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1 Introduction

From HHR v4.1r0, when producing 2-bit or 4-bit deep output raster, it is now possible to
influence how specific output pixel values (of all the possible non-zero output pixel val-
ues) are employed, including;:

* using a subset of the output pixel values available at the given bit depth;
¢ limiting the maximum amount of an output value that the RIP employs;

¢ overlapping the introduction of a darker output value with the end of the preced-
ing lighter output value.

This is achieved using the /MixLevels extension to sethalftone.

2 MixLevels

This section describes the /MixLevels extension in sethalftone.

In the PostScript language rendering model for 1-bit-per-pixel (bpp) output raster the
screening information given to a RIP (frequency, angle and spot function, or thresholds)
is used to determine when an output pixel is switched on (sometimes referred to as “lit”).

When producing 2 or 4-bpp output raster, the RIP can re-purpose such 1-bit screening
information, so as to use it instead to determine when each output pixel should take on
one of its several possible values. For an inkjet printer, each output pixel value may corre-
spond to a different droplet size, or a different number of droplets ejected. For a laser
printer, each output value may correspond to the degree of exposure at that point.

The /MixLevels key is a Harlequin extension that influences how the RIP does that.

In the absence of /MixLevels, the RIP will simply use the 1-bit screening information to
determine when each output pixel takes on its next numerically-higher value, using it
once to control the transition from 0 to 1, and then again from 1 to 2 and so on. This is
similar to what the Red Book is referring to when it says “This scheme easily generalizes
to monochrome devices with multiple bits per pixel” in section 7.4.5 “Threshold arrays”,
except that the Harlequin Host Renderer can do the same with spot function screens, not
just thresholds.

However, such simplistic behavior may be unsuitable for real-world output devices.
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2 MixLevels

The /mixLevels key comprises an array of dictionaries, where each entry in the array
influences how and when the RIP will employ one specific output pixel value out of all
the possible non-zero output pixel values.

For example, in 2-bpp output raster, every pixel can take on one of three possible non-
zero values: 3, 2 and 1 (from “darkest” to “lightest”). So, in its simplest form, /MixLevels
for 2-bpp output will be an array that influences the use of the output pixel values 3, 2
and 1 (also in order from “darkest” to “lightest”). For example:

/MixLevels [
<< /Gradient 1.5 >> % Output pixel value 3 ("Darkest")
<< /Gradient 1.0 >> % Output pixel value 2
<< /Gradient 0.5 >> % Output pixel value 1 ("Lightest")

]

where /Gradient (the only mandatory key in each dictionary) is a purely relative value
that determines how “dark” one output value is, compared to another output value.

(The units used for /Gradient are irrelevant to the RIP—it evaluates how one /Gradient
value compares with another. However, /Gradient values must reduce for each succes-
sive numerically-lower output pixel value.)

Another way to think of /Gradient might be the relative density contributions that an
output pixel value has on the final output. So for example, if you measured the (paper-
relative) densities of a patch of 100% of each of the three 2-bit pixel output values, you
could probably enter those measured densities directly as the /Gradient.

2.1 Not using every possible output value

Some devices don't really employ all the possible output pixel values, so you can use
fewer dictionaries in the /MixLevels array (and add a /value key to each) to make the RIP
produce just a subset of the values. For example, you could use something like this for a
2-bpp device that only actually uses pixel values 1 and 3:

/MixLevels [
<< /Value 3 /Gradient 1.75 >> % Output pixel value 3 ("Darkest™)
<< /Value 1 /Gradient 1.0 >> % Output pixel value 1 ("Lightest")
1

Note: Currently there is a restriction that the “Darkest” pixel output value must be 3 for
2-bpp, or 15 for 4-bpp.

The dictionaries in the array must still be in descending order of /value.
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2.2 Not using 100% of every output value

You can use the /Limit key to prevent the RIP from using 100% of the given output value.
That is, prevent it from setting every pixel in the output to the same value. For example:

/MixLevels [
<< /Limit 0.65 /CGradient 1.5 >> % Output pixel value 3 ("Darkest")
<< /Limit 0.80 /CGradient 1.0 >> % Output pixel value 2
<< /Limit 0.90 /CGradient 0.5 >> % Output pixel value 1 ("Lightest")

]

Note: In current RIPs, a 100% black/solid color will always produce 100% of the darkest
output pixel value even if the first entry in the MixLevels array has a limit less than 1.0.
(This is due to a RIP-wide optimization, but can be avoided relatively easily using a suit-
able calibration that has Force solids turned off.)

2.3 Adding overlap between output values

There may be times when you want the pixels of a darker output value to start to appear
before the pixels of the lighter output value have reached their specified maximum. This
is achieved using the /0Overlap key.

It is deducted from the /Limit of the current output value, to determine when the next
darker output value will start to overlap with this one. In the following example the
darker value will start to be used at the (defaulted) limit of 1.0 minus 0.2. That is, at 0.8 or
80% coverage of the lighter value:

/MixLevels [
<< /Value 3 /Gradient 1.75 >> % Darker value
<< /Value 1 /Overlap 0.2 /Gradient 1.0 >> % Lighter value

]
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2 MixLevels

2.4 Example 1l

For Example 1 the screen is based on one of the RIP's HDS (dispersed) screens, but uses
just 5 of the possible 15 non-zero output pixel values available in a 4-bpp output raster.
(The coarse screen is chosen for illustration purposes.)

<<
/HalftoneType 199 /Halftone /Hds-d-gen /HalftoneColor /D
/HalftoneName /EG_HDS_FivelLevel
/MixLevels [
<< /Value 15 /Gradient 2.5 >>

<< /Value 12 /CGradient 2.2 /Overlap 0.3 >>
<< /Value 9 /CGradient 2.0 /Overlap 0.3 >>
<< /Value 6 /Cradient 1.8 /Overlap 0.1 >>
<< /Value 3 /CGradient 1.0 /Overlap 0.1 >>
1
>>
sethalftone

In the absence of the /70verlap keys, the /Gradient numbers would cause the RIP to place
the cross-over points at 40%, 72%, 80% and 88%. But with the /0verlap keys, the result is
a smoother looking transition.

| | | | | | |
30 35 40 45 50 55 60

Example 1.a

Example 1.a shows the first cross-over point—in the upper part can be seen the result
without the 70verlap; a distinct band can be seen wherein all the pixels are the same
value. By contrast, the lower part shows the much smoother looking transition when
/Overlap is added.
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Example 1.b

Example 1.b shows the remaining cross-over points—again, the three noticeable bands in
the upper part are far less obvious in the lower part because /0verlap is used.

Notes on example 1
Example 1 assumes 4-bit output raster (/valuesPerComponent 16).

The last three cross-over points are very close together because of the relatively small dif-
ference in /Gradient of the darker output values.

This is also why the /Overlap numbers are higher for the last two output values—to
stretch the overlap across a wider range.

/HalftoneType 199 is a Harlequin extension that allows you to use a halftone dictionary
declared elsewhere. In this instance we are “borrowing” one of the screens the GUI calls
"HDS Coarse" (/Halftone /Hds-d-gen), and (for no particular reason) this example uses

what HDS conventionally uses for its Black colorant (/HalftoneColor /D).

Note: See the file SW\Screens\sf.ps for the full definitions of the current HDS tile sets:
/Hds-a-gen (also known as HDS Super Fine), /Hds-b-gen (HDS Fine), /Hds-c-gen (HDS
Medium), /Hds-d-gen (HDS Coarse), and /Hds-e-gen (HDS Super Coarse). Each has six
“colorants” named /A thru /F, plus two “inverse” tiles /Ai and /Bi which are the A and B
tiles with their pixel order reversed.
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2 MixLevels

This simple example uses a single halftone dictionary, which is effectively a
/HalftoneType 16 because that's what the type 199 alias is referring to (/D in /Hds-d-gen),
but you can use /MixLevels in any subordinate dictionary of a /HalftoneType 5 halftone
as well.

/HalftoneName isn't mandatory, but it does appear in the screening “Dot-shape” messages
in the RIP monitor, which can be useful. For example:

Dot shape: "EG_HDS FivelLevel®™ Component: Cyan

Levels: [15] 100.00 - 85.60 [12] 89.03 - 77.60 [9] 81.37 - 68.80 [6]
72.45 - 36.00 [3] 40.00 - 0.00

Tones used: 1024/1024

Colorants: "Cyan® "Magenta® “Yellow™ "Black”

2.5 Example 2
Example 2 shows the use of /MixLevels on a normal spot-function AM screen.

<<
/HalftoneType 1
/HalftoneName /EG_Spot_ThreeLevel
/Angle 75
/Frequency 12
/SpotFunction { dup mul exch dup mul 0.5 mul add 1 exch sub } bind
/MixLevels [
<< /Gradient 2.5 >>
<< /Gradient 1.5 /Overlap 0.3 >>
<< /Gradient 0.75 /Overlap 0.3 >>

]

>>
sethalftone

Note: The frequency value is very low for illustration purposes.

10 15 20 25 30 35

Example 2.a
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Example 2.a shows the first cross-over point, and again illustrates how the use of
/0verlap means the darker output value starts to appear as a darkening of the centre of
the spot whilst the spots themselves still look like ellipses (albeit with one edge touching).

Example 2.b

Example 2.b shows the second cross-over point, and together these illustrations show
how the screen retains its normal spot-shape feel over the whole range.

Notes on example 2
Example 2 assumes 2-bit output raster (/vValuesPerComponent 4).
The “Dot-shape” report for this example looks like this:

Dot Shape: "EG_Spot_ThreelLevel®, Frequency: 12.000000, Angle: 75.000000
Deviated Frequency: 12.000000, Frequency Inacc: 0.000000, Angle Inacc:
0.000000

Levels: [3] 100.00 - 51.15 [2] 64.01 - 21.13 [1] 30.17 - 0.15

Tones used: 654/654

Colorants: "Cyan® "Magenta® “Yellow®™ "Black”

3 Definitions of keys

/MixLevels
(array, optional) An array of dictionaries, in descending order
of (non-zero) output pixel value, each dictionary providing
parameters that influence the RIP’s use of that output pixel
value.
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3 Definitions of keys

3.1 Keys within the dictionaries in /MixLevels

/Gradient

/Value

/Limit

(real, mandatory) The relative “darkness”, as perceived on the
output device, of one output pixel value, when compared
with the other pixel values supported by the device.

Errors (other than typecheck)
The following will cause a rangecheck error:
/Gradient less than 0.0.

/Gradient greater than or equal to the /Gradient of the dic-
tionary in the next lower index position within the /MixLevels
array. That is, the /Gradient of the next “darker” output pixel
value.

(integer, optional) The output pixel value this parameter dic-
tionary applies to.

Range: 1 to 3 for 2-bpp output raster; 1 to 15 for 4-bpp output
raster.

Default: One less than the /value of the dictionary in the next
lower index position within the /MixLevels array. That is, one
less than the next “darker” output pixel value.

Errors (other than typecheck)

The following will cause a rangecheck error:
/Value less than 0.

/Value greater than or equal to the /value of the dictionary in
the next lower index position within the /MixLevels array.
That is, the /value of the next “darker” output pixel value.

(real, optional) The maximum amount this output value is to be
used, where 1.0 represents 100%.

Range: 0.01 to 1.0.

Default: 1.0.

Errors (other than typecheck)

The following will cause a rangecheck error:
/Limit greater than 1.0.
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/Overlap

(real, optional) The amount before the /Limit of this output
value that the next darker output pixel value will start to

appear.
Range: 0.0 to the value of /Limit.

Default: 0.0.

Errors (other than typecheck)

The following will cause a rangecheck error:
/0verlap less than 0.0.

/0verlap greater than or equal to the /Limit value in the same
output value dictionary.

/0verlap non-zero for the first dictionary in the /MixLevels
array, because that always represents the “darkest” output
value, so there can be no “darker” value with which it can

overlap.
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3 Definitions of keys
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Portions Type 1 font renderer contains licensed third party software

Portions copyright 1991 International Business Machines, Corp.,

Portions copyright 1991 Lexmark International, Inc.

Portions Adobe Glyph List. Copyright 1990-2007 Adobe Systems Incorporated.
Portions Adobe Cmaps. Copyright 1990-2009 Adobe Systems Incorporated
Portions TrueType ® font renderer copyright 1997 Bitstream, Inc.

Portions developed using the Kakadu software. Copyright 2001 David Taubman, The University of New
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The ECI and FOGRA ICC color profiles supplied with this Harlequin RIP are distributed with the kind per-
mission of the ECI (European Color Initiative) and FOGRA respectively, and of Heidelberger Druckmas-
chinen AG (HEIDELBERG).

The IFRA ICC profiles supplied with this Harlequin RIP are distributed with the kind permission of IFRA
and of GretagMacbeth.

Harlequin and the Harlequin RIP are trademarks of Global Graphics Software Ltd, which may be registered
in certain jurisdictions. Harlequin ColorPro, Harlequin Dispersed Screening (HDS), Harlequin Precision
Screening (HPS), TrapPro, SetGold, SetGoldPro, Harlequin MultiRIP, Harlequin Host Renderer, Harlequin
Parallel Pages and Harlequin VariData are all trademarks of Global Graphics Software Ltd. Other brand or
product names are the registered trademarks or trademarks of their respective holders.

TrueType is a registered trademark of Apple Computer, Inc.

Microsoft, Win32, Windows, Windows NT, Windows Server, Windows Vista, Windows 7, Windows 8 and
WinFX are either registered trademarks or trademarks of the Microsoft Corporation in the United States
and/or other countries.

PANTONE® Colors displayed herein may not match PANTONE-identified standards. Consult current PAN-
TONE Color Publications for accurate color. PANTONE® and other Pantone trademarks are the property of
Pantone LLC. © Pantone LLC, 2014.

Portions include software licensed under the following terms:

Expat - XML parser library
Copyright © 1998, 1999, 2000 Thai Open Source Software Center Ltd and Clark Cooper
Copyright © 2001, 2002 Expat maintainers.

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and associated
documentation files (the “Software”), to deal in the Software without restriction, including without limitation
the rights to use, copy, modify, merge, publish, distribute, sublicense, and/or sell copies of the Software, and
to permit persons to whom the Software is furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial portions
of the Software.

THE SOFTWARE IS PROVIDED “AS IS”, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PAR-
TICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPY-
RIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN
ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH
THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

ICU - IBM library providing Unicode and Globalization support
Copyright © 1995-2003 International Business Machines Corporation and others All rights reserved.

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and associated
documentation files (the “Software”), to deal in the Software without restriction, including without limitation
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3 Definitions of keys

the rights to use, copy, modify, merge, publish, distribute, and/or sell copies of the Software, and to permit
persons to whom the Software is furnished to do so, provided that the above copyright notice(s) and this per-
mission notice appear in all copies of the Software and that both the above copyright notice(s) and this per-
mission notice appear in supporting documentation.

THE SOFTWARE IS PROVIDED “AS IS”, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PAR-
TICULAR PURPOSE AND NONINFRINGEMENT OF THIRD PARTY RIGHTS. IN NO EVENT SHALL THE
COPYRIGHT HOLDER OR HOLDERS INCLUDED IN THIS NOTICE BE LIABLE FOR ANY CLAIM, OR
ANY SPECIAL INDIRECT OR CONSEQUENTIAL DAMAGES, OR ANY DAMAGES WHATSOEVER
RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE
USE OR PERFORMANCE OF THIS SOFTWARE.

Except as contained in this notice, the name of a copyright holder shall not be used in advertising or other-
wise to promote the sale, use or other dealings in this Software without prior written authorization of the
copyright holder.

Libpng - PNG (Portable Network Graphics) image library

libpng version 1.2.6, December 3, 2004, is Copyright © 2004 Glenn Randers-Pehrson, and is distributed
according to the same disclaimer and license as libpng-1.2.5 with the following individual added to the list of
Contributing Authors

Cosmin Truta
libpng versions 1.0.7, July 1, 2000, through 1.2.5 - October 3, 2002, are Copyright © 2000-2002

Glenn Randers-Pehrson, and are distributed according to the same disclaimer and license as libpng-1.0.6 with
the following individuals added to the list of Contributing Authors

Simon-Pierre Cadieux
Eric S. Raymond
Gilles Vollant
and with the following additions to the disclaimer:
There is no warranty against interference with your enjoyment of the library or against infringement.

There is no warranty that our efforts or the library will fulfill any of your particular purposes or needs. This
library is provided with all faults, and the entire risk of satisfactory quality, performance, accuracy, and effort
is with the user.

libpng versions 0.97, January 1998, through 1.0.6, March 20, 2000, are Copyright © 1998, 1999

Glenn Randers-Pehrson, and are distributed according to the same disclaimer and license as libpng-0.96, with
the following individuals added to the list of Contributing Authors:

Tom Lane
Glenn Randers-Pehrson
Willem van Schaik
libpng versions 0.89, June 1996, through 0.96, May 1997, are Copyright © 1996, 1997 Andreas Dilger

Distributed according to the same disclaimer and license as libpng-0.88, with the following individuals
added to the list of Contributing Authors:
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John Bowler

Kevin Bracey

Sam Bushell
Magnus Holmgren
Greg Roelofs

Tom Tanner

libpng versions 0.5, May 1995, through 0.88, January 1996, are Copyright © 1995, 1996 Guy Eric Schalnat,
Group 42, Inc.

For the purposes of this copyright and license, “Contributing Authors” is defined as the following set of indi-
viduals:

Andreas Dilger
Dave Martindale
Guy Eric Schalnat
Paul Schmidt
Tim Wegner

The PNG Reference Library is supplied “AS IS”. The Contributing Authors and Group 42, Inc. disclaim all
warranties, expressed or implied, including, without limitation, the warranties of merchantability and of fit-
ness for any purpose. The Contributing Authors and Group 42, Inc. assume no liability for direct, indirect,
incidental, special, exemplary, or consequential damages, which may result from the use of the PNG Refer-
ence Library, even if advised of the possibility of such damage.

Permission is hereby granted to use, copy, modify, and distribute this source code, or portions hereof, for any
purpose, without fee, subject to the following restrictions:

1. The origin of this source code must not be misrepresented.

2. Altered versions must be plainly marked as such and must not be misrepresented as being the original
source.

3. This Copyright notice may not be removed or altered from any source or altered source distribution.

The Contributing Authors and Group 42, Inc. specifically permit, without fee, and encourage the use of this
source code as a component to supporting the PNG file format in commercial products. If you use this source
code in a product, acknowledgment is not required but would be appreciated.

OpenSSL - general purpose cryptography library
Copyright © 1998-2011 The OpenSSL Project. All rights reserved.

Redistribution and use in source and binary forms, with or without modification, are permitted provided
that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, this list of conditions and the follow-
ing disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.
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3 Definitions of keys

3. All advertising materials mentioning features or use of this software must display the following acknowl-
edgment: “This product includes software developed by the OpenSSL Project for use in the OpenSSL Toolkit.
(http://www.openssl.org/)”

4. The names “OpenSSL Toolkit” and “OpenSSL Project” must not be used to endorse or promote products
derived from this software without prior written permission. For written permission, please contact openssl-
core@openssl.org.

5. Products derived from this software may not be called “OpenSSL” nor may “OpenSSL” appear in their
names without prior written permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following acknowledgment: “This product
includes software developed by the OpenSSL Project for use in the OpenSSL Toolkit
(http://www.openssl.org/)”.

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT "ASIS" AND ANY EXPRESSED OR IMPLIED
WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
OpenSSL PROJECT OR ITS CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PRO-
CUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CON-
TRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY
WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAM-
AGE.

This product includes cryptographic software written by Eric Young (eay@cryptsoft.com). This product
includes software written by Tim Hudson (tjh@cryptsoft.com).

Copyright © 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written by Eric Young (eay@cryptsoft.com). The implementation was
written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as the following conditions are adhered
to. The following conditions apply to all code found in this distribution, be it the RC4, RSA, lhash, DES, etc.,
code; not just the SSL code. The SSL documentation included with this distribution is covered by the same
copyright terms except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in the code are not to be removed. If this
package is used in a product, Eric Young should be given attribution as the author of the parts of the library
used. This can be in the form of a textual message at program startup or in documentation (online or textual)
provided with the package.

Redistribution and use in source and binary forms, with or without modification, are permitted provided
that the following conditions are met:

1. Redistributions of source code must retain the copyright notice, this list of conditions and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright notice, this list of conditions and the
following disclaimer in the documentation and/or other materials provided with the distribution.

3. All advertising materials mentioning features or use of this software must display the following acknowl-
edgement: “This product includes cryptographic software written by Eric Young (eay@cryptsoft.com)”. The
word 'cryptographic' can be left out if the routines from the library being used are not cryptographic related:-
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4. If you include any Windows specific code (or a derivative thereof) from the apps directory (application
code) you must include an acknowledgement: “This product includes software written by Tim Hudson
(th@cryptsoft.com)”.

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG "ASIS" AND ANY EXPRESS OR IMPLIED WARRAN-
TIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR
CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR
CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE
GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER
CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR
TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

The licence and distribution terms for any publicly available version or derivative of this code cannot be
changed. i.e. this code cannot simply be copied and put under another distribution licence [including the
GNU Public Licence.

zlib - general purpose compression library
Copyright © 1995-2013 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied warranty. In no event will the authors be
held liable for any damages arising from the use of this software.

Permission is granted to anyone to use this software for any purpose, including commercial applications, and
to alter it and redistribute it freely, subject to the following restrictions:

1. The origin of this software must not be misrepresented; you must not claim that you wrote the original
software. If you use this software in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be misrepresented as being the orig-
inal software.

3. This notice may not be removed or altered from any source distribution.

Little cms - color management engine
Little cms Copyright © 1998-2004 Marti Maria

Permission is hereby granted, free of charge, to any person obtaining a copy of this software and associated
documentation files (the “Software”), to deal in the Software without restriction, including without limitation
the rights to use, copy, modify, merge, publish, distribute, sublicense, and/or sell copies of the Software, and
to permit persons to whom the Software is furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in all copies or substantial portions
of the Software.

THE SOFTWARE IS PROVIDED “AS IS”, WITHOUT WARRANTY OF ANY KIND, EXPRESS OR IMPLIED,
INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PAR-
TICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPY-
RIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN
ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH
THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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pthreads-win32 - a POSIX threads library for Microsoft Windows
This file is Copyrighted

This file is covered under the following Copyright:
Copyright © 2001,2006 Ross P. Johnson All rights reserved.

Everyone is permitted to copy and distribute verbatim copies of this license document, but changing it is not
allowed.

Pthreads-win32 is covered by the GNU Lesser General Public License

Pthreads-win32 is open software; you can redistribute it and/or modify it under the terms of the GNU Lesser
General Public License as published by the Free Software Foundation version 2.1 of the License.

Pthreads-win32 is several binary link libraries, several modules, associated interface definition files and
scripts used to control its compilation and installation.

Pthreads-win32 is distributed in the hope that it will be useful, but WITHOUT ANY WARRANTY; without
even the implied warranty of MERCHANTABILITY or FITNESS FOR A PARTICULAR PURPOSE. See the
GNU Lesser General Public License for more details.

A copy of the GNU Lesser General Public License is distributed with pthreads-win32 under the filename:
COPYING.LIB

You should have received a copy of the version 2.1 GNU Lesser General public License with pthreads-win32;
if not, write to:

Free Software Foundation, Inc.

59 Temple Place

Suite 330

Boston, MA02111-1307

USA

The contact addresses for pthreads-win32 is as follows:
Web:http://sources.redhat.com/pthreads-win32

Email: Ross Johnson

Please use: Firstname.Lastname@homemail.com.au

Pthreads-win32 copyrights and exception files

With the exception of the files listed below, Pthreads-win32 is covered under the following GNU Lesser Gen-
eral Public License copyrights: threads-win32 - POSIX Threads Library for Win32:

Copyright© 1998 John E. Bossom
Copyright© 1999,2006 Pthreads-win32 contributors

The current list of contributors is contained n the file CONTRIBUTORS included with the source code distri-
bution. The current list of CONTRIBUTORS can also be seen at the following WWW location:
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http://sources.redhat.com/pthreads-win32/contributors.html
Contact Email: Ross Johnson

Please use: Firstname.Lastname@homemail.com.au

These files are not covered under one of the Copyrights listed above:
COPYING

COPYING.LIB

tests/rwlock?.c

This file, COPYING, is distributed under the Copyright found at the top of this file. It is important to note
that you may distribute verbatim copies of this file but you may not modify this file.

The file COPYING.LIB, which contains a copy of the version 2.1 GNU Lesser General Public License, is itself
copyrighted by the Free Software Foundation, Inc. Please note that the Free Software Foundation, Inc. does
NOT have a copyright over Pthreads-win32, only the COPYING.LIB that is supplied with pthreads-win32.

The file tests/rwlock?.c is derived from code written by Dave Butenhof for his book 'Programming

With POSIX® Threads'. The original code was obtained by free download from his website
http://home.earthlink.net/~anneart/family/Threads/source.html and did not contain a copyright or author
notice. It is assumed to be freely distributable.

In all cases one may use and distribute these exception files freely. And because one may freely distribute the
LGPL covered files, the entire pthreads-win32 source may be freely used and distributed.

General Copyleft and License info

For general information on Copylefts, see: http://www.gnu.org/copyleft/

For information on GNU Lesser General Public Licenses, see: http://www.gnu.org/copyleft/lesser.html
http://www.gnu.org/copyleft/lesser.txt

sRGB Profile Licensing Agreement:

To anyone who acknowledges that the files “sRGB_IEC61966-2-1_noBPC.icc” and “sRGB_IEC61966-2-
1_withBPC.icc” are provided “AS IS” WITH NO EXPRESS OR IMPLIED WARRANTY, permission to use,
copy and distribute these file for any purpose is hereby granted without fee, provided that the files are not
changed including the HP copyright notice tag, and that the name of Hewlett-Packard Company shall not be
used in advertising or publicity pertaining to distribution of the software without specific, written prior per-
mission. Hewlett-Packard Company makes no representations about the suitability of this software for any
purpose.

Copyright © 2005-2008, The Android Open Source Project

Licensed under the Apache License, Version 2.0 (the “License”); you may not use this file except in compli-
ance with the License.

Unless required by applicable law or agreed to in writing, software distributed under the License is distrib-
uted on an “AS IS” BASIS, WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied. See the License for the specific language governing permissions and limitations under the License.

Apache License
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Version 2.0, January 2004

http://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

“License” shall mean the terms and conditions for use, reproduction, and distribution as defined by Sections
1 through 9 of this document.

“Licensor” shall mean the copyright owner or entity authorized by the copyright owner that is granting the
License.

“Legal Entity” shall mean the union of the acting entity and all other entities that control, are controlled by, or
are under common control with that entity. For the purposes of this definition, “control” means (i) the power,
direct or indirect, to cause the direction or management of such entity, whether by contract or otherwise, or
(ii) ownership of fifty percent (50%) or more of the outstanding shares, or (iii) beneficial ownership of such
entity.

“You” (or “Your”) shall mean an individual or Legal Entity exercising permissions granted by this License.

“Source” form shall mean the preferred form for making modifications, including but not limited to software
source code, documentation source, and configuration files.

“Object” form shall mean any form resulting from mechanical transformation or translation of a Source form,
including but not limited to compiled object code, generated documentation, and conversions to other media

types.

“Work” shall mean the work of authorship, whether in Source or Object form, made available under the
License, as indicated by a copyright notice that is included in or attached to the work (an example is provided
in the Appendix below).

“Derivative Works” shall mean any work, whether in Source or Object form, that is based on (or derived
from) the Work and for which the editorial revisions, annotations, elaborations, or other modifications repre-
sent, as a whole, an original work of authorship. For the purposes of this License, Derivative Works shall not
include works that remain separable from, or merely link (or bind by name) to the interfaces of, the Work and
Derivative Works thereof.

“Contribution” shall mean any work of authorship, including the original version of the Work and any mod-
ifications or additions to that Work or Derivative Works thereof, that is intentionally submitted to Licensor
for inclusion in the Work by the copyright owner or by an individual or Legal Entity authorized to submit on
behalf of the copyright owner. For the purposes of this definition, “submitted” means any form of electronic,
verbal, or written communication sent to the Licensor or its representatives, including but not limited to com-
munication on electronic mailing lists, source code control systems, and issue tracking systems that are man-
aged by, or on behalf of, the Licensor for the purpose of discussing and improving the Work, but excluding
communication that is conspicuously marked or otherwise designated in writing by the copyright owner as
“Not a Contribution.”

“Contributor” shall mean Licensor and any individual or Legal Entity on behalf of whom a Contribution has
been received by Licensor and subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of this License, each Contributor hereby
grants to You a perpetual, worldwide, non-exclusive, no-charge, royalty-free, irrevocable copyright license to
reproduce, prepare Derivative Works of, publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of this License, each Contributor hereby grants
to You a perpetual, worldwide, non-exclusive, no-charge, royalty-free, irrevocable (except as stated in this
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section) patent license to make, have made, use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable by such Contributor that are necessarily
infringed by their Contribution(s) alone or by combination of their Contribution(s) with the Work to which
such Contribution(s) was submitted. If You institute patent litigation against any entity (including a cross-
claim or counterclaim in a lawsuit) alleging that the Work or a Contribution incorporated within the Work
constitutes direct or contributory patent infringement, then any patent licenses granted to You under this
License for that Work shall terminate as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the Work or Derivative Works thereof in any
medium, with or without modifications, and in Source or Object form, provided that You meet the following
conditions:

(a) You must give any other recipients of the Work or Derivative Works a copy of this License; and
(b) You must cause any modified files to carry prominent notices stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works that You distribute, all copyright, patent,
trademark, and attribution notices from the Source form of the Work, excluding those notices that do not per-
tain to any part of the Derivative Works; and

(d) If the Work includes a “NOTICE” text file as part of its distribution, then any Derivative Works that You
distribute must include a readable copy of the attribution notices contained within such NOTICE file, exclud-
ing those notices that do not pertain to any part of the Derivative Works, in at least one of the following
places: within a NOTICE text file distributed as part of the Derivative Works; within the Source form or doc-
umentation, if provided along with the Derivative Works; or, within a display generated by the Derivative
Works, if and wherever such third-party notices normally appear. The contents of the NOTICE file are for
informational purposes only and do not modify the License. You may add Your own attribution notices
within Derivative Works that You distribute, alongside or as an addendum to the NOTICE text from the
Work, provided that such additional attribution notices cannot be construed as modifying the License.

You may add Your own copyright statement to Your modifications and may provide additional or different
license terms and conditions for use, reproduction, or distribution of Your modifications, or for any such
Derivative Works as a whole, provided Your use, reproduction, and distribution of the Work otherwise com-
plies with the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise, any Contribution intentionally submit-
ted for inclusion in the Work by You to the Licensor shall be under the terms and conditions of this License,
without any additional terms or conditions. Notwithstanding the above, nothing herein shall supersede or
modify the terms of any separate license agreement you may have executed with Licensor regarding such
Contributions.

6. Trademarks. This License does not grant permission to use the trade names, trademarks, service marks, or
product names of the Licensor, except as required for reasonable and customary use in describing the origin
of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or agreed to in writing, Licensor provides the
Work (and each Contributor provides its Contributions) on an “AS IS” BASIS, WITHOUT WARRANTIES OR
CONDITIONS OF ANY KIND, either express or implied, including, without limitation, any warranties or
conditions of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A PARTICULAR
PURPOSE. You are solely responsible for determining the appropriateness of using or redistributing the
Work and assume any risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory, whether in tort (including negligence), con-
tract, or otherwise, unless required by applicable law (such as deliberate and grossly negligent acts) or agreed
to in writing, shall any Contributor be liable to You for damages, including any direct, indirect, special, inci-
dental, or consequential damages of any character arising as a result of this License or out of the use or inabil-
ity to use the Work (including but not limited to damages for loss of goodwill, work stoppage, computer
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failure or malfunction, or any and all other commercial damages or losses), even if such Contributor has been
advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing the Work or Derivative Works thereof,
You may choose to offer, and charge a fee for, acceptance of support, warranty, indemnity, or other liability
obligations and/or rights consistent with this License. However, in accepting such obligations, You may act
only on Your own behalf and on Your sole responsibility, not on behalf of any other Contributor, and only if
You agree to indemnify, defend, and hold each Contributor harmless for any liability incurred by, or claims
asserted against, such Contributor by reason of your accepting any such warranty or additional liability.

libftiff

Version string is 20060323

Copyright © 1992-1997 Sam Leffler
Copyright © 1992-1997 Silicon Graphics, Inc.

Permission to use, copy, modify, distribute, and sell this software and its documentation for any purpose is
hereby granted without fee, provided that (i) the above copyright notices and this permission notice appear
in all copies of the software and related documentation, and (ii) the names of Sam Leffler and Silicon Graph-
ics may not be used in any advertising or publicity relating to the software without the specific, prior written
permission of Sam Leffler and Silicon Graphics.

THE SOFTWARE IS PROVIDED “AS-IS” AND WITHOUT WARRANTY OF ANY KIND, EXPRESS,
IMPLIED OR OTHERWISE, INCLUDING WITHOUT LIMITATION, ANY WARRANTY OF MERCHANT-
ABILITY OR FITNESS FOR A PARTICULAR PURPOSE.

IN NO EVENT SHALL SAM LEFFLER OR SILICON GRAPHICS BE LIABLE FOR ANY SPECIAL, INCI-
DENTAL, INDIRECT OR CONSEQUENTIAL DAMAGES OF ANY KIND, OR ANY DAMAGES WHATSO-
EVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER OR NOT ADVISED OF THE
POSSIBILITY OF DAMAGE, AND ON ANY THEORY OF LIABILITY, ARISING OUT OF OR IN CONNEC-
TION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

US Government Use

Harlequin Host Renderer software is a computer software program developed at private expense. If the
Harlequin Host Renderer software is acquired under the terms of a proposal or agreement with the United
States Government or any contractor therefor, the software is subject to the following restricted rights notice:
“This Software is commercial computer software provided with RESTRICTED RIGHTS. Use, duplication, or
disclosure by the U.S. Government is subject to restrictions as set forth in subparagraph (c)(1)(ii) of the Rights
in Technical Data and Computer Software clause at DFARS 252.227-7013, FAR 52.227-17 Alternate III (g)(3), or
subparagraphs (c)(1) and (2) of the Commercial Computer Software -- Restricted Rights at 48 CFR 52.227-19,
as applicable, and their successor provisions. Contractor/Manufacturer is Global Graphics Software Incorpo-
rated, Waltham, MA 02451.”
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