio 
base bit stream at the System level, to support bit rates beyond those defined in ISO/IEC 11172-3. The optional 
extension bit stream contains the remainder of the multichannel and multilingual data. 

2.1.92 fast reverse playback [Video]: The process of displaying the picture sequence in the reverse of display Order 
faster than real-time. 

2.1.93 fast forward playback [Video]: The process of displaying a sequence, or Parts of a sequence, of pictures in 
display-order faster than real-time. 

2.1.94 FFT: Fast Fourier Transformation. A fast algorithm for performing a discrete Fourier transform (an orthogonal 
transform). 

2.1.95 field [Video]: For an interlaced Video Signal, a “field” is the assembly of alternate lines of a frame. Therefore 
an interlaced frame is composed of two fields, a top field and a bottom field. 

2.1.96 field period [Video]: The reciprocal of twice the frame rate. 

2.1.97 field picture; field structure picture [Video]: A field structure picture is a coded picture with 
picture - structure is equal to “Top field” or “Bottom field”. 

2.1.98 field-based prediction [Video]: A prediction mode using only one field of the reference frame. The predicted 
block size is 16x16 luminance samples. Field-based prediction is not used in progressive frames. 

2.1.99 filterbank [audio]: A set of band-pass filters covering the entire audio frequency range. 

2.1.100 fixed 
of time. 

Segmentation [audio] : A subdivision of the digital representation of an audio Signal into fixed Segments 

2.1.101 flag: A variable which tan take one of only the two values defined in this specification. 

2.1.102 FLC: Fixed Length Code. 

2.1.103 forbidden: The term “forbidden”, when used in the clauses defining the coded bitstream, indicates that the 
value shall never be used. This is usually to avoid emulation of Start Codes. 

2.1.104 forced updating [Video]: The process by which macroblocks are intra-coded from time-to-time to 
mismatch errors between the inverse DCT processes in encoders and decoders cannot build up excessively. 

ensure that 

2.1.105 forward compatibility: A newer coding Standard is forward compatible with an older coding Standard if 
decoders designed to operate with the newer coding Standard are able to decode bitstreams of the older coding 
Standard. 

2.1.106 forward motion vector [Video]: A motion vector that is used for motion compensation from a reference frame 
or reference field at an earlier time in display Order. 

2.1.107 forward prediction [Video]: Prediction from the past reference frame (field). 

2.1.108 frame [audio]: A part of the audio bit stream that corresponds to audio PCM samples from an Audio Access 
Unit. 

2.1.109 frame [Video]: A frame contains lines of spatial information of a Video Signal. For progressive Video, these 
lines contain samples starting from one time instant and continuing through successive lines to the bottom of the 
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frame. For interlaced Video a frame consists of two fields, a top field and a bottom field. One of these fields may be 
temporally located one field period later than the other. 

2.1.110 frame period [Video]: The reciprocal of the frame rate. 

2.1.111 frame picture; frame structure picture [Video]: A frame structure picture is a coded picture with 
picture - structure is equal to “Frame”. 

2.1.112 frame rate [Video]: The rate at which frames are be output from the decoding process. 

2.1.113 frame reordering [Video]: The process of reordering the reconstructed frames when the coded Order is 
different from the display Order. Frame reordering occurs when B-frames are present in a bitstream. There is no 
frame reordering when decoding low delay bitstreams. 

2.1.114 frame-based prediction [Video]: A prediction mode using both fields of the reference frame. 

2.1.115 free format [audio]: Any bitrate other than the defined bitrates that is less than the maximum valid bitrate for 
each layer. 

2.1.116 future reference frame (field) [Video]: A future reference frame(field) is a reference frame(field) that occurs 
at a later time than the current picture in display Order. 

2.1.117 granules [Layer 111 [audio]: The set of 3 consecutive subband samples from all 32 subbands that are 
considered together before quantisation. They correspond to 96 PCM samples. 

2.1.118 granules [Layer 1111 [audio]: 576 frequency lines that carry their own side information. 

2.1.119 group of pictures [Video]: A notion defined only in ISO/IEC 11172-2 (MPEG-1 Video). In ISO/IEC 13818 
2, a similar functionality tan be achieved by the mean of inserting group of pictures headers. 

2.1.120 Hann window [audio]: A time function applied Sample-by-Sample to a block of audio samples before Fourier 
transformation. 

2.1.121 header: A block of data in the coded bitstream containing the coded representation of a number of data 
elements pertaining to the coded data that follow the header in the bitstream. 

2.1.122 Huffman coding: A specific method for entropy coding. 

2.1.123 hybrid filterbank [audio]: A serial combination of subband filterbank and MDCT. 

2.1.124 hybrid scalability [Video]: Hybrid scalability is the combination of two (or more) types of scalability. 

2.1.125 1-field picture [Video]: A field structure 1-Picture. 

2.1.126 1-frame picture [Video]: A frame structure 1-Picture. 

2.1.127 1-picture; intra-coded picture [Video]: A picture coded using information only from itself. 

2.1.128 IDCT: Inverse Discrete Cosine Transform. 

2.1.129 IMDCT [audio]: Inverse Modified Discrete Cosine Transform. 

2.1.130 intensity stereo [audio]: A method of exploiting stereo irrelevante or redundancy in stereophonic audio 
Programmes based on retaining at high frequencies only the energy envelope of the right and left channels. 

2.1.131 interlace [Video]: The property of conventional television frames where alternating lines of the frame represent 
different instances in time. In an interlaced frame, one of the field is meant to be displayed first. This field is called 
the first field. The first field tan be the top field or the bottom field of the frame. 

2.1.132 intra coding [Video]: Coding of a macroblock or picture that uses information only from that macroblock or 
picture. 

2.1.133 ITU-T Rec. H.222.0 I ISO/IEC 13818 (multiplexed) stream [Systems]: A bitstream composed of 0 or more 
elementary streams combined in the manner defined in ITU-T Rec. H.222.0 I ISOLIEC 138181. 

2.1.134 joint stereo coding [audio]: Any method that exploits stereophonic irrelevante or stereophonic redundancy. 

2.1.135 joint stereo mode [audio]: A mode of the audio coding algorithm using joint stereo coding. 

2.1.136 layer [audio]: One of the levels in the coding hierarchy of the audio System defined in ISO/IEC 13818-3. 
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2.1.137 layer [Systems]: One of the levels in the data hierarchy of the Video and System specifications defined in 
ISOLIEC 138 18 Parts 1 and 2. 

2.1.138 layer [Video]: In a scalable hierarchy denotes one out of the ordered set of bitstreams and (the result of) its 
associated decoding process (implicitly including decoding of all layers below this layer). 

2.1.139 layer bitstream [Video]: A Single bitstream associated to a specific layer (always used in conjunction with 
layer qualifiers, e. g. “enhancement layer bitstream”). 

2.1.140 level [Video]: A defined set of constraints on the values which may be taken by the Parameters of this 
specification within a particular Profile. A Profile may contain one or more levels. In a different context, level is the 
absolute value of a non-Zero coefficient (see “run”). 

2.1.141 LFE [audio]: Low Frequency Enhancement channel. A limited bandwidth channel for low frequency audio 
effects in a multichannel System. 

2.1.142 low frequency enhancement channel [audio]: A limited bandwidth channel for low frequency audio effects 
in a multichannel System. 

2.1.143 lower layer [Video]: A relative reference to the layer imrnediately below a given 
including decoding of all layers below this enhancement layer). 

enhancement layer (implicitly 

2.1.144 luminance component [Video]: A matrix, block or Single Sample representing a monochrome representation 
of the Signal and related to the primary colours in the manner defined in the bitstream. The Symbol used for 
luminance is Y. 

2.1.145 macroblock [Video]: The four 8 by 8 blocks of luminance data and the two (for 4:2:0 chrominance format), 
four (for 4:2:2 chrominance format) or eight (for 4:4:4 chrominance format) corresponding 8 by 8 blocks of 
chrominance data coming from a 16 by 16 section of the luminance component of the picture. Macroblock is 
sometimes used to refer to the Sample data and sometimes to the coded representation of the Sample values and other 
data elements defined in the macroblock header of the Syntax defined in this part of this specification. The usage is 
clear from the context. 

2.1.146 mapping [audio]: Conversion of an audio Signal from time to frequency domain by subband filtering and/or 
by MDCT. 

2.1.147 masking [audio]: A property 
the presence of another audio Signal. 

of the human auditory System by which an audio Signal cannot be perceived in 

2.1.148 masking threshold [audio]: A function in frequency and time below which an audio Signal cannot be 
perceived by the human auditory System. 

2.1.149 Mbit [Video]: 1 000 000 bits. 

2.1.150 MCP [Video]: Motion Compensated Predictor. 

2.1.151 MDCT [audio]: Modified Discrete Cosine Transform which corresponds to the Time Domain Aliasing 
Cancellation Filter Bank. 

2.1.152 mismatch [Video]: Numerital discrepancy between the data reconstructed from the same coded bitstream by 
two decoding processes. With the exception of IDCT, the specification of ISOLIEC 13818-2 defines the decoding 
process absolutely unambiguously. Therefore, if both decoding processes are implemented according the 
specifications ISOLIEC 138 18-2, mismatch tan only be caused by different implernentations of IDCT. 

2.1.153 motion compensation [Video]: The use of motion vectors to improve the efficiency of the prediction of 
Sample values. The prediction uses motion vectors to provide offsets into the past and/or future reference frames or 
reference fields containing previously decoded Sample values that are used to form the prediction error. 

2.1.154 motion estimation [Video]: The process of estimating motion vectors during the encoding process. 

2.1.155 motion vector [Video]: A two-dimensional vector used for motion compensation that provides an offset from 
the coordinate Position in the current picture or field to the coordinates in a reference frame or reference field. 

2.1.156 MS stereo [audio]: A method of exploiting stereo irrelevante or redundancy in stereophonic audio 
Programmes based on coding the sum and differente Signal instead of the left and right channels. 

2.1.157 multichannel [audio]: A combination of audio channels used to create a spatial Sound field. 
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2.1.158 multilingual [audio]: A presentation of dialogue in more than one language. 

2.1.159 NIT [Systems]: Network Information Table as defined in table 2-23 of ISO/IEC 138 18-1. 

2.1.160 non-intra coding [Video]: Coding of a macroblock or picture that uses information 
macroblocks and pictures occurring at other times. 

both from itself and from 

2.1.161 non-tonal component [audio]: A noise-like component of an audio Signal. 

2.1.162 Nyquist sampling: Sampling at or above twice the maximum bandwidth of a Signal. 

2.1.163 opposite parity [Video]: The opposite parity of top is bottom, and vice versa. 

2.1.164 P-field picture [video]: A field structure P-Picture. 

2.1.165 P-frame picture [Video]: A frame structure P-Picture. 

2.1.166 P-picture; predictive-coded picture [Video]: A picture that is coded using motion compensated prediction 
from past reference fields or frame. 

2.1.167 pack [Systems]: A pack consists of a pack header followed by zero or more packets. It is a layer in the System 
coding Syntax described in 2.5.3.3 on page 5 1 of ISO/IEC 13818-1. 

2.1.168 packet [Systems]: A packet consists of a header followed by a number of contiguous bytes fiom an elementary 
data stream. It is a layer in the System coding Syntax described in 2.4.3 of ISO/IEC 138 18-1. 

2.1.169 packet data [Systems]: Contiguous bytes of data from an elementary stream present in a packet. 

2.1.170 packet identifier; PID [Systems]: A unique integer value used to associate elementary streams of a program 
in a Single or multi-program Transport Stream as described in 2.4.3 of ISO/IEC 138 18-1. 

2.1.171 padding [audio]: A method to adjust the average length of an audio 
corresponding PCM samples, by conditionally adding a slot to the audio frame. 

2.1.172 Parameter: A variable within the Syntax of this specificati on which may take 
variable which tan take one of only two values is a flag or indicator and not a Parameter. 

frame in time to the duration of the 

one of a range of values. A 

2.1.173 parity (of field) [Video]: The parity of a field tan be top or bottom. 

2.1.174 parser: Functional Stage of a decoder which extracts from a coded bitstream series of bits representing coded 
elements (FLC or VLC). 

2.1.175 past reference frame (field) [Video]: A past reference frame(field) is a reference fYame(field) that occurs at an 
earlier time than the current picture in display Order. 

2.1.176 PAT [Systems]: Program Association Table as defined in clause 2.4.4.3 of ISO/IEC 138 18-1. 

2.1.177 payload [Systems]: Payload refers to the bytes which follow the header bytes in a packet. For example, the 
payload of a Transport. Stream packet includes the PES-packet-header and its PES-packet-data bytes, or - 
pointer field and PSI sections, or private data; but a PES-packet-payload consists of only PES-packet 
The Transport Stream packet header and adaptation fields are not payload. 

data - - bytes. 

2.1.178 PES [Systems]: An abbreviation for Packetized Elementar-y Stream. 

2.1.179 PES packet [Systems]: The data structure used to carry elementary stream data. It consists of a PES packet 
header followed by PES packet payload and is described in 2.4.3.6 and 2.4.3.7 of ISO/IEC 13818-1. 

2.1.180 PES packet header[systems]: The leading fields in a PES packet up to and not including the 
PES packet data - - byte fields, where the stream is not a padding stream. In the case of a padding stream the PES 
packet header is similarly defined as the leading Gelds in a PES packet up to and not including padding - byte fields. 

21.181 PES Stream [Systems]: A PES Stream consists of PES packets, all of whose payloads consist of data from a 
Single elementary stream, and all of which have the same stream-id. Specific semantic constraints apply. 

2.1.182 picture [Video]: Source, coded or reconstructed image data. A Source or reconstructed picture consists of three 
rectangular matrices of 8-bit numbers representing the luminance and two chrominance Signals. A “coded picture” is 
defined in ISO/IEC 138 18-2. For progressive Video, a picture is identical to a frame, while for interlaced Video, a 
picture tan refer to a frame, or the top field or the bottom field of the frame depending on the context. 
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2.1.183 picture data [Video]: In the VBV operations, picture data is defined as all the bits of the coded picture, all the 
header and user data immediately preceding it if any (including any stuffing between them) and all the stuffing 
following it, up to (but not including) the next Start Code, except in the case where the next Start code is an end of 
sequence Code, in which case it is included in the picture data. 

2.1.184 polyphase filterbank [audio]: A set of equal bandwidth filters with special Phase interrelationships, allowing 
for an efficient implementation of the filterbank. 

2.1.185 prediction [audio]: The use of a predictor to provide an estimate of the subband Sample in one channel fiom 
the subband samples in other channels. 

2.1.186 prediction error: The differente between the actual value of a Sample or data element and its predictor. 

2.1.187 prediction: The use of a predictor to provide an estimate of the Sample value or data element currently being 
decoded. 

2.1.188 predictor: A linear combination of previously decoded Sample values or data elements. 

2.1.189 presentation channel [audio]: audio channels at the output of the decoder corresponding to the loudspeaker 
positions left, centre, right, left surround and right surround. 

2.1.190 presentation time-stamp; PTS [Systems]: A field that may be present in a PES packet header that indicates 
the time that a presentation unit is presented in the System target decoder. 

2.1.191 presentation unit; PU [Systems]: A decoded Audio Access Unit or a decoded picture. 

2.1.192 Profile [Video]: A defined subset of the Syntax of this specification. 

2.1.193 Profile-and-level combination [Video]: Point of conformance for Video bitstreams and decoders. Defined 
Profile-and-level combinations are defined in Chapter 8 of ISOLIEC 138 18-2. In the case of a bitstream, the profile- 
and-level combination is derived from the Profile-and-level-indication. A decoder may comply with several profile- 
and level combinations. 

2.1.194 program [Systems]: A program is a collection of program elements. Program elements may be elementar-y 
streams. Program elements need not have any defined time base; those that do, have a common time base and are 
intended for synchronised presentation. 

2.1.195 Program Glock Reference; PCR [Systems]: A time stamp in the Transport Stream from which decoder timing 
is derived. 

2.1.196 program element[systems]: A generic term for one of the elementary streams or other data streams that may 
be included in a program. 

2.1.197 Program Specific Information; PSI [Systems]: PSI consists of normative data which is necessary for the 
demultiplexing of Transport Streams and the successful regeneration of programs and is described in 2.4.4 of ISOLIEC 
138 18-1. One case of PSI, the non-mandatory network information table, is privately defined. 

2.1.198 progressive [Video]: The property of film frames where all the samples of the frame represent the same 
instances in time. 

2.1.199 psychoacoustic model [audio]: A mathematical model of the masking behaviour of the human auditory 
System. 

2.1.200 quantisation matrix [Video]: A set of sixty-four 8-bit values used by the dequantiser. 

2.1.201 quantised DCT coefficients [Video]: DCT coefficients before dequantisation. A variable length coded 
representation of quantised DCT coefficients is transmitted as part of the coded Video bitstream. 

2.1.202 quantiser scale [Video]: A scale factor coded in the bitstream and used by the decoding process to scale the 
dequantisation. 

2.1.203 random access: The process of beginning to read and decode the coded bitstream at an arbitrary Point. 

21.204 reconstructed frame [Video]: A reconstructed frame consists of three rectangular matrices of 8-bit numbers 
representing the luminance and two chrominance Signals. A reconstructed frame is obtained by decoding a coded 
frame. 
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2.1.205 reconstructed picture [Video]: A reconstructed picture is obtained by decoding a coded picture. A 
reconstructed picture is either a reconstructed frame (when decoding a frame picture), or one field of a reconstructed 
frame (when decoding a field picture). If the coded picture is a field picture, then the reconstructed picture is the top 
field or the bottom field of the reconstructed frame. 

2.1.206 reference decoder [Video]: A decoder that implements precisely the decoding process as specified in ISO/IEC 
138 18-2 and uses a reference IDCT. The reference decoder is capable of decoding compliant bitstreams of any 
defined Profile-and-level. 

2.1.207 reference IDCT [Video]: Embodiment of the saturated mathematical integer-number IDCT specified in Annex 
A of ISOIIEC 138 18-2. 

2.1.208 reference field [Video]: A reference field is one field of a reconstructed frame. Reference fields are used for 
forward and backward prediction when P-pictures and B-pictures are decoded. Note that when field P-pictures are 
decoded, prediction of the second field P-picture of a coded frame uses the first reconstructed field of the Same coded 
frame as a reference field. 

2.1.209 reference frame [Video]: A reference frame is a reconstructed frame that was coded in the form of a coded I- 
frame or a coded P-frame. Reference frames are used for forward and backward prediction when P-pictures and B- 
pictures are decoded. 

2.1.210 reordering delay [Video]: A delay in the decoding process that is caused by frame reordering. 

2.1.211 requantisation [audio]: Decoding of coded subband samples in Order to recover the original quantised values. 

2.1.212 reserved: The term “reserved” when used in the clauses defining the coded bitstream indicates that the value 
may be used in the future for ISO/IEC defined extensions. 

2.1.213 run [Video]: The number of zero coefficients 
value of the non-Zero coefficient is called “level”. 

preceding a non-Zero coefficient, in the scan Order. The absolute 

2.1.214 Sample aspect ratio [Video]: (abbreviated to SAR). This specifies the distance between samples. It is defined 
(for the purposes of this specification) as the vertical displacement of the lines of luminance samples in a fi-ame 
divided by the horizontal displacement of the luminance samples. Thus its units are (metres per line) t (metres per 
Sample). 

2.1.215 Saturation [Video] : Limiting a value that exceeds a defined range by setting its value to the maximum or 
minimum of the range as appropriate. 

2.1.216 scalability [Video]: Scalability is the ability of a decoder to decode an ordered set of bitstreams to produce a 
reconstructed sequence. Moreover, useful Video is output when subsets are decoded. The minimum subset that tan 
thus be decoded is the first bitstream in the set which is called the base layer. Esch of the other bitstreams in the set is 
called an enhancement layer. When addressing a specific enhancement layer, “lower layer” refer to the bitstream 
which precedes the enhancement layer. 

2.1.217 scalable hierarchy [Video]: coded Video data consisting of an ordered set of more than one Video bitstream. 

2.1.218 scalefactor [audio]: Factor by which a set of values is scaled before quantisation. 

2.1.219 scalefactor band [audio]: A set of frequency lines in Layer 111 which are scaled by one scalefactor. 

2.1.220 scalefactor index [audio]: A numerical code for a scalefactor. 

2.1.221 scrambling [Systems]: The alteration of the characteristics of a Video, audio or coded data stream in Order to 
prevent unauthorised reception of the information in a clear form. This alteration is a specified process under the 
control of a conditional access System. 

2.1.222 side information: Information in the bitstream necessary for controlling the decoder. 

2.1.223 skipped macroblock [Video]: A macroblock for which no data is encoded. 

2.1.224 Slice [Video]: A series of consecutive macroblocks that Start, in the coded bitstream, by a Slice Start code and - - 
that continue up to the next Start code (or to the first stuffing bytes if the next start-code is preceded by stuffing 
bytes). . 

2.1.225 slot [audio]: A slot is an elementary part in the audio bit stream. In Layer 1 a slot equals four bytes, in 
Layers 11 and 111 one byte. 
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2.1.226 SNR scahbility [Video]: A type of scalability where the enhancement layer (s) contain only coded refinement 
data for the DCT coefficients of the lower layer. 

2.1.227 Source stream: A Single non-multiplexed stream of samples before compression coding. 

2.1.228 Source; input [Video]: Term used to describe the Video material or some of its attributes before encoding. 

2.1.229 spatial prediction [Video]: prediction derived from a decoded frame of the lower layer decoder used in spatial 
scalability. 

2.1.230 spatial scalability [Video]: A type of scalability where an enhancement layer also uses predictions from 
Sample data derived from a lower layer without using motion vectors. The layers tan have different frame sizes, 
frame rates or chrominance formats. 

2.1.231 splicing[systems]: The concatenation, performed on the System level, of two different elementary streams. The 
resulting System stream conforms totally to ISO/IEC 138 18-1. The splice may result in discontinuities in timebase, 
continuity counter, PSI, and decoding. 

2.1.232 spreading function [audio]: A function that describes the frequency spread of masking effects. 

2.1.233 Start Codes [Systems]: 32-bit Codes embedded in the coded bitstream that are unique. They are used for 
several purposes including identifying some of the layers in the coding Syntax. 

2.1.234 STD input buffer [Systems]: A first-in first-out buffer at the input of a System target decoder for storage of 
compressed data from elementary streams before decoding. 

2.1.235 stereo mode [audio]: Mode, where two audio channels which form a stereo pair (left and right) are encoded 
within one bitstream. The coding process is the same as for the dual channel mode. 

2.1.236 stereo-irrelevant [audio]: 
perception. 

a Portion of a stereophonic audio Signal which does not contribute to spatial 

2.1.237 still picture [Systems]: A coded still picture consists of a Video sequence containing exactly one coded picture 
which is intra-coded. This picture has an associated PTS and the presentation time of succeeding pictures, if any, is 
later than that of the still picture by at least two picture periods. 

2.1.238 stuffing (bits); stuffing (bytes): Code-words that may be inserted at particular locations in the coded 
bitstream that are discarded in the decoding process. Their purpose is to increase the bitrate of the stream which 
would otherwise be lower than the desired bitrate. 

2.1.239 subband [audio]: Subdivision of the audio frequency band. 

2.1.240 subband filterbank [audio]: A set of band filters covering the entire audio frequency range. In ISO/IEC 
138 18-3, the subband filterbank is a Polyphase filterbank. 

2.1241 subband samples [audio]: The subband filterbank within the audio encoder creates a filtered and subsampled 
representation of the input audio samples. The filtered samples are called subband samples. From 32 time-consecutive 
input audio samples, one subband Sample is generated within each of the 32 subbands. 

2.1.242 surround channel [audio]: An audio presentation channel added to the front channels (L and R or L, R, and 
C) to enhance the spatial perception. 

2.1243 syncword [audio]: A 12-bit code embedded in the audio bit stream that identifies the Start of a base frame or 
an extension frame. 

2.1244 Synthesis filterbank [audio]: Filterbank in the decoder that reconstructs a PCM audio Signal from subband 
samples. 

2.1245 System Glock Reference; SCR [Systems]: A time stamp in the Program Stream from which decoder timing is 
derived. 

2.1246 System header [Systems]: The System header is a data structure defined in subclause 2.5.3.5 of ISO/IEC 
13818-1, that carries information summarising the System characteristics of the ITU-T Rec. H.222.0 I ISO/IEC 138 18 
multiplexed Program Stream. 

2.1.247 System target decoder; STD [Systems]: A hypothetical reference model of a decoding process used to 
describe the semantics of an ITU-T Rec. H.222.0 I ISO/IEC 138 18 multiplexed bitstream. 
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2.1.248 temporal prediction [Video]: prediction derived from reference frames or fields other than those defined as 
spatial prediction. 

2.1.249 temporal scalability [Video]: A type of scalability where an enhancement layer also uses predictions from 
Sample data derived from a lower layer using motion vectors. The layers have identical frame size, and 
chrominance formats, but tan have different frame rates. 

2.1.250 time-stamp [Systems]: A term that indicates the time of a specific action such as the arrival of a byte or the 
presentation of a Presentation Unit. 

2.1.251 tonal component [audio]: A sinusoid-like component of an audio Signal. 

2.1.252 top field [video]: One of two fields that comprise a frame. Esch line of a top field is spatially located 
immediately above the corresponding line of the bottom field. 

2.1.253 top layer [Video]: the topmost layer (with the highest layer-id) of a scalable hierarchy. 

2.1.254 Transport Stream packet header [Systems]: The leading fields in a Transport Stream packet, up to and 
including the continuity-counter field. 

2.1.255 triplet [audio]: A set of 3 consecutive subband samples from one subband. A triplet from each of the 32 
subbands forms a granule. 

2.1.256 variable bitrate: Operation where the bitrate varies with time during the decoding of a coded bitstream. 

2.1.257 variable length coding: A reversible procedure for coding that assigns shorter code-words to frequent events 
and longer code-words to less frequent events. 

2.1.258 VLC: Variable Length Code. 

2.1.259 VLD: Variable Length Decoder. 

2.1.260 Video buffering verifier; VW [Video]: A hypothetical decoder that is conceptually connected to the output of 
the encoder. Its purpose is to provide a constraint on the variability of the data rate that an encoder or editing process 
may produce. 

2.1.261 Video sequence [Video]: The highest syntactic structure of coded Video bitstreams. It contains a series of one 
or more coded frames. 

2.1.262 xxx Profile bitstream [Video]: a bitstream of a scalable hierarchy with a Profile indication corresponding to 
xxx. Note that this bitstream is only decodable together with all its lower layer bitstreams (unless it is a base layer 
bitstream). 

2.1.263 xxx Profile decoder [Video]: decoder able to decode one or a scalable hierarchy of bitstreams of which the top 
layer conforms-to the specifications of the xxx Profile (with xxx being any of the defined Profile names). 

2.1.264 xxx Profile scalable hierarchy [Video]: set of bitstreams of which the top layer conforms to the specifications 
of the xxx Profile. 

2.1.265 zig-zag scanning Order [Video]: A specific sequential ordering of the DCT coefficients from (approximately) 
the lowest spatial frequency to the highest. 

2.2 Symbols and abbreviations 

The ISO/IEC 9899: 1990 Standard for C and the ISO Standard for C++ programming language specify the Syntax used in 
this document. ISO C and C++ require adherence to IEEE Standards which specify numerical accuracy and rounding 
behavior for mathematical Operators. 
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3 Systems Simulation 

3.1 Software information 

This is Release 1.0 of the MSYS Toolkit, a set of C++ classes for building and manipulating MPEG System streams. 
With these classes one build MPEG System multiplexors and demultiplexors and other MPEG System-related 
applications. Examples of an encoder (in encode.C) and a decoder (in decode.C) are provided. 
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3.2 Systems documentation files 

3.2.1 Readme 
GENERAL INFO 6/1/9S 

This is Release 1.0 of the MSYS Toolkit, a set of C++ classes for 
building and manipulating MPEG System streams. With these classes one 
build MPEG System multiplexors and demultiplexors and other MPEG 
System-related applications. Examples of an encoder (in enc0de.C) and 
a decoder (in dec0de.C) are provided. 

A technical disclaimer: The purpose of this System is instructional - 
it was not written to be terribly efficient in terms of storage or 
Speed (encode Outputs a transport packet every 1-2 msec; decode 
handles a transport packet roughly every .S-1.0 msec on a Spart 10). 

TO BUILD THE TOOLKIT 

First make Sure that the GNU tools (specifically g++) are installed. 
Now type make. If you want to build other applications besides the 
four specified in the Makefile, then you will have to modify the 
Makefile. 

TO RUN THE SAMPLES 

To run the Sample encoder type "encode <filename>'. A number of 
transport packets will be constructed and placed in the file 
<filename>. To run the decoder type 'decode <filename>' and the 
transport packets in the file <filename> will be decoded. The 
individual PES streams are written to files named "stream<n>' where n 
is the pid value if the elementary stream. 

pesout will generate a sequence of PES packets.: type 'pesout 
<filename>'. To Parse a sequence of PES packets (it is assumed that 
these are from the same elementary stream) type 'pesin <filename>'. 
Try this with the PES streams extracted when 'decode' is run. 

See the Source code comments on each of the Sample programs for more 
detailed descriptions of usage. 

Read the file doc.text to learn about the library. 

Read the documentation notes in each .H file to learn more about each 
class. 

Experiment with the Sample applications to learn how to build 
applications. 

THINGS LEFT TO DO 

There is still lots of additional work that tan be done. For example: 

1. The generation of indefinite length PES packets (i.e. PES packet 
with zero length fields). The decoder will correctly Parse them. 

2. Versioning. The insertion and deletion of elementary streams and 
programs is not complete. 

3. Clocks and timestamps have to be reworked completely. Currently 
the Encoder maintains a Single clock based on the transport stream 
output rate for stamping PCRs. Instead there should be a notion of a 
clock coming along with a selected elementary stream on a per-program 
basis. There should also be enough understanding of the elementary 
stream structure (e.g. picture Start Codes, frame rates and picture 
types) to build and timestamp meaningful PES packets. 

4. STD buffer Simulation. 

There are also lots of little things that need fixing - you will find 
comments starting with the prefix '// FIX --' marking these locations 
in the Code. 

EXPERIENCE WITH ISO COMMITTEE BITSTREAMS 

The decoder has been run on a number of the bitstreams exchanged by 
the ISO committee over the last two years. Although it would not be 
appropriate to release the results of those runs into the public 
domain, 1 would be happy to correspond with others who has access to 
the ISO bitstreams and either have decoded or expect to decode them. 

Finally, write back in the happy event that you wish to contribute code 
to MSYS. 

Enjoy. Guy Cherry 
------_- 
email: guyc@crl.labs.tek.com 
US Mail: Guy Cherry, 

Communication Systems Research Lab, 
Tektronix, Inc. 
Box 500 MS SO-370 

Beaverton OR 97077 
Phone: 503-627-1123 (... 5, 8, 13, 21, . ..) 
Fax: 503-627-1736 

3.2.2 doc.tex 
The MSYS Toolkit 

Release 1.0 - 6/1/9S 
Guy Cherry and Ravi Koruru 
Video Systems Program 

Tektronix, Inc. 

1. Introduction 

The ISO/IEC 13818-1 specification is an international Standard that 
deals with combining/multiplexing one or more streams of Video, audio 
and other data into Single or multiple MPEG streams suitable for 
storage or transmission [l]. This document presents a C++ toolkit 
useful for building and experimenting with multiplexors, 
demultiplexors and other applications that obey this Standard. Use of 
these classes is illustrated by building Sample multiplexor and 
demultiplexor applications. 

Within the standard's scope, multimedia streams tan be multiplexed or 
combined either to produce Program Streams (PS) or Transport Streams 

(TS) . A program stream contains packets of variable length 
and is designed for relatively error-free environments and interactive 
multimedia applications. On the other hand, a transport stream 
contains fixed length packets (188 bytes) and is designed for 
environments where errors are more likely, such as storage or 
transmission in lossy or noisy media. 

In Order to Parse and experiment with transport streams, we have built 
a C++ toolkit that provides a rich set of objects for developing MSYS 
applications such as transport stream multiplexors, demultiplexors, 
and analyzers. The library has been designed to be modular, easily 
reconfigurable and extensible. By modularity, we mean that changes 
requiring the modification of specific functionality are localized. 
By reconfigurability, we mean that MSYS objects tan be wired together 
in many different ways. By extensibility, we mean that improving the 
toolkit's functionality is typically a matter of deriving one or more 
new objects from existing objects thus achieving code sharing and 
better integration with the rest of the toolkit. 

The purpose of this document is to offer a high-level guided tour of 
the MSYS tool kit, present its current Status and outline areas for 
further work. The rest of this document is organized as follows. The 
library design and the main classes of the library are described in 
Section 2. The use of these classes is illustrated by building an MSYS 
multiplexor Section 3 and an MSYS demultiplexor Section 4. Finally, we 
suggest ways of extending and improving the library in Section 5. 

To keep this document small, the reader is assumed have read the 
relevant portions of the ISO/IEC 13818-1 specification [l] that deal 
with transport streams. Other useful background information is 
available in [21, (31 and [4]. 

2. The MSYS Class Library 

The main classes provided by the library are shown in Figure 1. Based 
on their functionality, the MSYS classes are segregated into five 
categories: 

1. Those that encapsulate syntactic elements of a transport stream. 
Examples are the TS class, the PES class and the various PSI 
section classes (PATSection, MAPSection, etc). 

2. Those that encapsula 
and Ou .tputPort class 

te devices. Examples are the InputPort class 

3. Those that encapsulate processes. Processes have the property that 
they take input and produce certain output. A process tan be simple 
or composite. PATProducer, PESProducer, TSProducer, etc. are 
examples of simple classes. 

4. Those that help in Overall management. Examples are the Directory 
and EventManager classes. 'Events' are generated during the 
execution of the process classes. The EventManager class is 
responsible for handling the events in a flexible manner. 

5. Those that encapsulate applications. 
exampl es of application classes. 

Encoder and Decoder are 

Syntax Classes 
Section 

PATSection 
MapSection 
CASection 
PriSection 

PES 
TS 
TimeStamp90 

TimeStamp27 

Processes 
Producer 

TSProducer 
PESProducer 
SectionProducer 

PATProducer 
MapProducer 
CAProducer 

Consumer 
TSConsumer 
PESConsumer 
SectionConsumer 

PATConsumer 
MapConsumer 
CAConsumer 

Devices 
InputPort 

IPortFromRam 
IPortFromFile 

OutputPort 
OPortToRam 
OPortToFile 

Directory 
Program 
EStream 
EventManager 

Support Classes 

Application Classes 
Encoder 
Decoder 

Figure 1. MSYS Toolkit Classes 

Esch of these categories are discussed in the following subsections. 

2.1 Syntactic Classes 

The rationale for syntactic classes is that these structures are the 
fundamental objects that make up a transport stream and defining them 
as individual classes provides a natura1 handle to manipulate them. 
Thus , each one of these entities, that is, elementary streams, program 
streams, transport packets, PES packets, PSI sections, time stamps, 
etc, are each modeled by a class. 

These classes are typically used in an encoder as templates for 
specifying packet structure. For example a TSProducer manages a TS 
Object which an application tan manipulate to adjust the format of the 
packets being produced. Similarly, on the decoder side, a TSConsumer 
will manipulate its TS Object to reflect the structure of the most 
recently received transport packet. With a reference to this Object 
an application tan monitor the structure of incoming packets. 
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The following are the MSYS syntactic objects: 

1 

2 

3. 

4. 

5. 

2. 

The TS class embodies the TS header structure as defined in 
the ISO MPEG 2 Standard along with methods to update and retrieve this 
structure. In other words, it contains information on 
transport-error-Code, priority, scrambling-Code, etc. Methods 
supported include methods that print the structure and two config 
functions that allow different fields of the class to be updated. 

The PES class is essentially the PES header structure as defined in 
the ISO MPEG 2 Standard along with methods to update and retrieve 
this structure. In other words, it contains information on PES 
packet length, scrambling Code, priority, DTS, PTS, ESCR, trick 
mode, etc. Methods supported include a print function and a 
variety of "config* functions that allow different fields of the 
class to be updated. 

The TimeStamp90 and TimeStamp27 classes are structures with 
timestarnp information. A few simple methods are supported for 
performing basic arithmetic. 

The Section class, although there is no such syntactic unit in a 
transport stream, forms the base class for the different PSI 
sections. This subtyping was done since all PSI sections have 
many common fields and code duplication is reduced. A Section 
contains fields corresponding to the section pointer, table....id, 
section-Syntax-indicator, section-length, Version-number, 
current next-indicator, section-number and the last_sectionJNmber 
fields Tn the PSI section. 

The PAT, Map, CA and Pri Sections are subclasses of Section, adding 
Syntax fields to complete the various sections in the MPEG System 
Standard. For example, the PATSection provides the 
transport-stream-id. All the sections provide a print method. 

2. Process Classes 

Given that the syntactic classes are available, we needs ways to 
generate and Parse transport streams in a Standard compliant 
manner. The Producer and Consumer classes are defined for this 
purpose and are introduced below. 

1. Producer. A Producer class embodies the core properties needed for 
all types of Producer in the context of MPEG transport streams. 
Simply put, each of the Producer objects is required to 'produce" 
the specified number of bytes and "write' to an OutputPort. 
Depending on the Producer type, the bytes written may be PSI 
information, PES header information, transport packet header 
information, timing information and/or bytes that belong to an 
elementary stream. A Producer is always created in the context of 
an Encoder Object and provides two basic operations. The 'connect' 
method takes an OutputPort as argument and provides the ability to connect 
a Producer to any output port at any given time. The 'send-partial' 
method instructs a Producer to send the specified number of bytes 
(only part of a complete structure) to the connected output Port. The 
send-partial method is called, for example, to fill transport 
packet payloads with Parts of PES packets and PSI payloads. Bef ore 
the send-partial method is called the 'load' method must be called. 

In Order to promote code generality and reuse, the sendpartial 
method is written in a subtype independent manner using a 
protected virtual function "fill-buffer' that is expected to be 
defined by each of the Producer subclasses. The fill-buffer 
method is expected to fill the producer's internal buffer "buf' 
with bytes and return the length of the fill. Currently, some of 
the Producer subclasses do not define this method because the 
Encoder class is written such that the method is not required for 
these classes. If a subclass needs to define a fill-buffer method 
and does not define it, the base class fill-buffer method is 
triggered which prints an error message. 

Producers tan have Producer states ('pstates') . States are 
queried, for example, by a transport packet Producer (TSProducer) 
to determine when to terminate a PES packet and begin another. 

2. TSProducer. The TSProducer class contains a TS Object and defines a 
send-tsqacket method that uses this Object as a template for 
building and sending TS packets. Currently the fill-buffer method 
is not implemented for TSProducer, disallowing calls to 
sendqartial (thus, only complete transport packets tan be 
produced). 

3. SectionProducer. The SectionProducer class embodies the core 
properties and methods needed for all types of PSI sections in a 
MPEG transport stream. The main function it defines is fill-buffer 
which in turn is defined in terms of the abstract virtual function 
send-section that is implemented by each of the PSI subclasses. 
The send-section method uses the current output port Object to 
'send' the bytes of the appropriate PSI section, including the CRC. 
However, since fill-buffer temporarily sets the current OutputPort 
Object to a RAM Object that begins at the address contained in buf, 
the invocation of send-section results in the bytes being assembled 
in the buffer. These bytes are later transferred to actual output 
port by the generic code contained in the send-partial method in the 
Producer class. 

4. PAT, Map, CA Producers. The main function the PAT, Map, and CA 
Producers implement is the send-section method. Esch implementation 
of the method uses its corresponding section template in generating 
the output. 

5. 

6. 

PESProducer. The main methods defined by a PESProducer are 
fill-buffer and sendqesgacket. The fill-buffer function is 
implemented in a similar manner to that of the SectionProducer 
class. The OutputPort Object is temporarily set to memory before 
sendqesqacket is invoked. This results in storage of PES packet 
bytes beginning at the location pointed to by buf. These bytes are 
later transferred to actual output port by the generic code 
contained in the sendqartial method in the Producer class. 

Consumer. The Consumer class embodies the core properties exhibited 
by all types of syntactic unit consumers. Simply put, each consumer 
Object reads the specified number of bytes from the currently 
connected input Port. A consumer Object is always created within 
the context of a Decoder Object and provides three methods. The 
l connect* method connects the consumer to an InputPort. The 
'readgartial' method reads the specified number of bytes from the 
currently connected input Port. Since different consumer subtypes 
have different ways of parsing the the input bytes, the readsartial 
method is declared as a virtual function. Esch of the subtypes is 
expected to define this function. The third method 'get-cstate' 
returns the current state of a consumer and its use is discussed 
later in this section. 

Discounting various errors that might occur, two conditions tan 
occur in a Consumer Object while reading bytes from the InputPort. 
If its s~yntactic unit is completely received, it triggers a 
Parse-completion event. If the bytes received are not enough to 
complete the syntactic unit no action is taken. For example, a PES 
packet is typically large and spread over multiple transport 
packets. Thus a PES consumer may have to be invoked several times 
before a "PESHeaderParsed' is triggered. 

TSConsumer. The TSConsumer provides a read-tsqacket method which 
when invoked, parses the transport and adaptation field if any, 
followed by invoking readqartial method of the consumer that is 
attached to the PID found in the transport header. Thus, the 
consumer that is called tan be a PES consumer or one of the PSI 
section consumers (PAT, MAP or CA Consumer). 

SectionConsumer. A SectionConsumer Class embodies the core 
properties and methods needed for the various PSI sections in a 
MPEG transport stream. Two main methods readgartial and 
read-section tan be invoked on an Object of this class. The class 
defines the readqartial method which is shared by all its 
subclasses. The other method is the abstract virtual function 
read-section which is implemented by each of the PSI section 
consumers. The readgartial method uses the current InputPort 
Object to read the bytes of the appropriate PSI section, including 
the CRC into its internal buffer "buf'. Once a PSI section is 
completely assembled in buf, the current InputPort Object is 
temporarily set to an InputFromRam Object that is initialized to 
Point to buf. Then the virtual function read-section is 
invoked that results in bytes being read from the InputFromRam 
Object. 

PAT, Map, and CA Consumers. The main method implemented by each of 
these classes is read-section that interprets the input bytes 
according the corresponding PSI section. On completely reading an 
entire PSI section, all these classes trigger an appropriate PSI 
section-parsed event. 

lO.PESConsumer. On each invocation, the PESConsumer Object reads the 
specified number of PES packet bytes and assembles them in its PES 
buffer, buf, until it recognizes the end of the PES packet. At this 
Point, similar to the section consumer, a IPortFromRam Object is 
created that is initialized to buf and is temporarily made the 
InputPort. A readgesgacket function is invoked that reads 
bytes from the IPortFromRam Object, parses the PES packet, sends 
the payload to the OutputPort, and triggers a PES parsed event. 

2.3. Device ClaSSeS 

The classes that tan be classified as devices are the InputPort and 
OutputPort. The InputPort classes provide many methods including the 
ability to read bits and bytes from them. Similarly, the OutputPort 
Classes support methods to write bits and bytes to them. 

1. InputPort. The InputPort classes provide methods including the 
ability to read bits and bytes from InputPorts. It is possible to 
pipe the input bits through a CRC decoder by invoking the start-crt 
method and checking for CRC match by calling check-crt. This 
results in the generation of CRC for all the bits beginning at the 
bit at which start-crt is called until the Point check-crt is 
called. Currently, two subclasses are defined for the InputPort 
class: IPortFromFile and IPortFromRam. 

2. IPortFromRam and IPortFromFile. 1PortFromRa.m is an in-memory 
version of a input Port. An IPortFromRam Object is created with a 
buffer address and length as arguments. Reading a bit or byte from 
the Object results in the transfer of the next bit or byte from 
the buffer. An IPortFromFile is the file version of an input Port. 
It takes a file name as argument at creation time. 

3. outputport. The OutputPort classes provide methods including the 
ability to write bits and bytes to OutputPorts. It is possible to 
send the output bits through a CRC encoder by invoking the 
start-crt method. 

4. OPortToRam and OPorttoFile. OPortToRam is an in-memory version of a 
outputport. An OPortToRam Object is created with a buffer address, 
length, and an outputmode flag as arguments. Simply put, writing a 
bit or byte from the Object results in the transfer of the bit or 
byte to the buffer. An OPortToFile is the file version of an output 
Port. It takes a file name as argument at creation time. If the 
outputmode flag is set, then the output is in ascii otherwise, the 
output is in binary. 

2.4. Management Classes 

The Directory, PrOgram, EStream and EventManager classes provide for 
organizing and managing applications. 

1. Directory, Program and EStream. A Directory is essentially a 
list of Programs which, in turn, are lists of EStreams. 
Directory has methods for adding, removing and querying Programs. 
Program has similar methods for managing its EStreams. We will 
examine some of the methods in the discussion of the Sample 
multiplexor and demultiplexor Code. 

2. EventManager. The EventManager class provides a general callback 
framework with regards to a predefined set of events. Event 'handlers" 
are registered with an EventManager Object by invoking a 'register- 
method, specifing the event of interest and the address of the event 
handler. 

kn event handler is called when the 'trigger" method is invoked on the 
EventManager. This triggering results in the invocation of the 
corresponding event handler, if any. Currently at most one handler 
tan be specified for each possible event type. 

All event handlers have the same function prototype: 

void Handler (EventType type, void* client-data, void* call-data); 

The pointer client-data is specified by the application when the 
event is registered and tan be used to pass useful data from the 
register location in the code to the event handler. The structure 
call-data is specified by the EventManager and varies from 
EventType to EventType. For example whenever a TSParsed event is 
triggered a pointer to the TS Object is passed to the event 
handler. 

2.5. Application Classes 

The application classes provided are the Encoder and Decoder classes. 
The reasons for separating these from other classes are two-fold. 
First, they are made of several of the basic objects. Second, given 
the basic syntactic classes, processes, devices and management 
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24 231, IO', 'H', 'O', 'C', 'O', Tek 
25 888, 850, 801, 3345, NULL, NULL, 8); 
26 
27 pes4->config-basic(int(id_audio_stream-.O + 
28 231, '0', 'H', '0', 'C', '0', 
29 6666, 7777, NULL, NULL, NULL, NULL, 
30 
31 pesl->fileName = 'streama'; 
32 pes2->fileName = 'streamb'; 
33 pes3->fileName = 'streamc'; 
34 pes4->fileName = 'streamd"; 
35 ) 

classes, there is considerable leeway in defining them. 

Encoder. A Encoder Object defines a one-Point access to a 
Directory, an OutputPort, a list of Producers for that transport 
stream, and certain characteristics of the transport stream. A 
Encoder Object created with a Directory Object and the reguired 
bandwidth as arguments. However this information tan dynamically 
changed. The Encoder class methods are discussed further in 
the following sections. 

Decoder. A Decoder Object defines a one-Point access to an 
EventManager, a Directory, an InputPort and a list of Consumers 
that tan read from that InputPort. A Decoder Object is created in the 
context of an EventManager Object. The Decoder class methods are 
discussed further in the following sections. 

21, 
11); 

Send transport packets containing PSI information followed by some 
transport packets that contain PES data (lines 38-40). Note that 
sendqacket takes a PID as an argument while send-scheduledqacket 
takes none. The first form of send is used when a specific PID 
needs to be sent over-ruling the default scheduling policy 
implemented within the multiplexor. The second form is used to send 
packets as determined by the scheduling policy. The currently 
implemented policy takes into account the nominal bit rates of the 
elementary streams, the PSI information, and the available 
bandwidth in making its decisions. 

mux : A Sample Multiplexor Program 

this section, we will show and walk through the C++ like code 
for the l mux', a working multiplexor developed using the MSYS toolkit. 
For simplicity, the programs to be multiplexed are hard-coded 
into the mux program. mux has the following usage: 

4. demux: A Sample Demultiplexor mux output-filename 

Writing a demultiplexor is simpler than writing a multiplexor because 
minimal configuration setup is reguired. All demux has to do is to 
read from the InputPort and Parse the input transport packets as they 
arrive. The demux program has the following usage: 

Such a program tan be built from the MSYS toolkit with the knowledge 
of EStream, Program, Directory, PES, TS and Encoder interfaces. An 
edited version of the code for the mux program is given below. 

3 #include 'Direct0ry.H' 
2 #include 'Enc0der.H' 
3 #include '0PortToFile.H' 
4 #include 'PESPr0ducer.H" 
5 #include 'TSProducer.H' 
6 
7 Encoder* encoder; 
8 void config-mux 0; 
9 main (int arge, char* argv[l) 

10 ( 
11 
12 

// create a Directory and Programs 
Directory* dir = neu Directoryo; 

demux input-filename 

A simple demux tan be built from the MSYS toolkit with the knowledge 
of interfaces to the EventManger, Directory, Decoder, and InputPort 
classes. An edited version of demux is given in below. 

1 #include 'Directory.H' 
2 #include 'Dec0der.H' 
3 #include '1PortFromFile.H' 
4 #include 'Events.H" 
5 #include 'Secti0n.H' 

;; 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
39 
40 
41 1 

Program* pl = neu Program(7); 
EStream* sl = neu EStream(MPEG2VIDE0, UNASSIGNED, 10000); 
pl->add-estream(s1); 
EStream* s2 = neu EStream(MPEGLAUDI0, UNASSIGNED, 512); 
pl->add-estream(s2); 
pl->activate(); 

7 // Globals 
8 int PacketNumber = 0; 

10 // Callbacks 
11 void printges (EventType, void*, void*); 
12 void print-map (EventType, void*, void*); 
13 print-badcrc (EventType, void*, void*); 
14 
15 main (int arge, char* argv[]) 16 1 
17 // create an EventManager 
18 EventManager* manager = neu EventManager(); 
19 
20 // create Directory 
21 Directory* dir = neu Directoryo; 

Program* p2 = neu Program(8); 
EStream* s3 = neu EStream(MPEGLVIDE0, UNASSIGNED, 10000); 
p2->adbestream(s3); p2->activate(); 

dir->addgrogram(pl); dir->addgrogram(p2); 

// create and update Encoder 
Encoder* encoder = neu Encoder(dir, 25000); 
encoder->update(); LL 

23 
24 
25 
26 
27 
28 
30 
31 

// create a Decoder with a handles to manager 
Decoder* decoder = neu Decoder(manager); 
decoder->install-dir(dir); 

// register callbacks 
manager->Register(MapParsed, print-map, decoder); 
manager->Register(PESParsed, printqes, NULL); 
manager->Register(BadCRC, print-badcrc, NULL); 

// build oport and connect encoder 
OPortToFile* oport = neu OPortToFile(argv[l], 0); 
encoder->connect(oport); 

configure-mux 0; 

// send PSI followed by 10 "ordinary' packets 
encoder->sendqacket(O); 
encoder->sendqacket(pl->pid); 
encoder->sendqacket(p2->pid); 
for (int i =  0; i <  10; i++) encoder->send-scheduledgacket(); 

;f // build import and connect 
34 IPortFromFile* iport = neu IPortFromFile(argv[l]); 
35 decoder->connect(iport); 
36 
37 // read some packets 
38 for (;; PacketNumber++) decoder->ReadPacket(); 
39 1 

The program has the following Steps: 

. Create a Directory Object with the hard-coded programs and 
constituent elementary streams (lines 12-25). After the creation of 
the Directory Object, a Program Object is created in line 14 with a 
PID of 7. In line 15, the Estream Object sl is created with type 
MPEG2VIDE0, a PID value of UNASSIGNED, which means that no 
particular value of PID is requested, and a reguired bandwidth of 
10000 bits per second (bps). sl is then added to the program pl by 
calling the add-estream method. Similar actions occur for the 
Estream Object s2. The activate method enables the program stream 
for multiplexing. In lines 21-23, Program p2 is created, an Estream 
s2 is created and added, and p2 is finally activated. These two 
programs then get added into the directory through the addqrogram 
method (line 25). 

The following actions are done in the program: 

1. Create an EventManager Object and a Directory Object. 

2. Create a Decoder Object with handles to the the EventManager 
and Directory. 

3. Register handlers with the EventManager for the events of interest. 
In the program, handlers are functions that print some values to 
stdout. For example, printqes is invoked by the EventManager when 
PESParsed event is generated by the PESConsumer Object. 

4. Create and connect an InputPort Object to the Decoder. In 
this case, the argument to IPortFromFile Object is the file name 
given as command line argument. 

2. Create a Encoder Object with a pointer to the directory 
total bandwidth available to this Encoder (lines 28,29). 

and the 

3. Create an Ou tputPort Object of type Ou tputPor 
specified fi lename as Parameter (line 32). 

tToFile with the 5. Read packets from the InputPort until end of transport stream is 
encountered. 

4. Invoke the Encoder to 'connect" to the OutputPort (line 33). 5. Future Work 

5 Configure the transport stream packet and PES packet Producers for 
each of the programs. The templates for transport packets for the 
two program streams and the PES packets for the three elementary is 
initialized in this function. 

The MSYS tool kit development is on-going. Some of the known 
limitations and areas for further improvement are: 

1. The toolkit cannot handle the cases when a section is longer than a 
Single transport packet or the case where a table consists of 
multiple sections. 1 void configure-mux() 

// get TS and PES elements from Encoder and configure 
TS* tsl =  encoder->get-ts(sl->pid); 
PES* pesl = encoder->getqes(sl->pid); 
PES* pes2 = encoder->getges(s2->pid); 
TS* ts2 = encoder->get_ts(s3->pid); 
PES* pes3 = encoder->getges(s3->pid); 
PES* pes4 = encoder->getges(s4->pid); 

2. The toolkit tan not generate a PES packet of indefinite length 
(i.e. the case where the length field has a value of Zero). The 
demultiplexor will correctly handle PES packets of indefinite 
length, however. 

7 
3. Clocks and t imestamps have to be reworked completely. Currently 

the Encoder maintains a Single clock based on the transport stream 
output rate for stamping PCRs. Instead there should be a notion of 
a clock coming along with a selected elementary stream on a 
per-program basis. There should also be enough understanding of 
the elementary stream structure (e.g. picture Start Codes, frame 
rates and picture types) to build and timestamp meaningful PES 
packets. 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

tsl->config-basic('0'. 'A', 'L', '0', 7, 'P'); 
tsl->config-adaptation('D', 'R', 'H', 222, NULL, 12. 24, 17, 16); 
pesl->config_basic(int(id_video_stream_0 + l), 

214, '0', 'H', '0', 'C', '0', 
688, 650, 601, 123345, NULL, NULL, 24); 

pes2->config-basic(int(id-audio-stream-0 + l), 
101, 'O', 'L', 'O', 'C', 'O', 
788, 750, 701, 23345, NULL, NULL, 16); 

4. Buffer Simulation is not done. Thus condi tions such as buffer 
Overflow and underflow in a demultiplexor cannot be tested. 

4. A better GUI. 
ts2->config-basic('O', 'A', 'L', '0', 7, 'P'); 
ts2->config-adaptation('D', 'R', 'H', 1111, NULL, 18, 10, 19, 5); 
pes3->config-basic(int(id-video-stream-0 + 2), 

References 
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3.3 Systems code listings 

3.3.1 C0nsumer.C 

/: Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

l  Usage Restrittions 
l  

* License is granted to copy, to use, and to make and to use derivative 
* works for research and evaluation purposes only. 
* 
* Disclaimer of Warranty 

* These Software programs are available to the user without any license 
* fee or royalty on an "as is' basis. Tektronix Inc. disclaims any and 
* all warranties, whether express, implied, or statuary, including any 
l  implied warranties or merchantability or of fitness for a particular 
l  purpose. In no event shall the Copyright-holder be liable for any 
l  incidental, punitive, or consequential damages of any kind whatsoever 
* arising from the use of these programs. 
t 
* This disclaimer of warranty extends to the user of these programs and 
l  user's customers, employees, agents, transferees, successors, and 
* assigns. 
l  

* The Tektronix Inc. does not represent or Warrant that the programs 
* furnished hereunder are free of infringement of any third-Party 
* Patents. 

*/ 

/* Consumer class implementation */ 

#include 'Uti1ities.H' 
#include 'TSC0nsurner.H 

Consumer: :Consumer (Decoder* d) 

decoder = d; 

void Consumer: :connect (InputPortf p) 

0 ISO/IEC 

#define CSTART 0 

c lass Consumer 

public: 
Consumer (Decoder*); 
void connect (InputPort*); 
virtual int readqartial (int); 
virtual void set-cstate (CState); 
virtual Cstate get-cstate 0; 
virtual void flush 0; 

protected: 
Decoder* decoder; 
InputPort* iport; 
CState cstate; 

DOCUMENTATION 

Consumers read things from InputPorts. Typical subclasses are 
TSConsumer, PESConsumer, PATConsumer, MapConsumer, etc. Although 
some of these classes define methods for reading directly from the 
InputPort and parsing immediately (e.g. TSConsumer), Consumers tan 
also be set up to read bytes from the InputPort into a buffer, buf. 
In this case parsing/analysis is deferred until the complete 
syntactic unit (e.g. a PES packet or PAT Section) is in the buffer. 

As streams are read and analysed various events are triggered (e.g. 
TSParsedEvent, UnexpectedPid, etc.) 

Public members are: 

Consumer (Decoder*); 
The only constructor. All Consumers have a Decoder Object 
available. This is used to access or manipulate information 
related to the Overall transport stream. The Decoder Object is 
also used to access the EventManager for the geneation of events. 

void connect (InputPort*); 
To connect to the InputPort. 

virtual void flush 0; 
A virtual function defined by subclasses. PESConsumer, for 
example, flushes it's elementary stream Port. 

virtual int readqartial (int); 
Will read a specified number of bytes from the InputPort. 
The specifics are different in each subclass. 

virtual void set-cstate (Cstate); 
virtual Cstate get-cstate 0; 

These two functions get and set the Consumer's state. A Consumer 
may be in state CSTART or it may be in one of the states that are 
specific to one of the subclasses. This is set to CSTART, for 
example, by a TSConsumer when a payload-unit-start-indicator is 
found to be '1'. In the subclasses it is manaaged and utilized in 
subsequent calls to readqartial. 

*/ 
iport = p; 

#endif 

void Consumer::flush 0 

3.3.3 Decoder.C 
int Consumer: :readgartial (int n) 
1 

sysmessage('unexpected virtual function cal1 - Consumer: :readqartial') 
for (int i =  0; i <  n; i++) 

(void) iport->read-byte(); 
return 1; 

void Consumer: :set-cstate (Cstate cs) 

cstate = cs; 
return; 

CState Consumer::get-cstate 0 

return cstate; 

3.3.2 C0nsumer.H 

Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

Usage Restrittions 

License is granted to copy, to use, and to make and to use derivative 
works for research and evaluation purposes only. 

Disclaimer of Warranty 

These Software programs are available to the user without any license 
fee or royalty on an "as is' basis. Tektronix Inc. disclaims any and 
all warranties, whether express, implied, or statuary, including any 
implied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be liable for any 
incidental, punitive, or consequential damages of any kind whatsoever 
arising from the use of these programs. 

This disclaimer of warranty extends to the user of these programs and 
user's customers, employees, agents, transferees, successors, and 
assigns. 

The Tektronix Inc. does not represent or Warrant that the programs 
furnished hereunder are free of infringement of any third-Party 
Patents. 

/* 
l  

*  

l  

*  

*  

t 

*  

*  

*  

*  

*  

*  

*  

l  

*  

*  

l  

*  

l  

*  

*  

*  

*  

*/ 

/* 

Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

Usage Restrittions 

License is granted to copy, to use, and to make and to use derivative 
works for research and evaluation purposes only. 

Disclaimer of WarraIity 

These Software programs are available to the user without any license 
fee or royalty on an 'as is' basis. Tektronix Inc. disclaims any and 
all warranties, whether express, implied, or statuary, including any 
implied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be liable for any 
incidental, punitive, or consequential damages of any kind whatsoever 
arising from the use of these programs. 

This disclaimer of warranty extends to the user of these programs and 
user's customers, employees, agents, transferees, successors, and 
assigns. 

The Tektronix Inc. does not represent or Warrant that the programs 
furnished hereunder are free of infringement of any third-Party 
Patents. 

Decoder class implementation l / 

#include "Dec0der.H' 
#include 'TSConsumer.H' 
#include 'SectionConsumers.H' 
#include 'PESC0nsumer.H" 

Decoder: :Decoder (EventManager* m) 

manager = m; 
tscons = neu TSConsumer(this, neu TS() ); 
netqid = NULL; 
head-crec = NULL; 
packet-number = 0; 

void Decoder:: install-netpid (int id) 

// i f id i s a neu 
if ( id != netqid) 

netgid, then destroy install neu one 

( 
netgid = id; 
add-cons(netqid, neu PriConsumer(this, neu PriSection())); 

/* Consumer class l / 
tifndef consumer-h 
tdefine consurner-h 

//-else do nothing 

tinclude '1nputPort.H' void Decoder: :install-dir (Directory* d) 

class Decoder; // switch to neu directory 
dir = d: 

typedef int CState; 
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// loop through all programs in dir and build new list 
ConsumerRecord* new-head-crec = NULL; 
ProgramRecord* prec = dir->headqrec; 
while (prec) 

if ( !map-crec) 
place new list program consumer on consumer 

map-crec = new ConsumerRecord(prog->pid, 
new MapConsumer(this, 

new MapSection(prog))); 
map-crec->next-crec = head-crec; 
head-crec = map-crec; 

Program* prog = prec->program; 
new-head-crec = installqrog-on-new-list (prog, new-head-crec); 
prec = prec->nextqrec; 

// put children estreams on list if not there already 
EStreamRecord* erec = prog->head-erec; 
while (erec) 

// now save old head-crec and install new head-crec 
ConsumerRecord* old-head-crec = head-crec; 
head-crec = new-head-crec; 
add-cons(0, new PATConsumer(this, new PATSection)); 
add-cons(1, new CAConsumer(this, new CASection)); EStream* estream = erec->estream; 

ConsumerRecord* crec = find-crec(estream->pid); 
if (!crec) // now look for things on old list to clean up 

ConsumerRecord* crec = old-head-crec; 
while (crec) crec = new ConsumerRecord(estream->pid, 

new PESConsumer(this, new PES) ); 
crec->next-crec = head-crec; 
head-crec = crec; 

delet e crec; 
crec = crec- >next-crec; 

erec = erec->next-erec; 

void Decoder::installgrog (Program* newprog) 

// find and remove existing program from dir 
Program* oldprog = dir->getqrogram(newprog->program-number); 
if (oldprog) dir->removeqrogram(oldprog); 

// add newprog to dir 
dir->addqrogram(newprog); 

ConsumerRecord* Decoder:: installqrog-on-new-list (Program* prog, 
ConsumerRecord' head-of-list) 

( 
/* 
Takes a program and a consumer list Checks to see of any 
consumers already exist on the current installed comsumer list. 
These get moved over to the new list. Otherwise new consumers are 
created and placed on the new list 
*/ 

// put map table consumer on list if not there already 
ConsumerRecord* map-crec = find-and-remove-crec(prog->pid); 
if (!map-crec) 

// place new program map consumer on consumer list 

// now install program on 
install_prog~on~current_li 

consumer list 
st (newprog); 

void Decoder:: connect (InputPort* ip) 

iport = ip; 
// connect tsport 
tscons->connect(ip); 
// payload Consumers connect just before they are used 

map-crec = new ConsumerRecord(prog->pid, new MapConsumer 
new Mapsect ion Wog) 1) ; 

(this, 

map-crec->next-crec = head-of-list; 
head-of-list =  map-crec; 

// put children estreams on list if not there already 
EStreamRecord* erec = prog->head-erec; 
while (erec) 

void Decoder::flush () 

ConsumerRecord 
while (crec) 

* crec = head-crec; 

crec- >cons-> flush(); 
crec = crec- >next-crec; EStream* estream = erec->estream; 

ConsumerRecord* crec = find-and-remove-crec(estream->pid); 
if (!crec) 

void Decoder::readgacket 0 ConsumerRecord estream->pid, 
new PESConsumer(th is, new PES)); 

tscons->read-ts 
packet-number++ 

sacke toi 
crec->next-crec = head-of-list; 
head-of-list =  crec; 
erec = erec->next-erec; 

Directory* Decoder::get-dir () 

return head-of-list; 

ConsumerRecord* Decoder::find-crec (int id) 

ConsumerRecord* 
while (crec) 

crec = head-crec; 

if (crec->pid == id) 

return crec; 

crec = crec->next-crec; 

return NULL; 

ConsumerRecord* Decoder:: find-and-remove-crec (int id) 

ConsumerRecord* cur-crec = head-crec; 
ConsumerRecord* prev-crec; 
while (cur-crec) 

( 
if (cur-crec->pid == 

1 
.d) 

if (cur-crec == head-crec) 

head-crec = head-crec->next-crec; 

prev-crec->next-crec = cur-crec->next-crec; 
1 

return cur-crec; 

prev-crec = cur-crec; 
cur-crec = cur-crec->next-crec; 

1 
return NULL; 

ConsumerRecord:: ConsumerRecord (int i, Consumer* c) 
( 

pid = i; 
ts = new TS(); 
ts->pid = pid; 
cons = c; 
next-crec = NULL; 

3.3.4 Decoder.H 

derivative 

/* * Copyright (C) 1995, Tektronix Inc. 1 Rights Reserved. 

Usage Restrittions * 
* License is granted to copy, to use, and to make and to 
* works for research and evaluation purposes only. 
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Disclaimer of Warranty 

These Software programs are available to the user without any license 
fee or royalty on an "as is" basis. Tektronix Inc. disclaims any and 
all warranties, whether express, implied, or statuary, including any 
implied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be liable for any 
incidental, punitive, or conseguential damages of any kind whatsoever 
arising from the use of these programs. 

This disclaimer of warranty extends to the user of these programs and 
user's customers, employees, agents, transferees, successors, and 
assigns. 

The Tektronix Inc. does not represent or Warrant that the programs 
furnished hereunder are free of infringement of any third-Party 
Patents. 

Decoder class */ 
#ifndef decoder-h 
#define decoder-h 

#include 'C0nsumer.H' 
#include 'TS.H" 
#include 'PES.H' 
#include '1nputPort.H' 
tinclude 'Direct0ry.H' 
#include 'Events.H' 

class TSConsumer; 
class ConsumerRecord; 

class Decoder 

public: 
Decoder (EventManager*); 

// connect and read 
void connect (InputPort*); 
void readqacket 0; 
void flush 0; 

// access functions 
void install-netpid (int); 
void install-dir (Directory*); 
void installqrog (Program*); 
Directory* get-dir 0; 
int get-networkpid 0; 
EIventManager* get-manager 0; 
TS* get-ts 0; 
TS* get-ts (int); 
PES* getges (int); 
Consumer* get-cons (int); 

// Utilities 
int packet-number; 
void print-pids 0; 

private: 
EventManager* manager; 
Directory* dir; 
InputPort* iport; 
int netqid; 
Consumer* pst-cons; 
Consumer* ca-cons; 
TSConsumer* tscons; 
ConsumerRecord* head-crec; 
void add-cons (int, Consumer*); 
void installqrog-on-current-list (Program*); 
ConsumerRecord* installqrog-on-new-list (Program*, ConsumerRecord*); 
ConsumerRecord* find-crec (int); 
ConsumerRecord* find-and-remove-crec (int); 

class ConsumerRecord 

public: 
ConsumerRecord (int. Consumer*); 
TS* ts; 
int pid; 
Consumer* cons; 
ConsumerRecord* next-crec; 

/* 
DOCUMENTATION 

A Decoder is basically an encapulation of the environment present 
as a transport stream is read. The Decoder Object manages such 
global information as the Network Table pid value, the current packet 
number and the number of programs and streams per program (as 
represented in the Directory structure). 

Internally a Decoder manages a lookup table associating each active 
pid value with a Consumer and other pid-specific information. When 
the pid value is read from a new packet the corresponding record is 
accessed and installed. The associated Consumer is used to read the 
payload of the transport packet. An associated TS Object is 
installed as the current TS Object in the decoder. This Object is 
examined to determine, for example, whether the continuity counter 
incremented correctly since the last packet with the same pid value. 

The Decoder supports the public method: 

void readqacket 0; 
Called to read a new transport packet. 

*/ 

#endif 

3.3.5 Direct0ry.C 

/* Copyright (C) 1995, Tektronix Inc. All Rights Reserved 

Usage Restrittions 

l  License is granted to copy, to use, and to make and to use derivative 
* works for research and evaluation purposes only. 
* 
* Disclaimer of Warranty 

* t * t + * * * * * * * * * * 
*/ 
/* 

These Software programs are available to the user without any license 
fee or royalty on an .as is' basis. Tektronix Inc. disclaims any and 
all warranties, whether express, implied, or statuary, including any 
implied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be liable for any 
incidental, punitive, or consequential damages of any kind whatsoever 
arising from the use of these programs. 

This disclaimer of warranty extends to the user of these programs and 
user's customers, employees, agents, transferees, successors, and 
assigns. 

The Tektronix Inc. does not represent or Warrant that the programs 
furnished hereunder are free of infringement of any third-Party 
Patents. 

Directory, Program and EStream implementations */ 

#include "Uti1ities.H' 
#include 'Direct0ry.H' 

extern "C' 
t 
#include <stdio.h> 
1 

/* Directory functions */ 

Directory::Directory () 
l 

headqrec = NULL; 
1 

void Directory: :addgrogram (Program* p) 
( 

ProgramRecord* new-prec = new ProgramRecord(p); 
new-prec->nextqrec = headgrec; 
headgrec = newqrec; 

1 

void Directory: :removeqrogram (Program* p) 
{ 

ProgramRecord* curgrec = headqrec; 
ProgramRecord* prevqrec; 
while (curqrec) 

i 
if (curqrec->program == p) 

( 
if (curqrec == head-prec) 

( 
headqrec = headgrec->nextgrec; 

1 
else 

1 
prevqrec->nextgrec = curyrec->nextqrec; 

1 
delete curqrec; 
return; 

1 
prevqrec = cur_prec; 
cur_prec = curqrec->nextqrec; 

1 
1 

void Directory::removeqrogram (int pn) 
( 

ProgramRecord* curgrec = headgrec; 
ProgramRecord* prevgrec; 
while (curqrec) 

( 
if (curgrec->program->program.number == pn) 

t 
if (curqrec == headqrec) 

( 
headqrec = headqrec->nextqrec; 

1 
else 

( 
prevqrec->nextqrec = curqrec->nextqrec; 

1 
delete curqrec; 
return; 

) 
prevqrec = curqrec; 
curgrec = curqrec->nextqrec; 

1 
1 

Program* Directory::getgrogram (int pn) 
1 

ProgramRecord* prec = headqrec; 
while (prec) 

( 
if (prec->program->program-number == pn) 

1 
return prec->program; 

1 
prec = prec->nextgrec; 

1 
return NULL; 

1 

int Directory::get-numgrograms () 
1 

ProgramRecord* prec = head-prec; 
int n = 0; 

while (prec) 
I 

n++; 
prec = prec->nextqrec; 

1 
return n; 

1 

void Directory::print () 
( 

ProgramRecord* prec = headgrec; 

while (prec) 
( 

prec->program->print(); 
prec = prec->nextqrec; 

1 
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void EStream::print 0 
1 

printf(' EStream of type: %d pid: %d\n', stream-type, pid); 

/* Program functions */ 

Program: :Program () 
( 

program-number = UNASSIGNED; 
pid = UNASSIGNED; 
active = ACTIVE; 
head-erec = NULL; 

EStreamRecord::EStreamRecord (EStream* es) 

estream = 
next-erec 

es; 
= NULL; 

Pr0gram::Progra-m (int pn) 

program-number = pn; 
pid = UNASSIGNED; 
active = ACTIVE; 
head-erec = NULL; 

3.3.6 Direct0ry.H 

/* Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

Program: :Program (int pn, int id) Usage Restrittions 

program-number = pn; 
pid = id; 
active = ACTIVE; 
head-erec = NULL; 

* License is granted to copy, to use, and to make and to use derivative 
* works for research and evaluati .on purposes only. 

Disclaimer of Warranty 

* These Software programs are available to the user without any license 
* fee or royalty on an 'as is' basis. Tektronix Inc. disclaims any and 
* all warranties, whether express, implied, or statuary, including any 
* implied warranties or merchantability or of fitness for a particular 
* purpose. In no event shall the Copyright-holder be liable for any 
* incidental, punitive, or consequential damages of any kind whatsoever 
* arising from the use of these programs. 

void Program::activate 0 

active = ACTIVE; 

void Program::deactivate 0 

active = NOTACTIVE; * This disclaimer of warranty extends to the user of these programs and 
* user's customers, employees, agents, transferees, successors, and 
* assigns. 

void Program: :add-estream (EStream* es) 
l  The Tektronix Inc. does not represent or Warrant that the programs 
* furnished hereunder are free of infringement of any third-Party 
* Patents. 

EStreamRecord* new-erec = new EStreamRecord(es); 
new-erec- >next-erec = 
head-erec = new-erec; 

head-erec; 
*/ 
/* Directory, etc. classes */ 

void Program: :setqcr-estream (EStream* es) 
#ifndef directory-h 
#define directory-h per-estream = es; 

StreamType (MPEGGlVIDEO = 1, MPEG2VIDE0, 
MPEGlAUDIO, MPEGLAUDIO, MPEGPRIVATE}; void Program: :remove-estream (EStream* es) 

( 
EStreamRecord* cur-erec = head-erec; enum ProgramState (ACTIVE, NOTACTIVE); 
EStreamRecord* prev-erec; 
while (cur-erec) COnSt int UNASSIGNED = -1; 

if (cur-erec->estream == es) class EStream; 
class EStreamRecord; 
class Program; 
class ProgramRecord; 
class Directory; 

if (cur-erec == head-erec) 

head-erec = head-erec->next-erec; 

else class Directory 

prev-erec->next-erec = cur-erec->next-erec; public: 
Directory 0; 
void addgrogram (Program*); 
void removeqrogram (Program*); 
void removeqrogram (int); // remove by program-number 
Program* getqrogram (int); // find by program-number 
int get-numqrograms 0; 
ProgramRecord* headgrec; 
void print 0; 

private: 
1; 

delete cur-erec; 
return; 

prev-erec = cur-erec; 
cur-erec = cur-erec->next-erec; 

EStream* Program: :get-estream (int id) 

EStreamRecord* erec = head-erec; class Program 

while (erec) public: 
Program 0; 
Program (int) ; 
Program (int, int); 
int program-number; 
int pid; 
EStream* per-estream; 
int active; 
void activate 0; 
void deactivate 0; 
void setgcr-estream (EStream*); 
void add-estream (EStream*); 
void remove-estream (EStream*); 
void remove-estream (int); 
EStream* get-estream (int); // 
int get-nurr-streams 0; 
EStreamRecord* head-erec; 

if (erec->estream->pid == id) return erec->estream; 
erec = erec->next-erec; 

return NULL; 

int Program::get-num-streams () 

EStreamRecord* erec = 
int n = 0; 

head-erec; 

while (erec) find by pid 

n++; 
erec = erec->next-erec; void pr 

private: 
int 0; 

return n; 

class ProgramRecord 
void Program::print 0 

public: 
ProgramRecord (Program*); 
Program* program; 
ProgramRecord* nextqrec; 

1; 

printf(' Program %d:\n", program-number); 
printf(' pid: %d\n', pid); 
EStreamRecord* erec = head-erec; 
while (erec) 

erec->estream->print(); 
erec = erec->next-erec; 

class EStream 

public: 
EStream(StreamType, int, int); 
StreamType stream-type; 
int bandwidth; 
int pid; 
void-print 0; 

// type, pid, bandwidth 

ProgramRecord: :ProgramRecord (Program* prog) 

program = 
nextgrec 

wog; 
= NULL; 

class EStreamRecord 
/* EStream functions */ 

public: 
EStreamRecord (EStream*); 
EStream* estream; 
EStreamRecord* next-erec; 

EStream:: EStream (StreamType twe , int id, int b) 

stream-type = type; 
pid = id; 
bandwidth = b; 
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1 
else 

( 

/* 
DGCUMENTATION 

// FIX - check to see if program is active before sending Map table Directory, Program and EStream are used together to manage a list of 
Programs where each Program contains a list of elementary streams 
(EStreams) . 

These classes are used by the Encoder and Decoder class as a database 
0f program content information. Encoding applications build a 
Directory and install it in the Encoder. The Encoder then uses the 
directory to assemble the multiplex. Decoding applications build a 
Directory which the Decoder will manipulate to reflect the stream 
contents. The Directory tan then be examined by the application. 

// loop through programs estreams check estreams 
EStreamRecord* erec = prec->program->head-erec; 
while (erec) 

( 
if (erec->estream->pid == UNASSIGNED) 

1 
erec->estream->pid = newqid 
if (prec->program->active == 

1; 
ACTIVE) 

TS* ts = new TSO; 
ts->pid = erec->estream->pid; 

ts->config-basic('O', 'A', 'H', '0', 0, 'P'); 
ProducerRecord* prodrec = addqrod(ts, 

new PESProducer(this, new PESO), ELEM, 
erec->estream->bandwidth); 

if (erec->estream == prec->program->pcr-estream) 

a list of Programs and allow retrieval, insertion Directories manage 
and deletion. 

PrOgramS manage a list of EStreams and allow retrieval, insertion, 
and deletion. Programs also have program-nuxnbers, pids (for the 
MapSection), and per-estreams. They tan be active or inactive. The 
meaning of active or inactive depends on the user of the Directory. 

prodrec->pcr-flag ZE 1; 
prodrec->nextqcr = 0; 

EStreams 
*/ 

have a StreamType, a bandwidth and a pid. 

else 
f 

// FIX - further work on Encoder::build-records 
1 3.3.7 Encoder.C 

erec = erec->next-erec; 

Copyright (c) 1995, Tektronix Inc. All Rights Reserved. 

Usage Restrittions 

License is granted to copy, to use, and to make and to use derivative 
works for research and evaluation purposes only. 

Disclaimer of Warranty 

These Software programs are available to the User without any license 
fee or royalty on an =as is' basis. Tektronix Inc. disclaims any and 
all warranties, whether express, implied, or statuary, including any 
inrplied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be liable for any 
incidental, punitive, or conseguential damages of any kind whatsoever 
arising from the use of these programs. 

This disclaimer of warranty extends to the user of these programs and 
user's customers, employees, agents, transferees, successors, and 
assigns. 

The Tektronix Inc. does not represent or Warrant that the programs 
furnished hereunder are free of infringement of any third-Party 
Patents. 

prec = prec->nextgrec; 

void Encoder: :connect (outputport' op) 

oport = op; 
// connect tsport 
tsprod->connect(op); 
// payload Producers connect just before they are used 

void Encoder: :sendqacket (int pid) 

// get p-c 
ProducerRecord* prec = findgrec(pid); 
sendqacket(prec); 

void Encoder: :send-scheduledgacket () 
( 

ProducerRecord* minqrec = NULL; 
double min-cur-gap = 100.0; 
ProducerRecord* prec = headqrec; 
while (prec) 

( 
if (prec->cur-gap < min-cur-gap) 

( 
min-cur-gap = prec->cur-gap; 

Rncoder class implementation */ 

tinclude 'Enc0der.H' 
tinclude 'sectionProducers.H' 
tinclude "PESPr0ducer.H' 
linclude 'TSProducer.H' 
linclude 'Uti1ities.H' 

minqrec = prec; 
1 

prec = prec->nextgrec; 
1 

sendqacket(mingrec); Encoder: :Encoder (EventManager* m) 

manager = m; 
tsprod = new TSProducer(this); 
headqrec = NULL; 
packetnumber = 0; 
sys-time = 0; 
sys-cons t = 20000000; 
// set Producer list to null 
headqrec = NULL; 

void Encoder: :sendqacket (ProducerRecord* prec-togo) 
t 

if (prec-togo == NULL) 
1 

prec-togo = findqrec(8191); 
if (prec-togo == NULL) 

sys-message( 
return; 

'can't find pid 8191 in Encoder table') ; 

void Encoder: :set-bitrate (int r) 
( 

bitrate = r; 
packet-time = (1504 * 27000) / bitrate; // set up environment 

packet-number++; 
if (packet-number > 1) sys-time = sys-time + packet-time; 

void Encoder: :install-dir (Directory* d) 
// prepare and bind ts structure 
prec-togo->ts->inc-cc0; 
if ((prec-togo->pcr-flag == 1) && (sys-time > prec-togo->nextqcr)) 

dir =  d; 

// build null packet TS and add Producer 
TS* nullts = new TSO; 
nullts->configbasic('O', 'O', 'L', 'O', 'O', '0'); 
nullts->pid = 8191; 
(void) addqrod(nullts, new Producer(this), NULLPROD, NULL); 

prec-togo->ts->addqcr '(sys-time); 
prec-togo-Bnextqcr = sys-time + TimeStamp27 (270000); 

else 

prec-togo->ts->deleteqcr(); // build PAT packet TS and add Producer 
TS+ Patts = new TSO; 
Patts->config-basic('O', 'A', 'H', '01, 'o', 'pl); 
Patts->pid = 0; 
(void) addqrod(patts, new PATProducer(this, neu PATSection()), PSI, NULL) 

tsprod->ts = prec-togo->ts; 

// send packet 
tsprod->send-tsqacket (prec-togo-pprod); 

// FIX - set up conditional access Producer as well 
// adjust gaps 
ProducerRecord* prec = headqrec; 
while (prec) 

// now setup prec's based on new dir 
build-recordso; 

'ectory 

( 
if (prec == prec-togo) 
prec->cur-gap = prec->cur-gap + prec->gap; 

else 
prec->cur-gap = prec->cur-gap - 1; 

prec = prec->nextqrec; 

void Encoder::build-records 0 
( 

// loop through programs in directory 
ProgramRecord* 
while (prec) 

prec = dir->headgrec; 

// check pid for MapTable 
if (prec-Bprogram->pid == UNASSIGNED) Directory* Encoder::get-dir () 

( 
return dir; prec->program->pid = newqid 0; 

if (prec->program->active == ACTIVE) 

TS* Encoder::get-ts (int pid) 
l 

ProducerRecord' prec = findgrec(pid); 
if (prec) 

TS* mapts = new TSO; 
mapts->pid = prec->program->pid; 
mapts->config-basic('O', 'A', 'H', 'o', 'o', 'p'); 
(void) addgrod(mapts, 

necMapProducer(this, new MapSection(prec->program)), 
PSI, NULL); return prec->ts; 
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return NULL; prod = p; 
per-flag = 0; 
nextqrec = NULL; 

PES* Encoder::getqes (int pid) 
( 

ProducerRecord* prec = 
if (prec) 

findqrec(pid); 

( 
PESProducer* pesprod = 
return pesprod->pes; 

3.3.8 Encoder.H (PESProducer*) prec->prod; 

Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 
return NULL; 

Usage Restrittions 

ProducerRecord* Encoder: :addqrod (TS* ts, Producer* prod, ProdType t, int b) License is granted to copy, to use, and to make and to use derivative 
works for research and evaluat ion purposes only. ( 

ProducerRecord* prec = new ProducerRecord(ts, prod, t); 
prec->nextqrec = headgrec; 
prec->stream-band = b; 
headgrec = prec; 
recalc-mux(); 
return prec; 

* * 
Disclaimer of Warranty 

* These Software programs are available to the user without any license 
* fee or royalty on an 'as is. basis. Tektronix Inc. disclaims any and 
* all warranties, whether express, implied, or statuary, including any 
* implied warranties or merchantability or of fitness for a particular 
* purpose. In no event shall the Copyright-holder be liable for any 
* incidental, punitive, or consequential damages of any kind whatsoever 
l  arising from the use of these programs. 

void Encoder::delete_prod (int pid) t 
ProducerRecord* curqrec = head_prec; 
ProducerRecord* 
while (curgrec) 

prevgrec; * This disclaimer of warranty extends to the user of these programs and 
* user's customers, employees, agents, transferees, successors, and 
* assigns. 
l  

l  The Tektronix Inc. does not represent or Warrant that the programs 
* furnished hereunder are free of infringement of any third-Party 
* Patents. 

'/ 

I 
if (curqrec->ts->pid == pid) 

( 
if (curqrec == headgrec) 

headgrec = headqrec->nextgrec; 

1' Encoder class */ 
#ifndef encoder-h 
#define encoder-h 

( 
prevgrec-xnextqrec = curqrec->nextgrec; 

delete 
return; 

curqrec; #include 'Events.H' 
#include 'Producer.H' 
#include 'Direct0ry.H' 
#include '0utputPort.H' 
Xinclude "TS.H' 

prevgrec = curqrec; 
curqrec = curgrec->nextgrec; 

recalc-mux(); class TSProducer; 
class ProducerRecord; 
class TS; 
class PES; ProducerRecord* Rncoder::find_prec (int pid) 

t 
ProducerRecord* prec = head_prec; 
while (prec) 

enum ProdType (ELRM, PSI, NULLPROD}; 

class Encoder 
if (prec == NULL) 

public: 
Encoder (EventManager*); sys-error('unexpected NULL prec'); 

1 
if (prec->ts->pid == pid) // connect and send 

void connect (OutputPort*); 
void send-scheduledqacket 0; 
void sendgacket (int); 

return prec; 

Pr- = prec->nextgrec; 
// access functions 
void set-bitrate (int); 
void install-dir (Directory*); 
Directory* get-dir 0; 
TS* get-ts (int); 
PES* getges (int); 
int packet-number; 
TimeStamp27 sys-time; 
TimeStamp27 sys-const; 

return NULL; 

Producer* Encoder::getgrod (int pid) 
1 

ProducerRecord* prec = find_prec(pid); 
if (prec == NULL) return NULL; 
return prec->prod; 

// other Utilities 
int newqid 0; 

private: 
EventManager* manager; 
Directory* dir; 
TSProducer* tsprod; 
OutputPort* oport; 
int bitrate; // bits per second in 1000's 
int Psi-rate; 
TimeStamp27 packet-time; 
ProducerRecord* headgrec; 
void sendqacket (ProducerRecord*); 
ProducerRecord* addqrod (TS*, Producer*, Pr 
void deleteqrod (int); 
Producer* getgrod (int); 
ProducerRecord* findqrec (int); 
void build-records 0; 
int recalcmux 0; 

int Encoder::newgid () 

static 
return 

int counter 
counter++; 

= 16; 

int max (int a, int b) 

return (a < b) ? b : a; 

int Rncoder: :recalcmux 0 
t 

.odType, int); 

// sum non-psi and non-null bandwidths 
int elem-total = 0; 
int npsi = 0; 
ProducerRecord+ prec = headgrec; 
while (prec) 

if (prec->type == ELEM) elem-total = elem-total + prec->stream_band; 
if (prec->type == PSI) npsi++; 
prec = prec->nextgrec; 

class ProducerRecord 

public: 
ProducerRecord (TS*, Producer*, ProdType); 
ProdType type; 
TS* ts; 
int per-flag; 
TimeStamp27 nextqcr; // nonzero only for pcrqids 
Producer* prod; 
int stream-band; 
double gap; 
double cur-gap; 
ProducerRecord* nextgrec; 

// calculate total psi and set psi bandwidths 
psi-rate = max(80, int(double(bitrate) / 300.0)); 
prec = headqrec; 
while (prec) 

if (prec->type == PSI) prec->stream-band = psi-rate / npsi; 
prec->gap = 

(1.0 / (double(prec->stream_band) / double(bitrate))) - 1.0; 
prec = prec->nextgrec; 

1 

calculate nul 1 bandwidth 
(elem-total + psi-rate > 

/* 
DOCUMENTATION if bitrate) 

1 
sys-error('stream bandwidth's is greater than total available'); An Encoder is basically an encapsulation of the environment present 

during a transport stream multiplex Operation. The Encoder Object 
manages such global information as the Overall tranport stream 
bitrate, the OutputPort, the Network Table pid value and the number 
of programs and number of streams per program (as represented in a 
Directory StrUCtUre). 

prec = findqrec(8191); 
prec->stream-band = bitrate - (elem-total + Psi-rate); 
Prec->gaP = (1.0 / (double(prec->stream-band) / double(bitrate))) - 1.0; 

return 1; 
Internally an Encoder manages a lookup table associating each 
active pid value with a Producer and other pid-specific information. 
The multiplex algorithm will calculate the next outgoing pid value by 
examining this table and will then use the corresponding Producer to 
produce the payload for that pid value. At this time a TS Object 
associated with the current pid value will also be installed as the 

ProducerRecord::ProducerRecord (TS* tl, Producer* p, ProdType t2) 

ts = t1; 
type = t2; 
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*/ 
/* Events.H */ 

Encoder's current TS Object. 

The Encoder also maintains a 27MHz System clock. This clock is 
incremented each time a transport packet is produced (in constant 
increments depending on the Overall bitrate) and tan be queried by 
other modules (such as the PES packet generator when PTS and DTS are 
generated). The encoder increments a packet-number field. 

#ifndef events-h 
#define events-h 

extern 'C' 
l 
#include <stdio.h> The Encoder supports two packet-producing functions: 

void send-scheduledqacket 0; 
Will cal1 the scheduling algorithm to determine the next pid value 
to be sent in the mux and send a packet with that pid value. 

enum EventType 

TSParsed, 
PESHeaderParsed, 
PATParsed, 
MapParsed, 
CAParsed, 
BadCRC, 
Discontinuity, 
RandomAccess, 
PCREvent, 
PTSDTSEvent, 
UnexpectedPid, 
Termination, 
NumberEventTypes 

// TS* 
// PE.??* 
// PATSection* 
// MapSection* 
// CASection* 
// Section* 
// TS* 

// TS* 
// TS* 

// PES' 
// Wrapper* with int as pid 

// NULL 

void sendqacket (int n); 
Will not invoke the scheduling algorithm but will send a packet 
with pid value n. 

*/ 

#endif 

3.3.9 Events.C 

Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

Usage Restrittions 

License is granted to copy, to use, and to make and to use derivative 
works for research and evaluation purposes only. 

Disclaimer of Warranty 

These Software programs are available to the user without any license 
fee or royalty on an "as is' basis. Tektronix Inc. disclaims any and 
all warranties, whether express, implied, or statuary, including any 
implied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be liable for any 
incidental, punitive, or conseguential damages of any kind whatsoever 
arising from the use of these programs. 

This disclaimer of warranty extends to the user of these programs and 
user's customers, employees, agents, transferees, successors, and 
assigns. 

The Tektronix Inc. does not represent or Warrant that the programs 
furnished hereunder are free of infringement of any third-Party 
Patents. 

typedef void Callback (EventType, void*, void*); 

class CallbackRecord; 

class EventManager 

public: 
EventManager 0; 
void Register (EventType, Callback, void*); 
void Trigger (EventType, void*); 

private: 
CallbackRecord* CallbacksjNumberEventTypesl; 

class CallbackRecord 

public: 
EventType type; 
Callback* callback; 
void* client-data; 
CallbackRecord (EventType, Callback, void*); 

class Wrapper 
( 
public: Event implementation */ 

wrapper(int); 
wrapper(char); 
int i; 
char c; 

#include 'Events.H' 

EventManager: :EventManager 0 

for (int i =  0; i <  (int) NumberEventTypes; i++) 

Callbacks[i] =  NULL; DOCUMENTATION 

Applications tan make use of the event mechanism implemented in the 
EventManager ClaSS. There are various places in the MSYS library 
where events are "triggered". For example when a transport packet is 
parsed the event "TSParsed" is triggered. At this Point if there is 
a callback 'registered' with the EventManager for the TSParsed event, 
then that callback routine will be called. 

void EventManager ::Register (EventType t, Callback f, void' d) 
( 

CallbackRecord* crec = new CallbackRecord(t, f, d); 
Callbacks[tl =  crec; 

Callbacks must all have the same type: void EventManager ::Trigger (EventType t, void* call-data) 

if ((t <  0) 11 (t >= NumberEventTypes)) retUrn; 
typedef void Callback (EventType, void*, void*); 

where 
EventType 

CallbackRecord* crec = Callbacks[t] 
if (crec) crec-zcallback(crec->type 

; is one of the values listed above. , crec->client-data, cal1 -data); 

The first void* is called the 'client-data". It is any pointer 
specified by the application at the time of registration. CallbackRecord: :CallbackRecord (EventType t, Callback c, void* d) 

The second void* is called "call-data'. It is a pointer passed by 
the EventManager to an Object that is specific to that event. For 
example, the TSParsed event will pass a TS Object representing the 
Parse to the callback. The type of cal1 data associated with each 
EventType is listed above with the EventTypes. 

type = t; 
callback = c; 
client-data = d; 

Wrapper:: Wrapper (int ii) 
Currently only one callback tan be registered for each EventType. 
They are stored and indexed in a simple array along with their 
client-data. 

i = ii; 
A class Wrapper is provided for passing ints and chars as client-data 
and call-data. 

Wrapper: :Wrapper (char cc) 

Public methods are: 

EventManager 0; 
The only constructor. 

3.3.10 EvenkH void Register (EventType, Callback, void*); 
Used to register a callback with an EventType. The third argument 
is client-data. /* * * * * * * 

l  

*  

t 

*  

t 

l  

*  

t 

*  

*  

*  

*  

t 

l  

*  

*  

*  

Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

Usage Restrittions 

License is granted to copy, to use, and to make and to use derivative 
works for research and evaluation purposes only. 

Disclaimer of Warranty 

These Software programs are available to the user without any license 
fee or royalty on an .as is' basis. Tektronix Inc. disclaims any and 
all warranties, whether express, implied, or statuary, including any 
implied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be liable for any 
incidental, punitive, or consequential damages of any kind whatsoever 
arising from the use of these programs. 
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This disclaimer of warranty extends to the user of these programs and 
user's customers, employees, agents, transferees, successors, and 
assigns. 

The Tektronix Inc. does not represent or Warrant that the programs 
furnished hereunder are free of infringement of any third-Party 
Patents. 

vsid Trigger (EventType, void*); 
Used to trigger an event. The second argument is call-data. 

*/ 

#endif 

3.3.11 1PortFromFile.C 

/* Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

* Usage Restrittions 

* License is granted to copy, to use, and to make and to use derivative 
* works for research and evaluation purposes only. 

* Disclaimer of Warranty 

* These Software programs are available to the user without any license 
* fee or royalty on an l as is' basis. Tektronix Inc. disclaims any and 
* all warranties, whether express, implied, or statuary, including any 
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* These Software programs are available to the user without any license 
* fee or royalty on an "as is. basis. Tektronix Inc. disclaims any and 
* all warranties, whether express, implied, or statuary, including any 
* implied warranties or merchantability or of fitness for a particular 
* purpose. In no event shall the Copyright-holder be liable for any 
* incidental, punitive, or consequential damages of any kind whatsoever 
* arising from the use of these programs. 

* implied warranties or merchantability or of fitness for a particular 
* purpose. In no event shall the Copyright-holder be liable for any 
* incidental, punitive, or consequential damages of any kind whatsoever 
* arising from the use of these programs. 
* 
l  This disclaimer of warranty extends to the user of these programs and 
* user's customers, employees, agents, transferees, successors, and 
* assigns. 

* This disclaimer of warranty extends to the user of these programs and 
l  user's customers, employees, agents, transferees, successors, and 
l  assigns. 

* The Tektronix Inc. does not represent or Warrant that the programs 
l  furnished hereunder are free of infringement of any third-Party 
* Patents. 

l / 

/* IPortFromFile implementation */ 

#include '1PortFromFile.H" 
#include 'Uti1ities.H' 

extern 'C" 

* The Tektronix Inc. does not represent or Warrant that the programs 
* furnished hereunder are free of infringement of any third-Party 
* Patents. 

*/ 

/* IPortFromFile is an InputPort that reads from a file */ 
#ifndef iportfromfile-h 
#define iportfromfile-h 

#include "1nputPort.H" #include <stdio.h> 
Ilinclude <fcntl.h> 
Winclude <errno.h> 
int read (int, char*, int); 
int write (int, char*, int); 
int close (int); 

// FIX -- CacheSize should be specified in the constructor call. 
#define CacheSize 4096 
#define CYCLE 1 
#define NOCYCLE 2 

class IPortFromFile : public InputPort 
IPortFromFile. .:IPortFromFile (char* fileName, int flag) : InputPortO 

public: 
IPortFromFile (char*, int); 

protected: 
virtual char input-bit 0; 
virtual char input-byte 0; 

private: 
int cycle-flag; 
char* file-name; 
int fd; 
char fbuf[CacheSizel; 
int flen; 
int bufpos; 
char byte; 
int pos; 
int inc-bit 0; 
char bit2char 0; 

// opens file and sets pos 
cycle-flag = flag; 
file-name = fileName; 
fd = open(file-name, O-RDONLY); 
if (fd > 0) 

pos = -1; // forces read on first cal1 to read-bit 

else 

SySJIEsSage(‘Unable to open file in IPortFromFile::IPortFromFile'), 
1 

char IPortFromFile::input-bit () 
// returns next bit as a char or BADBIT for an error 

/* 
DOCUMENTATION 

int result =  inc-bit 0; 
if (result) return bit2charO; 
return BADBIT; 

IPortFromFile is a subclass of InputPort. It provides 
implernentations for the two virtual funtions input-bit and input-byte 
and, except for constructors, its public interface is inherited from 
the base class. The port tan be used in a CYCLE or NOCYCLE modes. 
When in CYCLE mode the port will loop back to the beginning of the 
file when the EOF is encountered, thus providing a ongoing stream of 
bits. When in NOCYCLE mode the port will cal1 sys-halt when the EOF 
is reached. 

char IPortFromFile: :input-byte 0 

int result; 

if (flen == 0) 

flen = read (fd, fbuf, 
if (f len == 0) 

CacheSize); 
Fi le reads are cached to improve 
is set in the code to 409 6. 

Performance. The current Cache size 

if (cycle-flag == NOCYCLE) sys-halt("End of Input Stream'); 
close(fd); 
fd = open(file-name, O-RDONLY); 
if (fd > 0) flen = read(fd, fbuf, CacheSize); 
if (flen == 0) sys-halt("Unable to Cycle on input file"); 
if (flen < 0) sys-error('error reading input file'); 

Public methods are: 

IPortFromFile (char*, int); 
The second (integer) Parameter is the cycle flag (either CYCLE or 
NOCYCLE). 

else if (flen < 0) 
#endif ( 

sys-error('error reading input file"); 

bufpos = 0; 

3.3.13 1PortFromRam.C 
if (pos <= 0) 

Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

Usage Restrittions 

License is granted to copy, to use, and to make and to use derivative 
works for research and evaluation purposes only. 

Disclaimer of Warranty 

These Software programs are available to the user without any license 
fee or royalty on an 'as is" basis. Tektronix Inc. disclaims any and 
all warranties, whether express, implied, or statuary, including any 
implied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be liable for any 
incidental, punitive, or consequential damages of any kind whatsoever 
arising from the use of these programs. 

This disclaimer of warranty extends to the user of these programs and 
user's CUStOmerS, employees, agents, transferees, successors, and 
assigns. 

The Tektronix Inc. does not represent or Warrant that the programs 
furnished hereunder are free of infringement of any third-Party 
Patents. 

/* * * t * * * t * * 
l  

*  

*  

*  

*  

t 

*  

l  

*  

*  

*  

i  

l  

*  

*/ 

/* 

byte = fbuf [bufpos++]; 
if (bufpos == flen) flen = 0; 

else 

sys-error('can't read-byte; not on byte boundary'); 

return byte; 

int IPortFromFile: :inc-bit 0 
// increments pos or reads from file if necessary 

int result; 

if (pos <= 0) 

(void) input-byte(); // it has already set ‘byte' 
pos = 7; 

else 

pos--; 

return 1; 
IPortFromRam implementation */ 

char 1PortFromFile::bitLchar () 
// returns ONE or ZERO depending on current bit; 
( 

return (byte & (1 << pos)) ? ONE : ZERO; 
1 

#include l  IPortFromRam. 
#include ' Uti1ities.H' 

1PortFromRam::IPortFromRam (char* b, int length) : InputPortO 

bits = b; 
bitsqtr = 0; 
bits-length = length; 
pos = -1; // forces read on first cal1 to read-bit 3.3.12 1PortFromFile.H 

/* Copyright (C) 1995, Tektronix Inc. All Rights Reserved. char IPortFromRam: 
// returns next bi 

input-bit 0 
as a char or BADBIT for an error t 

Usage Restrittions 
int result =  inc-bit 0; 
if (result) return bit2char(); 
return BADBIT; 

l  License is granted to copy, to use, and to make and to 
l  works for research and evaluation purposes only. 

use derivative 

Disclaimer of War ranty 
char IPortFrornRam::input-byte 0 
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Disclaimer of Warranty 

These Software programs are available to the user without any license 
fee or royalty on an "as is' basis. Tektronix Inc. disclaims any and 
all warranties, whether express, implied, or statuary, including any 
implied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be liable for any 
incidental, punitive, or consequential damages of any kind whatsoever 
arising from the use of these programs. 

This disclaimer of warranty extends to the user of these programs and 
user's customers, employees, agents, transferees, successors, and 
assigns. 

The Tektronix Inc. does not represent or Warrant that the programs 
furnished hereunder are free of infringement of any third-Party 
Patents. 

* 
l  

*  

*  

*  

t 

l  

t 

*  

*  

l  

l  

*  

*  

*  

*  

*  

*/ 

/* 

( 
if (pos <= 0) 

byte = bits[bitsqtr]; 
bitsqtr++; 
if (bitsqtr >= bits-length) bitsqtr = 0; 

else 

sys-error('can't read-byte; not on byte boundary'); 

return byte; 

int IPortFromRam: :inc-bit 0 
increments pos or reads from buffer if necessary 

( 
if (pos <= 0) 

f 
InputPort implementation */ byte = bits[bitsqtr]; 

bitsqtr++; 
if (bits_ptr >= bits-length) bitsgtr 
pos = 7; 

#include l InputPort.H' 
#include "Uti1ities.H' 

= 0; 

bit; 

extern 'C" else t 
#include 
Xinclude 

cstdio. h> 
ifcntl. h> 

pos--; 

return 1; 

InputPort:: InputPort 0 
t 

crt-flag = FALSE; 
poly = NULL; 

char IPortFromRam :bit2char 0 
// returns ONE or ZERO depending On current 

return (byte & (1 << pos)) ? ONE : ZERO; 

char InputPort::read-bit () 
( 

char c = input-bit0; 
if (crt-flag && poly) poly->push-bit(c); 
return c; 3.3.14 1PortFromRam.H 

Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

Usage Restrittions 

License is granted to copy, to use, and to make and to use derivative 
works for research and evaluation purposes only. 

Disclaimer of Warranty 

These Software programs are available to the user without any license 
fee or royalty on an .as is' basis. Tektronix Inc. disclaims any and 
all warranties, whether express, implied, or statuary, including any 
implied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be liable for any 
incidental, punitive, or conseguential damages of any kind whatsoever 
arising from the use of these programs. 

This disclaimer of warranty extends to the user of these programs and 
user's customers, employees, agents, transferees, successors, and 
assigns. 

The Tektronix Inc. does not represent or Warrant that the programs 
furnished hereunder are free of infringement of any third-Party 
Patents. 

char InputPort::read-byte 0 

int i; 
int bit; 
char byte = input-byte 0; 
if (crt-flag && poly) ( 

for (i=O; i <  El; i++) ( 
bit =  ((0x80 >> i) & byte); 
if (bit) bit =  ONE; else bit =  
poly->push-bit( bit) ; 

return byte; 

int InputPort : :readqattern (char* Pattern) 

// doesn't scan yet 
int n = strlen(pattern); 
int i; 
char b[321; 
int result =  TRUE; 
char strI1281; 

i =  0; 
while (i <  n) IPortFromRam is an InputPort that reads bits from a ram buffer */ 

I 
b[i] =  read-bit(); 
if (b[il != pattern[i]) 

#ifndef iportf romram-h 
Idefine iportfromram-h 

#include '1nputPort.H' result =  FALSE; 

class IPortFromRam : public InputPort i++; 
public: 

IPortFromRam (char*, int); 
protected: 

virtual char input-bit 0; 
virtual char input-byte 0; 

private: 
char* bits; 
int bits-length; 
int bitsqtr; 
char byte; 
int pos; 
int inc-bit 0; 
char bitlchar 0; 

if (result == FALSE) 

b[i] =  '\O'; 
sprintf(str, 

'(%s) does not match Pattern (%s) InputPort::readqattern', 
b, Pattern); 

sys-message(str); 

return result; 

int InputPort::read-markerbit (1 

char c = read-bit(); 
if (c == ONE) /* 

DOCUMENTATION 

return ONE; IPortFromRam is a subclass of InputPort. It provides implernentations 
for the two virtual funtions input-bit and input-byte and, except for 
constructors, its public interface is inherited from the base class. 

When the port is constructed a buffer and buffer length is specified. 
Data is pulled from the buffer as the port is read. When the end of 
the buffer is reached subsequent reads loop back to the beginning. 

( 
sysmessage('mar 
return BADBIT; 

,kerbit missed in InputPort ::read-markerbit'); 

Public methods are: 
char InputPort: :read-reserved-bits (int nbits) 
// returns last bit read 
( 

return read-nbits(nbits); 

IPortFromRam (char', int); 
The first argument specifies a buffer. The second argument 
specifies its length. 

l / 

char InputPort : :read-nbits (int n) 
// returns last bit read 
( 

char b; 

lendif 

3.3.15 1nputPort.C for (int i =  0; i <  n; i++) 

b= read-bit(); 
if ( b == BADBIT) /* Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

* 
l  Usage Restrittions 
l  

l  License is granted to copy, to use, and to make and to use derivative 
* works for research and evaluation purposes only. 
l  

t 
sys-error('bad bit found\n'); 

1 

return b; 
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if (!poly) return; 
printf('poly: "); 
poly->print-bits(); 
printf('\n"); 
printf('data: '); 
for (int i =  0; i <  32; i++) 

int InputPort: :read-uimsbf(int nbits, char* message) 

int value = 0; 
int i =  0; 
char b; 

char 
putc 

c = 
(c, 

input-bi 
stdout); 

toi 
while (i <  nbits) 

b = read-bit0; 
if (b == '1') 
value = 2  * value + 1; 

else if (b == '0') 
value = 2 l  value; 

else 

printf('\n'); 

3.3.16 1nputPort.H 
sYs_message(message) 

return value; /* 
l  

Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

i++; Usage Restrittions * * return value; License is granted to copy, to use, and to make and to use derivative 
works for research and evaluation purposes only. * 

l  int power (int b, int n) 
( 

if (n < 0) 
t 

sys-message('negative exponent in power - returning O\n'); 
return 0; 

Disclaimer of Warranty 

* These Software programs are available to the user without any license 
fee or royalty on an .as is. basis. Tektronix Inc. disclaims any and 
all warranties, whether express, implied, or statuary, including any 
implied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be liable for any 
incidental, punitive, or consequential damages of any kind whatsoever 
arising from the use of these programs. 

l  int res; 
res = 1; 
while (n > 0) 

l  This disclaimer of warranty extends to the user of these programs and 
* user's customers, employees, agents, transferees, successors, and 
* assigns. 
* 
* The Tektronix Inc. does not represent or Warrant that the programs 
* furnished hereunder are free of infringement of any third-Party 
* Patents. 

'/ 

res = b l  res; 

return res; 

int InputPort: :read-tcimsbf(int nbits, char* message) 

if (nbits > 8) /* InputPorts are used to receive bitstreams from other processes. l / 
Xifndef inputport-h 
#define inputport-h sysmessage('can't read 2's comp with more than 8 bits; reading 

unsigned'); 
return read-uimsbf(nbits, message); Xinclude 'TimeStamp.H' 

#include 'Po1y.H' 

int pos = read-uimsbf(nbits, message); 
int pow = power(2, nbits); 
if (pos > pow / 2) 
return -(pow - pos); 

else 
return pos; 

#define ZERO '0' 
#define ONE '1' 
tdefine BADBIT '2' 
#define TRUE 1 
tdefine FALSE 0 

class InputPort 

return new TimeStamp90((bits30-31 << 30) + (bits15-29 << 15) + bitsO_14 

1-14, 
/* 

DOCUMENTATION 

public: 
InputPort 0; 
char read-bit 0; 
char read-byte 0; 
int readqattern (char*); 
int read-markerbit 0; 
char read-reserved-bits (int); 
char read-nbits (int); 
int read-uimsbf (int, char*); 
int read-tcimsbf (int, char*); 
TimeStamp90* reabtimestamp90 0; 
TimeStamp27* read-timestamp27qes-format 0; 
TimeStamp27* read-timestamp27-ts-format 0; 
void start-crt 0; 
int check-crt 0; 
void print-crt 0; 
void stop-crt 0; 

protected: 
virtual char input-bit () =  0; 
virtual char input-byte () = 0; 

private: 
int crt-flag; 
Poly* poly; 

1; 

TimeStamp90* InputPort::read_timestamp90 () 

int bit32 = read-uimsbf(1, 'reading bit32'); 
int bits30-31 = read-uimsbf(2, 'reading bits 30..31"); 
read-markerbito; 
int bits15-29 = read-uimsbf(15, 'reading bits 15..29'); 
read-markerbito; 
int bitsO_14 = read-uimsbf(15, 'reading bits 0..14"); 
read-markerbito; 

1 
bit32); 

TimeStamp27* InputPort:: read-timestamp27qes-format 0 
( 

int bit32 = read-uimsbf(1, "reading bit32'); 
int bits30-31 = read-uimsbf(2, "reading bits 30..31"); 
read-markerbito; 
int bitslS_29 = read-uimsbf(15, "reading bits 15..29'); 
read-markerbito; 
int bitsO_14 = read-uimsbf(15, "reading bits 0..14'); 
read-markerbito; 
int ext = read-uimsbf(9, "reading extension bits"); 
read-markerbito; 
return new TimeStamp27((bits30-31 << 30) + (bitslS_29 << 15) + bi 

bit32, 
ext); 

1 

tsc 

TimeStamp27* InputPort::read-timestamp27-ts-format 0 
1 

int bit32 = read-uimsbf(1, 'reading bit32'); 
int bitsO_31 = read-uimsbf(32, 'reading bits 0..31"); 
read-reserved-bits(6); 
int ext = read-uimsbf(9, 'reading extension bits'); 
return new TimeStamp27(bitsO-31, bit32, ext); 

) 

void InputPort::start-crt () 
I 

if (poly) delete poly; 
poly = new Poly(); 
crt-flag = TRUE; 

1 

void InputPort::stop-crt () 
1 

crt-flag = FALSE; 
1 

int InputPort::check-crt 0 
( 

// first turn off crt-flag 
stop-crt (1; 
char buf[32]; 
for (int i =  31; i >=O; i--) 

( 
buf[il =  read-bit(); 

1 
return poly->poly-cmp(buf); 

1 

void InputPort::print-crt () 
t 

InputPorts provide a stream of data. This data tan be extracted 
from the port in a variety of ways with calls to member functions 
such as read-byte, read-nbits, readqattern, etc. 

A CRC check tan be started, and stopped and checked as described 
below. 

Subclasses of InputPort provide various implernentations. For 
example, IPortFromFile will read bytes from a disk file, 
IPortFromRam will read bytes from a ram buffer. These subclasses 
must implement two virtual functions: inputbit and input-byte, which 
are then used by the generic code implemented in this base class. 

Bits returned from the port are represented as the chars '0' and '1' 
(only an actual bit is read from the Port, of course, but internally 
bits are efficiently managed as chars). 

Public methods are: 

InputPort 0; 
The only constuctor - never called directly by an application. 

char read-bit 0; 

char read-byte 0; 
This function requires that the port be on a byte boundary. 

int readqattern (char*); 
int read-markerbit 0; 
char read-reserved-bits (int); 
char read-nbits (int); 
int read-uimsbf (int, char*); 
int read-tcimsbf (int. char*); 
TimeStampSO* reabtimestamp90 0; 
TimeStamp27* read-timestamp27qes-format 0; 
TimeStamp27* read-timestamp27-ts-format 0; 

These each read from the port and return a corresponding Object. 

27 

Full document details: ISO_IEC TR 13818-5_1997

http://www.avadocuments.com/doc/iso-iec-tr-13818-5-1997
http://www.avadocuments.com/doc/iso-iec-tr-13818-5-1997


PSWIEC TR 13818-5 : 1997 (E) 0 ISOIIEC 

OPortToFile: :OPortToFile (char* f, int tf) : OutputPort(tf) 
( 

fd = open(f, O-CREAT 1 O-RDWR 1 O-TRUNC, 0666); 
assert(fd); 
next-out = 0; 
bufpos = 0; 

void start-crt 0; 
void stop-crt 0; 
int check-crt 0; 
void print-crt 0; 

start-crt will initialize an internal degree 32 polynomial and 
arrange so that subsequent calls to any of the read functions will 
perform the appropriate bitshift Operation on the polynomial. 
stop-crt will stop the bitshift. check-crt will read the next 32 
bits from the InputPort and check them against the polynomial. 

*/ 
OPortToFile::-OPortToFile() 

write( fd, fbuf, bufpos); 
close( fd) ; #endif 

void OPortToFile: :output-bit (char b) 

3.3.17 Makefile 

INCFLAGS = -1. 

buf[next-out] = b; 
next-out++; 
if (next-out > 7) 

( 
output-byte0; 
next-out = 0; LDFLAGS 

cc = g++ 

CFLAGS 
#CFLAGS 

= -g -c $ 
= -g (INCFLAGS) 

-c -DCRC-DEBUG 
void OPortToFile: :output-byte (char b) 

$(INCFLAGS) 
int result; 
if (next-out != 0) 

sys-error('not on byte boundary in output-byte'); # General sources and objects 
GSRC = TS.C PES.C TimeStamp.C Secti0n.C Uti1ities.C 
GOBJ = TS.o PES.o TimeStamp.0 Section.0 Utilities.0 fbuf[bufpos ++1 = b; 

if (bufpos == CacheSize) 
# TS Encoder sources and objects 
TESRC = Direct0ry.C Encoder.C Pr0ducer.C PESPr0ducer.C \ 

TSPr0ducer.C 0PortToRam.C \ 
0utputPort.C 0PortToFile.C Poly.C\ 

1nputPort.C 1PortFromFile.C \ 
SectionProducers.C Events.C 

TEOBJ = Directory.0 Encoder.0 Producer.0 PESProducer.0 \ 
TSProducer.0 0PortToRam.o \ 
0utputPort.o 0PortToFile.o Poly.0 \ 

1nputPort.o 1PortFrornFile.o \ 
SectionProducers.o Events.0 

result = write(fd, fbuf, 
bufpos = 0; 

Cachesize); 

void OPortToFile::output-flush () 
( 

int result = write(fd, fbuf, bufpos); 
bufpos = 0; 

# TS Decoder sources and objects 
TDSRC = Decoder.C Direct0ry.C Events.C C0nsumer.C TSC0nsumer.C 

1nputPort.C 1PortFromFile.C 1PortFromRam.C Po1y.C \ 
0utputPort.C 0PortToFile.C \ 

PESC0nsumer.C SectionConsumers.C 
TWBJ = Decoder.0 Directory.0 Events.0 Consumer.0 TSConsumer.o 

1nputPort.o 1PortFromFile.o 1PortFromRam.o Po1y.o \ 
0utputPort.o 0PortToFile.o \ 

PESConsuxner.0 SectionConsumers.o 

char inline bit (char c) 
f 

return (c == '0') ? ((char) 0) : ((char) 1); 

void OPortToFile::output-byte 0 

int result; 
for (int i =  0; i <  8 - next-out; i++) write-bit('0'); 

.SUFFIXES : .o .c .s .C if (textflag) 
result = write(fd, buf, 8); 

EXECS = encode decode pesout pesin 

all: $ (EXECS) char b = 
bit(buf(01) << 7 1 

bit(buf[ll) << 6 1 
bit(buf121) << 5 1 

bit(buf[3]) << 4 1 
bit(buf[4]) << 3 1 

bit(buf[51) << 2 1 
bit(buf[6]) << 1 / 

bit(buf[7]) i< 0; 
fbuf[bufpos++] = b; 
if (bufpos == CacheSize) 

encode encode.0 $(TEOBJ) $(GOBJ) 
(cc) $(LDFLAGs) -0 encode encode. o $(TEOBJ) $(GOBJ) $(LIB) $ 

decode decode.0 $(TDOBJ) $ (GOBJ) 
(cc) $(LDFLAGS) -0 decode decode. 0 $ (TDOBJ) S(GOBJ) S(LIB) 

pesout : pesout.0 $(TEOBJ) $ (GOBJ) 
s(m) $(LDFLAGS) -0 pesout 0 $1 1 5 (GOBJ) $(LIB) pesout. 

pesin: pesin.0 $ (TWBJ) $ (GOBJ) 
S(W) $( LDFLAGS) -0 pesin ( 

write(fd, fbuf, CacheSize); 
bufpos = 0; 

pesin.0 $(TDOBJ) $(GOBJ) $ (LIB) 

.c.o : 
$(CC) $(CFLAGS) $< 

clean: 
rm -f *.o core stream[O-9]* *.out *.bits 

purge: 
rm -f *. o core stream[O-9)* l .out *.bits *.ts $(EXECS) 

3.3.19 0PortToFile.H 
3.3.18 0PortToFile.C Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

Usage Restrittions 

License is granted to copy, to use, and to make and to use derivative 
dorks for research and evaluation purposes only. 

Disclaimer of Warranty 

These Software programs are available to the user without any license 
fee or royalty on an "as is' basis. Tektronix Inc. disclaims any and 
all warranties, whether express, implied, or statuary, including any 
implied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be liable for any 
incidental, punitive, or consequential damages of any kind whatsoever 
arising from the use of these programs. 

This disclaimer of warranty extends to the user of these programs and 
user's customers, employees, agents, transferees, successors, and 
assigns. 

The Tektronix Inc. does not represent or Warrant that the programs 
furnished hereunder are free of infringement of any third-Party 
Patents. 

/* * * 
l  

*  

*  

*  

*  

*  

t 

*  

*  

*  

*  

*  

*  

t 

*  

t 

l  

*  

*  

l  

*  

* /  

/*  

Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

Usage Restrittions 

License is granted to copy, to use, and to make and to use derivative 
works for research and evaluation purposes only. 

Disclaimer of Warranty 

These Software programs are available to the user without any license 
fee or royalty on an 'as is' basis. Tektronix Inc. disclaims any and 
all warranties, whether express, implied, or statuary, including any 
implied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be l iable for any 
incidental, punitive, or consequential damages of any kind whatsoever 
arising from the use of these programs. 

This disclaimer of warranty extends to the user of these programs and 
user's customers, employees, agents, transferees, successors, and 
assigns. 

The Tektronix Inc. does not represent or Warrant that the programs 
furnished hereunder are free of infringement of any third-Party 
Patents. 

OPortToFile is an OutputPort that puts bits to a file */ 
#ifndef oporttofile-h 
#define oporttofile-h OPortToFile implementation */ 

#include "0utputPort.H' %include '0PortToFile.H' 
#include 'Uti1ities.H' 

// FIX -- CacheSize should be a Parameter 
#define CacheSize 4096 

to the OPortToFile constructor 
extern 'C' 
( 
int read (int, char*, int); extern 'C" f 

#include <stdio.h> 
#include <fcntl.h> 

int write (int, char*, int); 
int close (int); 
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class OPortToFile: public OutputPort 

public: 
OPortToFile (char*, int); 
virtual -0PortToFileO; 

protected: 
virtual void output-bit (char); 
virtual void output-byte (char); 
virtual void output-flush 0; 

private: 
char buf[8]; 
int next-out; 
int fd; 
char fbuf[CacheSize]; 
int flen; 
int bufpos; 
void output-byte 0; 

char b = 
bit(buf[O]) << 7 1 

bit(buf[l]) << 6 1 
bit(buf[2]) << 5 ) 

bit(bufI3)) << 4 ) 
bit(buf[4]) << 3 1 

bit(buf[5]) << 2 1 
bit(buf(61) << 1 1 

bit(buf[7]) << 0; 
bits[bitsqtr] = b; 
bitsqtr++; 

3.3.21 0PortToRam.H DOCUMEXTATION 

OPortToFile is a subclass of OutputPort. It provides implernentations 
for the three virtual funtions output-bit, output-byte and 
output-flush and, except for constructors, its public interface is 
inherited from the base class. 

/" Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

Usage Restrittions 

File writes are cached to improve Performance. 
is set in the code to 4096. 

The current Cache size l  License is granted to copy , to use, and to make and to use derivative 
* works for research and eva luation purposes only. 

Public methods are: Disclaimer of Warranty 

OPortToFile (char*, int); 
The second (integer) Parameter is the text-flag. When set to true 
the port will output char's '0' and '1'. This is useful for 
debugging. 

*/ 

* These Software programs are available to the user without any license 
* fee or royalty on an l as is' basis. Tektronix Inc. disclaims any and 
* all warranties, whether express, implied, or statuary, including any 
* implied warranties or merchantability or of fitness for a particular 
* purpose. In no event shall the Copyright-holder be liable for any 
* incidental, punitive, or consequential damages of any kind whatsoever 
* arising from the use of these programs. #endif 

* This disclaimer of warranty extends to the user of these programs and 
* user's customers, employees, agents, transferees, successors, and 
* assigns. 

* The Tektronix Inc. does not represent or Warrant that the programs 
* furnished hereunder are free of infringement of any third-Party 
* Patents. 

* License is granted to copy, to use, and to make and to use derivative 
* works for research and evaluation purposes only . 

/* OPortToRam is an OutputPort that puts bits to r-am */ 
Pifndef oporttoram-h 
#define oporttoram-h 

Disclaimer of Warranty 
#include '0utputPort.H" 

* These Software programs are available to the user without any license 
* fee or royalty on an 'as is' basis. Tektronix Inc. disclaims any and 
* all warranties, whether express, implied, or statuary, including any 
* implied warranties or merchantability or of fitness for a particular 
* purpose. In no event shall the Copyright-holder be liable for any 
* incidental, punitive, or consequential damages of any kind whatsoever 
* arising from the use of these programs. 

class OPortToRam: public OutputPort 
1 
public: 

OPortToRam (Chart, int, int); 
protected: 

virtual void output-bit (char); 
virtual void output-byte (char); 
virtual void output-flush 0; 

private: 
char buf(81; 
int next-out; 
char* bits; 
int bits-length; 
int bitsgtr; 
void output-byte 0; 

* This disclaimer of warranty extends to the user of these programs and 
l  user's customers, employees, agents, transferees. successors, and 
* assigns. 

* The Tektronix Inc. does not represent or Warrant that the programs 
* furnished hereunder are free of infringement of any third-Party 
l  Patents. 

*/ 

/* OPortToRam implementation */ 

#include 'Uti1ities.H' 
#include '0PortToRam.H 

/* 
DOCUMEXTATION 

OPortToRam: :OPortToRam (char* b, int length, int tf) : OutputPort(tf) OPortToRam is a subclass of OutputPort. It provides implernentations 
for the three virtual funtions output-bit, outputbyte and 
output-flush and, except for constructors, Fts public interface is 
inherited from the base class. 

bits = b; 
bitsgtr = 0; 
bits-length = length; 
next-out = 0; When the port is constructed a buffer and buffer length is specified. 

Data is written to the buffer as the port is written to. When the end of 
the buffer is reached subsequent reads loop back to the beginning. 

void OPortToRam: :output-bit (char b) 
Public methods are: 

buf[next-out] = b; 
next-out++; 
if (next-out > 7) 

i 
output-byte() ; 
next-out = 0; 

1 
1 

void OPortToRam::output-byte (char b) 
( 

if (next-out != 0) 
( 

sys-error("not on byte boundary in output-byte'); 
1 

bits(bitsqtr] = b; 
bitsqtr++; 

1 

void OPortToRam: :output-flush () 
I 

if (next-out > 0) output-byte 0; 
) 

inline char bit (char c) 
( 

return (c == '0') ? ((char) 0) : ((char) 1); 
) 

void OPortToRam::output-byte () 
1 

for (int i =  0; i <  next-out; l++) wr ite-bit('0'); 

OPortToRam (char*, int, int); 
The first arguxnent specifies a buffer. The second argument 
specifies its length. The third Parameter is the text-flag. When 
set to true the port will output char's '0' and '1'. This is 
useful for debugging. 

#endif 

3.3.22 0utputPort.C 

/* Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

* Usage Restrittions 
* 
* License is granted to copy, to use, and to make and to use derivative 
* works for research and evaluation purposes only. 

Disclaimer of Warranty 

l  These Software programs are available to the user without any license 
l  fee or royalty on an 'as is" basis. Tektronix Inc. disclaims any and 
* all warranties, whether express, implied, or statuary, including any 
* implied warranties or merchantability or of fitness for a particular 
* purpose. In no event shall the Copyright-holder be liable for any 
* incidental, punitive, or consequential damages of any kind whatsoever 
l  arising from the use of these programs. 

* This disclaimer of warranty extends to the user of these programs and 
* user's customers, employees, agents, transferees, successors, and 
l  assigns. 

if (textflag) 

for (int i =  0; 1 i 8; i++) 
l  The Tektronix Inc. does not represent or warran t that the programs 
l  furnished hereunder are free of infringement of any third-Party bits[brtsqtr] = buf[i]; 

bitsqtr++; 
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* Patents. 
'/ 

/* OutputPort implementation */ 

Xinclude l  Uti1ities.H" 
#include * 0utputPort.H" 

extern 'C' 

iinclude <stdio.h> 

OutputPort: : OutputPort (int tf) 

textflag = tf; 
crt-flag = FALSE; 
poly = NULL; 

void OutputPort: :write-bit (char c) 

output-bit(c); 
if (crt-flag && poly) poly->push-bit(c); 

1 

void OutputPort: :write-byte (char c) 

for (int i =  7; i >= 0; i--) 
output-bit((c & (1 << i)) ? '1' : '0'); 

if (poly) sysmessage('write-byte called with crt On"); 

void 0utputPort::flush 0 

output-flush(); 

void OutputPort: :writeqattern (char* Pattern) 

int n = strlen(pattern); 

for (int i =  0; i -z n; i++) 

writebit(pattern[i]); 

void OutputPort ::write-uimsbf(int value, int nbits) 
( 

char rep[nbits]; 
int i; 

for (i =  0; i <  nbits; i++) 

rep[i] =  ((((int) value / 2) * 2) == value) ? '0' : '1'; 
value = value / 2; 

for (i =  nbits-1; i >=O; i--) t 
(rep[i] == '0') ? write-bit('0') : write-bit('1'); 

1 

void OutputPort ::write-tcimsbf(int value, int nbits) 

if (value >= O) 

write-uimsbf(value, nbits); 
return; 

int vcomp = - value; 
char rep[nbits]; 
int i; 

// calculate 1 .'s comp of base 2 rep for -value 
for (i =  0; i <  nbits ; i++) 

( 
rep[i] =  ((((int) vcomp / 2) l  2) == vcomp) ? '1' : '0'; 
vcomp = vcomp / 2; 

// add 1 
for (i =  0; i <  nbits; i++) 

( 
if (rep[i] == '1') 

( 
rep[i] =  '0'; 

rep[i] =  '1'; 
break; 

1 
// output bits 
fOr (i =  nbits-1; i >=O; i--) 

(rep[i] == '0') ? write-bit('O<) : write-bit('1'); 

void OutputPort::write-markerbit 0 

write-bit('1'); 

void OutputPort ::write-reservedbits (int nbits) 

for (int i =  0; i <  nbits; i++) 

write-biti'l'); 

void outputPort::write_timestamp90 (TimeStamp90* ts) f 
write-uimsbf(ts->bit32, 1); 
writeIuimsbf(ts ->bitsO-31 >> 30, 2); 
write-markerbit 0; 

write-uimsbf(ts->bitsO-31 >> 15, 15); 
write-markerbito; 
write-uimsbf(ts->bitsO-31, 15); 
write-markerbito; 

vo .d OutputPort::write_timestamp27qes_format (TimeStamp27* ts) 

write-uimsbf(ts->bit32, 1); 
write-uimsbf(ts->bitsO-31 >> 30, 2); 
write-markerbito; 
write-uimsbf(ts->bitsO-31 >> 15, 15); 
write-markerbito; 
write-uimsbf(ts->bitsO-31, 15); 
write-markerbito; 
write-uimsbf(ts->ext, 9); 
write-markerbito; 

void OutputPort.. ..write_timestamp27_ts_format (TimeStamp27' ts) 

write-uimsbf(ts->bit32, 1); 
write-uimsbf(ts->bitsO-31, 32); 
write-reserved-bits(6); 
write-uimsbf(ts->ext, 9); 

void OutputPort::start-crt () 
( 

if (poly) delete poly; 
poly = new PolyO; 
crt-flag = TRUE; 

void OutputPort::stop-crt () 

crt-flag = FAISE; 

void OutputPort::write-crt 0 

// write 
for (int 

complement of the crt 
31; i >= 0 ; --i) 

if (poly->shift-reg[il) 
1 

write-bit('0'); 

write-bit('1'); 

3.3.23 0utputPort.H 

/* * * * 
l  

t 

*  

*  

t 

*  

*  

*  

*  

*  

*  

*  

*  

*  

*  

*  

*  
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*  

t 

l / 

/* 

Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

Usage Restrittions 

License is granted to copy, to use, and to make and to use derivative 
works for research and evaluation purposes only. 

Disclaimer of Warranty 

These Software programs are available to the user without any license 
fee or royalty on an "as is" basis. Tektronix Inc. disclaims any and 
all warranties, whether express, implied, or statuary, including any 
implied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be liable for any 
incidental, punitive, or consequential damages of any kind whatsoever 
arising from the use of these programs. 

This disclaimer of warranty extends to the user of these programs and 
user's customers, employees, agents, transferees, successors, and 
assigns. 

The Tektronix Inc. does not represent or Warrant that the programs 
furnished hereunder are free of infringement of any third-Party 
Patents. 

OutputPorts are used to send bitstreams to other processes. 
#ifndef oUtpUtpOrt_h 
#define outputport-h 

#include 'TimeStamp. 
#include "Po1y.H" 

#define ZERO '0' 
#define ONE '1' 
tdefine BADBIT '2' 
#define TRUE 1 
#define FALSE 0 

class OutputPort 

H" 

public: 
OutputPort (int); 
void write-bit (char); 
void write-byte (char); 
void flush 0; 
void writeqattern (char*); 
void write-uimsbf (int, int); 
void write-tcimsbf (int, int); 
void write-markerbit 0; 
void write-reserved-bits (int); 
void write-timestamp90 (TimeStamp90*); 
void write_timestamp27Jes_format (TimeStamp27*); 
void write_timestamp27_ts_format (TimeStamp27*); 
void start-crt 0; 
void stop-crt 0; 
void write-crt 0; 

protected: 
virtual void output-bit (char) = 0; 
virtual void output-byte (char) = 0; 
virtual void output-flush () = 0; 
int textflag; 

private: 
int crt-flag; 
Poly* poly; 
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PTS = p->PTS; 
ESCR = p->ESCR; 
ES-rate = p->ES-rate; 
trick-mode = p->trick-mode; 
additional-copy-info = p->additional-copy-info; 
previous_CRC = p->previous-CRC; 
extension = p->extension; 
number-stuffing--bytes = p->number-stuffing-bytes; 
file-name = p->file-name; 

DOCUMENTATION 

OutputPorts provide a generic target for the output of data. This 
data tan be written to the port with calls to functions such as 
write-byte, write-nbits, writeqattern, etc. 

A CRC check tan 
descri bed below. 

be stated, and stopped and written to the port as 

int PES::get-length () 
1 

if (PESqacket-length == 0) return NOLENGTH; 
return PESgacket-length + 6; 

Subclasses of OutputPort provide various implernentations. For 
example, OPortToFile will write bytes from a disk file, OPortToRam 
will write bytes to a ram buffer. These subclasses must implement 
three virtual functions: output-bit, output-byte, and output-flush 
which are then used by the generic code implemented in this base 
class. int PES: :get-header-data-length () 

( 
// Start with known 
int header-length = 

minimal length and increment 6; Bits specified to the port are represented as the chars '0' and '1' 
(only an actual bit is written to the Port, of course, but internally 
bits are efficiently managed as chars). 

// if private or padding then it is what it is 
if ((stream-id == idgrivate-stream-2) 11 

(stream-id == idJadding_stream)) 
return header-length; 

Public methods are: 

OutputPort (int); 
The only constuctor - never called directly by an application. 
The argument is the text-flag. When set to true the port will output 
char's '0' and '1'. This is useful for debugging. 

header-length += 3; 
if (PTS && !DTS) header-length t= 5; 
if (PTS && DTS) header-length += 10; 
if (ESCR) header-length t= 6; 
if (ES-rate) header-length t= 3; 
if (trick-mode) header-length t= 1; 
if (additional-copy-info) header-length t= 1; 
if (previous_CRC) header-length += 2; 
if (extension) header-length += extension->get-length(); 

void write-bit (char); 

void wri te-byte 
This f unction 

(char); 
requires that the port be on a byte boundary 

void flush 0; 
The actions taken here depend on the subclass. 

return header-length; 
void writeqattern (char*); 
void write-uimsbf (int, int); 
void write-tcimsbf (int, int); 
void write-markerbit 0; 
void write-reserved-bits (int); 
void write-timestamp90 (TimeStampSO*); 
void write-timestamp27qes~format (TimeStamp27*); 
void write-timestamp27-ts-format (TimeStamp27*); 

These each write a corresponding Object to the Port. 

int PES:: get-header-length () 

return get-header-data-length0 t number-stuffing-bytes; 

void PES::configbasic (int id, int len, char s, char p, char a, 
char c, char o, TimeStamp90* pts, TimeStampSO* dts, 
TimeStamp27* escr, int rate, 
char ac, int pcrc, int ns) 

stream-id = id; 
PESqacket-length = len; 
scrambling-code = s; 
priority-code = p; 
alignment-indicator-code = a; 
Copyright-code = c; 
original-code = o; 
if (dts) DTS = dts; else DTS = NULL; 
if (pts) PTS = pts; else PTS = NULL; 
if (eSCr) ESCR = escr; else ESCR = NULL; 
if (rate) ES-rate = rate; else ES-rate = 0; 
additional-copy-info = ac; 
previous_CRC = pcrc; 
number-stuffing-bytes = ns; 

void start-crt 0; 
void stop-crt 0; 
void write-crt 0; 

start-crt will initialize an internal degree 32 polynomial and 
arrange so that subsequent calls to any of the write functions will 
perform the appropriate bitshift Operation on the polynomial. 
stop-crt will stop the bitshift. write-crt will output the 
polynomial as the next 32 bits. 

l / 

#endif 

3.3.24 PES.C 
Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

Usage Restrittions 

License is granted to copy, to use, and to make and to use derivative 
works for research and evaluation purposes only. 

Disclaimer of Warranty 

These Software programs are available to the user without any license 
fee or royalty on an 'as is" basis. Tektronix Inc. disclaims any and 
all warranties, whether express, implied, or statuary, including any 
implied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be liable for any 
incidental, punitive, or consequential damages of any kind whatsoever 
arising from the use of these programs. 

This disclaimer of warranty extends to the user of these programs and 
user's customers, employees, agents, transferees, successors, and 
assigns. 

The Tektronix Inc. does not represent or Warrant that the programs 
furnished hereunder are free of infringement of any third-Party 
Patents. 

void PES::config-trick (char c, char fl, char i, char f2, int r) 
( 

if (!trick-mode) trickmode = new TrickModeO; 
trick-mode->trickmode-control-code = c; 
trickmode->field-id-Code = fl; 
trickmode->intra-Slice-refresh-code = i; 
trickmode->frequency-truncation-code = f2; 
trickmode->field-rep-control = r; 

void PES::config-extension () 

if (!extension) extension = new PESExtensionO; 
// FIX - add real extension fiel .ds 

void PES::print 0 

printf('stream-id: %d\n', stream-id); 
printf("PESqacket-length: %d\n', PESqacket-length); 
printf('scramble-control: %c\n', scrambling-Code); 
printf('PESqriority: %c\n', priority-Code); 
printf('data-alignment-indicator: %c\n', alignment-indicator-Code); 
printf("copyright: %c\n', Copyright-Code); 
printf('copy-or-original: %c\n', original-code); 
printf('PES-header-iength: %d\n', get-header-length()); PES class, TrickMode class and PESExtension class implernentations */ 

#include 'PES.H' if (PTS) 
printf('PTS: bit32 = %d; bits0..31 = %d\n', 

PTS->bit32, PTS->bitsO-31); 
if (DTS) 

printf('DTS: bit32 = %d; bits0..31 = %d\n', 
DTS->bit32, DTS->bitsO-31); 

extern 'C" 

Xinclude <malloc.h> 
Winclude <stdio.h> 
linclude <ctype.h> 

if (ESCR) 
printf('ESCR: b32 = %d; bits0 ..31 = %d; ext = %d\n', 

ESCR->bit32, 
ESCR->bitsO-31, 
ESCR->ext); 

if (ES-rate) 
printf('ES-rate: %d\n", ES-rate); 

PES: :PES () 

DTS = (TimeStamp90*) NULL; 
PTS = (TimeStamp90') NULL; 
ESCR = (TimeStamp27*) NULL; 
ES-rate = (int) NULL; 
trick-mode = (TrickMode*) NULL; 
additional-copy-info = (char) NULL; 
previous_CRC = (int) NULL; 
eXtenSiOn = (PESExtension*) NULL; 
number-stuffing-bytes = 0; 

if (trick-mode) 
t rick-mode->print(); 

if (additional-copy-info) 

printf("additiona1 copy info: '); 
for (int i =  0; i <  7; i++) 

if (additional-copy-info & (1 << i)) printf('1'); else printf(*O"); 
printf('\n'); 

PES::PES (PES* p) 

stream-id = p->stream-id; 
PESqacket-length = p->PESqacket-length; 
scrambling-code = p->scrambling-Code; 
priority-code = p->priority-Code; 
alignment-indicator-code = p->alignment-indicator-Code; 
Copyright-Code = p->copyright-Code; 
original-code = p->original-Code; 
DTS = p->DTS; 

if (previ ous_CRC) 
printf( 'previous_CRC: %d\n', previous_CRC) 

if (extension) 
extension->print(); 
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if (number-stutfing-bytes) 
printf('stuffing bytes: %d\n', idqrogram-stream-map = 188, 

idqrivate-stream-1, 
idgadding-stream, 
idqrivate-stream-2, 
id-audio-stream-.0 = 192, 
id--video-stream-0 = 224, 
id_ECM = 256, 
id_EMM, 
id_DSMCC, 
id_MHEG, 
idqrivate-0, 
idqrogram-stream-dir = 511 

number-stuffing-bytes); 

int length = get-length(); 
if (length == NOLENGTH) 

printf("pes payload of unknown length\n'); 
else 

printf('pes payload of length %d\n', 
length - get-header-length0); 

void TrickMode::print 0 

switch (trick-mode-control-Code) 

#define NOLENGTH -1 case 'F': 
printf("trick-mode: Fast Forward 

field-id-Code, 
intra-Slice-refresh-Code, 
freq-uency-truncation-Code); 

break; 
case ‘SI: 

printf('trickmode: Slow Motion ( 
break; 

case 'Z': 
printf('trick-mode: Freeze Frame 
break; 

case IR': 
printf('trick-mode: Fast Reverse 

field-id-Code, 
intra-Slice-refresh-Code, 
frequency-truccation-Code); 

break; 

(%c, BC, %c)\n', 
class PES 

public: 
int stream-id; // see table above 
int PESqacket-length; // NULL or calculated 
char scrambling-Code; // (S,O) - Scrambled 
char priority-Code; // (H,L) - High or Low 
char alignment-indicator-Code; // (A,O) - Aligned 
char Copyright-Code; // (C,O) - Copyrighted 
char original-code; // (0,C) - Original or Copy 
TimeStamp90* DTS; // may be NULL 
TimeStampSO* PTS; // may be NULL 
TimeStamp27* ESCR; // may be NULL 
int ES-rate; // may be 0 

%d)\n", field-rep- 

(%c)\n', field-id- 

(%c, %c, %c)\n', 

TrickMode* trickmode; // may be NULL 
char additional-copy-info; // 7 bit copy info or NULL 
int previous_CRC; // 16 bit CRC or NULL 
PESExtension* extension; // may be NULL 
int number-stuffing-bytes; // 0..32 
char* file-name; // for test files 

PESExtension::PESExtension 0 

PES_private-data = NULL; 
pack-field-length = 0; 
pack-header = NULL; 
pp-seq_counter-code = '0'; 
P-STD-buffer-code = '0'; 
PES-extension-field-length = 0; 

PES (1 ; 
PES (PES*); 
int get-length 0; 
int get-header-length () ; 

flags 

// tot,al: PESgacket-length + 6 
// includes stuffing bytes; includes 

int get-header-data-length 0; // excludes stuffing bytes; includes flags 

int PESExtension::get-length 0 void config-basic (int, int, char, char, char, char, char, 
TimeStamp90*, TimeStampgO*, TimeStamp27*, 
int, char, int, int); 

// StreamId, PESqacket-length, Scrambling, Priority, Alignment, 
// Copyright, Original, DTS, PTS, ESCR, ES-rate, 
// additional-copy-info, prev_CRC, num_stuff 

int length = 1; 
if (PESgrivate-data) length t= 16; 
length += pack-field-length; 
if (pp-sepcounter-code == 'P') length += 2; 
if (P-STD-buffer-code == 'B') length += 2; 
length += PES-extension-field-length; 
return length; 

void config-trick (char, char , char, char , int); 
// trickmode-control, field- id, intra-s1 ice, freq_truc, field-rep 

void config-extension 0; 
void PESExtension::print 0 t 

if (PESqrivate-data) 
for (int i =  0; i <  16; i++) 

printf('%c', PESprivate-data[i]); 

void print 0; 

class TrickMode 

if (pack-field-length) 
printf('pack-header 

public: 
char trickmode-control-Code; 
char field-id-Code; 
char intra-Slice-refresh-Code; 
char frequency-truncation-Code; 
int field-rep-control; 
void print 0; 

// (F,S,Z,R) or NULL 
// (1,2,B) 
// (I,O) 
// (D,3,6,A) 
// 0..31 

of length: %d\n', pack-field-length) 

if (pp-seq_counter-code == 'P') 

printf('pp-sepcounter: %d\n', pp-seq_counter); 
printf('original-stuff-length: %d\n', original-stuff-length); 

if (P-STD-buffer-Code == 'B') /* TrickMode mnumonics 
F: Fastmotion; S: Slowmotion; Z: Freeze; R: Fast Reverse 
(1,2,B) means field 1, field 2 or both are displayed 
(1,O) means only 1 frames are being sent or not 
(D,3,6,A) denotes only DC coefs, first 3, first 6 or all coefs are sent 

*/ 

printf("P-STD-buffer-scale: %c\n', P-STD-buffer-scale); 
printf('P-STD-buffer-size: %d\n', P-STD-buffer-size); 

if (PES-extension-field-length) 

print f('PES-extension-field of length: 
PES-extension-field-length); 

%d\n', class PESExtension 

public: 
char* PESqrivate-data; // 16 bytes or NULL 
int pack-field-length; // 0..255 
char* pack-header; // a pack-header or NULL 
char pp-seq_counter-Code; // (P,O) - Program packet counter included 
int pp-sexcounter; // 0..127 
int original-stuff-length; // 0..127 
char P-STD-buffer-Code; // (B,O) - Buffer Parameters included 
char P-STD-buffer-scale; // (O,l) 
int P-STD-buffer-size; // 0..2^13-1 
int PES-extension-field-length; // 0..127 

1 

3.3.25 PES.H 
Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

Usage Restrittions 

License is granted to copy, to use, and to make and to use derivative 
works for research and evaluation purposes only. 

Disclaimer of Warranty 

These Software programs are available to the user without any license 
fee or royalty on an 'as is' basis. Tektronix Inc. 
all warranties, 

disclaims any and 
whether express, implied, or statuary, including any 

implied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be liable for any 
incidental, punitive, or consequential damages of any kind whatsoever 
arising from the use of these programs. 

This disclaimer of warranty extends to the user of these programs and 
user's customers, employees, agents, transferees, successors, and 
assigns. 

The Tektronix Inc. does not represent or Warrant that the programs 
furnished hereunder are free of infringement of any third-Party 
Patents. 

PESExtension 0; 
int get-length 0; 
void print0; 

// total 

/* 
DOCUMENTATION 

PES and its associated classes, TrickMode and PESExtension, are 
examples of Syntax classes; its objects encapsulate the structure of 
a PES Syntax. When generating packets (say in an encoder 
application) PES objects are used as templates. Changing the 
template will Change the structure of the packets being generated. 
When parsing packets (say in a decoder application) PES objects are 
set to reflect the structure of the packet being parsed and tan then 
be examined by the application. 

Mnemonic chars are used to represent the various values of the fields (e.g. 
the priority-code tan be 'H' or 'L' for High or Low). These are 
listed in the above comments. 

~11 the fields are exposed as public members for simplicity. PES class, TrickMode class and PESExtension class */ 
Ilifndef pes-h 
#define pes-h various configure methods are provided to easily set multiple fields. 

#include 'TimeStamp.H' 
class TrickMode; 
class PESExtension; 

#endif 

// stream-id values 
enum StreamId 
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3.3.26 PESConsumer.C 

ISO/IEC TR 13818-5 : 1997 (E) 

sys-error('unknown PESConsumer state'); 

return n; 
Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

Usage Restrittions 

License is granted to copy, to use. and to make and to use derivative 
works for research and evaluation purposes only. 

Disclaimer of Warranty 

These Software programs are available to the user without any license 
fee or royalty on an 'as is" basis. Tektronix Inc. disclaims any and 
all warranties, whether express, implied, or statuary, including any 
implied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be iiable for any 
incidental, punitive, or consequential damages of any kind whatsoever 
arising from the use of these programs. 

This disclaimer of warranty extends to the user of these programs and 
user’s customers, employees, agents, transferees, successors, and 
assigns. 

The Tektronix Inc. does not represent or Warrant that the programs 
furnished hereunder are free of infringement of any third-Party 
Patents. 

void PESConsumer::flush () 

esport->flush(); 

void PESConsumer. .:write-elementary-stream-chunk (char* pbuf, int plen) 
1 

// prepare esport 
if (!esport) 

// use decoder->get-ts()->pid or pes->stream-id? 
int curgid = decoder->get-ts()->pid; 
// FIX - provide access function to current pid from decoder? 
char fileName[32]; 
sprintf(fileName, 'stream%d', curqid); 
esport = new OPortToFile(fileName, 0); 

// output loop 
for (int i =  0; i <  plen; it+) 

esport->write-byte(pbuf[il); 

PES class implementation */ 

#include 'Uti1ities.H' 
#include 'PESConsumer.H" 
#include '1PortFromRam.H" 
#include 'Dec0der.H' 
#include '0PortToFile.H' 

void PESConsumer::reaäges_header 0 

int result =  iport-~readqattern("000000000000000000000001~); 

pes->stream-id = iport->read-uimsbf(8, 'reading stream-id'); 

pes->PESgacket-length = iport->r 
PESgacket-length"); 

ead-uimsbf(16, 'reading 
extern 'C' 

#include <stdio.h> 
#include <fcntl.h> 
#include <malloc.h> 
int write (int, char*, int); 

if ((pes->stream-id != idgrivate-stream-2) && (pes->stream_id != 
idgadding-stream)) 

( 
// read "01' 
int result =  iport->readqattern('lO.); 

PESConsumer: :PESConsumer (Decoder* d, PES* p) : Consumer(d) // read PES-scrambling-control; currently uses only '00' or '11' 
char scramblel = iport->read-bit0; 
char scramble2 = iport->read-bit0; 
if ((scramblel == ZERO) && (scramble2 == ZERO)) 
pes->scrambling-code = '0'; 

else 
pes->scrambling-code = 'S'; 

pes = p; 
cstate = CSTART; 
pes-out-flag = TRUE; 
esport = NULL; 

static int char2 nt (char c) // read PESJriority 
char priority = iport->read-bit0; 
if (priority == ONE) 
pes->priority-code = 'H'; 

else 
pes->priority-code = 'L'; 

int result =  0; 
for (int i =  7; i >= 0; i--) 

if ( 
else 

(c & (1 << i)) == 0) result =  result * 2; 
result =  result * 2 + 1; 

// read data-alignment-indicator 
char align = iport->read-bit(); 
if (align == ONE) 
pes->alignment-indicator-.code = 'A'; 

else 
pes->alignment-indicator-code = '0'; 

return result; 

/* This function is called to read TP payloads. 
int PESConsumer: readqartial (int n) 

int i =  0; 
while (i <  n) 

// read Copyright 
char Copyright = iport->read-bit(); 
if (Copyright == ONE) 
pes->copyright-code = 'C'; 

else 
pes->copyright-code = '0'; 

switch (cstate) 

case CSTART: 
buf = (char*) malloc (512);  
huf-index = 0; 
cstate = PCHEADl; 
break; 

case PCHEADl: 
if (huf-index < 9) 

// read copy-or-original 
char original = iport->read-bit(); 
if (original == ONE) 
pes->original-code = 'C'; 

else 
pes->original-code = '0'; 

buf[buf-index 1 = iport->read-by 
huf-index++; it+; 

te0; 

// read 0 flags 
char pts-flag = iport->read-bit(); 
char dts-flag = iport->read-bit(); 
char escr-flag = iport->read-bit(); 
char esrate-flag = iport->read-bit(); 
char dsm-trick-flag = iport->read-bit(); 
char additional-copy-flag = iport->read-bit(); 
char crt-flag = iport->read-bit(); 
char extension-flag = iport->read-bit(); 

if (huf-index == 9) 
( 

header-length = char2int(buf[8]) + 9; 
cstate = PCHEAD2; 

break; 
case PCHEAD2: 

if (huf-index 4 header-length) 
// read PES-header-data-length 
int PES-header-length = 
iport->read-uimsbf(8, 'reading PES-header-length"); 

buf[buf-index] = iport->read-byte() 
huf-index++; i++; 

if (huf-index == header-length) // read optional fields 
// read pts,dts 
if ((pts-flag == ONE) && (dts-flag == ZERO)) 

t 
iport->read_pattern("OOlO"); 
pes->PTS = iport->read_timestamp90(); 
pes->DTS = NULL; 

decoder->get-managero->Trigger(PTSDTSEvent, pes); 

InputPort* saveqort = iport; 
iport = new IPortFromRam(buf, header-length); 
readqes-headero; 
delete iport; 
iport = saveqort; 
if (pes-out-flag) 
write-elementary-stream_chunk(buf, header-length); 

delete buf; huf-index = 0; // done with buf 
cstate = PCPAYLOAD; 

else if ((pts-flag == ONE) && (dts-flag == CNE)) 

iport->read_pattern("0011'); 
Pes->PTS = iport->read_timestamp90(); 
iport->readqattern('0001'); 
pes->DTS = iport->read-timestamp900; 

decoder->get-managero->Trigger(PTSDTsEvent, pes); 

break; 
case PCPAYLOAD: 

// dispense with remaining n-i payload bytes 
int plen = n - i; 
char* pbuf = ichar*) malloc(plen); 

for (int j =  0; j <  plen; jt+) 

pbuf[j] =  iport-> 
it+; 

,read-byte(); pes->PTs 
pes->DTS 

= NULL; 
= NULL; 

write-elementary-stream-chunk(pbuf, plen); 
delete pbuf; 
assert(i == n); 
// stay in PCPAYLOAD state; 
// state changes when payload-unit-start-indicator is seen 
break; 

read escr 
(escr-flag == ONE) if 

iport->read_reserved_bits(2); 
pes->ESCR = iport->read_timestamp27pes_format(); 

1 default: 
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read es-rate 
(esrate-flag == ONE) 

if (pes->trickmode == NULL) return; 
int code = iport->read_uimsbf(2, 'reading frequency-truncation'); 
switch (Code) 

iport->read-markerbito; 
pes->ES-rate = iport->read_uimsbf(22, "reading ES-rate'); 
iport->read-markerbito; 

case 0: 
pes->trick-mode->frequency_truncation_code 
break; 

case 1: 
pes->trickmode->freqency_truncation-code 
break; 

case 2: 
pes->trick-mode->frequency_truncation_code 
break; 

case 3: 
pes->trick-mode->frequency_truncation_code 
break; 

= 'D'; 

=  ‘3’; 

= ‘6’; 

= 'A'; 

read DSM-trickmode 
(dsm-trick-flag == ONE) 

read-trick-mode(); 

read additional-copy-info 
(additional-copy-flag == ONE) 

iport->read-markerbito; 
pes->additional-copy-info = NULL; 
char c; 
for (int i =  0; i <  7; i++) 

void PESConsumer: :read-extension 0 

pes->extension = new PESExtensionO; ( 
c = iport->read-bit(); 
if (c == '1') 

( 
pes->additional-copy-info I= (1 << i); 

1 

// read flags 
char PESqrivate-data-flag = iport->read-bit(); 
char pack-header-field-flag = iport->read-bit(); 
char pp-sepcounter-flag = iport->read-bit(); 
char P-STD-buffer-flag = iport->read-bit-(); 
iport->read_reservebbits(3); 
char PES-extension-field-flag = iport->read-bit(); 

read previ aus-PESgacket-CRC 
(crt-flag == ONE) if (PESqrivate-data-flag == ONE) t 

pes->extension->PESgrivate_data = (char*) malloc(l6); 
for (int i =  0; i <  16; i++) 
pes->extension->PESgrivate_data[i] =  iport->read-byte(); 

pes->previous-CRC = iport->read-uimsbf(16, 'reading previous_CRC') 

// read PES extension fields 
if (extension-flag == ONE) 

if (pack-header-field-flag == ONE) 
read-extensiono; 

pes->extension->pack-field-length = 
iport->read_uimsbf(8, 'reading pack-field-length'); 

for (int j =  0; j <  pes->extension->pack-field-length; j++) 
pes->extension->pack_header[j] =  iport->read-byte0; 

// skip the stuffing bytes. N.B. the '9. added to PES-header-length 
pes->number-stuffing-bytes = 

PES-header-length + 9 - pes->get-header-data-length(); 
for (int i =  0; i <  pes->number-stuffing-bytes; i++) 
iport->read-byte(); if (pp-seg-counter-flag == ONE) 

1 
pes-Bextension->pp-seecounter_counter-code = 'P'; 
iport->read-markerbito; 
pes->extension->pp_se4_counter = 

iport->reabuimsbf(7, 'reading pp-seccounter"); 
iport->read-markerbito; 
pes->extension->original_stuff_length = 

iport->read_uimsbf(7, 'reading orig. stuff len'); 

// cal1 PESParsed callback 
decoder->get-manager()->Trigger PESHeader Parsed, pes); 

void PESConsumer::read-trick-mode 0 

char intra; 
pes-Btrickmode = new TrickModeO; 
int code = iport->read--uimsbf(3, "reading trick-control-Code"); 
switch (Code) 

else 
pes- = ‘0’; >extension->pp-sepcounter-code 

if (P-STD-buffer-flag == ONE) 
case 0: 

pes->trickmode->trickmode_control_control-code = 'F'; 
read-field-id(); 
intra = iport->read-bit0; 
if (intra == ONE) 

( 
pes->trick-mode->intra_slice_refrefreshVcode = '1'; 

( 
pes->extension-BP-STD-buffer-code = 'B'; 
iport->readgattern("Ol*); 
pes->extension->P-STD-buffer-scale = iport->read-bit(); 
pes->extension->P-STD-buffer-size = 

iport->reabuimsbf(l3, 'reading P-STD-huf-size'); 

else 
pes- ->extension->P-STD-buffer-code = ‘0’; else 

if (PEs-extension-field-flag == ONE) pes->trickmode->intra_slice_refresh_code = '0'; 
1 

read-frequency-truncationo; 
break; 

case 1: 
pes->trickmode->trick_mode_control_code = 'S'; 
pes->trickmode->field_rep_control = 

iport->read_uimsbf(5, 'reading field rep-control'); 
break; 

case 2: 
pes->trickmode->trick_mode_control_code = 'Z'; 
read-field-id0; 
iport->read_reserved_bits(3); 
break; 

case 3: 
pes->trickmode->trick_mode_control_code = 'R'; 
read-field-id0; 
intra = iport->read-bit0; 
if (intra == ONE) 

( 
pes->trickmode->intra_slice_refrefresh-code = '1': 

1 
iport->read-markerbito; 
pes->extension->PES-extension-field-length = 

iport->read_uimsbf(7, "reading PES-ext-field-length'); 
for (int k = 0; k < pes->extension->PES-extension-field-length; k++) 

(void) iport->read-reserved-bits(8); 

3.3.27 PESC0nsumer.H 
Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

Usage Restrittions 

License is granted to copy, to use, and to make and to use derivative 
works for research and evaluation purposes only. 

Disclaimer of Warranty 

These Software programs are available to the user without any license 
fee or royalty on an .as is' basis. Tektronix Inc. disclaims any and 
all warranties, whether express, implied, or statuary, including any 
implied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be liable for any 
incidental, punitive, or conseguential damages of any kind whatsoever 
arising from the use of these programs. 

This disclaimer of warranty extends to the user of these programs and 
user's customers, employees, agents, transferees, successors, and 
assigns. 

The Tektronix Inc. does not represent or Warrant that the programs 
furnished hereunder are free of infringement of any third-Party 
Patents. 

/* * t t * * 
l  

*  

*  

*  

*  

*  
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*  

*  

*  

l  

*  

*  

*  

t 

*  

l  

*  

‘/ 

/* 

( 
pes->trick-mode->intra_slice_refresh_code = '0'; 

read-freguency-truncationo; 
break; 

default: 
// It must be one of the reserved modes 
iport->read-reserved_bits(S); 
break; 

void PESConsumer::read-field-id 0 
I 

if (pes-ptrickmode == NULL) return; 
int code = iport->reabuimsbf(2, "reading field-id'); 
switch (Code) 

case 0: 
pes->trickmode->field-id-Code = '1'; 
break; 

case 1: 
pes->trick-mode->field-id-Code = '2'; 
break; 

case 2: 
pes-Btrickmode->field_id_code = 'B'; 
break; 

PESConsumer class l / 
lifndef pesconsumer-h 
#define pesconsumer-h 

#include 'Consumer.H' 
#include 'PES.H' 
#include '0utputPort.H' 

// PESConsumer CState values 
#define PCHEADl 1 
#define PCHEAD2 2 
#define PCPAYLOAD 3 

1 
1 
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class PESConsumer : public Consumer OutputPort* savegort = oport; 
oport = new OPortToRam(buf, length-stored, NULL); 
sendqesgacketo; 
delete oport; 
oport = savegort; 
huf-index = 0; 
return length-stored; 

public: 
PESConsumer (Decoder*, PES*); 
PES* pes; 
virtual int readqartial (int); 
void read_pes-header 0; 
int pes-out-flag; 
OutputPort* esport; 
virtual void flush 0; 

private: 
char* buf; 
int huf-index; 
int header-length; 
void read-trick-mode 0; 
void read-field-id 0; 
void read-freguency-truncation 0; 
void read-extension 0; 
void write-elementary-stream_chunk (char*, int); 

1; 

void PESProducer:: sendgesgacket 0 t 
oport-~writegattern('000000000000000000000001~); 

oport->write-uimsbf(pes->stream-id, 8); 

oport->write-uimsbf(pes->PESgacket_length, 16); 

if ((pes->stream-id != id-private-stream-2) && 
(pes->stream-id != idqadding-stream)) 

1 
oport->writeqattern('lO.); 

// write PES-scrambling-control; currently uses only '00' or '11' 
if (pes->scra.mbling-code == 'St) oport->writegattern(*ll.); 
else oport->writeqattern("OO*); 

/* 
DOCUMENTATION 

PESConsumers wi 11 read PES packets from InputPorts. The member 
variable, iport , is inherited from the base class Consumer. 

// write PESgriority 
if (pes->priority-code == 'H') oport->write-bit('1'); 
else oport->write-bit('0'); 

Payload from the PES packets is written to the OutputPort, esport. 
The member esport tan either be set by the application or it will be 
set internally. The actual payload bytes are ignored. Entire PES 
packets are written to esport if the flag pes-out-flag is TRUE. // write data-alignment-indicator 

if (pes->alignment-indicator-code == 'A') oport->write-bit('1'); 
else oport->write-bit('0'); Public members are: 

PESConsumer (Decoder*, 
The only constructor. 

PES*); // write Copyright 
if (pes->copyright-code == 'C') oport->write-bit('1'); 
else oport->write-bit('0'); 

PES* pes; 
pes is set during the Parse of the pes packet to reflect the 
structure of the packet. Thus an application tan cal1 
readges-header and then examine the pes member to determine the 
structure of the packet. 

// write copy-or-original 
if (pes->original-code == '0') oport->write-bit('1'); 
else oport->writebit('O'); 

// write PTS-DTS-flags 
if (pes->PTS) oport->write-bit('1'); else oport->write-bit('O'); 
if (pes->DTS) oport->write-bit('1'); else oport->writebit('O'); 

virtual int readgartial (int); 
Will read a specified nurher of bytes into the buffer buf. When 
the end of the PES header is reached the header is parsed and a 
PESHeaderParsed event is triggered. // write ESCR-flag 

if (pes->ESCR) opor ,t->write-bi t('1'); else oport->write-bit('0'); 
void readqes-header 0; 

This function tan be called directly by an application but is also 
used internally by the member function readqartial to Parse the 
PES header when the entire header has arrived. 

// write ES-rate- lag 
if (pes->ES-rate) oport- .>write-bit('1'); else oport->write-bit('0'); 

// write DSM-trickmode-f lag 
if (pes->trick-mode) opor t->write-bit('1'); else int pes-out-flag; 

When set to TRUE the PES header is output with the elementary 
stream onto the port esport. 

oport->write-bit('0'); 

// write additional-copy-info-flag 
if (pes->additional-copy-info) oport->write-bit('1'); else oport- 

>write-bit('0'); OutputPort* esport; 
Payload from the PES packet is output to esport. If it has a null 
value when it is needed, then it is set with the call: 

esport = new OPortToFile(fileName, 0); 
where fileName is set to 'streaxn<n>' where <n> is set to the 
decoder's current pid value. 

// write PES-CRC-flag 
if (pes->previous-CRC) oport->write-bit('1'); else oport- 

>write-bit('0'); 

// write PES-extension-flag 
if (pes->extension) oport->write-bit('1'); else oport->write-bit('O'); virtual void flush 0; 

This will f lush the esport. 
// write PES-header-data-length 
oport->write-uimsbf(pes->get_header_length 0 - 9, 8); 

#endif 
// output all optional fields 
// output PTS, DTS 
if (pes->PTS) 

3.3.28 PESPr0ducer.C 
/* Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

t 
t Usage Restrittions 

if (timestamp-leck == FALSE) 

TimeStamp90 PTS = encoder->sys-time + encoder->sys-const; 
pes->PTS = &PTS; 
// FIX -- distinguish between PTS and DTS semantics 
if (pes->DTS) pes->DTS = pes-iPTS; 

1 * License is granted to copy, to use, and to make and to use derivative 
l  works for research and evaluation purposes only. 
* 
t Disclaimer of Warranty 

if (pes->PTS && !pes->DTS) 

oport->writeqattern(*OO 
oport->write_timestamp90 

10') ; 
(ps- >PTS) ; 

l  These Software programs are available to the user without any license 
* fee or royalty on an "as is' basis. Tektronix Inc. disclaims any and 
* all warranties, whether express, implied, or statuary, including any 
* implied warranties or merchantability or of fitness for a particular 
* purpose. In no event shall the Copyright-holder be liable for any 
l  incidental, punitive, or consequential damages of any kind whatsoever 
* arising from the use of these programs. 
l  

* This disclaimer of warranty extends to the user of these programs and 
* user's customers, employees, agents, transferees, successors, and 
* assigns. 
* 
l  The Tektronix Inc. does not represent or Warrant that the programs 
* furnished hereunder are free of infringement of any third-Party 
l  Patents. 

l / 

if (pes->PTs && pes->DTS) 

oport->writeqattern('DOll'); 
oport->write_timestamp9O(pes->PTS); 
oport->writeqattern('0001'); 
oport->write_timestamp9O(pes->DTS); 

// output ESCR 
if (pes->ESCR) 

oport->write_reserved_bits(2); 
oport-~write~timestamp27qes_format 

1 
(pes- ); 

output ES-rate 
(pes->ES-rate) if /* PES class implementation */ 

oport->write-markerbito; 
oport->write-uimsbf(pes->ES_rate, 22); 
oport->write-markerbito; 

#include "PESProducer.H' 
#include "0POrtToRam.H" 
tinclude 'Enc0der.H" 
Ilinclude '1PortFromFile.H 

// output DSM-trickmode field 
if (pes->trick-mode) 

send-trickmode(); 

extern 'C' 

#include <malloc.h> 

// output additional-copy-info 
if (pes->additional-copy-info) PESProducer::PESProducer (Encoder* e, PES* p) : Producer(e) 

f 
pes = p; 
timestamp-leck = FALSE; 
esport = NULL; // defer initialization of esport until first usage 

1  

oport->write-markerbito; 
char mask = (char) 1; 
for (int i =  0; i <  7; i++) 

if (pes->additional-copy-info & mask) 
oport->write-bit('1'); else oport->write-bit('0'); 

mask = mask << 1; 
int PESProducer::fill-buffer () 
( 

if (buf) delete buf; 
length-stored = pes->PES_packet-length + 6; 
buf = (char*) malloc (length-stored); 
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// output previous-PESqacket-CRC 
if (pes->previous-CRC) 
oport->write-uimsbf(pes->previous_CRC, 16); 

( 
oport->write_byte(pes->extension->pack_header[j]); 

// output PES extension fields 
if (pes->extension) 
send-extensiono; 

output pp-seq_counter 
(pes->extension->pp-seq_counter_code if 

oport->write-markerbito; 
oport->write_uimsbf(pes->extension->pp_seu-counter, 7); 
oport->writemarkerbit(); 
oport->write_uimsbf(pes->extension->original-stuff-length, 7); 

// output stuffing bytes 
for (int i =  0; i i pes->number-stuffing-bytes; i++) 
oport->write-byte(Oxff); 

// output payload 
send_payload(); 

output P-STD-buffer 
(pes->extension->P-STD-buf if fer-code == ONE) 

void PESProducer::send-trick-mode 0 oport->writeqattern(*Ol"); 
oport->write_bit(pes->extension->P_STD_buffer-scale); 
oport->write_uimsbf(pes->extension->P_STD-buffer-size, 13); if (pes ->trickmode == NULL) return; 

switch (pes->trick-mode->tri .ck-mode- .contro -Code) 

output PES-extension-field 
(pes->extension->PES_extens 

case 'F': 

oport->write-bit('0'); 

oport->writegattern('000'!; 
send-field-id(); 

send-frequency-truncationo; 

if (pes->trick-mode->intra_slice_refresh_code == '1') 

break; 

oport->write-bit('1'); 
else 

ion-field-length) if 

oport->write-markerbito; 
oport->write_uimsbf(pes->extension->PES_extension-field-length, 7); 

t 
for (int k = 0; 

oport->write-byte(Oxff); 

k < pes->extension->PES-extension-field-length; k++) 

1 
case 'S': 

oport->writeqattern(*OOl*); 
oport->write_uimsbf(pes->trick_mode->field-rep-control, 5): 
break; 

case '2': 
oport->writegattern('010'); 
send-field-id(); 
oport->write_reserved_bits(3); 
break; 

case 'R': 
oport->writegattern('011'); 
send-field-id(); 
if (pes->trickmode->intra_slice_refresh_code = 
oport-Bwrite-bit('1'); 

else 
oport->write-bit('0'); 

send-frequency-truncationo; 
break; 

void PESProducer::sendgayload 0 

// calculate payload length 
int payload-length = pes->get-length() - pes->get-header- 
if (payload-length i= 0) return; 

.length(); 

prepare esport 
(!esport) if 

1’) esport = neu IPortFromFile(pes->file-name, CYCLE); 

// read/write loop 
char byte; 
for (int i =  0; i <  payload-length; i++) 

byte = esport->read-byte 
oport->write-byte(byte); 

0; 

void PESProducer::send-field-id 0 
( 

if (pes->trickmode == NULL) return; 
switch (pes->trickmode->field-id-Code) 

3.3.29 PESPr0ducer.H case ' 1': 
oport->writegattern(*OO'); 
break; 

case '2': 
oport->write_pattern('01'); 
break; 

case 'B': 
oport->writeqattern('10'); 
break; 

/* Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

Usage Restrittions 

* License is granted to copy, to use, and to make and to use derivative 
l  works for research and evaluat ion purposes only. 

Disclaimer of Warranty 

void PESProducer:: send-frequency-truncation () * These Software programs are available to the user without any license 
l  fee or royalty on an 'as is" basis. Tektronix Inc. disclaims any and 
* all warranties, whether express, implied, or statuary, including any 
l  implied warranties or merchantability or of fitness for a particular 
* purpose. In no event shall the Copyright-holder be liable for any 
* incidental, punitive, or consequential damages of any kind whatsoever 
* arising from the use of these programs. 

if (pes->trick-mode == NULL) return; 
switch (pes->trickmode->frequency_truncy-truncat ion-Code) 

case 'D': 
oport->writegattern("OO.); 
break; 

case '3': 
oport->writegattern("Ol@); 
break; 

case '6': 
oport->write_pattern("lO"); 
break; 

case 'A': 
oport->writegattern('ll'); 
break; 

* This disclaimer of warranty extends to the user of these programs and 
* user's customers, employees, agents, transferees, successors, and 
* assigns. 

* The Tektronix Inc. does not r epresent or Warrant that the programs 
* furnished hereunder are free of infringement of any third-Party 
* Patents. 

*/ 

void PESProducer::send-extension () 

/* PESProducer class */ 
#ifndef pesproducer-h 
#define pesproducer-h 

if (pes->extension == NULL) return; 

// output flags 
if (pes->extension->PESgrivate_date-data) oport->write-bit('1'); 
else oport->write-bit('0'); 

if (pes->extension->pack_header) oport->write-bit('1'); 
else oport->write-bit('O'.); 

if (pes->extension->pp-sepcounter_counter-code == '1') oport->write-bit('1'); 
else oport->write-bit('0'); 

if (pes->extension->P-STD-buffer-code == '1') oport->write-bit('1'); 
else oport->write-bit('0'); 

oport->write_reserved_bits(3); 

if (pes->extension->PES_extension_field_length) oport->write-bit('1'); 
else oport->write-bit('0'); 

// output PESgrivate-data 
if (pes->extension->PES_private_date-data) 

( 
for (int i =  0; i <  16; i++) 

1 
oport->write_byte(pes->extension->PESqrivate-data[i]); 

1 
) 

// output pack-header 
if (pes->extension->pack_header) 

1 
oport->write_uimsbf(pes->extension->pack-field-length, 8); 
for (int j =  0; j <  pes->extension->pack_field_length; j++) 

#include 'Pr0ducer.H' 
#include 'PES.H' 
#include '1nputPort.H' 
#include 'Uti1ities.H' 

class PESProducer : public Producer 
{ 
public: 

PESProducer (Encoder*, PES*); 
PES* pes; 
void sendqesqacket 0; 
Boolean timestamp-leck; 
InputPort* esport; 

protected: 
virtual int fill-buffer 0 ; 

private: 
void send-trick-mode 0; 
void send-field-id 0; 
void send-frequency-truncation 0; 
void send-extension 0; 
void sendgayload 0; 

j; 

/* 
DOCUMENTATION 

PESProducers will write PES packets to OutputPorts. The member 
variable, oport, is inherited from the base class Producer. 

Payload for the PES packets is read from the InputPort, esport. 
The member esport tan be either set by the application or it wi 
set internally. The actual payload bytes are ignored. 

Public members are: 

11 be 
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PESProducer (Encoder* 
The only constuctor 

, PES*); 

3.3.31 Po1y.H 
/* Copyright (C) 1995, Tektronix Inc. All Rights Reserved. * * * 

l  

*  

*  

t 

l  

l  

*  

*  

*  

*  

*  

*  

*  

*  

*  

*  

l  

*  

*  

*  

*/ 

/* 

Usage Restrittions 

License is granted to copy, to use, and to make and to use derivative 
works for research and evaluation purposes only. 

Disclaimer of Warranty 

These Software programs are available to the user without any license 
fee or royalty on an 'as is" basis. Tektronix Inc. disclaims any and 
all warranties, whether express, implied, or statuary, including any 
implied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be liable for any 
incidental, punitive, or consequential damages of any kind whatsoever 
arising from the use of these programs. 

This disclaimer of warranty extends to the user of these programs and 
user's customers, employees, agents, transferees, successors, and 
assigns. 

The Tektronix Inc. does not represent or Warrant that the programs 
furnished hereunder are free of infringement of any third-Party 
Patents. 

Poly classes */ 

PES* pes; 
pes is used as a template for PES packets. Some members of pes 
may he modified as the packet is generated (e.g. PTS and DTS, see 
the description of timest--leck below). 

void sendgesqacket 0; 
This function tan be called directly by an application but is also 
used internally by the member function fill-buffer to fill the 
internal Producer buffer, buf, with a PES packet. 

TState timestamp-leck; 
When set to TRUE prohibits the restamping of the PTS and DTS 
fields in the pes structure - whatever is in the pes structure is 
output regardless of the encoder's clock values. When set to 
FALSE the encoder is queried for the current System time 
(sys-time) and System end-to-end constant (sys-const) the PTS is 
set to their sum. The default is FALSE. 

InputPort* esport; 
Payload for the PES packet Comes from here. If it has a null 
value when it is needed, then it is set with the call: 

esport = neu IPortFromFile(pes->file-name, CYCLE); 
l / 

#endif 

3.3.30 Po1y.C 
Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

Usage Restrittions 

License is granted to copy, to use, and to make and to use derivative 
works for research and evaluation purposes only. 

Disclaimer of Warranty 

These Software programs are available to the user without any license 
fee or royalty on an "as is' basis. Tektronix Inc. disclaims any and 
all warranties, whether express, implied, or statuary, including any 
implied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be liable for any 
incidental, punitive, or consequential damages of any kind whatsoever 
arising from the use of these programs. 

This disclaimer of warranty extends to the user of these programs and 
user's customers, employees, agents, transferees, successors, and 
assigns. 

The Tektronix Inc. does not represent or Warrant that the programs 
furnished hereunder are free of infringement of any third-Party 
Patents. 

#ifndef poly-h 
#define vly-h 

typedef unsigned long CRC32; 

class Poly 

public: 
POlY 0; 
void push-bit (char); 
int poly-cmp (char*); 
void print-bits 0; 
unsigned char shift_reg[32]; 

private: 
CRC32 crt; 

JXICUMENTATION 

Poly is used by InputPorts and OutputPorts for computing CRCs. The 
32 bit polynomial specified in 13818-1 is 'hardwired' into the Code. 

*/ 

#endif 

Poly implementation l / 

#include 'Po1y.H' 3.3.32 Pr0ducer.C 
/* Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

extern 'C' 
( 
#include <stdio.h> 

static unsigned short int g[] =  
~0,1,1,0,1.1,0,1, 

1,0,1,1.1.0,0,0, 
1,0,0,0,0,0,1,1, 
0,0,1,0,0,0,0,0); 

make and to use derivative 
only. 

* These Software programs are available to the user without any license 
* fee or royalty on an “as is' basis. Tektronix Inc. disclaims any and 
* all warranties, whether express, implied, or statuary, including any 
* implied warranties or merchantability or of fitness for a particular 
* purpose. In no event shall the Copyright-holder be liable for any 
l  incidental, punitive, or consequential damages of any kind whatsoever 
* arising from the use of these programs. 
t 
* This disclaimer of warranty extends to the user of these programs and 
* user's customers, employees, agents, transferees, successors, and 
* assigns. 

Poly::Poly () 
{ 

for (int i=O; ii32; i++) 
shift-reg[i] =  1; 

void Poly::push-bit (char data-bit) // data-bit range 

int i; 
char obit; 

obit =  data-bit -= '0'; 

data-bit A= shift_reg[31]; 
i =  31; 
while (i !=O) 

( 
if (g[il) 
shift-reg[i] =  shift-reg[i-1] h data-bit; 

else 
shift-reg[i] =  shift-reg[i-11; 

i--; 

0’. ‘1’ 

l  The Tektronix Inc. does not represent or Warrant that the programs 
* furnished hereunder are free of infringement of any third-Party 
* Patents. 

/* Producer class implementation */ 

#include 'Uti1ities.H" 
#include 'Producer.H' 
#include '0utputPort.H' 

extern 'C' 
shift-reg[Ol = data-bit; 

//#include <stdio.h> 

int Poly::poly-cmp (char* bstr) 
Producer::Producer (Encoder* e) 

char bit; 
int i; 
unsigned long vali, valg; 

encoder = e; 
length-stored = 0; 
huf-index = 1; 

// bit 31 is MSB 
vali =  valg = 0; 
for (i=31; i >= 0; i--) void Producer:: connect (OutputPort* p) 

vali <<= 1; 
valg <<= 1; 
vali += bstr[i] - '0'; 
valg += shift-reg[i]; 

oport = p; 

int Producer::fill-buffer () 

if ( vali == valg) return 1; 
else if ( vali == -valg ) return 2; 
else return 0; 

// do no 
return 0 

thing in the base class 

int Producer::get-nready () 
void Poly: :print-bits 0 

if (length-stored < bu f-index) return 0; 
return length-stored - huf-index; for (int i =  31; i >= 0; --iJ 

putc('O'+shift-reg(i], stdout); 
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int Producer::sendqartial (int n) 

l  

*  

l  

*  

t 

*  

l  

*  

*  

*  

*  

*  

*  

l  

l  

*  

*  

1  

l  

*  

*  

*  

*  

*/ 

/* 

Usage Restrittions 

License is granted to copy to 
iuat 

use, and to 
works for research and eva ion purposes 

make and to use derivative 
only. if (huf-index >= length-stored) 

( 
// fill buffer 
length-stored = fill-buffer0; 

Disclaimer of Warranty 

These Software programs are available to the user without any license 
fee or royalty on an "as is' basis. Tektronix Inc. disclaims any and 
all warranties, whether express, implied, cr statuary, including any 
implied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be liable for any 
incidental, punitive, or consequential damages of any kind whatsoever 
arising from the use of these programs. 

// now send bytes 
for (int i =  0; i <  n; i++) 

if (huf-index < length-stored) 

oport->write-byte 
huf-index++; 

(buf[buf-indexl); 

This disclaimer of warranty extends to the user of these programs and 
user's customers, employees, agents, transferees, successors, and 
assigns. 

The Tektronix Inc. does not represent or Warrant that the programs 
furnished hereunder are free of infringement of any third-Party 
Patents. 

oport->write-byte (Oxff); 
sys-message("Oxff padding inserted by Producer::send.partial"); 

if (huf-index < length-stored) 
return 0; 

else 
return 1; 

Section class implementation l / 

#include "Section.H' 

extern 'C' 
t 
#include <stdio.h> 3.3.33 Pr0ducer.H 
Section: :Section 0 

Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

Usage Restrittions 

License is granted to copy, to use, and to make and to use derivative 
works for research and evaluation purposes only. 

Disclaimer of Warranty 

These software programs are available to the user without any license 
fee or royalty on an "as is" basis. Tektronix Inc. disclaims any and 
all warranties, whether express, implied, or statuary, including any 
implied warranties or merchantability or of fitness for a particular 
purpose. In no event shall the Copyright-holder be liable for any 
incidental, punitive, or consequential damages of any kind whatsoever 
arising from the use of these programs. 

This disclaimer of warranty extends to the user of these programs and 
user's customers, employees, agents, transferees, successors, and 
assigns. 

The Tektronix Inc. does not represent or Warrant that the programs 
furnished hereunder are free of infringement of any third-Party 
Patents. 

void Section::print-a 0 
1 

printf('pointer: %d\n', Pointer); 
printf('table-id: %d\n', table-id); 
printf('section-Syntax-indicator: %c\n', section-Syntax-Code); 
printf('section-length: %d\n', section-length); 

void section::print-b 0 
( 

printf('version-number: %d\n", Version-number); 
printf('current-next-indicator: %c\n', current-next-Code); 
printf('section-number: %d\n', section-number); 
printf('last-section-number: %d\n', last-section-number); 

PATSection::PATSection () : Section () 

void PATSection::print 0 

printf('PAT Section\n'); 
Producer class */ 

#ifndef Producer-h 
#define Producer-h print-ao; 

printf('transport-stream-id = %d\n', transport-stream-id); 
class OutputPort; 
class Encoder; print-b(); 

class Producer 

MapSection::MapSection (Program* p) : Section 0 public: 
Producer (Encoder*); 
void connect (OutputPort*); 
virtual int fill-buffer 0; 
virtual int get-nready 0; 
int send-partial (int); 

protected: 
Encoder* encoder; 
OutputPort* oport; 
char* buf; 
int huf-index; 
int length-stored; 

program = p; 
if (p->pcr-estream) pcrqid = p->pcr-estream->pid; 
else pcrqid = UNASSIGNED; 
program-number = p->program-number; 

void MapSection::print () 

printf('Map Section\n'); 

print-ao; 

printf("program-number = %d\n', program-number); /* 
DOCUMENTATION 

print-b(); 

Producers write things to OutputPorts. Typical subclasses are 
TSProducer, PESProducer, PATProducer, MapProducer, etc. Although 
some of these classes define methods for writing directly on the 
OutputPort (e.g. TSProducer), Producers tan also be set up to first 
fill an internal buffer (via the fill-buffer method). Subsequent 
calls to send-partial will send bytes from the buffer to the OutputPort 

print f( 'pcrqid = %d\n', pcrgid); 
print fl "program-info-length = %d\n', program-info-length); 

CASection::CASection 0 : SeCtiOn () 

Public mexnbers are: 

void CASection::print 0 
( 

printf('CA Section\n'); 

Producer (Encoder*); 
The only constructor. All Producers have an Encoder Object 
available for such things are reading a encoder clock for the 
generation of timestamps. 

print-ao; 
void connect (OutputPort*); 

To connect to an OutputPort. print-b0; 

// FIX -- print Sect ion 1 oops 
printf( 'print CA Sec tion loop\n'); 

virtual int fill-buffer 0; 
Defined in subclasses to fill the buffer. 

virtual int get-nready 0; 
Returns the nuxnber of bytes ready for output (e.g. what's left 
the buffer). 

PriSection::PriSection () : Section () 

int send-partial (int); 
Will send a specified number of bytes to the OutputPort. If the 
number requested exceeds the number available in the buffer, then 
the output is padded with Oxff bytes. 

l / 
3.3.35 Section.H 
/’ Copyright (C) 1995, Tektronix Inc. All Rights Reserved. 

Usage Restrittions 

l  License is granted to copy, to use, and to make and to use 
* works for research and evaluation purposes only. 

derivative 3.3.34 Secti0n.C 
/* Copyright (C) 1995, Tektronix Inc. All Rights Reserved 
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* These Software programs are available to the user without any license 
* fee or royalty on an "as is= basis. Tektronix Inc. disclaims any and 
* all warranties, whether express, implied, or statuary, including any 
* implied warranties or merchantability or of fitness for@ particular 
l  purpose. In no event shall the Copyright-holder be liable for any 
* incidental, punitive, or consequential damages of any kind whatsoever 
* arising from the use of these programs. 

* The Tektronix Inc. does not represent or Warrant that the programs 
* furnished hereunder are free of infringement of any third-Party 
* Patents. 

/* SectionConsumer class implementation */ 

#include "Uti1ities.H' 
#include "1PortFromRam.H' 
Binclude 'SectionConsumers.H" 
#include 'Dec0der.H' 
#include 'Events.H' 
Itinclude 'PES.H' 
#include 'PESConsumer..H' 

* This disclaimer of warranty extends to the user of these programs and 
* user's customers, employees, agents, transferees, successors, and 
* assigns. 
* 
* The Tektronix Inc. does not represent or Warrant that the programs 
* furnished hereunder are free of infringement of any third-Party 
l  Patents. 

*/ extern 'C' 
( 
#include <malloc.h> /* Section class */ 

#ifndef section-h 
#define section-h 

SectionConsumer::SectionConsumer (Dt coder* d Section* s) : consumer(d) 

t =  resu 1 t * 2; 

class Section 
sec = s; 
huf-index = -1; 
length-expected = -1; 

public: 
Section 0; 
int pointer; 
int table-id; 
char section-Syntax-Code; 
int section-length; 
int Version-number; 
char current-next-Code; 
int section-number; 
int last-section-number; 
void print-a 0; 
void print-b 0; 

// offset into TP payload 
// table-id 
// (S,L) - Short or LOng 
// 0..1024 
// 0..31 
// (C,N) - Current table or Next table 
// 0..255 
// 0..255 

static int char2int (char c) 

int 
for 

resul 
(int 

t =  0; 
i =  7; i >= 0; i--) 

if ((c & (1 
else result 

<< i)) == 0) resu 
= result l  2 + 1; 

return result; 

/* PATSection class */ 
/* This function is called to read TP payloads. 
int SectionConsumer :readqartial (int n) 

*/ 
class PATSection : public Section 

int i =  0; 
while (i <  n) 

public: 
PATSection 0; 
int transport-stream-id; 
void print 0; 

1; 

// 16 bits, app specific 1 
switch (cstate) 

case CSTART: 
buf = (char*) malloc (1024); // FIX -- private sections tan be 4096 
huf-index = 0; 
cstate = SCHEADl; 
break; 

case SCHFADl: 
if (huf-index c 4) 

/* MapSection class */ 

Uinclude 'Direct0ry.H' 

class MapSection : public Section 
( 
public: 

MapSection (Program*); 
Program* program; // from directory 
int program-number; // 16 bits 
int pcrqid; // 13 bits 
int program-info-length; // 12 bits 
void print 0; 

1; 

buf[buf-index] = iport->r 
huf-index++; i++; 

'ead-byte0; 

if (huf-index == 4) 

// FIX -- this case 
if (buf[O] != 0) 

ptr == 0 

class CASection : public Section sys-error("non zero pointer offset in SectionConsumer'); 
1 
length-expected = (char2int(buf(2]) & OxF) << 8; 
length-expected += char2int(buf[31) + 4; 

cstate = SCHEAD2; 
1 

break; 
case SCHEAD2: 

if (huf-index < length-expected) 
( 

public: 
CASection (); 
void print 0; 

/* PriSection class */ 

class PriSection : public Section 
1 
public: 

PriSection 0; 
int table-id-extension; 

buf[buf-index] = iport->r 
huf-index++; i ++; 

ead-byte0; 

// 16 bits, user defined if (huf-index == length-expected) 
( 

InputPort* saveqort = iport; 
iport = new IPortFromRam(buf, length-expected); 
read-sectiono; 
delete iport; 
iport = savegort; 
delete buf; huf-index = 0; // done with buf 
cstate = SCFLUSH; 

/* 
DOCUMENTATION 

The Section class and its subclasses are Syntax classes; their 
objects objects encapsulate the structure of the various PSI sections. 
When generating packets (say in an encoder application) these 
objects are used as templates. Changing the template will Change the 
structure of the sections being generated. When parsing sections (say 
in a decoder application) these objects are set to reflect the structure 
of the packet being parsed and tan then be examined by the 
application. 

break; 
case SCFLUSH: 

char c = iport->read-byte(); 
assert(c == (char) Oxff); 
i++; 
break; 

default: 
sys-error('unknown SectionConsumer state'); 

Mnemonic chars are used to represent the various values of the fields 
(e.g. the current-next-code tan be 'C' or 'N'). These are listed in 
the above comments. 

All the fields are 
*/ 

exposed as public members 
return n; 

#endif 
void SectionConsumer::read_header_a 0 
( 

// read pointer field 
// FIX -- this assumes that there is always a pointer field 
sec->pointer = iport->read_uimsbf(8, 'reading pointer field'); 3.3.36 SectionC0nsumers.C 

/* Copyright (C) 1995, Tektronix Inc. All Rights Reserved. // skip to Start of section 
for (int k = 0; k < sec->pointer; k++) 

(void) iport->read-byte(); 
* 
l  Usage Restrittions 
* 
* License is granted to copy, to use, and to make and to use derivative 
+ works for research and evaluation purposes only. 
* 
* Disclaimer of Warranty 
* 
* These Software programs are available to the user without any license 
l  fee or royalty on an las is’ basis. Tektronix Inc. disclaims any and 
* all warranties, whether express, implied, or statuary, including any 
* implied warranties or merchantability or of fitness for a particular 
l  purpose. In no event shall the Copyright-holder be liable for any 
* incidental, punitive, or consequential damages of any kind whatsoever 
l  arising from the use of these programs. 
* 
l  This disclaimer of warranty extends to the user of these programs and 
l  user’s customers, employees, agents, transferees, successors, and 
* assigns. 
l  

// Start CRC 
iport->start-crc(); 

// read table- ,id (should be 0) 
sec->table-id = iport->read-uimsbf(8, 'reading table-id'); 

// read section-Syntax-Code 
char Syntax = iport->read-bit(); 
if (Syntax == ONE) 

sec->section-Syntax-Code = 'S'; 
else 

sec->section-Syntax-code = 'L'; 

// read '0' and reserved bits 
iport->read-bit0; 
iport->read-reserved-bits(2); 
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// read section-length 
sec->section-length = 

1 

decoder->get-ts()->pid); 
iport->read-u imsbf (12, 'reading section-length"); 

// read program-info-length and info into newprog 
mapsec->program-info-length = 

iport->read-uimsbf(12, 'reading program-info-length'); 
// FIX - implement descriptors for program info 
for (int i =  0; i <  mapsec-,program-info-length; i++) 

void SectionConsumer::read_header_b () 

// read reserved bits 
iport->reabreserved_bits(2); 

(void) iport->read-byte(); 
// read version-number 
sec-,Version-number = iport->read-uimsbf(5, "reading Version-number' 

// read loop 
int bytes-in-loop = 

mapsec->section-length - mapsec->program-info-length - 13; 
for (int j =  0; j <  bytes-in-loop; ) 

// read current-next-indicator 
char cur-next = iport->read-bit0; 
if (cur-next == ONE) 

sec->current-next-code = 'C'; 
else 

sec->current-next-code = 'N'; 
// read fields 
int stream-type = iport->read_uimsbf(8, 'reading stream-type") ; 
iport->read_reserved_bits(3); 
int elempid = iport->read_uimsbf(l3, 'reading elem_pid'); // read section-number 

sec->section-number = iport->read-uimsbf (8, 'reading section-number l  s 
) ; 

EStream* estream = new EStream((StreamType) stream-type, elem_pid, 
NULL); 

newprog->add-estream(estream); 
// read last-section-number 
sec->last-section-number = iport->read_uimsbf(8, 'reading 

last-section-number"); 
// read estream info 
iport->read-reserved-bits(4); 
int info-length = iport->read_uimsbf(l2, 'reading es-info-length'); 
// FIX - implement descriptors for estream info 
for (int k = 0; k < info_length; k++) 

(void) iport->read-byte(); 

void SectionConsumer::read-CRC () 

// read CRC 
iport->stop-crc(); 
if (!iport->check-crt()) 

decoder->get-manager()->Trigger(BadCRC, sec); j += 5 + info-length; 

PATConsumer::PATConsumer (Decoder* d, 
: SectionConsumer(d, SI 

PATSection* s) // get dir and install new program 
decoder-zinstal lqroc.4 (newprog) ; { 

patsec = s; // read CRC 
read-CRC(); 

void PATConsumer::read-section () 
1 

// read header-a 
read-header-a(); 

// read transport-stream-id 
patsec->transport-stream-id = iport->read_uimsbf(l6, 

'reading trans-strm-id'); 

// cal1 MapParsed callback 
decoder->get-managero->Trigger(MapParsed, mapsec); 

1 

CAConsumer: :CAConsumer (Decoder* d, CASection* s) 
: SectionConsumer(d, s) 

( 
casec = s; 

// read header-b 
read-header-b(); void CAConsumer:: read-section 0 

// create new directory; get old one 
Directory* newdir = new DirectoryO; 
Directory' olddir = decoder->get-dir(); 

int networkqid = decoder->get-networkpido; 

// read header-a 
read-header-ao; 

// read 16/18 reservered bits, read-header-b() will read 2 more bits. 
iport->read-reserved-bits(16); 

// read loop 
for (int i =  0; i <  

// read header-b 
read-header-b(); patsec->section-length - 9; i += 4) 

int prog-number = iport->read_uimsbf(l6, "reading program number'); 
iport->read_reservebbits(3); 
if (prog-number == 0) 

( 
networkgid = iport->read_uimsbf(l3, 'reading networkqid'); 

? 
else 

( 
int pid = iport->read_uimsbf(l3, 'reading pid'); 

// update Directory 
Program* program = olddir->get_program(prog-number); 

if (program) 

// read loop 
int bytes-in-loop = casec->section-length - 9; 

for (int j =  0; j <  bytes-in-loop; ) 
t 

// read descriptor 
int descriptor-tag = iport->read-uimsbf(8, "reading des-tag'); 
if (descriptor-tag != 9) 
sysmessage('bad descriptor in CASection'); 

int descriptor-length = iport->read_uimsbf(8, 'reading des-length'); 

int CA-System-id = iport->read-uimsbf(16, "reading CA-System-id'); 

// not a new program 
newdir->addqrogram(program); 

1 
else 

iport->read_reservedbits(3); 

int caqid = iport->read-uimsbf(13, "reading des-tag'); 
// FIX -- eventually add a CAConsumer to consume caqid; ignore for now 

// a new program 
newdir->addgrogram(new Program(prog-number, pid)); 

1 

for (int k = 0; k < descriptor-length - 4; k++) 
(void) iport->read-byte(); 

1 
1 

// setup decoder using new directory 
decoder->install-netpid(networkgid); 
decoder->install-dir(newdir); 

j += descriptor-length + 2; 
1 

// read CRC 
read-CRCO; 

// cal1 CAParsed callback 
decoder->getJnanager()->Trigger(CAParsed, casec); 

1 
// read CRC 
read-CRC(); 

// cal1 PATParsed callback 
decoder- >get-managero->Tri 

Pri .Consumer: :PriConsumer (Decoder* d, Pri 
: SectionConsumer(d, SI 

Section* s) 
gger(PATParsed, patsec); 

prisec = s; 
MapConsumer ::MapConsumer (Decoder* d, 

: SectionConsumer(d, SI 
MapSection* s) 

void PriConsumer::read-section () 
mapsec = s; 

// read header-a 
read-header-a(); 

void MapConsumer::read-section () 

if 
check Syntax indicator 
(prisec->section-Syntax-Code == ‘S‘) // read header 

read-header-a( 
-3 

for (int i =  0; i <  prisec->section-length 
(void) iport->read-byte0; 

; i++) 
// read program-number 
mapsec->program-number = iport->read_uimsbf(l6, 'reading program-number'); 

else 
// read header-b 
read-header-b(); // read table-id-extension 

prisec->table-id-extension = 
iport->read_uimsbf(l6, "reading table-id-ext'); // read reserved bits 

iport-zread-reserved-bits(3); 
// read header-b 
read-header-b(); // read pcrqid 

mapsec->pcrqid = iport->read_uimsbf(l3, "reading pcrgid'); 
// read loop 
int bytes-in-loop = prisec->section-length - 9; 
for (int j =  0; j <  bytes-in-loop; j++) 

( 
(void) iport->read-byte(); 

// read reserved bits 
iport->read-reserved-b its(4); 

// create new program with same program number 
Program* newprog = new Program(mapsec->program-number, 
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