
Portable Network Graphics

Portable Network Graphics (PNG /ˈpɪŋ/[2][3]) is a
raster graphics file format that supports lossless data com-
pression. PNGwas created as an improved, non-patented
replacement for Graphics Interchange Format (GIF), and
is the most used lossless image compression format on the
Internet.[4]

PNG supports palette-based images (with palettes of 24-
bit RGB or 32-bit RGBA colors), grayscale images (with
or without alpha channel), and full-color non-palette-
based RGB[A] images (with or without alpha channel).
PNG was designed for transferring images on the In-
ternet, not for professional-quality print graphics, and
therefore does not support non-RGB color spaces such
as CMYK.
PNG files nearly always use file extension PNG or png
and are assignedMIMEmedia type image/png. PNGwas
approved for this use by the Internet Engineering Steering
Group on 14 October 1996,[5] and was published as an
ISO/IEC standard in 2004.[1]

1 History and development

See also: Graphics Interchange Format § Unisys and
LZW patent enforcement

The motivation for creating the PNG format was in
early 1995, after it became known that the Lempel–Ziv–
Welch (LZW) data compression algorithm used in the
Graphics Interchange Format (GIF) format was patented
by Unisys. There were also other problems with the GIF
format that made a replacement desirable, notably its
limit of 256 colors at a time when computers able to dis-
play far more than 256 colors were becoming common.
A January 1995 precursory discussion thread, on the
usenet newsgroup “comp.graphics” with the subject
Thoughts on a GIF-replacement file format, had many
propositions, which would later be part of the PNG file
format. In this thread, Oliver Fromme, author of the
popular DOS JPEG viewer QPEG, proposed the PING
name, meaning PING is not GIF, and also the PNG
extension.[6]

Although GIF allows for animation, it was decided that
PNG should be a single-image format.[7] In 2001, the
developers of PNG published the Multiple-image Net-
work Graphics (MNG) format, with support for anima-
tion. MNG achieved moderate application support, but
not enough among mainstream web browsers and no us-

age among web site designers or publishers. In 2008, cer-
tain Mozilla developers published the Animated Portable
Network Graphics (APNG) format with similar goals.
APNG is a format that is natively supported by Gecko-
and Presto-based web browsers and is also commonly
used for thumbnails on Sony’s Playstation Portable system
(using the normal PNG file extension), but as of 2013, us-
age of APNG remains very minimal.

• 1 October 1996: Version 1.0 of the PNG specifica-
tion was released, and later appeared as RFC 2083.
It became a W3C Recommendation on 1 October
1996.

• 31 December 1998: Version 1.1, with some small
changes and the addition of three new chunks, was
released.

• 11 August 1999: Version 1.2, adding one extra
chunk, was released.

• 10 November 2003: PNG became an International
Standard (ISO/IEC 15948:2003). This version of
PNG differs only slightly from version 1.2 and adds
no new chunks.

• 3 March 2004: ISO/IEC 15948:2004.[1]

2 PNGWorking Group

The original PNG specification was authored by an ad-
hoc group of computer graphics experts and enthusiasts.
Discussions and decisions about the format were done ex-
clusively via email. The original authors listed on RFC
2083 are:[8]

• Editor: Thomas Boutell

• Contributing Editor: Tom Lane

• Authors (in alphabetical order): Mark Adler,
Thomas Boutell, Christian Brunschen, Adam M.
Costello, Lee Daniel Crocker, Andreas Dilger,
Oliver Fromme, Jean-Loup Gailly, Chris Herborth,
Aleks Jakulin, Neal Kettler, Tom Lane, Alexander
Lehmann, Chris Lilley, Dave Martindale, Owen
Mortensen, Keith S. Pickens, Robert P. Poole,
Glenn Randers-Pehrson, Greg Roelofs, Willem van
Schaik, Guy Schalnat, Paul Schmidt, Tim Wegner,
Jeremy Wohl
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3 Technical details

The PNG image viewed with a hex editor

3.1 File header

A PNG file starts with an 8-byte signature:[9] (see hex
editor image at right)

3.2 “Chunks” within the file

After the header comes a series of chunks, each of which
conveys certain information about the image. Chunks de-
clare themselves as critical or ancillary, and a program
encountering an ancillary chunk that it does not under-
stand can safely ignore it. This chunk-based storage layer
structure, similar in concept to a container format, is de-
signed to allow the PNG format to be extended while
maintaining compatibility with older versions—it pro-
vides forward compatibility, and this same file structure
(with different signature and chunks) is used in the asso-
ciated MNG, JNG, and APNG formats.
A chunk consists of four parts: length (4 bytes), chunk
type/name (4 bytes), chunk data (length bytes) and CRC
(cyclic redundancy code/checksum; 4 bytes). The CRC is
a network-byte-order CRC-32 computed over the chunk
type and chunk data, but not the length.
Chunks are given a four-letter case sensitive ASCII
type/name; compare FourCC. The case of the different
letters in the name (bit 5 of the numeric value of the char-
acter) is a bit field that provides the decoder with some in-
formation on the nature of chunks it does not recognize.
The case of the first letter indicates whether the chunk is
critical or not. If the first letter is uppercase, the chunk
is critical; if not, the chunk is ancillary. Critical chunks
contain information that is necessary to read the file. If a
decoder encounters a critical chunk it does not recognize,
it must abort reading the file or supply the user with an
appropriate warning.

The case of the second letter indicates whether the chunk
is “public” (either in the specification or the registry of
special-purpose public chunks) or “private” (not stan-
dardised). Uppercase is public and lowercase is private.
This ensures that public and private chunk names can
never conflict with each other (although two private chunk
names could conflict).
The third letter must be uppercase to conform to the PNG
specification. It is reserved for future expansion. De-
coders should treat a chunk with a lower case third letter
the same as any other unrecognised chunk.
The case of the fourth letter indicates whether the chunk
is safe to copy by editors that do not recognize it. If low-
ercase, the chunk may be safely copied regardless of the
extent of modifications to the file. If uppercase, it may
only be copied if the modifications have not touched any
critical chunks.

3.2.1 Critical chunks

Adecoder must be able to interpret critical chunks to read
and render a PNG file.

• IHDR must be the first chunk; it contains (in this
order) the image’s width, height, bit depth and color
type.[10]

• PLTE contains the palette; list of colors.

• IDAT contains the image, which may be split among
multiple IDAT chunks. Such splitting increases file-
size slightly, but makes it possible to generate a PNG
in a streaming manner. The IDAT chunk contains
the actual image data, which is the output stream of
the compression algorithm.[11]

• IEND marks the image end.

The PLTE chunk is essential for color type 3 (indexed
color). It is optional for color types 2 and 6 (truecolor
and truecolor with alpha) and it must not appear for color
types 0 and 4 (grayscale and grayscale with alpha).

3.2.2 Ancillary chunks

Other image attributes that can be stored in PNG files
include gamma values, background color, and textual
metadata information. PNG also supports color manage-
ment through the inclusion of ICC color space profiles.[12]

• bKGD gives the default background color. It is in-
tended for use when there is no better choice avail-
able, such as in standalone image viewers (but not
web browsers; see below for more details).

• cHRM gives the chromaticity coordinates of the dis-
play primaries and white point.
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• gAMA specifies gamma.

• hIST can store the histogram, or total amount of
each color in the image.

• iCCP is an ICC color profile.

• iTXt contains UTF-8 text, compressed or not,
with an optional language tag. iTXt chunk with
the keyword 'XML:com.adobe.xmp' can contain
Extensible Metadata Platform (XMP).

• pHYs holds the intended pixel size and/or aspect ra-
tio of the image.

• sBIT (significant bits) indicates the color-accuracy
of the source data.

• sPLT suggests a palette to use if the full range of
colors is unavailable.

• sRGB indicates that the standard sRGB color space
is used.

• sTER stereo-image indicator chunk for stereoscopic
images.[13]

• tEXt can store text that can be represented in
ISO/IEC 8859-1, with one name=value pair for each
chunk.

• tIME stores the time that the image was last
changed.

• tRNS contains transparency information. For in-
dexed images, it stores alpha channel values for one
or more palette entries. For truecolor and grayscale
images, it stores a single pixel value that is to be re-
garded as fully transparent.

• zTXt contains compressed text with the same limits
as tEXt.

The lowercase first letter in these chunks indicates that
they are not needed for the PNG specification. The low-
ercase last letter in some chunks indicates that they are
safe to copy, even if the application concerned does not
understand them.

3.3 Pixel format

Pixels in PNG images may contain either a number in-
dexing sample data in the separate table, the palette, con-
tained in the PLTE chunk or the sample data itself, en-
coded as between one and four numbers. In both cases
the numbers are referred to as channels and every number
in the image is encoded with an identical format.
The permitted formats encode each number as an un-
signed integral value using a fixed number of bits, referred
to in the PNG specification as the bit depth. Notice that
this is not the same as color depth, which is commonly

used to refer to the total number of bits in each pixel, not
each channel. The permitted bit depths are summarized
in the table along with the total number of bits used for
each pixel.
The number of channels will depend on whether the im-
age is grayscale or color and whether it has an alpha chan-
nel. PNG allows the following combinations of channels,
called the color type.

• 0: grayscale

• 2: red, green and blue: rgb/truecolor

• 3: indexed: channel containing indices into a palette
of colors

• 4: grayscale and alpha: level of opacity for each
pixel

• 6: red, green, blue and alpha

The color type is specified as an 8-bit value however only
the low 3 bits are used and, even then, only the five com-
binations listed above are permitted. So long as the color
type is valid it can be considered as a bit field as summa-
rized in the table to the right:

• bit value 1: the image data stores palette indices.
This is only valid in combination with bit value 2;

• bit value 2: the image samples contain three chan-
nels of data encoding trichromatic colors, otherwise
the image samples contain one channel of data en-
coding relative luminance,

• bit value 4: the image samples also contain an alpha
channel expressed as a linear measure of the opacity
of the pixel. This is not valid in combination with
bit value 1.

With indexed color images, the palette always stores
trichromatic colors at a depth of 8 bits per channel (24
bits per palette entry). Additionally, an optional list of
8-bit alpha values for the palette entries may be included;
if not included, or if shorter than the palette, the remain-
ing palette entries are assumed to be opaque. The palette
must not have more entries than the image bit depth al-
lows for, but it may have fewer (for example, if an image
with 8-bit pixels only uses 90 colors then it does not need
palette entries for all 256 colors). The palette must con-
tain entries for all the pixel values present in the image.
The standard allows indexed color PNGs to have 1, 2, 4
or 8 bits per pixel; grayscale images with no alpha channel
may have 1, 2, 4, 8 or 16 bits per pixel. Everything else
uses a bit depth per channel of either 8 or 16. The combi-
nations this allows are given in the table above. The stan-
dard requires that decoders can read all supported color
formats, but many image editors can only produce a small
subset of them.
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3.4 Transparency of image

PNG offers a variety of transparency options. With true-
color and grayscale images either a single pixel value can
be declared as transparent or an alpha channel can be
added (enabling any percentage of partial transparency to
be used). For paletted images, alpha values can be added
to palette entries. The number of such values stored may
be less than the total number of palette entries, in which
case the remaining entries are considered fully opaque.
The scanning of pixel values for binary transparency is
supposed to be performed before any color reduction to
avoid pixels’ becoming unintentionally transparent. This
is most likely to pose an issue for systems that can decode
16-bits-per-channel images (as they must to be compliant
with the specification) but only output at 8 bits per channel
(the norm for all but the highest end systems).
Alpha storage can be “associated” (“premultiplied”) or
“unassociated”, but PNG standardized[15] on “unassoci-
ated” (“non-premultiplied”) alpha so that images with
separate transparency masks can be stored losslessly.

3.5 Compression

PNG uses a 2-stage compression process:

• pre-compression: filtering (prediction)

• compression: DEFLATE

PNG uses a non-patented lossless data compression
method known as DEFLATE, which is the same algo-
rithm used in the zlib compression library.

3.5.1 Filtering

Before DEFLATE is applied, the data is precompressed,
via a prediction method: a single filter method is used for
the entire image, while for each image line, a filter type
is chosen that transforms the data so that it is hopefully
more easily compressed.[16]

There is only one filter method in the current PNG speci-
fication (denoted method 0), and thus in practice the only
choice is which filter type to apply to each line. For this
method, the filter predicts the value of each pixel based on
the values of previous neighboring pixels, and subtracts
the predicted color of the pixel from the actual value,
as in DPCM. An image line filtered in this way is often
more compressible than the raw image line would be, es-
pecially if it is similar to the line above, since the differ-
ences from prediction will generally be clustered around
0, rather than spread over all possible image values. This
is particularly important in relating separate rows, since
DEFLATE has no understanding that an image is a 2D
entity, and instead just sees the image data as a stream of
bytes.

C B D

XA

PNG’s filter method 0 can use the data in pixels A, B, and C to
predict the value for X.

A PNG with 256 colors, which is only 251 bytes large with pre-
filter. The same image as a GIF would be more than thirteen
times larger.

There are five filter types for filter method 0; each type
predicts the value of each byte (of the image data before
filtering) based on the corresponding byte of the pixel to
the left (A), the pixel above (B), and the pixel above and
to the left (C) or some combination thereof, and encodes
the difference between the predicted value and the actual
value. Filters are applied to byte values, not pixels; pixel
values may be one or two bytes, or several values per byte,
but never cross byte boundaries. The filter types are:[17]

The Paeth filter is based on an algorithm by Alan W.
Paeth.[18] Compare to the version of DPCM used in
lossless JPEG, and to the discrete wavelet transform us-
ing 1×2, 2×1, or (for the Paeth predictor) 2×2 windows
and Haar wavelets.
Compression is further improved by choosing filter types
adaptively on a line-by-line basis. This improvement, and
a heuristic method of implementing it commonly used
by PNG-writing software, were created by Lee Daniel
Crocker, who tested the methods on many images dur-
ing the creation of the format;[19] the choice of filter is a
component of file size optimization, as discussed below.
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If interlacing is used, each stage of the interlacing is fil-
tered separately, meaning that the image can be progres-
sively rendered as each stage is received; however, inter-
lacing generally makes compression less effective.

3.6 Interlacing

An illustration of Adam7 interlacing over a 16×16 image.

PNG offers an optional 2-dimensional, 7-pass interlacing
scheme—the Adam7 algorithm. This is more sophisti-
cated than GIF’s 1-dimensional, 4-pass scheme, and al-
lows a clearer low-resolution image to be visible earlier in
the transfer, particularly if interpolation algorithms such
as bicubic interpolation are used.[20]

However, the 7-pass scheme tends to reduce the data’s
compressibility more than simpler schemes.

3.7 Animation

PNG itself does not support animation at all. MNG is an
extension to PNG that does; it was designed by members
of the PNG Group. MNG shares PNG’s basic structure
and chunks, but it is significantly more complex and has
a different file signature, which automatically renders it
incompatible with standard PNG decoders.
The complexity of MNG led to the proposal of APNG
by developers of the Mozilla Foundation. It is based
on PNG, supports animation and is simpler than MNG.
APNG offers fallback to single-image display for PNG
decoders that do not support APNG. However, neither
of these formats is currently widely supported. APNG
is supported in Firefox 3.0 and Opera 9.5,[21] but since
Opera changed its layout engine to Blink, support was
dropped. The latest version of Safari on iOS 8 and Safari
8 for OSXYosemite support APNG.[22] The PNGGroup
decided in April 2007 not to embrace APNG.[23] Several

An animated PNG (displays as static image in some web
browsers)

alternatives were under discussion, ANG, aNIM/mPNG,
“PNG in GIF” and its subset “RGBA in GIF”.[24]

4 Comparison with other file for-
mats

Main article: Comparison of graphics file formats

4.1 Graphics Interchange Format (GIF)

• On small images, GIF can achieve greater compres-
sion than PNG (see the section on filesize, below).

• On most images, except for the above case, a GIF
will have a larger file-size than an indexed PNG.

• PNG gives a much wider range of transparency
options than GIF, including alpha channel trans-
parency.

• Whereas GIF is limited to 8-bit indexed color, PNG
gives a much wider range of color depths, including
24-bit (8 bits per channel) and 48-bit (16 bits per
channel) truecolor, allowing for greater color preci-
sion, smoother fades, etc.[25]When an alpha channel
is added, up to 64 bits per pixel (before compres-
sion) are possible.

• When converting an image from the PNG for-
mat to GIF, the image quality may suffer due to
posterization if the PNG image has more than 256
colors.
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• GIF intrinsically supports animated images. PNG
supports animation only via unofficial extensions
(see the section on animation, above).

PNG images are less widely supported by older browsers.
In particular, IE6 has limited support for PNG.[26]

4.2 JPEG

Composite image comparing lossy compression in JPEG with
lossless compression in PNG: the JPEG artifacts are easily vis-
ible in the background, where the PNG image has solid color.

JPEG (Joint Photographic Experts Group) format can
produce a smaller file than PNG for photographic (and
photo-like) images, since JPEG uses a lossy encoding
method specifically designed for photographic image
data, which is typically dominated by soft, low-contrast
transitions, and an amount of noise or similar irregular
structures. Using PNG instead of a high-quality JPEG
for such images would result in a large increase in filesize
with negligible gain in quality. In contrast, when stor-
ing images that contain text, line art, or graphics – im-
ages with sharp transitions and large areas of solid color
– the PNG format can compress image data more than
JPEG can. Additionally, PNG is lossless, while JPEG
produces noticeable visual artifacts around high-contrast
areas. Where an image contains both sharp transitions
and photographic parts, a choice must be made between
the two effects. JPEG does not support transparency.
Because JPEG uses lossy compression, it also suffers
from generation loss, where repeatedly decoding and re-
encoding an image to save it again causes a loss of infor-
mation each time, degrading the image. This does not
happen with repeated viewing or copying, but only if the
file is edited and saved over again. Because PNG is loss-
less, it is suitable for storing images to be edited. While
PNG is reasonably efficient when compressing photo-
graphic images, there are lossless compression formats

designed specifically for photographic images, lossless
WebP and Adobe DNG (digital negative) for example.
However these formats are either not widely supported,
or are proprietary. An image can be stored losslessly and
converted to JPEG format only for distribution, so that
there is no generation loss.
The PNG specification does not include a standard for
embedding Exif image data from sources such as digital
cameras. Instead, PNG has various dedicated ancillary
chunks for storing the metadata that other file formats
(such as JPEG) would typically store in Exif format.
Early web browsers did not support PNG images; JPEG
and GIF were the main image formats. JPEG was com-
monly used when exporting images containing gradients
for web pages, because of GIF’s limited color depth.
However, JPEG compression causes a gradient to blur
slightly. A PNG file will reproduce a gradient as accu-
rately as possible for a given bit depth, while keeping the
file size small. PNG became the optimal choice for small
gradient images as web browser support for the format
improved. No images at all are needed to display gra-
dients in modern browsers, as gradients can be created
using CSS.

4.3 JPEG-LS

JPEG-LS is a “near-lossless” image format by the Joint
Photographic Experts Group, though far less widely
known and supported than the other lossy JPEG format
discussed above. It is directly comparable with PNG, and
has a standard set of test images.[27] On the Waterloo
Repertoire ColorSet, a standard set of test images (un-
related to the JPEG-LS conformance test set), JPEG-LS
generally performs better than PNG, by 10–15%, but on
some images PNG performs substantially better, on the
order of 50–75%.[28] Thus, if both of these formats are
options and file size is an important criterion, they should
both be considered, depending on the image.

4.4 TIFF

Tagged Image File Format (TIFF) is a format that incor-
porates an extremely wide range of options. While this
makes TIFF useful as a generic format for interchange
between professional image editing applications, it makes
adding support for it to applications a much bigger task
and so it has little support in applications not concerned
with image manipulation (such as web browsers). The
high level of extensibility also means that most applica-
tions provide only a subset of possible features, poten-
tially creating user confusion and compatibility issues.
The most common general-purpose, lossless compression
algorithm used with TIFF is Lempel–Ziv–Welch (LZW).
This compression technique, also used in GIF, was cov-
ered by patents until 2003. TIFF also supports the com-
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pression algorithm PNG uses (i.e. Compression Tag
000816 'Adobe-style') with medium usage and support
by applications. TIFF also offers special-purpose lossless
compression algorithms like CCITTGroup IV, which can
compress bilevel images (e.g., faxes or black-and-white
text) better than PNG’s compression algorithm.
PNG supports non-premultiplied alpha only[15] whereas
TIFF also supports “associated” (premultiplied) alpha.

5 Software support

The official reference implementation of the PNG for-
mat is the programming library libpng.[29] It is published
as free software under the terms of a permissive free soft-
ware licence. Therefore, it is usually found as an impor-
tant system library in free operating systems.

5.1 Bitmap graphics editor support for
PNG

Main article: Comparison of raster graphics editors

The PNG format is widely supported by graphics pro-
grams, including Adobe Photoshop, Corel's Photo-Paint
and Paint Shop Pro, the GIMP, GraphicConverter,
Helicon Filter, ImageMagick, Inkscape, IrfanView, Pixel
image editor, Paint.NET and Xara Photo & Graphic De-
signer and many others. Some programs bundled with
popular operating systems which support PNG include
Microsoft's Paint and Apple's iPhoto and Preview, with
the GIMP also often being bundled with popular Linux
distributions.
Adobe Fireworks (formerly by Macromedia) uses PNG
as its native file format, allowing other image editors and
preview utilities to view the flattened image. However,
Fireworks by default also stores meta data for layers, an-
imation, vector data, text and effects. Such files should
not be distributed directly. Fireworks can instead export
the image as an optimized PNG without the extra meta
data for use on web pages, etc.

5.2 Web browser support for PNG

Main article: Web browser image format support

PNG support first appeared in Internet Explorer 4.0b1
and in Netscape 4.04.[30]

Despite calls by the Free Software Foundation[31] and the
World Wide Web Consortium (W3C),[32] tools such as
gif2png,[33] and campaigns such as Burn All GIFs,[34]
PNG adoption on websites has been fairly slow due to
late and buggy support in Internet Explorer, particularly
regarding transparency.[35]

PNG compatible browsers include: Apple Safari, Google
Chrome, Mozilla Firefox, Opera, Camino, Internet Ex-
plorer 7 (still numerous issues),[36] Internet Explorer 8
(still some issues), Internet Explorer 9 and many others.
For the complete comparison, see Comparison of web
browsers (Image format support).
Especially versions of Internet Explorer (Windows) be-
low 9.0 have numerous problems which prevent it from
correctly rendering PNG images.[36]

• 4.0 crashes on large PNG chunks.[37]

• 4.0 does not include the functionality to view .png
files,[38] but there is a registry fix.[36]

• 5.0 and 5.01 have broken OBJECT support.[39]

• 5.01 prints palette images with black (or dark gray)
backgrounds under Windows 98, sometimes with
radically altered colors.[40]

• 6.0 fails to display PNG images of 4097 or 4098
bytes in size.[41]

• 6.0 cannot open a PNGfile that contains one ormore
zero-length IDAT chunks. This issue was first fixed
in security update 947864 (MS08-024). For more
information, see this article in the Microsoft Knowl-
edge Base: 947864 MS08-024: Cumulative Secu-
rity Update for Internet Explorer [42]

• 6.0 sometimes completely loses ability to display
PNGs, but there are various fixes.[43]

• 6.0 and below have broken alpha-channel trans-
parency support (will display the default background
color instead).[44][45][46] However there are various
fixes:

• Degradable PNG Transparency for IE6
• webfx - PNG Behavior (IE behavior/.htc)
• The PNG problem in Windows Internet Ex-
plorer (IE behavior/.htc) (unmaintained)

• TwinHelix - Near-native PNG support with al-
pha opacity to IE 5.5 and 6 (IE behavior/.htc)

• A Better IE 5.5 and 6 PNG Fix (supports CSS
background-position, background-repeat) (IE
behavior/.htc)

• 24ways.org - Transparent PNGs in Internet
Explorer 6 by Drew McLellan (JavaScript)

• PNG-24 Alpha Transparency With Microsoft
Internet Explorer or better (MSIE 5.5+) (PHP)

• PNGPong, an open source solution to display
transparent PNGs in IE, Firefox, and Safari
without the use of filters, PHP, or complicated
Javascript and CSS (JavaScript+Flash)

• Cross Browser PNG Transparency (CSS)
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• CSS PNG fix (with background call none fix)
(CSS)

• SitePoint - Use 8-bit PNGs with Fireworks
• Use 8-bit PNGs with Photoshop and pngquant
• dillerdesign belatedPNG (JavaScript+VML)
• Dean Edwards’s IE7.js and IE8.js fixes this is-
sue (for specially-named .PNG files, for per-
formance reasons), and other IE 5.5, 6, and 7
CSS incompatibilities as well.

• 7.0 and below cannot combine 8-bit alpha trans-
parency AND element opacity (CSS - filter: Al-
pha (opacity=xx)) without filling partially transpar-
ent sections with black.[47]

• 8.0 and below have inconsistent/broken gamma
support.[36]

• 8.0 and below don't have color-correction
support.[36]

5.3 Operating system support for PNG
icons

PNG icons have been supported in most distributions
of Linux since at least 1999, in desktop environments
such as GNOME.[48] In 2006, Microsoft Windows sup-
port for PNG icons was introduced in Windows Vista.[49]
PNG icons are supported in AROS, Mac OS X, iOS and
MorphOS as well. In addition, Android makes a large use
of PNGs.

6 File size and optimization soft-
ware

PNG file size can vary significantly depending on how it is
encoded and compressed; this is discussed and a number
of tips are given in PNG: The Definitive Guide.[28]

6.1 Compared to GIF

Compared to GIF files, a PNG file with the same in-
formation (256 colors, no ancillary chunks/metadata),
compressed by an effective compressor will normally be
smaller than GIF. Depending on the file and the compres-
sor, PNG may range from somewhat smaller (10%) to
significantly smaller (50%) to somewhat larger (5%), but
is rarely significantly larger[28] for large images. This is
attributed to the performance of PNG’s DEFLATE com-
pared to GIF’s LZW, and because the added precom-
pression layer of PNG’s predictive filters take account of
the 2-dimensional image structure to further compress
files; as filtered data encodes differences between pix-
els, they will tend to cluster closer to 0, rather than being

spread across all possible values, and thus be more eas-
ily compressed by DEFLATE. However, some versions
of Adobe Photoshop, CorelDRAW andMS Paint provide
poor PNG compression, creating the impression that GIF
is more efficient.[28]

6.2 File size factors

PNG files vary in size due to a number of factors:

color depth Color depth can range from 1 to 64 bits per
pixel.

ancillary chunks PNG supports metadata—this may be
useful for editing, but unnecessary for viewing, as on
websites.

interlacing As each pass of the Adam7 algorithm is sep-
arately filtered, this can increase file size.[28]

filter As a precompression stage, each line is filtered by
a predictive filter, which can change from line to
line. As the ultimate DEFLATE step operates on
the whole image’s filtered data, one cannot optimize
this row-by-row; the choice of filter for each row
is thus potentially very variable, though heuristics
exist.[note 1]

compression With additional computation, DEFLATE
compressors can produce smaller files.

There is thus a filesize trade-off between high color depth,
maximal metadata (including color space information, to-
gether with information that does not affect display), in-
terlacing, and speed of compression, which all yield large
files, with lower color depth, fewer or no ancillary chunks,
no interlacing, and tuned but computationally intensive
filtering and compression. For different purposes one
will choose different trade-offs: a maximal file may be
best for archiving and editing, while a stripped down file
may be best for use on a website, and similarly fast but
poor compression is preferred when repeatedly editing
and saving a file, while slow but high compression is pre-
ferred when a file is stable: when archiving or posting.
Interlacing is a trade-off: it dramatically speeds up early
rendering of large files (improves latency), but may in-
crease file size (decrease throughput) for little gain, par-
ticularly for small files.[28]

6.2.1 Lossy PNG compression

Even though PNG has been designed as a lossless for-
mat, PNG encoders can pre-process image data in a lossy
fashion (so as to reduce colors used) to improve PNG
compression.[50]
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6.3 Image editing software

Some programs are more efficient than others when sav-
ing PNG files, this relates to implementation of the PNG
compression used by the program.
Many graphics programs (such as Apple’s Preview soft-
ware) save PNGs with large amounts of metadata and
color-correction data that are generally unnecessary for
Web viewing. Unoptimized PNG files from Adobe Fire-
works are also notorious for this since they contain op-
tions to make the image editable in supported editors.
Also CorelDRAW (at least version 11) sometimes pro-
duces PNGswhich cannot be opened by Internet Explorer
(versions 6–8).
Adobe Photoshop's performance on PNG files has im-
proved in the CS Suite when using the Save For Web fea-
ture (which also allows explicit PNG/8 use).
Adobe’s Fireworks saves larger PNG files than many pro-
grams by default. This stems from the mechanics of its
Save format: the images produced by Fireworks’ save
function include large, private chunks, containing com-
plete layer and vector information. This allows further
lossless editing. When saved with the Export option, Fire-
works’ PNGs are competitive with those produced by
other image editors, but are no longer editable as any-
thing but flattened bitmaps. Fireworks is unable to save
size-optimized vector-editable PNGs.
Other notable examples of poor PNG compressors in-
clude:

• Microsoft’s Paint for Windows XP

• Microsoft Picture It! Photo Premium 9

Poor compression increases the PNG file size but does not
affect the image quality or compatibility of the file with
other programs.
When the color depth of a truecolor image is reduced to
an 8-bit palette (as in GIF), the resulting image data is
typically much smaller. Thus a truecolor PNG will typi-
cally be larger than a color-reduced GIF, although PNG
could store the color-reduced version as a palettized file
of comparable size. Conversely, some tools, when saving
images as PNGs, automatically save them as truecolor,
even if the original data use only 8-bit color, thus bloat-
ing the file unnecessarily.[28] Both factors can lead to the
misconception that PNG files are larger than equivalent
GIF files.

6.4 Optimizing tools

Various tools are available for optimizing PNG files; they
do this by:

• (optionally) removing ancillary chunks,

• reducing color depth, either:

• use a palette (instead of RGB) if the image has
256 or fewer colors,

• use a smaller palette, if the image has 2, 4, or
16 colors, or

• (optionally) lossily discard some of the data in
the original image,

• optimizing line-by-line filter choice, and

• optimizing DEFLATE compression.

6.4.1 Tool list

• pngcrush is the oldest of the popular PNG optimiz-
ers. It allows for multiple trials on filter selection
and compression arguments, and finally choose the
smallest one. This working model is used in almost
every png optimizer.

• OptiPNGwas inspired by pngcrush, but iterates over
a wider range of compression parameters and per-
forms trials in-memory for faster execution.[51] The
main purpose of OptiPNG is to reduce the size of
the PNG IDAT data stream by trying various filter-
ing and compression methods. It also performs au-
tomatic bit depth, color type and color palette re-
duction where possible, and can correct some data
integrity errors in input files. (pngcrush has the abil-
ity to do color reduction in a later version.)

• Advpng from package AdvanceCOMP was made to
use 7-zip’s deflater (which is slower but have smaller
output than zlib), to optimize png files. However,
since PNG is filtered before deflate compression,
while advpng uses filter 0 globally (in other words
it only uses unfiltered data), it’s not a good consid-
eration for png optimization. (In most scenarios, fil-
tering helps more than a good deflater.)
Advdef from the same package, however, is able to
recompress the zlib stream, acting as a re-deflater.

• pngout was made with the author’s own deflater
(same to the author’s zip utility, kzip), while keeps
all facilities of color reduction / filtering. However,
pngout doesn't allow for using several trials on filters
in a single run, so it’s suggested to use its commercial
GUI version, pngoutwin, or used with a wrapper to
automates the trials or to recompress using its own
deflater while keep the filter line by line.[note 2]

• zopflipng was also made with a self-own deflater,
zopfli. It has all the optimizing features op-
tipng/pngcrush have (including automating trials)
while providing a good deflater.

A simple comparison of their features is listed below.
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Before zopflipng was available, a good way in practice
to perform a png optimization is to use a combination
of 2 tools in sequence for optimal compression: one
which optimizes filters (and removes ancillary chunks),
and one which optimizes DEFLATE. Although pngout
offers both, only one type of filter can be specified in a
single run, therefore it can be used with a wrapper tool or
in combination with optipng or pngcrush,[note 2] acting as
a re-deflater, like advdef.

6.4.2 Ancillary chunk removal

For removing ancillary chunks, most PNG optimization
tools have the ability to remove all color correction data
fromPNGfiles (gamma, white balance, ICC color profile,
standard RGB color profile). This often results in much
smaller file sizes. For example, the following command
line options achieve this with pngcrush:
pngcrush -rem gAMA -rem cHRM -rem iCCP -rem
sRGB InputFile.png OutputFile.png
Ancillary chunks can also be losslessly removed using the
free Win32 program PNGExtra.

6.4.3 Filter optimization

OptiPNG, pngcrush, pngout, and zopflipng all offer op-
tions applying one of the filter types 0–4 globally (using
the same filter type for all lines) or with a “pseudo filter”
(numbered 5), which for each line chooses one of the fil-
ter types 0–4 using an adaptive algorithm. Zopflipng of-
fers 3 different adaptive method, including a brute-force
search that attempts to optimize the filtering.[note 8]

pngout and zopflipng provide an option to
preserve/reuse[note 2][note 9] the line-by-line filter set
present in the input image.
OptiPNG, pngcrush and zopflipng provide options to try
different filter strategies in a single run and choose the
best. The freeware command line version of pngout
doesn't offer this, but the commercial version, pngoutwin,
does.[note 10]

6.4.4 DEFLATE optimization

AdvanceCOMP advdef, advpng, Ken Silverman's
PNGOUT and zopflipng employ DEFLATE compres-
sion algorithms that are more exhaustive and produce
smaller files than the zlib reference implementation used
by the other compressors.
advpng doesn't have an option to apply filters and always
uses filter 0 globally (leaving the image data unfiltered);
therefore it should not be used where the image benefits
significantly from filtering. By contrast, advdef from the
same package doesn't deal with PNG structure and acts
only as a re-deflater, retaining any existing filter settings.

6.4.5 Wrapper tools

Most wrapper tools take several passes using different op-
timizers and then select the smallest file.
Wrapper tools that simplify this workflow include:
ImageOptim, a GUI front-end for Mac OS X; Kashmir
WebOptimizer- GUI front-end forWindows; pngoptim a
cmd batch script for Windows; imgopt, a command-line
shell script that also losslessly optimizes JPEG images,
Smush.it, an image-optimizing web service; TinyPNG,
which provides compression by reducing the number of
colors in the image automatically, but preserving alpha
transparency; and Compress PNG that allows users to
pick the number of colors that should be used.
The littleutils is another open-source package, containing
a wrapper script called opt-png that uses pngcrush and
a variant of pngrewrite to reduce bit-depth when possi-
ble. Perl scripts might wish to employ Image-Pngslimmer
which allows some dynamic optimization.
The current version of IrfanView can use PNGOUT as an
external plug-in, obviating the need for a separate com-
pressor.
An open source Windows program called FileOptimizer
losslessly optimizes many filetypes, including PNG. It
runs multiple PNG optimization programs: advpng, ap-
ngopt, optipng, PngOptimizer, pngout, pngrewrite, and
pngwolf.
Another open source Windows tool, pngoptim, uses a
more opinionated approach, utilizing only pngout and
zopflipng instead of taking the brute force approach of
trying multiple optimizers.

6.5 Icon optimization

Since icons intended for Windows Vista and later ver-
sions may contain PNG subimages, the optimizations can
be applied to them as well. At least one icon editor,
Pixelformer, is able to perform a special optimization
pass while saving ICO files, thereby reducing their sizes.
FileOptimizer (mentioned above) can also handle ICO
files.
Icons for Mac OS X may also contain PNG subimages,
yet there isn't such tool available.

7 See also

• Computer graphics, including:

• Comparison of layout engines (graphics)

• Image editing

• Image file formats

• Related graphics file formats
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• APNG Animated PNG
• JPEG Network Graphics (JNG)
• Multiple-image Network Graphics (MNG)

• Similar file formats

• X PixMap for portable icons

• Scalable Vector Graphics

• WebP

8 Notes
[1] The filtering is used to increase the similarity to the data,

hence increasing the compression ratio. However, there is
theoretically no formula for similarity, nor absolute rela-
tionship between the similarity and compressor, thus un-
less the compression is done, one can't tell one filter set is
better than another.

[2] Use pngout -f6 to reuse previous filter set

[3] The tools offering such feature could act as a pure re-
deflater to PNG files.

[4] The reference deflater implementation, zlib, is not good
enough. See Page Zopfli, zip format in 7-zip and pngout

[5] Not only advpng doesn't support color reduction, it also
fails with the images with a reduced colorspace

[6] Advpng can only apply filter 0 globally, thus it’s neither
yes or no, but N/A.

[7] Advdef only works to inflate the deflated data, and re-
deflate it

[8] [optipng|pngcrush|pngout] -f OR zopflipng --filters

[9] zopflipng --filters=p

[10] Pngoutwin’s setting dialog for optimization offers the user
a selection of filter strategies.
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12 Text and image sources, contributors, and licenses

12.1 Text
• Portable NetworkGraphics Source: https://en.wikipedia.org/wiki/Portable_Network_Graphics?oldid=677718734 Contributors: Damian
Yerrick, The Epopt, Lee Daniel Crocker, Eloquence, Zundark, Tarquin, Taw, Mark, Youssefsan, XJaM, Ben-Zin~enwiki, Mjb, Dwheeler,
Twilsonb, Patrick, AdSR, Bewildebeast, Menchi, Sannse, TakuyaMurata, Delirium, Minesweeper, Alfio, Ahoerstemeier, Nanshu, Jd-
forrester, Julesd, Whkoh, Tobias Conradi, Mxn, Tomv, Hashar, Mulad, Emperorbma, Crissov, Dcoetzee, E23~enwiki, Furrykef, Gren-
delkhan, Ed g2s, Bevo, Stormie, AnonMoos, Jamesday, Robbot, Ruinia, Noldoaran, Fredrik, R3m0t, Peak, Lowellian, Stewartadcock,
Qwm~enwiki, Engerim~enwiki, Mattflaschen, Tobias Bergemann, Peterklevy, Giftlite, Gwalla, Dbenbenn, Smjg, DocWatson42, SamB,
DavidCary, Dinomite, Nichalp, Lupin, Zigger, Herbee, Leflyman, Curps, Ssd, Behnam, Prosfilaes, Edcolins, Vadmium, Decoy, Keith
Edkins, Aside, Gdr, Bgraabek, LucasVB, OverlordQ, Quarl, Tim Pritlove, Cynical, B.d.mills, Ojw, Quota, BeakerK44, Zondor, Leon-
bloy, Eisnel, Ericg, SimonEast, Perey, Freakofnurture, Rich Farmbrough, Hydrox, Pmsyyz, Qutezuce, Rspeer, Ardonik, Smyth, Dave
souza, Notinasnaid, D-Notice, AlanBarrett, Hhielscher, Gronky, Sbo, Night Gyr, Bender235, ZeroOne, MattTM, Yinon, Plugwash, El-
wikipedista~enwiki, Evice, Philip6854, Purplefeltangel, Kwamikagami, RoyBoy, PatrikR, Nigelj, Reinyday, John Vandenberg, R. S. Shaw,
Foobaz, Sriram sh, Shlomital, Bawolff, WikiLeon, Minghong, Pearle, Jakew, Qwe, Arthena, CyberSkull, Andrewpmk, Ronline, Minority
Report, Lightdarkness, Apoc2400, Cdc, DreamGuy, Aranae, Ronark, Paul1337, Gpvos, H2g2bob, Kazvorpal, Cristan, Kbolino, Falcorian,
Patrick T. Wynne, MickWest, NantonosAedui, Simetrical, Beanluc, Sburke, Miaow Miaow, Jacobolus, Phillipsacp, MattGiuca, Scjessey,
Pol098, Riumplus, Eyreland, Zzyzx11, CPES, Gerbrant, Marudubshinki, Graham87, BD2412, Qwertyus, David Levy, DePiep, Reisio,
Jshadias, Pmj, Rjwilmsi, Jsled, Arabani, Loudenvier, Himasaram, Gudeldar, Kazrak, Morbid-o, Brighterorange, Kurt, FlaBot, Crazycom-
puters, DuLithgow, BjKa, Bmicomp, Chobot, Bgwhite, WriterHound, Kjlewis, YurikBot, Klingoncowboy4, RattusMaximus, Pile0nades,
Crotalus horridus, Todd Vierling, Charles Gaudette, Jtkiefer, Lexi Marie, Splette, Rapomon, Amanaplanacanalpanama, Sikon, Wimt,
Ugur Basak, Hm2k, Mipadi, Falling Cloud, Test-tools~enwiki, Chick Bowen, Emfraser, DirectEON, Saoshyant, Caiyu, Matthew0028,
EEMIV, Snarius, DeadEyeArrow, Tmichie, Xpclient, Max Schwarz, Mxcatania, Analoguedragon, Jecowa, CWenger, Ian Fieggen, JLa-
Tondre, DmitriyV, Smurfy, Heresiarch, KJBracey, GrinBot~enwiki, Cyber Dog, NetRolller 3D, Chris Chittleborough, Burton Radons,
Jsnx, SmackBot, Unyoyega, Technologeist, Delldot, Ajm81, Timeshifter, AnOddName, Boris Barowski, Whollabilla, Lorian, Dioxaz,
Matt0401, Robert Wellock, Simon123, MalafayaBot, Mr Poo, Tigerhawkvok, Jerome Charles Potts, ERobson, Nbarth, EdgeOfEpsilon,
Omniplex, DHN-bot~enwiki, Kevleyski, KieferSkunk, Ado, Simpsons contributor, Jeffreyarcand, Mihai Capotă, Yaf, TheGerm, Frap,
Ultra-Loser, VMS Mosaic, GeorgeMoney, Al Fecund, Cybercobra, Mr Minchin, DoubleAW, DylanW, IE, Last Avenue, Doodle77, Mw-
toews, Compnerd~enwiki, SashatoBot, Kuru, Hannes Agnarsson Johnson, Wissons, Soumyasch, Alpha Omicron, Masiano, Beetstra, Tiji,
Rofl, Rjgibb, Dicklyon, Larrymcp, Ace Frahm, Bookish, JeffW, JoeBot, J Di, GDallimore, ThefirstM, FIshstick, Trialsanderrors, Fa-
talError, JForget, DJPhazer, KX36, Feinorgh, Gavin Compton, ShelfSkewed, Requestion, Cydebot, Blicher, Aanderson@amherst.edu,
Luckyherb, Strom, Kwaku~enwiki, GangstaEB, Akadewboy, Thijs!bot, Wikid77, Jastern949, Wermlandsdata, GentlemanGhost, N5iln,
Bobblehead, Libertyernie2, Escarbot, Mr MaRo, Peashy, Trlkly, AntiVandalBot, MrMarmite, Gioto, Luna Santin, Lovibond, Labongo,
Jaredroberts, JAnDbot, Deflective, Arch dude, Gavia immer, Jahoe, Vituperex, SteveSims, Magioladitis, VoABot II, A4, Ff1959, Scowie,
Confiteordeo, CountingPine, Rugops, Arz1969, Glen, Jpo51, Kayau, Gwern, Speck-Made, R'n'B, Dubrict, Vorratt, J.delanoy, Jesant13,
Yonidebot, HotWheels53, Roelofs, Arite, Nemo bis, Doug4, TottyBot, Althepal, KylieTastic, Joshua Issac, Remember the dot, Flatscan,
Dozen, Bonadea, Marc Esnouf, Idioma-bot, Funandtrvl, VolkovBot, LokiClock, Philip Trueman, Hqb, Rei-bot, GrahamStw, Jeanhaney, El-
phion, Billinghurst, Peu, Rwell3471, Burntsauce, Rootmoose, AP61, Wikisuper, Mikemoral, Avayak, K. Annoyomous, VVVBot, Rmunn,
Nemo20000, I Love Pi, Jerryobject, DaBler, Lightmouse, Svick, JohnnyMrNinja, Vundicind~enwiki, Denisarona, ImageRemovalBot,
ClueBot, Brian lindholm, The Thing That Should Not Be, Glennrp, FunkyWhiteBlood, Jrettgraphics, Mitchman1411, TheAmigo42,
Niceguyedc, Yk4ever, DragonBot, Excirial, Watchduck, PixelBot, RedYeti, Chininazu12, LobStoR, Lambtron, Jbowler, Skunkboy74,
XLinkBot, Saeed.Veradi, Odoepner, Dekart, ZooFari, REA002, CalumH93, Addbot, Ghettoblaster, TutterMouse, Maschelos, Scientus,
Ismouton, Jim10701, MrOllie, 84user, Lightbot, Zorrobot, ,سعی Luckas-bot, Yobot, Ptbotgourou, Bryan.burgers, Stummee, AnomieBOT,
Ippopotamus, Ciphers, Jim1138, Picasticks, Materialscientist, NirajBhawnani, Suit, Neurolysis, ArthurBot, Xqbot, Melmann, Yumeyao,
DSisyphBot, Explorer09, Tyrol5, Xorxos, PeaceLoveHarmony, Smallman12q, Oehr, Urgos, Romnempire, Fbrazill, Recognizance, Ankit1
nagpal, Ehoeks, DivineAlpha, Paranoid.android, Citation bot 1, Tamariki, HRoestBot, Jusses2, Dcwaterboy, RedBot, Île flottante, Banej,
Tim1357, Tucvbif, DixonDBot, Dark Lord of the Sith, Lotje, Thelennonorth, Benimation, Pilk, Perhelion, EmausBot, Mellonj123, Hdu
hh, Bettymnz4, Marioandangel, Wikipelli, Ida Shaw, Shuipzv3, Tajymoid, Sonic12228, 12b3, Tolly4bolly, WalterTross, CasparCG, Iketsi,
Senator2029, Rocketrod1960, Sonicyouth86, Mikhail Ryazanov, ClueBot NG, Dremeley, Phanuruch8555, Frietjes, Delusion23, Widr,
Isaacdoel, Helpful Pixie Bot, KristWood, Ndanielm, BG19bot, SallySE, Alex Ratushnyak, Ceradon, Adam.tolley, Tylergoering, Isacdaavid,
Narohi, Conifer, Rangers94, Frosty, Lolo Lympian, Npham20, Corn cheese, C5st4wr6ch, UrbanDragon 33, Sonĝanto, DavidLeighEllis,
Correctrix, Ugog Nizdast, George8211, Worbleduck, Abitslow, Monkbot, Ashok0783, DoktorRF, OKNoah, GiorgioMalvone, Venomzx,
Pink kitty111, Btvmatt, JJMC89, Jhe2002 and Anonymous: 492

12.2 Images
• File:Adam7_passes.gif Source: https://upload.wikimedia.org/wikipedia/commons/2/27/Adam7_passes.gif License: Public domain Con-
tributors: Own work Original artist: CountingPine

• File:Animated_PNG_example_bouncing_beach_ball.png Source: https://upload.wikimedia.org/wikipedia/commons/1/14/
Animated_PNG_example_bouncing_beach_ball.png License: Public domain Contributors: [1] Original artist: Holger Will

• File:Comparison_of_JPEG_and_PNG.png Source: https://upload.wikimedia.org/wikipedia/commons/a/a4/Comparison_of_JPEG_
and_PNG.png License: GPLv2 Contributors: English Wikipedia Original artist: en:User:Toniht, cropped by en:User:Plugwash

• File:Edit-clear.svg Source: https://upload.wikimedia.org/wikipedia/en/f/f2/Edit-clear.svg License: Public domain Contributors: The
Tango! Desktop Project. Original artist:
The people from the Tango! project. And according to the meta-data in the file, specifically: “Andreas Nilsson, and Jakub Steiner (although
minimally).”

• File:Folder_Hexagonal_Icon.svg Source: https://upload.wikimedia.org/wikipedia/en/4/48/Folder_Hexagonal_Icon.svg License: Cc-by-
sa-3.0 Contributors: ? Original artist: ?

https://en.wikipedia.org/wiki/Portable_Network_Graphics?oldid=677718734
https://upload.wikimedia.org/wikipedia/commons/2/27/Adam7_passes.gif
//en.wikipedia.org/wiki/User:CountingPine
https://upload.wikimedia.org/wikipedia/commons/1/14/Animated_PNG_example_bouncing_beach_ball.png
https://upload.wikimedia.org/wikipedia/commons/1/14/Animated_PNG_example_bouncing_beach_ball.png
http://www.treebuilder.de/default.asp?file=89031.xml
https://upload.wikimedia.org/wikipedia/commons/a/a4/Comparison_of_JPEG_and_PNG.png
https://upload.wikimedia.org/wikipedia/commons/a/a4/Comparison_of_JPEG_and_PNG.png
//en.wikipedia.org/wiki/User:Toniht
//en.wikipedia.org/wiki/User:Plugwash
https://upload.wikimedia.org/wikipedia/en/f/f2/Edit-clear.svg
http://tango.freedesktop.org/Tango_Desktop_Project
http://tango.freedesktop.org/The_People
https://upload.wikimedia.org/wikipedia/en/4/48/Folder_Hexagonal_Icon.svg
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• File:PNG-Gradient.png Source: https://upload.wikimedia.org/wikipedia/commons/8/89/PNG-Gradient.png License: Public domain
Contributors: ? Original artist: ?

• File:PNG-Gradient_hex.png Source: https://upload.wikimedia.org/wikipedia/commons/1/17/PNG-Gradient_hex.png License: GPL
Contributors: Own work Original artist: Authors of the Bless Hex Editor

• File:PNG_transparency_demonstration_1.png Source: https://upload.wikimedia.org/wikipedia/commons/4/47/PNG_transparency_
demonstration_1.png License: CC BY-SA 3.0 Contributors: Own work: Rendered in POV-Ray by user:ed_g2s. Original artist: POV-
Ray source code

• File:Pixel-prediction.svg Source: https://upload.wikimedia.org/wikipedia/commons/3/39/Pixel-prediction.svg License: Public domain
Contributors: Own work Original artist: ZooFari

• File:Symbol_neutral_vote.svg Source: https://upload.wikimedia.org/wikipedia/en/8/89/Symbol_neutral_vote.svg License: Public do-
main Contributors: ? Original artist: ?

12.3 Content license
• Creative Commons Attribution-Share Alike 3.0
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