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Chemical imaging

Chemical imaging is the simultaneous measurement of spectra (chemical information)
and images or pictures (spatial information)[l] (2] The technique is most often applied to
either solid or gel samples, and has applications in chemistry, biologyB] [41 151 161 171 181
medicine!®! 1101 pharmacylll] (see also for example: Chemical Imaging Without Dyeing
[12]), food science, biotechnology[13] [14] , agriculture and industry (see for example:NIR
Chemical Imaging in Pharmaceutical Industry [15] and Pharmaceutical Process Analytical
Technology: [16]). NIR, IR and Raman chemical imaging is also referred to as hyperspectral,
spectroscopic, spectral or multispectral imaging (also see microspectroscopy). However,
other ultra-sensitive and selective, chemical imaging techniques are also in use that involve
either UV-visible or fluorescence microspectroscopy. Chemical imaging techniques can be
used to analyze samples of all sizes, from the single moleculel'”! 1181 {5 the cellular level in
biology and medicine!!?! 1201 1211 504 to images of planetary systems in astronomy, but
different instrumentation is employed for making observations on such widely different
systems.

Chemical imaging instrumentation is composed of three components: a radiation source to
illuminate the sample, a spectrally selective element, and usually a detector array (the
camera) to collect the images. When many stacked spectral channels (wavelengths) are
collected for different locations of the microspectrometer focus on a line or planar array in
the focal plane, the data is called hyperspectral; fewer wavelength data sets are called
multispectral. The data format is called a hypercube. The data set may be visualized as a
three-dimensional block of data spanning two spatial dimensions (x and y), with a series of
wavelengths (lambda) making up the third (spectral) axis. The hypercube can be visually
and mathematically treated as a series of spectrally resolved images (each image plane
corresponding to the image at one wavelength) or a series of spatially resolved spectra. The
analyst may choose to view the spectrum measured at a particular spatial location; this is
useful for chemical identification. Alternatively, selecting an image plane at a particular
wavelength can highlight the spatial distribution of sample components, provided that their
spectral signatures are different at the selected wavelength.

Many materials, both manufactured and naturally occurring, derive their functionality from
the spatial distribution of sample components. For example, extended release
pharmaceutical formulations can be achieved by using a coating that acts as a barrier layer.
The release of active ingredient is controlled by the presence of this barrier, and
imperfections in the coating, such as discontinuities, may result in altered performance. In
the semi-conductor industry, irregularities or contaminants in silicon wafers or printed
micro-circuits can lead to failure of these components. The functionality of biological
systems is also dependent upon chemical gradients - a single cell, tissue, and even whole
organs function because of the very specific arrangement of components. It has been shown
that even small changes in chemical composition and distribution may be an early indicator
of disease.

Any material that depends on chemical gradients for functionality may be amenable to
study by an analytical technique that couples spatial and chemical characterization. To
efficiently and effectively design and manufacture such materials, the ‘what’ and the
‘where’ must both be measured. The demand for this type of analysis is increasing as
manufactured materials become more complex. Chemical imaging techniques not only
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permit visualization of the spatially resolved chemical information that is critical to
understanding modern manufactured products, but it is also a non-destructive technique so
that samples are preserved for further testing.

History

Commercially available laboratory-based chemical imaging systems emerged in the early
1990s (ref. 1-5). In addition to economic factors, such as the need for sophisticated
electronics and extremely high-end computers, a significant barrier to commercialization of
infrared imaging was that the focal plane array (FPA) needed to read IR images were not
readily available as commercial items. As high-speed electronics and sophisticated
computers became more commonplace, and infrared cameras became readily commercially
available, laboratory chemical imaging systems were introduced.

Initially used for novel research in specialized laboratories, chemical imaging became a
more commonplace analytical technique used for general R&D, quality assurance (QA) and
quality control (QC) in less than a decade. The rapid acceptance of the technology in a
variety of industries (pharmaceutical, polymers, semiconductors, security, forensics and
agriculture) rests in the wealth of information characterizing both chemical composition
and morphology. The parallel nature of chemical imaging data makes it possible to analyze
multiple samples simultaneously for applications that require high throughput analysis in
addition to characterizing a single sample.

Principles

Chemical imaging shares the fundamentals of vibrational spectroscopic techniques, but
provides additional information by way of the simultaneous acquisition of spatially resolved
spectra. It combines the advantages of digital imaging with the attributes of spectroscopic
measurements. Briefly, vibrational spectroscopy measures the interaction of light with
matter. Photons that interact with a sample are either absorbed or scattered; photons of
specific energy are absorbed, and the pattern of absorption provides information, or a
fingerprint, on the molecules that are present in the sample.

On the other hand, in terms of the observation setup, chemical imaging can be carried out
in one of the following modes: (optical) absorption, emission (fluorescence), (optical)
transmission or scattering (Raman). A consensus currently exists that the fluorescence
(emission) and Raman scattering modes are the most sensitive and powerful, but also the
most expensive.

In a transmission measurement, the radiation goes through a sample and is measured by a
detector placed on the far side of the sample. The energy transferred from the incoming
radiation to the molecule(s) can be calculated as the difference between the quantity of
photons that were emitted by the source and the quantity that is measured by the detector.
In a diffuse reflectance measurement, the same energy difference measurement is made,
but the source and detector are located on the same side of the sample, and the photons
that are measured have re-emerged from the illuminated side of the sample rather than
passed through it. The energy may be measured at one or multiple wavelengths; when a
series of measurements are made, the response curve is called a spectrum.

A key element in acquiring spectra is that the radiation must somehow be energy selected -
either before or after interacting with the sample. Wavelength selection can be
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accomplished with a fixed filter, tunable filter, spectrograph, an interferometer, or other
devices. For a fixed filter approach, it is not efficient to collect a significant number of
wavelengths, and multispectral data are usually collected. Interferometer-based chemical
imaging requires that entire spectral ranges be collected, and therefore results in
hyperspectral data. Tunable filters have the flexibility to provide either multi- or
hyperspectral data, depending on analytical requirements.

Spectra may be measured one point at a time using a single element detector (single-point
mapping), as a line-image using a linear array detector (typically 16 to 28 pixels) (linear
array mapping), or as a two-dimensional image using a Focal Plane Array (FPA)(typically
256 to 16,384 pixels) (FPA imaging). For single-point the sample is moved in the x and y
directions point-by-point using a computer-controlled stage. With linear array mapping, the
sample is moved line-by-line with a computer-controlled stage. FPA imaging data are
collected with a two-dimensional FPA detector, hence capturing the full desired
field-of-view at one time for each individual wavelength, without having to move the
sample. FPA imaging, with its ability to collected tens of thousands of spectra
simultaneously is orders of magnitude faster than linear arrays which are can typically
collect 16 to 28 spectra simultaneously, which are in turn much faster than single-point

mapping.

Terminology

Some words common in spectroscopy, optical microscopy and photography have been
adapted or their scope modified for their use in chemical imaging. They include: resolution,
field of view and magnification. There are two types of resolution in chemical imaging. The
spectral resolution refers to the ability to resolve small energy differences; it applies to the
spectral axis. The spatial resolution is the minimum distance between two objects that is
required for them to be detected as distinct objects. The spatial resolution is influenced by
the field of view, a physical measure of the size of the area probed by the analysis. In
imaging, the field of view is a product of the magnification and the number of pixels in the
detector array. The magnification is a ratio of the physical area of the detector array
divided by the area of the sample field of view. Higher magnifications for the same detector
image a smaller area of the sample.

Types of vibrational chemical imaging instruments

Chemical imaging has been implemented for mid-infrared, near-infrared spectroscopy and
Raman spectroscopy. As with their bulk spectroscopy counterparts, each imaging technique
has particular strengths and weaknesses, and are best suited to fulfill different needs.

Mid-infrared chemical imaging

Mid-infrared (MIR) spectroscopy probes fundamental molecular vibrations, which arise in
the spectral range 2,500-25,000 nm. Commercial imaging implementations in the MIR
region typically employ Fourier Transform Infrared (FT-IR) interferometers and the range is
more commonly presented in wavenumber, 4,000 - 400 cm’l. The MIR absorption bands
tend to be relatively narrow and well-resolved; direct spectral interpretation is often
possible by an experienced spectroscopist. MIR spectroscopy can distinguish subtle
changes in chemistry and structure, and is often used for the identification of unknown
materials. The absorptions in this spectral range are relatively strong; for this reason,
sample presentation is important to limit the amount of material interacting with the
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incoming radiation in the MIR region. Most data collected in this range is collected in
transmission mode through thin sections (~10 micrometres) of material. Water is a very
strong absorber of MIR radiation and wet samples often require advanced sampling
procedures (such as attenuated total reflectance). Commercial instruments include point
and line mapping, and imaging. All employ an FT-IR interferometer as wavelength selective
element and light source.

For types of MIR microscope, see
Microscopy#infrared microscopy.

Atmospheric windows in the
infrared spectrum are also
employed to perform chemical
imaging remotely. In these \
spectral regions the atmospheric

—
. -
ases (mainly water and CO
g ( y ] 2) Remote chemical imaging of a simultaneous release of SF_ and
present low absorption and allow NH3 at 1.5km using the FIRST imaging spectrometer[

infrared viewing over kilometer

distances. Target molecules can then be viewed using the selective absorption/emission
processes described above. An example of the chemical imaging of a simultaneous release
of SF6 and NH, is shown in the image.

Near-infrared chemical imaging

The analytical near infrared (NIR) region spans the range from approximately 700-2,500
nm. The absorption bands seen in this spectral range arise from overtones and combination
bands of O-H, N-H, C-H and S-H stretching and bending vibrations. Absorption is one to two
orders of magnitude smaller in the NIR compared to the MIR; this phenomenon eliminates
the need for extensive sample preparation. Thick and thin samples can be analyzed without
any sample preparation, it is possible to acquire NIR chemical images through some
packaging materials, and the technique can be used to examine hydrated samples, within
limits. Intact samples can be imaged in transmittance or diffuse reflectance.

The lineshapes for overtone and combination bands tend to be much broader and more
overlapped than for the fundamental bands seen in the MIR. Often, multivariate methods
are used to separate spectral signatures of sample components. NIR chemical imaging is
particularly useful for performing rapid, reproducible and non-destructive analyses of
known materials!?®! 241 | NIR imaging instruments are typically based on one of two
platforms: imaging using a tunable filter and broad band illumination, and line mapping
employing an FT-IR interferometer as the wavelength filter and light source.

Raman chemical imaging

The Raman shift chemical imaging spectral range spans from approximately 50 to 4,000
cm’l; the actual spectral range over which a particular Raman measurement is made is a
function of the laser excitation frequency. The basic principle behind Raman spectroscopy
differs from the MIR and NIR in that the x-axis of the Raman spectrum is measured as a
function of energy shift (in cm'l) relative to the frequency of the laser used as the source of
radiation. Briefly, the Raman spectrum arises from inelastic scattering of incident photons,
which requires a change in polarizability with vibration, as opposed to infrared absorption,
which requires a change in dipole moment with vibration. The end result is spectral
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information that is similar and in many cases complementary to the MIR. The Raman effect
is weak - only about one in 107 photons incident to the sample undergoes Raman scattering.
Both organic and inorganic materials possess a Raman spectrum; they generally produce
sharp bands that are chemically specific. Fluorescence is a competing phenomenon and,
depending on the sample, can overwhelm the Raman signal, for both bulk spectroscopy and
imaging implementations.

Raman chemical imaging requires little or no sample preparation. However, physical
sample sectioning may be used to expose the surface of interest, with care taken to obtain a
surface that is as flat as possible. The conditions required for a particular measurement
dictate the level of invasiveness of the technique, and samples that are sensitive to high
power laser radiation may be damaged during analysis. It is relatively insensitive to the
presence of water in the sample and is therefore useful for imaging samples that contain
water such as biological material.

Fluorescence imaging (visible and NIR)

This emission microspectroscopy mode is the most sensitive in both visible and FT-NIR
microspectroscopy, and has therefore numerous biomedical, biotechnological and
agricultural applications. There are several powerful, highly specific and sensitive
fluorescence techniques that are currently in use, or still being developed; among the
former are FLIM, FRAP, FRET and FLIM-FRET; among the latter are NIR fluorescence and
probe-sensitivity enhanced NIR fluorescence microspectroscopy and nanospectroscopy
techniques (see "Further reading" section).

Sampling and samples

The value of imaging lies in the ability to resolve spatial heterogeneities in solid-state or
gel/gel-like samples. Imaging a liquid or even a suspension has limited use as constant
sample motion serves to average spatial information, unless ultra-fast recording techniques
are employed as in fluorescence correlation microspectroscopy or FLIM obsevations where
a single molecule may be monitored at extremely high (photon) detection speed.
High-throughput experiments (such as imaging multi-well plates) of liquid samples can
however provide valuable information. In this case, the parallel acquisition of thousands of
spectra can be used to compare differences between samples, rather than the more
common implementation of exploring spatial heterogeneity within a single sample.

Similarly, there is no benefit in imaging a truly homogeneous sample, as a single point
spectrometer will generate the same spectral information. Of course the definition of
homogeneity is dependent on the spatial resolution of the imaging system employed. For
MIR imaging, where wavelengths span from 3-10 micrometres, objects on the order of 5
micrometres may theoretically be resolved. The sampled areas are limited by current
experimental implementations because illumination is provided by the interferometer.
Raman imaging may be able to resolve particles less than 1 micrometre in size, but the
sample area that can be illuminated is severely limited. With Raman imaging, it is
considered impractical to image large areas and, consequently, large samples. FT-NIR
chemical/hyperspectral imaging usually resolves only larger objects (>10 micrometres),
and is better suited for large samples because illumination sources are readily available.
However, FT-NIR microspectroscopy was recently reported to be capable of about 1.2
micron (micrometer) resolution in biological samples[25] Furthermore, two-photon
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excitation FCS experiments were reported to have attained 15 nanometer resolution on
biomembrane thin films with a special coincidence photon-counting setup.

Detection limit

The concept of the detection limit for chemical imaging is quite different than for bulk
spectroscopy, as it depends on the sample itself. Because a bulk spectrum represents an
average of the materials present, the spectral signatures of trace components are simply
overwhelmed by dilution. In imaging however, each pixel has a corresponding spectrum. If
the physical size of the trace contaminant is on the order of the pixel size imaged on the
sample, its spectral signature will likely be detectable. If however, the trace component is
dispersed homogeneously (relative to pixel image size) throughout a sample, it will not be
detectable. Therefore, detection limits of chemical imaging techniques are strongly
influenced by particle size, the chemical and spatial heterogeneity of the sample, and the
spatial resolution of the image.

Data analysis

Data analysis methods for chemical imaging data sets typically employ mathematical
algorithms common to single point spectroscopy or to image analysis. The reasoning is that
the spectrum acquired by each detector is equivalent to a single point spectrum; therefore
pre-processing, chemometrics and pattern recognition techniques are utilized with the
similar goal to separate chemical and physical effects and perform a qualitative or
quantitative characterization of individual sample components. In the spatial dimension,
each chemical image is equivalent to a digital image and standard image analysis and
robust statistical analysis can be used for feature extraction.

See also

e Multispectral image
* Microspectroscopy
* Imaging spectroscopy
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* Chemical Imaging: Potential New Crime Busting Tool (http://www.sciencedaily.com/
releases/2007/08/070802103435.htm)

* Chemical Imaging Without Dyeing (http://witec.de/en/download/Raman/
ImagingMicroscopy04.pdf) - Chemical Imaging Without Dyeing



http://www.spectroscopyeurope.com/NIR_14_3.pdf
http://www.spectroscopyeurope.com/NIR_14_3.pdf
http://www.fda.gov/cder/OPS/PAT.htm
http://www.fda.gov/cder/OPS/PAT.htm
http://www.spectroscopymag.com/spectroscopy/Near-IR+Spectroscopy/NIR-Chemical-Imaging-for-Counterfeit-Pharmaceutica/ArticleStandard/Article/detail/406629
http://www.spectroscopymag.com/spectroscopy/Near-IR+Spectroscopy/NIR-Chemical-Imaging-for-Counterfeit-Pharmaceutica/ArticleStandard/Article/detail/406629
http://www.spectroscopymag.com/spectroscopy/Near-IR+Spectroscopy/NIR-Chemical-Imaging-for-Counterfeit-Pharmaceutica/ArticleStandard/Article/detail/406629
http://www.spectroscopymag.com/spectroscopy/Near-IR+Spectroscopy/NIR-Chemical-Imaging-for-Counterfeit-Pharmaceutica/ArticleStandard/Article/detail/406629
http://www.sciencedaily.com/releases/2007/08/070802103435.htm
http://www.sciencedaily.com/releases/2007/08/070802103435.htm
http://witec.de/en/download/Raman/ImagingMicroscopy04.pdf
http://witec.de/en/download/Raman/ImagingMicroscopy04.pdf
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Article Sources and Contributors

Chemical imaging Source: http://en.wikipedia.org/w/index.php?0ldid=290927658 Contributors: Alansohn, Andyphil, AngelOfSadness, Annabel, Banus,
Batykefer, Bci2, BierHerr, Chris the speller, Closedmouth, D6, Davewild, Editore99, GeeJo, HYPN2457, Iridescent, JIP, Jim.henderson, Kkmurray, Mdd,
Mkansiz, Natalie Erin, Skysmith, Ultraexactzz, Wilson003, 38 anonymous edits
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Image Sources, Licenses and Contributors

Image:FIRST measurement of SF6 and NH3.jpg Source: http://en.wikipedia.org/w/index.php?title=File:FIRST measurement of SF6_and_NH3.jpg
License: Creative Commons Attribution-Sharealike 3.0 Contributors: Andre Villemaire
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License

Version 1.2, November 2002
Copyright (C) 2000,2001,2002 Free Software Foundation, Inc.
51 Franklin St, Fifth Floor, Boston, MA 02110-1301 USA
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

0.PREAMBLE

The purpose of this License is to make a manual, textbook, or other functional and useful document "free" in the sense of freedom: to assure everyone
the effective freedom to copy and redistribute it, with or without modifying it, either commercially or noncommercially. Secondarily, this License
preserves for the author and publisher a way to get credit for their work, while not being considered responsible for modifications made by others.

This License is a kind of "copyleft", which means that derivative works of the document must themselves be free in the same sense. It complements the
GNU General Public License, which is a copyleft license designed for free software.

We have designed this License in order to use it for manuals for free software, because free software needs free documentation: a free program should
come with manuals providing the same freedoms that the software does. But this License is not limited to software manuals; it can be used for any
textual work, regardless of subject matter or whether it is published as a printed book. We recommend this License principally for works whose purpose
is instruction or reference.

1.APPLICABILITY AND DEFINITIONS

This License applies to any manual or other work, in any medium, that contains a notice placed by the copyright holder saying it can be distributed under
the terms of this License. Such a notice grants a world-wide, royalty-free license, unlimited in duration, to use that work under the conditions stated
herein. The "Document", below, refers to any such manual or work. Any member of the public is a licensee, and is addressed as "you". You accept the
license if you copy, modify or distribute the work in a way requiring permission under copyright law.

A "Modified Version" of the Document means any work containing the Document or a portion of it, either copied verbatim, or with modifications and/or
translated into another language.

A "Secondary Section" is a named appendix or a front-matter section of the Document that deals exclusively with the relationship of the publishers or
authors of the Document to the Document's overall subject (or to related matters) and contains nothing that could fall directly within that overall subject.
(Thus, if the Document is in part a textbook of mathematics, a Secondary Section may not explain any mathematics.) The relationship could be a matter
of historical connection with the subject or with related matters, or of legal, commercial, philosophical, ethical or political position regarding them.

The "Invariant Sections" are certain Secondary Sections whose titles are designated, as being those of Invariant Sections, in the notice that says that the
Document is released under this License. If a section does not fit the above definition of Secondary then it is not allowed to be designated as Invariant.
The Document may contain zero Invariant Sections. If the Document does not identify any Invariant Sections then there are none.

The "Cover Texts" are certain short passages of text that are listed, as Front-Cover Texts or Back-Cover Texts, in the notice that says that the Document
is released under this License. A Front-Cover Text may be at most 5 words, and a Back-Cover Text may be at most 25 words.

A "Transparent" copy of the Document means a machine-readable copy, represented in a format whose specification is available to the general public,
that is suitable for revising the document straightforwardly with generic text editors or (for images composed of pixels) generic paint programs or (for
drawings) some widely available drawing editor, and that is suitable for input to text formatters or for automatic translation to a variety of formats
suitable for input to text formatters. A copy made in an otherwise Transparent file format whose markup, or absence of markup, has been arranged to
thwart or discourage subsequent modification by readers is not Transparent. An image format is not Transparent if used for any substantial amount of
text. A copy that is not "Transparent" is called "Opaque".

Examples of suitable formats for Transparent copies include plain ASCII without markup, Texinfo input format, LaTeX input format, SGML or XML using
a publicly available DTD, and standard-conforming simple HTML, PostScript or PDF designed for human modification. Examples of transparent image
formats include PNG, XCF and JPG. Opaque formats include proprietary formats that can be read and edited only by proprietary word processors, SGML
or XML for which the DTD and/or processing tools are not generally available, and the machine-generated HTML, PostScript or PDF produced by some
word processors for output purposes only.

The "Title Page" means, for a printed book, the title page itself, plus such following pages as are needed to hold, legibly, the material this License
requires to appear in the title page. For works in formats which do not have any title page as such, "Title Page" means the text near the most prominent
appearance of the work's title, preceding the beginning of the body of the text.

A section "Entitled XYZ" means a named subunit of the Document whose title either is precisely XYZ or contains XYZ in parentheses following text that
translates XYZ in another language. (Here XYZ stands for a specific section name mentioned below, such as "Acknowledgements", "Dedications",
"Endorsements"”, or "History".) To "Preserve the Title" of such a section when you modify the Document means that it remains a section "Entitled XYZ"
according to this definition.

The Document may include Warranty Disclaimers next to the notice which states that this License applies to the Document. These Warranty Disclaimers
are considered to be included by reference in this License, but only as regards disclaiming warranties: any other implication that these Warranty
Disclaimers may have is void and has no effect on the meaning of this License.

2.VERBATIM COPYING

You may copy and distribute the Document in any medium, either commercially or noncommercially, provided that this License, the copyright notices,
and the license notice saying this License applies to the Document are reproduced in all copies, and that you add no other conditions whatsoever to
those of this License. You may not use technical measures to obstruct or control the reading or further copying of the copies you make or distribute.
However, you may accept compensation in exchange for copies. If you distribute a large enough number of copies you must also follow the conditions in
section 3.

You may also lend copies, under the same conditions stated above, and you may publicly display copies.

3.COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have printed covers) of the Document, numbering more than 100, and the Document's
license notice requires Cover Texts, you must enclose the copies in covers that carry, clearly and legibly, all these Cover Texts: Front-Cover Texts on the
front cover, and Back-Cover Texts on the back cover. Both covers must also clearly and legibly identify you as the publisher of these copies. The front
cover must present the full title with all words of the title equally prominent and visible. You may add other material on the covers in addition. Copying
with changes limited to the covers, as long as they preserve the title of the Document and satisfy these conditions, can be treated as verbatim copying in
other respects.

If the required texts for either cover are too voluminous to fit legibly, you should put the first ones listed (as many as fit reasonably) on the actual cover,
and continue the rest onto adjacent pages.

If you publish or distribute Opaque copies of the Document numbering more than 100, you must either include a machine-readable Transparent copy
along with each Opaque copy, or state in or with each Opaque copy a computer-network location from which the general network-using public has
access to download using public-standard network protocols a complete Transparent copy of the Document, free of added material. If you use the latter
option, you must take reasonably prudent steps, when you begin distribution of Opaque copies in quantity, to ensure that this Transparent copy will
remain thus accessible at the stated location until at least one year after the last time you distribute an Opaque copy (directly or through your agents or
retailers) of that edition to the public.

It is requested, but not required, that you contact the authors of the Document well before redistributing any large number of copies, to give them a
chance to provide you with an updated version of the Document.

4.MODIFICATIONS

You may copy and distribute a Modified Version of the Document under the conditions of sections 2 and 3 above, provided that you release the Modified
Version under precisely this License, with the Modified Version filling the role of the Document, thus licensing distribution and modification of the
Modified Version to whoever possesses a copy of it. In addition, you must do these things in the Modified Version:

1. Use in the Title Page (and on the covers, if any) a title distinct from that of the Document, and from those of previous versions (which should, if there
were any, be listed in the History section of the Document). You may use the same title as a previous version if the original publisher of that version
gives permission.

2. List on the Title Page, as authors, one or more persons or entities responsible for authorship of the modifications in the Modified Version, together

with at least five of the principal authors of the Document (all of its principal authors, if it has fewer than five), unless they release you from this

requirement.

State on the Title page the name of the publisher of the Modified Version, as the publisher.

Preserve all the copyright notices of the Document.

Add an appropriate copyright notice for your modifications adjacent to the other copyright notices.
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6. Include, immediately after the copyright notices, a license notice giving the public permission to use the Modified Version under the terms of this

License, in the form shown in the Addendum below.

Preserve in that license notice the full lists of Invariant Sections and required Cover Texts given in the Document's license notice.

Include an unaltered copy of this License.

Preserve the section Entitled "History", Preserve its Title, and add to it an item stating at least the title, year, new authors, and publisher of the

Modified Version as given on the Title Page. If there is no section Entitled "History" in the Document, create one stating the title, year, authors, and

publisher of the Document as given on its Title Page, then add an item describing the Modified Version as stated in the previous sentence.

10. Preserve the network location, if any, given in the Document for public access to a Transparent copy of the Document, and likewise the network
locations given in the Document for previous versions it was based on. These may be placed in the "History" section. You may omit a network
location for a work that was published at least four years before the Document itself, or if the original publisher of the version it refers to gives
permission.

11. For any section Entitled "Acknowledgements" or "Dedications", Preserve the Title of the section, and preserve in the section all the substance and
tone of each of the contributor acknowledgements and/or dedications given therein.

12. Preserve all the Invariant Sections of the Document, unaltered in their text and in their titles. Section numbers or the equivalent are not considered
part of the section titles.

13. Delete any section Entitled "Endorsements". Such a section may not be included in the Modified Version.

14. Do not retitle any existing section to be Entitled "Endorsements" or to conflict in title with any Invariant Section.

15. Preserve any Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appendices that qualify as Secondary Sections and contain no material copied from the

Document, you may at your option designate some or all of these sections as invariant. To do this, add their titles to the list of Invariant Sections in the

Modified Version's license notice. These titles must be distinct from any other section titles.

You may add a section Entitled "Endorsements", provided it contains nothing but endorsements of your Modified Version by various parties--for example,

statements of peer review or that the text has been approved by an organization as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a passage of up to 25 words as a Back-Cover Text, to the end of the list of Cover

Texts in the Modified Version. Only one passage of Front-Cover Text and one of Back-Cover Text may be added by (or through arrangements made by)

any one entity. If the Document already includes a cover text for the same cover, previously added by you or by arrangement made by the same entity

you are acting on behalf of, you may not add another; but you may replace the old one, on explicit permission from the previous publisher that added the
old one.

The author(s) and publisher(s) of the Document do not by this License give permission to use their names for publicity for or to assert or imply

endorsement of any Modified Version.

5.COMBINING DOCUMENTS

You may combine the Document with other documents released under this License, under the terms defined in section 4 above for modified versions,
provided that you include in the combination all of the Invariant Sections of all of the original documents, unmodified, and list them all as Invariant
Sections of your combined work in its license notice, and that you preserve all their Warranty Disclaimers.

The combined work need only contain one copy of this License, and multiple identical Invariant Sections may be replaced with a single copy. If there are
multiple Invariant Sections with the same name but different contents, make the title of each such section unique by adding at the end of it, in
parentheses, the name of the original author or publisher of that section if known, or else a unique number. Make the same adjustment to the section
titles in the list of Invariant Sections in the license notice of the combined work.

In the combination, you must combine any sections Entitled "History" in the various original documents, forming one section Entitled "History"; likewise
combine any sections Entitled "Acknowledgements", and any sections Entitled "Dedications". You must delete all sections Entitled "Endorsements."

6.COLLECTIONS OF DOCUMENTS

You may make a collection consisting of the Document and other documents released under this License, and replace the individual copies of this
License in the various documents with a single copy that is included in the collection, provided that you follow the rules of this License for verbatim
copying of each of the documents in all other respects.

You may extract a single document from such a collection, and distribute it individually under this License, provided you insert a copy of this License into
the extracted document, and follow this License in all other respects regarding verbatim copying of that document.

7.AGGREGATION WITH INDEPENDENT WORKS

A compilation of the Document or its derivatives with other separate and independent documents or works, in or on a volume of a storage or distribution
medium, is called an "aggregate" if the copyright resulting from the compilation is not used to limit the legal rights of the compilation's users beyond
what the individual works permit. When the Document is included in an aggregate, this License does not apply to the other works in the aggregate which
are not themselves derivative works of the Document.

If the Cover Text requirement of section 3 is applicable to these copies of the Document, then if the Document is less than one half of the entire
aggregate, the Document's Cover Texts may be placed on covers that bracket the Document within the aggregate, or the electronic equivalent of covers
if the Document is in electronic form. Otherwise they must appear on printed covers that bracket the whole aggregate.

8. TRANSLATION

Translation is considered a kind of modification, so you may distribute translations of the Document under the terms of section 4. Replacing Invariant
Sections with translations requires special permission from their copyright holders, but you may include translations of some or all Invariant Sections in
addition to the original versions of these Invariant Sections. You may include a translation of this License, and all the license notices in the Document,
and any Warranty Disclaimers, provided that you also include the original English version of this License and the original versions of those notices and
disclaimers. In case of a disagreement between the translation and the original version of this License or a notice or disclaimer, the original version will
prevail.

If a section in the Document is Entitled "Acknowledgements", "Dedications", or "History", the requirement (section 4) to Preserve its Title (section 1) will
typically require changing the actual title.

9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided for under this License. Any other attempt to copy, modify,
sublicense or distribute the Document is void, and will automatically terminate your rights under this License. However, parties who have received
copies, or rights, from you under this License will not have their licenses terminated so long as such parties remain in full compliance.

10.FUTURE REVISIONS OF THIS LICENSE

The Free Software Foundation may publish new, revised versions of the GNU Free Documentation License from time to time. Such new versions will be
similar in spirit to the present version, but may differ in detail to address new problems or concerns. See http://www.gnu.org/copyleft/.

Each version of the License is given a distinguishing version number. If the Document specifies that a particular numbered version of this License "or
any later version" applies to it, you have the option of following the terms and conditions either of that specified version or of any later version that has
been published (not as a draft) by the Free Software Foundation. If the Document does not specify a version number of this License, you may choose any
version ever published (not as a draft) by the Free Software Foundation.

©wooN

How to use this License for your documents
To use this License in a document you have written, include a copy of the License in the document and put the following copyright and license notices
just after the title page:

Copyright (c) YEAR YOUR NAME.

Permission is granted to copy, distribute and/or modify this document
under the terms of the GNU Free Documentation License, Version 1.2

or any later version published by the Free Software Foundation;

with no Invariant Sections, no Front-Cover Texts, and no Back-Cover Texts.
A copy of the license is included in the section entitled "GNU

Free Documentation License".
If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts, replace the "with...Texts." line with this:

with the Invariant Sections being LIST THEIR TITLES, with the

Front-Cover Texts being LIST, and with the Back-Cover Texts being LIST.
If you have Invariant Sections without Cover Texts, or some other combination of the three, merge those two alternatives to suit the situation.
If your document contains nontrivial examples of program code, we recommend releasing these examples in parallel under your choice of free software
license, such as the GNU General Public License, to permit their use in free software.



http://www.gnu.org/copyleft/.
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