SHORTEN(1) local SHOREN(1)

NAME
shorten — fast compression foavdorm files

SYNOPSIS
shorten [-hlu] [-a #bytes] [-b #samples] [-c #channels] [-d #bytes] [-m #blocks] [-n #dB] [-p #order] [-q
#bits] [-r #bits] [-t filetype] [-v #version] [@vdorm-file [shortened-file]]

shorten -x[-hl] [ -a #bytes] [-d #bytes] [shortened-file fwedorm-file]]
shorten[-e | -i | -k | -s | S<name> ] shortened-file
shorten| -s | S<name> ] < shortened-data

DESCRIPTION
shorten reduces the size ofavdorm files (such as audio) using Huffman coding of prediction residuals
and optional additional quantisatioin lossless mode the amount of compression obtained depends on the
nature of the wvdorm. Thosecomposing of lav frequencies and Vo amplitudes gie the best compres-
sion, which may be 2:1 or bettekossy compression operates by specifying a minimum acceptaple se
mental signal to noise ratio or a maximum bit rateassy compression operates by zeroing the lower order
bits of the vaveiorm, so retaining wvdorm shape.

If both file names are specified then these are used as the input and output files. The first file name can be
replaced by "-" to read from standard input anevike the second filename can be replaced by "-" to write

to standard outputUnder UNIX, if only one file name is specified, then that name is used for input and the
output file name is generated by adding the suffix ".shn" on compression anvihgethe ".shn" suffix on
decompression. lthese cases the input file is rarat on wmpletion. Theuse of automatic file name
generation is not currently supported under DTSho file names are specified, shorten reads from stan-

dard input and writes to standard outpM/henerer possible, the output file inherits the permissions,
owner, group, access and modification times of the input file.

From release 2.3 the RIFFAYE (Microsoft .wav) file type is the defult. Thesdfiles contain enough
information to set most of the switches presentedwyedo effective qoeration is obtained just by setting
the desired Meel of compression (-n or -r switch).

OPTIONS
—aalign bytes
Specify the number of bytes to be copied verbatim before compressgiimis.b&hisoption can be
used to preseefixed length ASCII headers onawvdorm files, and may be necessary if the header
length is an odd number of bytes.

-b block sze
Specify the number of samples to be grouped into a block for proce#¥itign a block the sig-
nal elements are expected tovddhe same spectral characteristics. The default optarksawvell
for a large range of audio files.

—c channels
Specify the number of independent intexisn channels. Br two dgnals, a(t) and b(t) the original
data format is assumed to be a(0),b(0),a(1),b(1)...

—d discad bytes
Specify the number of bytes to be discarded before compression or decompression. This may be
used to delete header information from a file. Refer to the -a option for storing the header infor
mation in the compressed file.

-e Erase seek information from an existing file.
-h Give a fiort message specifying usage options.

=i Inquire as to whether thewgn file is an external seek table file, a file with seek tables appended to
it, or neither If seek tables are present, the seek table revision number is shown.

-k Append seek information to an existing file.
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- Prints the software license specifying the conditions for the ditsiband usage of this sofiwe.

—-m blocks
Specify the number of past blocks to be used to estimate the mean and power of thé'bgnal.
value of zero disables this prediction and the mean is assumed to lie in the middle of the range of
the rel@ant data type (i.e. at zero for signed quantitieShe default value is non-zero for format
versions 2.0 and abe.

-n noise level
Specify the minimum acceptable segmental signal to noise ratio il signal power is tak
as the variance of the samples in the current block. The noise power is the quantisation noise
incurred by coding the current block assuming that samples are uniformallyutiéstriwer the
guantisation intersd. Thebit rate is dynamically changed to maintain the desired signal to noise
ratio. Thedefault value represents lossless coding.

—p prediction order
Specify the maximum order of the linear predietfiter. The default value of zero disables the
use of linear prediction and a polynomial interpolation method is used inStbadise of the lin-
ear predictie filter generally results in a small impement in compression ratio at the expense of
execution time. This is the only option to use a significant amount of floating point processing
during compression. Decompression still uses a minimal number of floating point operations.

Decompression time is normally about twice that of the default polynomial interpol&iorer-

sion 0 and 1, compression time is linear in the specified maximum order asealividues are
searched for the greatesipected compression (the number of bits required to transmit the predic-
tion residual is monotonically decreasing with prediction grolgrtransmitting each filter cdef

cient requires about 7 bits)For version 2 and abe, the search is started at zero order and termi-
nated when the last twprediction orders ge a hrger expected bit rate than the minimum found
to date. This is a reasonable strategy for ynmaal world signals - you may vert back to the
exhaustve dgorithm by setting -v1 to check that this works for your signal type.

—( quantisation level
Specify the number of V@ order bits in each sample which can be discarded (set to ZEh).is
useful if these bits carry no information, for example when the signal is corrupted by noise.

—r bit rate
Specify the expected maximum number of bits per sampihe upper bound on the bit rate is
achieved by tting the lov order bits of the sample to zero, hence maximising tgmeatal sig-
nal to noise ratio.

-s Write seek table information to a separate file (uses shortened file name withxteskgian). If
the shortened data is read from standard input, then the seek table information wikdbin sa
'stdin.skt’.

-S<name>

Write seek table information to a separate fileexgby "<name>".

—t file type
Gives the type of the sound sample file as one of aiffy,\88, u8, s16, ul6, s16x, ul6éx, sl6éhl,
uléhl, s16lh, ul6lh, we, or alaw.

The simple types are listed first andidan initial s or u for signed or unsigned data, followed by

8 or 16 ashe number of bits per sample. No further extension means the data is in the natural
byte ordera trailing x specifies byte swapped data, Xpleitly states the byte order as high byte
followed by lav byte and Ih the corerse. Hences16 means signed 16 bit integers in the natural
byte order (lile C would fwrite() shorts).

ulaw is the natural file type of uaencoded files (such as the default sun .au files) andiala
similar byte-packed scheme. Specific optimisations are appliedvicanthalav files. Iflossless
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compression is specified with uldiles then a check is made that the whole dynamic range is used
(useful for files recorded on a SparcStation with the volume set too high). Lossless coding of both
file types uses an internal format with a monotonic mapping to linéaossy compression is
specified then the data is internally eemed to linear The lossy option "-r4" has been obstv

to give little degradation and provides 2:1 compression.

With the types listed ave you should gplicitly set the number of channels (if not mono) with -c
and if the file contains a header the size should be specified withigis most important for
lossy compression which will lead to data corruption if a file header is inadvertently lossy coded.

Finally, as of \ersion 2.3, the file type may be specified ag ¢he de#ult). Inthis case the file to

be compressed is interagd for the specific data type (chosen from thegtamd the number of
channels to be used. The header length alignment (-a flag) is also automatic so lossless compres-
sion requires no switches to be set and lossy compression requires only that the compvelssion le
be set with -n or -r.

-u The ulav standard (ITU G711) has twcodes which both map onto the zero value on a linear
scale. Thé'-u" flag maps the rggtive z2ro onto the posite z2ro and so yields marginally better
compression for format version 2 (the gain is significant for older format versions).

-V version
Specify the binary format version number of compressed filegd values are currently 1, 2 and
3, with higher numbers generally giving better compressiband 3 are identical, with thexeep-

tion that 2 does not generate seek tables, while 3 does. Detection of format version on decode is
automatic.

—-X extract
Reconstruct the original file. All other command line options except -a and -d are ignored.

METHODOLOGY

shorten works by blocking the signal, making a model of each block in order teerdentporal redun-
dang, then Huffman coding the quantised prediction residual.

Blocking

The signal is read in a block of about 128 or 256 samples, amdrsahto integers with expected mean of
zero. Sample-wise-interleed data is cowerted to separate channels, which are assumed independent.

Decorrelation
Four functions are computed, corresponding to the signdérelifce signal, second and third ordefedif
ences. Thene with the lowestariance is coded. The variance is measured by summing absalugs v
for speed and tovaid overflow.

Compression
It is assumed the signal has the Laplacian probability density functioqp@fbs(x)). Therés a computa-
tionally efficient way of mapping this density to lfhafin codes, The code is in four parts: a run of zeros; a
bounding one; a fixed number of bits mantissa; and the sigitfét.number of leading zeros/gs the of-
set from zero. Some examples for a 2 bit mantissa:

Value zeros stopbit mantissa signbit totatode

0 1 00 0 1000

1 1 01 0 1010

2 1 10 0 1010

4 0 1 @ 0 01000

7 0 1 n 0 01110

8 0 1 @® 0 (01000
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-1 1 00 1 1001
-2 1 01 1 1011
-7 0 1 10 1 (01101

Note that ngaive rumbers are ddet by one as there is no need toeh&wo zero codes. The technical
report CUED/F-INFENG/TR.156 included with the shorten distribution as files trkSshdetr154.ps con-
tains bugs in this format description and is superceeded by this man page.

EMBEDDED OPERATION
Shorten may be used embedded within other progratmaiten is a function call implemented in the file
shorten.c. Thdile main.c provides a wrapper for stand alone operatidrsimple example of ebedded
operation can be found in the file embedded.c. Full windows DLL operation is provided in the windll sub-
directory.

SEE ALSO
compresgl),pack(l).

DIAGNOSTICS
Exit status is normally OA warning is issued if the file is not properly aligned, i.e. a whole number of
records could not be read at the end of the file.

BUGS
An easy way to test shorten for your system is to use€mdadck"”, if this fails, for whateer reason, please
report it to <shnutils@freeshell.org>.

No check is made for increasing file size, but valaléorm files generally achie ssme compression.

Even compressing a file of random bytes (which representsdis vase avdorm file) only results in a

small increase in the file length (about 6% for 8 bit data and 3% for 16 bit data). There is one condition
that is knev to be poblematic, that is the lossy compression of unsigned data without mean estimation -
large file sizes may result if the mean is far from the middle raalge.v For these files the value of the -m
switch should be non-zero, as it is by default in format version 2.

There is no provision for dérent channels containing different data typesrmally, this is not a restric-
tion, but it does mean that if lossy coding is selected for thetyfze, then all channels use lossy coding.

The technical report CUED/F-INFENG/TR.156 (included in the shorten distit) report contains errors
in the bitfield format description and is superceeded by this document.

See the file "ChangelLog" for a history of bug fixes and feature additions.
Please mail Jason Jordan at the addressiiejmu find a bug in shortenvalving seek tables.
Please mail Brian Willoughby at the address Wefgyou find a bug in the AIFF implementation.

Please mail dny Robinson immediately at the address kel you find a lg in shorten that is ND
related to seek tables or AIFF suppdrtake sure you can reproduce your bug using version 2.3a, the last
version known to be released by him.

AVAILABILITY
The latest 2.x and 3.xewsions can be obtained from <http://wetkee.og/shnutils/shorten/> or
<http://shnutils.freeshell.org/shorten/>.

AUTHORS
Copyright (C) 1992-1999 by TgrRobinson and SoftSound Ltd (ajr@softsound.com)

Unix maintenance of 3.x versions by Jason Jordan <shnutils@freeshell.org>.

AIFF support and maintenance by Brian Willoughby <shorten@sounds.wa.com> of Sound Consulting
<http://sounds.wa.com/>.
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Shorten is aailable for non-commercial use without fee. See the LICENSE file for the formgingpand
usage restrictionskFor supported versions please see http://www.softsound.com/Shorten.html and for com-
mercial use please contact shorten@softsound.com
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