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2 Introduction

<< Contents Page1

2.1 Introduction to the Botany Study Guide

This Study Guide to the Science of Botany is a textbook at Wikibooks shelved at the
Wikibooks:biology bookshelf2 and intended to establish a course of study in the subject of
Botany, utilizing articles provided in Wikipedia3, with links to other relevant web sites
and other Wikibooks as appropriate. In some cases, portions of the text from Wikipedia
articles have been used to materially develop introductory text within the Guide.

For the new user, it need be pointed out thatWikipedia differs from a standard encyclopedia
in two important respects: 1) it is a hypertext document, and 2) it is open and editable,
and therefore constantly changing. For the student following this or any guide through
Wikipedia to cover a specific subject, it is recommended that each article (page) be read
first in its entirety, before any hyperlinks are followed to other topics or explanations. It
is too easy, otherwise, to simply become lost in a maze of links, and miss the main thrust
of an article presented as an assignment from the Guide. Because Wikipedia is constantly
changing (and, it is believed, improving) the quality of each article encountered will be
variable. Some articles are well written and go to adequate depth, whereas others, lacking
a proponent, are shallow and incomplete. Short or sloppy looking articles may contain
questionable facts. These short-comings should diminish with time, but can be a problem
for the student.

One clear advantage to using this Guide linked to a hypertext likeWikipedia is the "circular
redundancy with serendipity" factor that arises when an article is read and its hyperlinks
followed; this factor can be a powerful learning tool. The persistent reader is subjected to
a fairly high degree of repetitive reading, often presenting slightly differing perspectives on
the same general topic, with the result that learning comes from redundancy and seeing
difficult concepts presented in more than one way. At the same time, some hyperlinks
lead down less relevant paths, bringing new and unanticipated knowledge. If, as a student,
you are truly interested in mastering the subject of botany, you must be prepared to read
beyond the basic assignments; in some cases, beyond Wikipedia to explore other, "outside"
web sites.

It seems likely that the typical user of the Study Guide to the Science of Botany is not
necessarily an active student taking a course in botany at the high school (AP) or college

1 http://en.wikibooks.org/wiki/Botany
2 http://en.wikibooks.org/wiki/biology%20bookshelf
3 http://www.Wikipedia.org/
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Introduction

level, but a person with a strong interest in plants---an amateur naturalist or a gardener.
Therefore the guide must incorporate both the basic biological and physiological aspects of
plants as well as extensive taxonomy-based coverage of the diversity of plants and related
organisms. The amount of material now available on the web covering the latter subject
is becoming nothing short of phenomenal. In effect, one now has access to much of the
world's plant diversity, with photographs and descriptions, in many cases from web sites
maintained by specialists. One goal of the guide is to provide a systematics-based approach
to capturing this kind of information, hopefully giving the student a strong background in
plant systematics. The importance of this approach is not that everyone should become a
taxonomist---or become more familiar with plant taxonomy, a specialized field of botanical
science with a relatively narrow following---but that appreciation for (and understanding
of) species diversity is most critical at this time in our earth's history marked by acceler-
ated species extinctions and destruction of native ecosystems by both human population
expansion and man-induced spread of non-native species.

The Study Guide to the Science of Botany includes two other "parallel" documents intended
to enhance the usefulness of the Guide. These could also be used separately or independently
as source documents for a beginning course in Botany. They are the Discussion pages and
the Laboratory Exercise pages. Both are explained in detail in the next Section titled How
to use this Guide4.

Category:Botany5

4 Chapter 3 on page 7
5 http://en.wikibooks.org/wiki/Category%3ABotany
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3 How to use

<< Contents Page1

How to Use the Botany Study Guide

The purpose of the Study Guide to the Science of Botany is to weave - out of the infor-
mation on Life Science and especially Botany contained in Wikipedia - a course of study
for the student or layman. It is anticipated that this course will be either supplemental to
instruction being received at a school or college, or will be self-directed. In either case, the
Guide is not a novel and should not be approached as one. A smooth flow of dialogue is
simply not possible and should not be anticipated. The Guide may be closer to the some-
times disjointed notes generated by a student from a lecture or careful reading of a detailed
textbook.

Within each subsection of a Chapter, introductory text is followed by one or more "reading
assignments" of the form:

• Read Botany2 (Links need not be pursued at this time)

Following (that is clicking on) the link (to Wikipedia "Botany" in this case) will open an
article intended to provide the details of the Chapter subsection. Recommended articles
should be read from top to bottom, and then re-read following some or all of the links
embedded in the article to other articles for expanded elucidation or to clarify terms; that
is, in most cases, completion of an "assignment" (recommended article) includes at least
some or all articles linked to the first. Obviously, it cannot be the case that all links are
followed to articles, whose links are then followed to articles, and so on until no new material
is encountered. It is likely there would be no quick end to such a pursuit. The amount of
time spent wandering beyond the original article is partly a personal matter of how much
the reader is getting out of the foray than anything else. Realize it is certainly possible
to wander well off the subject at hand. As in the example above, notes are provided with
assignments giving some direction for pursuing links. An instruction NOT to follow links
simply means the additional material will be encountered later in the course of instruction,
and going beyond the assigned article may provide too much detail for a beginning student.
The following example:

• Read Science3 (The following links are included:)
• Scientific Method4
• Philosophy of Science5

1 http://en.wikibooks.org/wiki/Botany
2 http://en.wikipedia.org/wiki/Botany
3 http://en.wikipedia.org/wiki/Science
4 http://en.wikipedia.org/wiki/Scientific%20method
5 http://en.wikipedia.org/wiki/Philosophy%20of%20science
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How to use

specifies that two other links ARE part of the assignment. Other links encountered may
be followed to expand your knowledge or, as always, to aid in understanding of technical
terms encountered. Hyperlinks included with the text in the Guide are there simply for
convenience, usually to topics somewhat peripheral to the main one. In all cases, finding
your way back to the Guide may become tricky, but we have to leave this up to you to
establish, beyond pointing out that your browser's Back button is intended for this purpose.

3.1 Discussion Questions

At the end of each subsection are posted one to several questions. In general, you will get
more out of these questions if you write out your answer on a piece of paper. You may wish
to accomplish this on the re-read, allowing each question to guide your quest for an answer.
A discussion page for each chapter provides answers to the questions posed. However, the
questions are intended to be thought-provoking, and may not have a single straight-forward
answer. Answers on the discussion pages are also necessarily much longer than would be
expected of any one student; it is expected that each student answer will fit somewhere
within the broad discussion presented.

3.2 Laboratory Exercises

A natural sciences course laboratory unit is supposed to provide hands-on experience in
exploring topics raised in the text and lecture units. The best that a website can give
towards this goal is a manual that is liberally provided with pictures and diagrams. The
student must provide the "hands on" from the neighboring natural world. Fortunately, in
botany, this is much easier to accomplish than in almost any other field of science. Both the
outdoors, the local market, and (if available) a botanical garden can be sources of materials
for study. Indeed, we may teach the structure of a pome using an apple in the hope that
the student will end up with a pear.

In using any of the Laboratory Exercises, it is always best to read through the entire module
before actually doing anything. Resist the temptation to view the material as an instruction
manual to be followed in a specific order. For one thing it is difficult to write a module
that covers, at each step, all that the student should know before proceeding on to the next
step. The value of any exercise will be significantly enhanced if you have a pretty good idea
where it is going in advance.

3.3 General Navigation

The Study Guide is divided into Sections and Chapters which define the subject material of
each module. At the bottom of each text page (main text of a module), is a short version
of the Table of Contents, allowing the reader to jump between chapters within a Section.
Here is an example of the "Wiki Contents Table" for Section I:

UNKNOWN TEMPLATE Template:BotanyTOC
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Final Note

Note that at the beginning of each module, links are provided to both the previous chapter
and the succeeding chapter, as well as to the main Table of Contents. Links to units
associated with a module, as for example to a Laboratory Exercise, appear near the end of
the module

3.4 Final Note

As a final note6, read the next Section and consider how you might make a contribution to
the Guide.

Category:Botany7 Category:Botany8

Botany9 ---- Both this Guide and all articles in Wikipedia are free content10 that can be
added to or edited by anyone. It is an opportunity for the user of these documents to
contribute information, or even state given information more clearly, simply by editing a
page. As a student with a textbook and a lecturer (teacher), you may find yourself in
possession of useful facts, another point of view on existing facts, or a report you prepared
of exceptional quality. Any of these can be added to an appropriate page in this Guide
or the Wikipedia. However, this caution is strongly advised: Do not place into the Guide
any text or pictures taken verbatim (or close to verbatim) from a text book, web site, or
other copyrighted source without permission of the copyright holder. In general, this means,
anything you submit should be your own work.

To learn how to edit or contribute material to this textbook, first read the
introduction at: How to Edit11.
Category:Botany12

<< Contents Page13 | Chapter 1| Chapter 214 >>| ----

Chapter 1. Introduction to Botany
----

3.5 Botany as a Science

Botany is the branch of biology concerned with the scientific study of plants. Tradition-
ally, botanists studied all organisms that were not generally regarded as animal. However,
advances in our knowledge about the myriad forms of life, especially microbes (viruses and
bacteria), have led to spinning off from Botany the specialized field called Microbiology.

6 Chapter 3.4 on page 9
7 http://en.wikibooks.org/wiki/Category%3ABotany
8 http://en.wikibooks.org/wiki/Category%3ABotany
9 http://en.wikibooks.org/wiki/Botany
10 http://en.wikipedia.org/wiki/free_content
11 http://en.wikipedia.org/wiki/Wikipedia%3Aintroduction
12 http://en.wikibooks.org/wiki/Category%3ABotany
13 http://en.wikibooks.org/wiki/Botany%23Detailed%20contents
14 Chapter 3.9 on page 13
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How to use

Still, the microbes are usually covered in introductory Botany courses, although their status
as neither animal nor plant is firmly established.

Plants are living entities, and material presented within Biology will have relevance here,
most particularly at the cellular and subcellular levels of organization (Chapter 2). Both
plants and animals deal with the same problems of maintaining life on planet Earth --- their
approaches seem quite different, but the end result is the same: continued existence in an
organized state, as part of a universe whose tendency is towards greater disorganization.
Back on Earth, however, it is a fact that microbes, plants, and animals comprise a very
interdependent system. We divide them apart, because our minds work best that way. We
categorize and learn common features or properties of the categories. This approach is
neither right nor wrong, but is clearly efficient for our minds. Nonetheless, it is desirable
to regularly step back and realize that the boundaries between categories are often just
constructs, and exceptions to our categories usually abound.

It was alluded to in the opening definition that Botany is a science. Just what makes
Botany, or anything else a science? It is important to acquire a grasp of the fundamentals
of science itself to fully appreciate both how botanical knowledge was gained as well as how
it can be used. It is usually quickly disinteresting to acquire facts simply for the sake of
knowing. Humans do not just appreciate mountains because they are there, they climb them
because they are there!

3.6 Living Systems

Biology is defined as the study of life, and Botany is that discipline within Biology concerned
with the study of living organisms called plants and with certain other living things that
are not plants (but are not animals either).

3.6.1 Defining 'Plant'

Like many words in common usage that apply to biological entities or concepts, the term
plant is more difficult to define than might be at first obvious. Although botanists describe
a Kingdom Plantae, the boundaries defining members of Plantae are more inclusive than
our common concept of a "plant". We are tempted to regard plant as meaning a multicel-
lular, eukaryotic organism that generally does not have sensory organs or voluntary motion
and has, when complete, a root, stem, and leaves. However, botanically only vascular plants
have a root, stem, and leaves, and even some vascular plants, such as certain carnivorous
plants and duckweed, fall afoul of that definition. But to be fair, the vascular plants are
the plants we tend to encounter every day and that most people would readily regard as
"plants".

A more significant point of departure between Plantae and plants occurs among the sea-
weeds. Technically, only a relatively minor group of seaweeds (the chlorophytes or green
algae) are members of the Kingdom Plantae. The majority of seaweeds, like the kelps (very
large brown algae from the Order Laminariales), despite a superficial appearance of such,
lack true stems, leaves, roots, and any kind of vascular systems as found in higher plants.
Thus, the kelps are not Plantae; but are they plants? Certainly if we regard the green algae
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Plants and their Uses

as plants, it is difficult to exclude the more prominent red and brown algae of our coastal
waters.

Another, much broader definition for plant is that it refers to any organism that is
photoautotrophic---produces its own food from raw inorganic materials and sunlight. This
is not an unreasonable definition, and is one that focuses on the role plants typically play in
an ecosystem. However, there are photoautotrophs among the Prokaryotes, specifically
photoautotrophic bacteria and cyanophytes. The latter are sometimes called (for good rea-
sons) blue-green algae. Then there arises the problem that many people would consider that
a mushroom is a plant; a mushroom is the fruiting body of a fungus (Kingdom Fungi) and
not photoautotrophic at all, but saprophytic. However, there are more than a few species of
flowering plants, fungi, and bacteria that are not autotrophic, but parasitic.

We cannot hope to offer a firm answer. The list of characteristics that separate the Plantae
from the other biological kingdoms provides at least a technical definition, but realize it is
only a technical definition. The problem this lack of precision or agreement in the definition
of "plant" presents is one of understanding statements, often encountered inWikipedia (and
other) articles, of the sort: ...xylem is one of the two transport tissues of plants. In general
it cannot be assumed this means all plants, algae through flowering plants. It very probably
does not include fungi or bacteria. Indeed, it is usually safest to assume the discussion is
about vascular plants (essentially the ferns, conifers, flowering plants, and a few others; see
discussion below on "General Terminology") unless stated differently (e.g., ...in vascular
and non-vascular plants this issuch and such).

3.6.2 Plants as Organisms

The distinction between life and non-life is not as easily made as you might think. There
exist intracellular "parasites" that are progressively less alive in terms of being metabolically
active:

3.7 Plants and their Uses

There can be no disputing the fundamental significance of plants to the ecology of our
planet. Photosynthetic plants utilize energy arriving from the sun to create complex or-
ganic molecules from inorganic substances, and by this process contribute oxygen to the
atmosphere. Advanced animal life is very much dependent upon this source of oxygen, as
well as the organic molecules that form the basis of nearly every food web on the planet.
However, humans utilize plants in many ways, especially as sources of pleasure, food, and
material for shelter, clothing, and more. Consider here the role plants play in our everyday
lives and in our economy.

3.8 Introduction to Plant Classification

At the beginning of this chapter it was suggested that each of us categorizes information we
encounter on a daily basis. Our minds seem to want to find relationships between facts and
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observations, to erect mental bins in which to place new items with previous "facts". This
natural human process is the basis for prejudice, in as much as "facts" categorized together
can become strongly associated. But these are personal constructs. In order for scientists
of many races, speaking many languages, and coming from all manner of backgrounds and
experiences to work productively together to solve common problems, the objects with
which they work must be classified within a universally accepted framework.

The classification of living things is called systematics, or taxonomy, and ideally should
reflect the evolutionary history (phylogeny) of the different organisms.

Taxonomy arranges organisms in groups called taxa, while systematics seeks clues to their
relationships. The dominant system of Scientific Classification is called Linnaean tax-
onomy, and includes classification ranks as well as an organism naming convention called
binomial nomenclature.
Traditionally, all living things were divided into five kingdoms:

Monera15 --- Protista16 --- Fungi17 --- Plantae18 --- Animalia19

However, this five-kingdom system has been replaced by Carl Woese's three-domain system,
which focuses on phylogenic roots and comparison of DNA structures. The older approach
utilized visual observation as the basis of classification. The three domains reflect whether
cells have nuclei (eukaryotic) or not (prokaryotic), as well as differences in cell membranes
and cell walls.

Archaea20 --- Eubacteria21 --- Eukaryota22

Recall (and review as necessary) how these groupings relate to the sequence of events in
the evolutionary history of life as summarized in Timeline of Evolution23. You will return
to the subject of Scientific Classification to consider in much more detail the groups of
organisms studied in Botany, beginning with Chapter 7. First, however, we shall turn our
attention to the structure and function of cells and eventually to gain an understanding of
plant structure (plant anatomy) and function (plant physiology).

3.8.1 General Terminology

In Section II of this text we will delve much deeper into "plant" systematics. But you should
be aware of some general terms related to classificatory schemes that are used regularly in
discussing plants. You have probably encountered these terms many times, although may
not be aware of their exact definitions. For example, much of the material in Section I
of this textbook is biased towards flowering plants. That is, much of the descriptive
material here as well as at Wikipedia refers specifically to these. Flowering plants are

15 http://en.wikipedia.org/wiki/Monera
16 http://en.wikipedia.org/wiki/Protist
17 http://en.wikipedia.org/wiki/Fungi
18 http://en.wikipedia.org/wiki/Plantae
19 http://en.wikipedia.org/wiki/Animal
20 http://en.wikipedia.org/wiki/Archaea
21 http://en.wikipedia.org/wiki/Eubacteria
22 http://en.wikipedia.org/wiki/Eukaryota
23 http://en.wikipedia.org/wiki/Timeline%20of%20evolution
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See Also

angiosperms; plants that have flowers and produce seeds, and comprise the majority of the
plants we would normally encounter in say a nursery if not on the street, field, or empty
lot. Seed-bearing plants include both the angiosperms and the gymnosperms, the latter
now treated as a modern group called conifers. The conifers are also common plants,
especially in higher latitudes, but bear cones instead of flowers. Both conifers and flowering
plants develop vascular tissues internally that conduct fluids (especially water) throughout
the plant. Included in the vascular plants are ferns. Ferns have vascular tissue, but
reproduce by spores. They do not produce seeds and do not bear flowers.

3.9 See Also

• Discussion24of this chapter

<< Contents Page25 | << Chapter 126 | Chapter 2| Chapter 327 >>| ----

Chapter 2. Plant Cells
----

3.10 Introduction

Figure 1 A loupe (left) and a hand-lens
(right) - tools used by botanists in the field

A cell is a very basic structure of all living systems, consisting of protoplasm within
a containing cell membrane. Only entities such as viruses---literally on the boundary
between non-living chemicals and living systems---lack cells or basic cell structure. All
plants, including very simple plants called algae, and all animals are made up of cells,

24 http://en.wikibooks.org/wiki/Botany%2FIntroduction%20discussion
25 http://en.wikibooks.org/wiki/Botany%23Detailed_Contents
26 Chapter 3.4 on page 9
27 Chapter 3.13 on page 16
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and these are organized in various ways to create structure and function in an organism.
Biologists recognize two basic types of cells: prokaryotic and eukaryotic. Prokaryotic
cells are structurally more simple. They are found only in single-celled and some simple,
multicellular organisms (all bacteria and some algae, which all belong to Bacteria and
Archaea domains). Eukaryotic cells are found in most algae, all higher plants, fungi, and
animals (Eukarya domain). Thus, differences between these two cell types are critical to
how an organism is classified, and an important consideration in the evolutionary sequence
of life on the planet Earth.

3.11 Plant Cell Structure

Nearly all cells are too small to be seen with the unaided eye. As always there are some
exceptions, but generally magnification is required to detect a cellular structure. In plants,
a good hand-lens or loupe (see photo at right) will sometimes suffice, but in working with
cells or observing how cells are organized to form tissues and structures, a high power
microscope28 is used.
• Read about Cells29 ˜ You may wish to follow some or all links to "Main articles" as
these provide detail that may interest you; or you might return to explore further should
questions arise later in the course.

• Read Plant cells30 and, at minimum, articles at the following links (but ignore, for now,
the topic of Plant Cell Types):
• Cell Wall31
• Protoplasm and cytoplasm32

• Vacuole33
• Ergastic substances34
• Plastids35
• Chloroplasts36

Also note that the textbook, Cell Biology37, is available at WikiBooks and can be used as
a more detailed reference. You should read the Introductory Chapter38 (all subsections)
at this time.

Questions:

1. Can you think of reasons whymacroscopicorganisms are multicellular? (Macroscopic
means large, in the sense of "not microscopic")

28 http://en.wikipedia.org/wiki/Microscope
29 http://en.wikipedia.org/wiki/Cell%20%28biology%29
30 http://en.wikipedia.org/wiki/Plant_cell
31 http://en.wikipedia.org/wiki/Cell_wall
32 http://en.wikipedia.org/wiki/Protoplasm
33 http://en.wikipedia.org/wiki/Vacuole
34 http://en.wikipedia.org/wiki/Ergastic%20substances
35 http://en.wikipedia.org/wiki/Plastid
36 http://en.wikipedia.org/wiki/Chloroplast
37 http://en.wikibooks.org/wiki/Cell%20Biology
38 http://en.wikibooks.org/wiki/Cell%20Biology%2FIntroduction
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3.12 Basic Cell Function

You should, by now, have a general appreciation for the complexity of cellular structure.
Improvements in microscopy, especially development of the Electron microscope39, have
revealed that cells are not merely membranous sacks containing fluid of gel-like consistency.
The degree of organization of the cytoplasm into organelles and theirmembranes should
have you convinced that much (perhaps most) of what is really going on around you on this
planet is occurring at a scale that is simply inaccessible to your eyes. And while you cannot
be expected to directly observe chemical reactions at a molecular scale, contemplate that
you cannot, even with powerful optics, directly observe most of the structure where these
reactions are somehow controlled to produce outcomes favorable to life---indeed, are life.
Hopefully, as you acquire knowledge and become a biologist---a botanist---you will learn
to recognize the relevant phenomena by their macroscopic expressions (that which you can
readily observe with the unaided eye).

To appreciate basic cell function, it is necessary to first list the processes or outcomes that
cells must accomplish to further existence. More specialized functions will be discussed
under plant cell structure, as our interest must eventually focus on plants. For now, recall
that in your reading you have already encountered these several basic abilities of cells:

• Metabolism involves taking in of raw material to use in building cell components and
breaking down of other molecules to provide energy for various growth processes; byprod-
ucts may be released.

• Protein biosynthesis by transcription of DNA to RNA and then translation to protein,
used in growth or released for use elsewhere by the organism.

• Reproduction by cell division.

Now explore each in turn. Think initially of a single-celled organism with no special abilities,
only a "will" to stay alive and perpetuate itself. Remember, the environment will not be
kind. The cell must grow and reproduce to counter the tendency of outside forces to
breakdown molecular structure and destroy life. Then consider the situation where a cell
is part of a multicellular organism, and may be performing more limited and specialized
functions.

• Read Cell metabolism40 (Follow links and read at least these articles):
• Metabolic pathway41 (Links need not be followed)
• Cell respiration42 (Follows all links)

• Read Protein biosynthesis43 (Follow links as necessary to understand process and termi-
nology; Also included is:)
• Gene expression44

• Read Cell reproduction45 (The following links are included:)

39 http://en.wikipedia.org/wiki/Electron_microscope
40 http://en.wikipedia.org/wiki/Cell_metabolism
41 http://en.wikipedia.org/wiki/Metabolic%20pathway
42 http://en.wikipedia.org/wiki/Cellular%20respiration
43 http://en.wikipedia.org/wiki/Protein_biosynthesis
44 http://en.wikipedia.org/wiki/Gene_expression
45 http://en.wikipedia.org/wiki/Cell_division
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• Mitosis46
• Cell cycle47

Questions:

1. Have you been able to discern a relationship between genes and basic cell function? If
so, is this also a basic cell function, and where do we list it?

3.13 Plant Cell Specializations

We will learn about the cells of algae and other organisms (e.g., bacteria and fungi) tradi-
tionally covered within Botany in later chapters on those organisms (Chapters 5 - 7). Here,
we concentrate on the cells of plants.

The simplest type of plant cell is called a parenchyma cell and most of the basic metabolic
and reproductive processes of the plant occur in these cells. A term for parenchyma cells with
chloroplasts, is chlorenchyma cells. Other plant cell types that we shall be considering
are:

• Collenchyma ˜ living cells with thickened walls for increased support
• Sclerenchyma ˜ lignified dead cells forming fibers for increased support
• Epidermal ˜ surface covering
• Cork
• Xylem tracheid ˜ single long (up to 1 mm) thin cells for transporting water and support
• Xylem vessel ˜ cells form individual elements in an even longer (up to 1 meter in
extreme cases) tube for transporting water

• Meristematic cells ˜ growth
• Read Parenchyma cell48

----

Laboratory Exercises49 for Chapter 2 >>

Discussion of questions50 for Chapter 2 >>>

----

UNKNOWN TEMPLATE BotanyTOC

Category:Botany51

<< Contents Page52 | << Chapter 253 | Chapter 3| Chapter 454 >>| ----

46 http://en.wikipedia.org/wiki/Mitosis
47 http://en.wikipedia.org/wiki/Cell_cycle
48 http://en.wikipedia.org/wiki/Parenchyma
49 http://en.wikibooks.org/wiki/Botany%2FMicroscopy_laboratory
50 http://en.wikibooks.org/wiki/Botany%2FPlant_cells_discussion
51 http://en.wikibooks.org/wiki/Category%3ABotany
52 http://en.wikibooks.org/wiki/Botany%23Detailed_Contents
53 Chapter 3.9 on page 13
54 Chapter 3.15.1 on page 17
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Chapter 3. Plant Tissues
----

3.14 Introduction

3.15 Plant Tissues

Most plant cells are specialized to a greater or lesser degree, and arranged together in
tissues. A plant tissue can be simple or complex depending upon whether it is composed of
one or more than one type of cell. The simplest tissue found in plants is called parenchyma.
The cells are not very specialized, more or less rounded or angular where packed together,
and thin-walled. A type of parenchyma called chlorenchyma because the cells contain
chloroplasts forms tissue (usually in the leaves) responsible for most of the photosynthesis
occurring in the plant. Note that in simple tissues at least (tissues comprised mostly of
one cell type), the tissue name follows from the cell type. However, tissues may also have
unique anatomical names related to where in the plant they occur.

3.15.1 Meristems

The growth of a plant requires a source of undifferentiated cells located in places where
growth is needed and can be initiated to further the body plan (in comparison to animals,
plants are rather open in this regard). Some enlargement in size is always possible by
elongation or enlargement of existing cells, or by existing cells simply dividing. But dif-
ferentiation of one cell type into another is only possible if the initial cell (mother cell) is
not very specialized. Tissues comprised of cells that remain undifferentiated and supply,
by their divisions, cells to form new tissues and organs, are called meristems. Meristem
tissue occurs in places that allow for a very orderly pattern of growth.

----

UNKNOWN TEMPLATE BotanyTOC

Category:Botany55

<< Contents Page56 | << Chapter 357 | Chapter 4| Chapter 558 >>| ----

Chapter 4. Plant Vegetative Organs
----

55 http://en.wikibooks.org/wiki/Category%3ABotany
56 http://en.wikibooks.org/wiki/Botany%23Contents
57 Chapter 3.13 on page 16
58 Chapter 3.19 on page 20
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Figure 2 Myriophyllum aquaticum

The parrot's feather, an aquatic plant (Myriophyllum aquaticum)
Click to enlarge59 picture

3.16 Introduction

As was noted in the previous chapter60, most plant cells are specialized to a greater or lesser
degree, and arranged together in tissues. A tissue can be simple or complex depending upon
whether it is composed of one or more than one type of cell. Tissues are further arranged or
combined into organs that carry out life functions of the organism. Plant organs include
the leaf, stem, root, and reproductive structures. The first three are sometimes called
the vegetative organs and are the subject of exploration in this chapter. Reproductive organs
will be covered in Chapter 561.

The relationships of the organs within a plant body to each other remains an unsettled
subject within plant morphology. The fundamental question is whether these are truly
different structures, or just modifications of one basic structure (Eames, 1936; Esau, 1965).

59 http://en.wikibooks.org/wiki/Media%3AParrotfeather.jpg
60 Chapter 3.13 on page 16
61 Chapter 3.19 on page 20
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The plant body is an integrated, functional unit, so the division of a plant into organs is
largely conceptual, providing a convenient way of approaching plant form and function. A
boundary between stem and leaf is particularly difficult to make, so botanists sometimes
use the word shoot to refer to the stem and its appendages (Esau, 1965).

3.17 The Leaf

The plant leaf is an organ whose shape promotes efficient gathering of light for photosyn-
thesis, but the form of the leaf must also be balanced against the fact that most of the loss
of water a plant might suffer is going to occur at its leaves. Leaves are extremely variable
in details of size, shape, and adornments like hairs.

Although the leaves of most plants carry out the same very basic functions, there is nonethe-
less an amazing variety of leaf sizes, shapes, margin types, forms of attachment, ornamen-
tation (hairs), and even color. Examine the Leaves (forms)62 page to learn the extensive
terminology used to describe this variation. Consider that there are functional reasons for
the modifications from a "basic" type.

3.18 The Stem

The stem arises during development of the embryo as part of the hypocotyl-root axis, at the
upper end of which are one or more cotyledons and the shoot primordium.

• Read: Stem63

3.19 The Root

The root is the (typically) underground part of the plant axis specialized for both anchoring
the plant and absorbing water and minerals.

• Read: Root64 (Follow any links for terms you do not understand and to gain a complete
picture of root structural variation)

Be sure to read about and understand the meaning of each (at a minimum) of the following
terms: adventitious roots, endodermis, epidermis, gravitropism, root cap, root
hair, stele, taproot.

Most of the material you have read discusses the root organ as found in the angiosperms
(flowering plants). However, among the vascular plants, only Psilotales lack such an organ,
having instead rhizomes that bear hair-like absorbing structures called rhizoids (Eames,
1936 in Esau, 1965).

62 http://en.wikibooks.org/wiki/Botany%2FLeaves%20%28forms%29
63 http://en.wikipedia.org/wiki/Plant_stem
64 http://en.wikipedia.org/wiki/Root
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Questions:

4-1. At this point the conceptual differences between cell types, tissues,
organs,

and organisms may be somewhat confusing. Using the leaf as an example,
describe

this structure in a way that considers the cell types, tissues, and organs
for

that part of the leaf where photosynthesis is concentrated.

----

<Big>Laboratory Exercises65 for Chapter 4 >>

Discussion of questions66 for Chapter 4 >>>
----
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Vegetative Reproduction

Figure 3 Noni (Morinda citrifolia) flowers and fruit. Note stages of progressive
maturation shown from a cluster of flowers to an accessory fruit.

3.20 Vegetative Reproduction

Vegetative reproduction is a type of asexual reproduction---other terms that apply are
vegetative propagation, clonal growth, or vegetative multiplication. Vegetative growth is
enlargement of the individual plant; vegetative reproduction is any process that results in
new plant "individuals" without production of seeds (see The Seed below) or spores. It
is both a natural process in many, many species as well as one utilized or encouraged by
horticulturists and farmers to obtain quantities of economically valuable plants. In this
respect, it is a form of cloning that has been carried out by humankind for thousands of
years and by "plants" for hundreds of millions of years.

• Read Vegetative Reproduction71 (Follow all links)

71 http://en.wikipedia.org/wiki/Vegetative_reproduction
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3.21 Sexual Reproduction

3.21.1 The Flower

The flower is the reproductive organ of plants classified as angiosperms---that is, the flow-
ering plants comprising the Division Magnoliophyta. All plants have the means and
corresponding structures for reproducing sexually, and these other cases will be explored
in later chapters. However, because flowering plants are the most conspicuous plants
in almost all terrestrial environments, we justifiably devote this chapter to the flowering
plants alone. You will learn how other plant groups (and non-plant groups, such as fungi)
reproduce sexually in Section II of the The Guide.

The basic function of a flower is to produce seeds through sexual reproduction. Seeds are
the next generation, and serve as the primary method in most plants by which individuals
of the species are dispersed across the landscape. Actual dispersal is, in most species,
a function of the fruit: structural parts that typically surround the seed. But the seed
contains the germ of life of the next generation.

• Read Plant sexuality72 (Follow links you find interesting, concentrating on acquiring a
grasp of the terminology)

• Read The Flower73 (Follow links you find interesting, but at minimum read each of the
following articles)
• Read calyx74 - the sepals
• Read corolla75 - the petals
• Read androecium76 - the stamens
• Read gynoecium77 - the pistil(s)

Be sure to read about and understand the meaning of each of the following terms: an-
droecium, anthesis, calyx, carpel, corolla, gynoecium, inferior ovary, nectary,
perigynous, petal, pistil, pollen, sepal, stamen, superior ovary, syncarpous.

• Read Inflorescence78

Be sure to read about and understand the meaning of each of the following terms: bract,
inflorescence, panicle, raceme, spadix, spikelet.

Questions:

5-1. Do you think the flower structure is in any way responsible for the
considerable

success of flowering plants in populating the earth?

72 http://en.wikipedia.org/wiki/Plant%20sexuality
73 http://en.wikipedia.org/wiki/Flower
74 http://en.wikipedia.org/wiki/Sepal
75 http://en.wikipedia.org/wiki/Petal
76 http://en.wikipedia.org/wiki/Stamen
77 http://en.wikipedia.org/wiki/Carpel
78 http://en.wikipedia.org/wiki/Inflorescence
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3.21.2 The Seed and Germination

the primary purpose of the seed is one of preserving the continuity of life---starting a new
generation in a new physical location. For large plants (shrubs and trees), this can be
especially important because successful germination and growth close to the parent may be
difficult or impossible; the established plant monopolizes light and water resources in its
immediate vicinity. Seeds can also serve the function of overwintering or surviving harsh
conditions. The entire generation---every individual---may die in the Fall or the dry season.
In many annual species, only the seed exists during unfavorable dry or cold conditions.

• The Seed79 (Follow all links on anatomy and function)
• Read Germination80

needed here an explanation of clonal reproduction of plants... through genets,
rhizomes or whatever. I am not a botanist, please, if you are, explain this.

3.21.3 The Fruit

The fruit is the actual agent of dispersal in most flowering plants.

• The Fruit81

----

Laboratory Exercises (flowers)82 for Chapter 5 >>
Laboratory Exercises (seeds)83 for Chapter 5 >>
Discussion of questions84 for Chapter 5 >>
----
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79 http://en.wikipedia.org/wiki/Seed
80 http://en.wikipedia.org/wiki/Germination
81 http://en.wikipedia.org/wiki/Fruit
82 Chapter 3.21.3 on page 23
83 Chapter 3.22.1 on page 29
84 http://en.wikibooks.org/wiki/Botany%2FPlant_reproduction_discussion
85 http://en.wikibooks.org/wiki/Category%3ABotany
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3.22 Chapter 5. Plant Reproduction Laboratory ˜ Flowers

Figure 4 Spathoglottis plicata

Infloresence of the orchid,Spathoglottis plicata(enlarge to examine86).

3.22.1 An orchid flower

This first laboratory exercise for Chapter 4 deals with the flowers of a ground orchid from
Southeast Asia. The photograph on the right demonstrates the descriptive terminology
that can be applied to this species. You may wish to read about orchids87 to place this

86 http://en.wikibooks.org/wiki/media%3AOrchid_lab.jpg
87 http://en.wikipedia.org/wiki/Orchidaceae
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plant taxonomically and better understand unusual aspects of the structure of this flower.
In reading the description below, be sure you understand how or why each bolded word
applies to this specimen. Also, observe that the flowering-through-fruiting sequence is well
demonstrated in the photograph because each flower is in a slightly different phase of its
life cycle from bud to fruit.

Spathoglottis plicata Blume --- The flowers of this orchid are carried on an erect raceme
growing out of the pseudobulb, each flower subtended by a green to purplish bract that
becomes strongly reflexed with age. The purple sepals and petals are similar and
spreading, elliptic to elliptic-ovate; the labellum is in three distinct parts: the lateral
lobes narrow and erect, the middle lobe horizontal and cleft or 2-lobed. Lying above the
latter is the narrowly clavate column. The inferior ovary in Spathoglottis develops into
a cylindrical capsule (fruit) as the perianth withers.

----

4-1. Review the photograph of the inflorescence of the orchid. Which one of these state-
ments is true:

a) this inflorescence demonstrates determinate growth

b) this inflorescence could as well be called a spike

c) the uppermost flower shows anthesis.

d) there are five petals, therefore this is a dicot.
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Figure 5 PHOTOGRAPH 1

Photograph 1: Bidens torta(Examine88)

Following are a series of photographs of flowers from various plants. Note that by clicking
on the word "Examine" in each title, you can enlarge the particular photograph for closer
examination. Read each question and the offered answers carefully. All parts of answer
choice must be correct for that choice to be correct.

4-2. The structure at Bis:
a) leaf

b) corolla

88 http://en.wikibooks.org/wiki/Media%3AFlowerLab3.jpg
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c) ligule

d) sepal

e) petiole

Figure 6 PHOTOGRAPH 2

Photograph 2. Hibiscus (Examine89)

4-3. Although the flowers in these three photographs appear very different, the following
parts or floral structures are essentially the same:

a) AA and F

b) BB and C

c) G and H

d) F and B

e) D and BB

4-4. Which statement of the following applies to the structure indicated at E:
a) Pollen grains have landed on this pistil

b) Androecium of a monoecious plant

c) This is a spathe

d) E is an anther releasing pollen

e) This flower head is on a dioecious plant

89 http://en.wikibooks.org/wiki/Media%3AFlowerLab1.jpg
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Figure 7 PHOTOGRAPH 3

Photograph 3.Xanthosoma or 'Ape (Examine90)

<< Return to Chapter 591 ---- Answers to Chapter 4 Laboratory Questions:

4-1 ˜ c (this flower alone is capable of pollination)

4-2 ˜ b (A flower head with tubular disk corollas)

4-3 ˜ d (both F and B indicate petals of their respective flowers)

90 http://en.wikibooks.org/wiki/Media%3AArum%20flower.jpg
91 Chapter 3.19 on page 20
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4-4 ˜ d (the androecium is supported on a tubular structure (G) that surrounds the pistil
(H)

Category:Botany92

3.23 Chapter 5. Plant Reproduction Laboratory ˜ Seeds

3.24 A monocot seedling

Figure 8 Pritchardia remota

The photograph at the right shows two germinating seeds. These are seeds of the fan palm,
Pritchardia remota, a species found naturally only on (endemic to) the remote island of
Nihoa in the Hawaiian islands. The seed on the left is in the proper orientation in the
planting medium (only a part of the fruit coat covering the seed is visible), while the one on

92 http://en.wikibooks.org/wiki/Category%3ABotany
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the right (in a slightly earlier stage) has been laid on the surface in order to better reveal
development of the root. The following structures are labeled:

co - coleoptile or shoot pole of plant axis; essentially a cap within which the plumule (first
leaf) is developing, to eventually project through as in the seedling on the left.

ra - radicle; primordial root or root pole of axis (note tiny root cap), buried in the medium
in the seedling on the left.

sc - scuttelum; that part of the cotyledon that remains inside the seed to absorb food
stored in an endosperm.

(enlarge to examine93).

<< Return to Chapter 594 ----

Category:Botany95

93 http://en.wikibooks.org/wiki/media%3AMonocot_seedling.jpg
94 Chapter 3.19 on page 20
95 http://en.wikibooks.org/wiki/Category%3ABotany
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4 License

4.1 GNU Free Documentation License

1. REDIRECT Wikibooks:GNU Free Documentation License1

1 http://en.wikibooks.org/wiki/GNU%20Free%20Documentation%20License
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6 Licenses

6.1 GNU GENERAL PUBLIC LICENSE
Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc. <http://fsf.org/>

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

The GNU General Public License is a free, copyleft license for software
and other kinds of works.

The licenses for most software and other practical works are designed
to take away your freedom to share and change the works. By con-
trast, the GNU General Public License is intended to guarantee your
freedom to share and change all versions of a program--to make sure
it remains free software for all its users. We, the Free Software Foun-
dation, use the GNU General Public License for most of our software;
it applies also to any other work released this way by its authors. You
can apply it to your programs, too.

When we speak of free software, we are referring to freedom, not price.
Our General Public Licenses are designed to make sure that you have
the freedom to distribute copies of free software (and charge for them
if you wish), that you receive source code or can get it if you want
it, that you can change the software or use pieces of it in new free
programs, and that you know you can do these things.

To protect your rights, we need to prevent others from denying you
these rights or asking you to surrender the rights. Therefore, you have
certain responsibilities if you distribute copies of the software, or if you
modify it: responsibilities to respect the freedom of others.

For example, if you distribute copies of such a program, whether gratis
or for a fee, you must pass on to the recipients the same freedoms that
you received. You must make sure that they, too, receive or can get
the source code. And you must show them these terms so they know
their rights.

Developers that use the GNU GPL protect your rights with two steps:
(1) assert copyright on the software, and (2) offer you this License
giving you legal permission to copy, distribute and/or modify it.

For the developers' and authors' protection, the GPL clearly explains
that there is no warranty for this free software. For both users' and
authors' sake, the GPL requires that modified versions be marked as
changed, so that their problems will not be attributed erroneously to
authors of previous versions.

Some devices are designed to deny users access to install or run mod-
ified versions of the software inside them, although the manufacturer
can do so. This is fundamentally incompatible with the aim of protect-
ing users' freedom to change the software. The systematic pattern of
such abuse occurs in the area of products for individuals to use, which
is precisely where it is most unacceptable. Therefore, we have designed
this version of the GPL to prohibit the practice for those products. If
such problems arise substantially in other domains, we stand ready to
extend this provision to those domains in future versions of the GPL,
as needed to protect the freedom of users.

Finally, every program is threatened constantly by software patents.
States should not allow patents to restrict development and use of soft-
ware on general-purpose computers, but in those that do, we wish to
avoid the special danger that patents applied to a free program could
make it effectively proprietary. To prevent this, the GPL assures that
patents cannot be used to render the program non-free.

The precise terms and conditions for copying, distribution and modi-
fication follow. TERMS AND CONDITIONS 0. Definitions.

“This License” refers to version 3 of the GNU General Public License.

“Copyright” also means copyright-like laws that apply to other kinds
of works, such as semiconductor masks.

“The Program” refers to any copyrightable work licensed under this Li-
cense. Each licensee is addressed as “you”. “Licensees” and “recipients”
may be individuals or organizations.

To “modify” a work means to copy from or adapt all or part of the work
in a fashion requiring copyright permission, other than the making of
an exact copy. The resulting work is called a “modified version” of the
earlier work or a work “based on” the earlier work.

A “covered work” means either the unmodified Program or a work
based on the Program.

To “propagate” a work means to do anything with it that, without per-
mission, would make you directly or secondarily liable for infringement
under applicable copyright law, except executing it on a computer or
modifying a private copy. Propagation includes copying, distribution
(with or without modification), making available to the public, and in
some countries other activities as well.

To “convey” a work means any kind of propagation that enables other
parties to make or receive copies. Mere interaction with a user through
a computer network, with no transfer of a copy, is not conveying.

An interactive user interface displays “Appropriate Legal Notices” to
the extent that it includes a convenient and prominently visible fea-
ture that (1) displays an appropriate copyright notice, and (2) tells the
user that there is no warranty for the work (except to the extent that
warranties are provided), that licensees may convey the work under
this License, and how to view a copy of this License. If the inter-
face presents a list of user commands or options, such as a menu, a
prominent item in the list meets this criterion. 1. Source Code.

The “source code” for a work means the preferred form of the work for
making modifications to it. “Object code” means any non-source form
of a work.

A “Standard Interface” means an interface that either is an official
standard defined by a recognized standards body, or, in the case of
interfaces specified for a particular programming language, one that is
widely used among developers working in that language.

The “System Libraries” of an executable work include anything, other
than the work as a whole, that (a) is included in the normal form of
packaging a Major Component, but which is not part of that Major
Component, and (b) serves only to enable use of the work with that
Major Component, or to implement a Standard Interface for which an
implementation is available to the public in source code form. A “Ma-
jor Component”, in this context, means a major essential component
(kernel, window system, and so on) of the specific operating system (if
any) on which the executable work runs, or a compiler used to produce
the work, or an object code interpreter used to run it.

The “Corresponding Source” for a work in object code form means all
the source code needed to generate, install, and (for an executable
work) run the object code and to modify the work, including scripts
to control those activities. However, it does not include the work's
System Libraries, or general-purpose tools or generally available free
programs which are used unmodified in performing those activities but
which are not part of the work. For example, Corresponding Source
includes interface definition files associated with source files for the
work, and the source code for shared libraries and dynamically linked
subprograms that the work is specifically designed to require, such as
by intimate data communication or control flow between those sub-
programs and other parts of the work.

The Corresponding Source need not include anything that users can re-
generate automatically from other parts of the Corresponding Source.

The Corresponding Source for a work in source code form is that same
work. 2. Basic Permissions.

All rights granted under this License are granted for the term of copy-
right on the Program, and are irrevocable provided the stated con-
ditions are met. This License explicitly affirms your unlimited per-
mission to run the unmodified Program. The output from running a
covered work is covered by this License only if the output, given its
content, constitutes a covered work. This License acknowledges your
rights of fair use or other equivalent, as provided by copyright law.

You may make, run and propagate covered works that you do not con-
vey, without conditions so long as your license otherwise remains in
force. You may convey covered works to others for the sole purpose
of having them make modifications exclusively for you, or provide you
with facilities for running those works, provided that you comply with
the terms of this License in conveying all material for which you do not
control copyright. Those thus making or running the covered works
for you must do so exclusively on your behalf, under your direction
and control, on terms that prohibit them from making any copies of
your copyrighted material outside their relationship with you.

Conveying under any other circumstances is permitted solely under
the conditions stated below. Sublicensing is not allowed; section 10
makes it unnecessary. 3. Protecting Users' Legal Rights From Anti-
Circumvention Law.

No covered work shall be deemed part of an effective technological
measure under any applicable law fulfilling obligations under article
11 of the WIPO copyright treaty adopted on 20 December 1996, or
similar laws prohibiting or restricting circumvention of such measures.

When you convey a covered work, you waive any legal power to forbid
circumvention of technological measures to the extent such circum-
vention is effected by exercising rights under this License with respect
to the covered work, and you disclaim any intention to limit opera-
tion or modification of the work as a means of enforcing, against the
work's users, your or third parties' legal rights to forbid circumvention
of technological measures. 4. Conveying Verbatim Copies.

You may convey verbatim copies of the Program's source code as you
receive it, in any medium, provided that you conspicuously and appro-
priately publish on each copy an appropriate copyright notice; keep in-
tact all notices stating that this License and any non-permissive terms
added in accord with section 7 apply to the code; keep intact all no-
tices of the absence of any warranty; and give all recipients a copy of
this License along with the Program.

You may charge any price or no price for each copy that you con-
vey, and you may offer support or warranty protection for a fee. 5.
Conveying Modified Source Versions.

You may convey a work based on the Program, or the modifications
to produce it from the Program, in the form of source code under the
terms of section 4, provided that you also meet all of these conditions:

* a) The work must carry prominent notices stating that you modified
it, and giving a relevant date. * b) The work must carry prominent
notices stating that it is released under this License and any conditions
added under section 7. This requirement modifies the requirement in
section 4 to “keep intact all notices”. * c) You must license the entire
work, as a whole, under this License to anyone who comes into pos-
session of a copy. This License will therefore apply, along with any
applicable section 7 additional terms, to the whole of the work, and
all its parts, regardless of how they are packaged. This License gives
no permission to license the work in any other way, but it does not
invalidate such permission if you have separately received it. * d) If
the work has interactive user interfaces, each must display Appropriate
Legal Notices; however, if the Program has interactive interfaces that
do not display Appropriate Legal Notices, your work need not make
them do so.

A compilation of a covered work with other separate and independent
works, which are not by their nature extensions of the covered work,
and which are not combined with it such as to form a larger program,
in or on a volume of a storage or distribution medium, is called an
“aggregate” if the compilation and its resulting copyright are not used
to limit the access or legal rights of the compilation's users beyond
what the individual works permit. Inclusion of a covered work in an
aggregate does not cause this License to apply to the other parts of
the aggregate. 6. Conveying Non-Source Forms.

You may convey a covered work in object code form under the terms of
sections 4 and 5, provided that you also convey the machine-readable
Corresponding Source under the terms of this License, in one of these
ways:

* a) Convey the object code in, or embodied in, a physical product (in-
cluding a physical distribution medium), accompanied by the Corre-
sponding Source fixed on a durable physical medium customarily used
for software interchange. * b) Convey the object code in, or embodied
in, a physical product (including a physical distribution medium), ac-
companied by a written offer, valid for at least three years and valid
for as long as you offer spare parts or customer support for that prod-
uct model, to give anyone who possesses the object code either (1) a
copy of the Corresponding Source for all the software in the product
that is covered by this License, on a durable physical medium cus-
tomarily used for software interchange, for a price no more than your
reasonable cost of physically performing this conveying of source, or
(2) access to copy the Corresponding Source from a network server at
no charge. * c) Convey individual copies of the object code with a
copy of the written offer to provide the Corresponding Source. This
alternative is allowed only occasionally and noncommercially, and only
if you received the object code with such an offer, in accord with sub-
section 6b. * d) Convey the object code by offering access from a
designated place (gratis or for a charge), and offer equivalent access to
the Corresponding Source in the same way through the same place at
no further charge. You need not require recipients to copy the Corre-
sponding Source along with the object code. If the place to copy the
object code is a network server, the Corresponding Source may be on a

different server (operated by you or a third party) that supports equiv-
alent copying facilities, provided you maintain clear directions next to
the object code saying where to find the Corresponding Source. Re-
gardless of what server hosts the Corresponding Source, you remain
obligated to ensure that it is available for as long as needed to satisfy
these requirements. * e) Convey the object code using peer-to-peer
transmission, provided you inform other peers where the object code
and Corresponding Source of the work are being offered to the general
public at no charge under subsection 6d.

A separable portion of the object code, whose source code is excluded
from the Corresponding Source as a System Library, need not be in-
cluded in conveying the object code work.

A “User Product” is either (1) a “consumer product”, which means any
tangible personal property which is normally used for personal, family,
or household purposes, or (2) anything designed or sold for incorpora-
tion into a dwelling. In determining whether a product is a consumer
product, doubtful cases shall be resolved in favor of coverage. For a
particular product received by a particular user, “normally used” refers
to a typical or common use of that class of product, regardless of the
status of the particular user or of the way in which the particular
user actually uses, or expects or is expected to use, the product. A
product is a consumer product regardless of whether the product has
substantial commercial, industrial or non-consumer uses, unless such
uses represent the only significant mode of use of the product.

“Installation Information” for a User Product means any methods, pro-
cedures, authorization keys, or other information required to install
and execute modified versions of a covered work in that User Product
from a modified version of its Corresponding Source. The information
must suffice to ensure that the continued functioning of the modified
object code is in no case prevented or interfered with solely because
modification has been made.

If you convey an object code work under this section in, or with, or
specifically for use in, a User Product, and the conveying occurs as
part of a transaction in which the right of possession and use of the
User Product is transferred to the recipient in perpetuity or for a fixed
term (regardless of how the transaction is characterized), the Corre-
sponding Source conveyed under this section must be accompanied by
the Installation Information. But this requirement does not apply if
neither you nor any third party retains the ability to install modi-
fied object code on the User Product (for example, the work has been
installed in ROM).

The requirement to provide Installation Information does not include
a requirement to continue to provide support service, warranty, or up-
dates for a work that has been modified or installed by the recipient,
or for the User Product in which it has been modified or installed.
Access to a network may be denied when the modification itself ma-
terially and adversely affects the operation of the network or violates
the rules and protocols for communication across the network.

Corresponding Source conveyed, and Installation Information pro-
vided, in accord with this section must be in a format that is publicly
documented (and with an implementation available to the public in
source code form), and must require no special password or key for
unpacking, reading or copying. 7. Additional Terms.

“Additional permissions” are terms that supplement the terms of this
License by making exceptions from one or more of its conditions. Ad-
ditional permissions that are applicable to the entire Program shall be
treated as though they were included in this License, to the extent that
they are valid under applicable law. If additional permissions apply
only to part of the Program, that part may be used separately under
those permissions, but the entire Program remains governed by this
License without regard to the additional permissions.

When you convey a copy of a covered work, you may at your option
remove any additional permissions from that copy, or from any part
of it. (Additional permissions may be written to require their own
removal in certain cases when you modify the work.) You may place
additional permissions on material, added by you to a covered work,
for which you have or can give appropriate copyright permission.

Notwithstanding any other provision of this License, for material you
add to a covered work, you may (if authorized by the copyright holders
of that material) supplement the terms of this License with terms:

* a) Disclaiming warranty or limiting liability differently from the
terms of sections 15 and 16 of this License; or * b) Requiring preser-
vation of specified reasonable legal notices or author attributions in
that material or in the Appropriate Legal Notices displayed by works
containing it; or * c) Prohibiting misrepresentation of the origin of
that material, or requiring that modified versions of such material be
marked in reasonable ways as different from the original version; or *
d) Limiting the use for publicity purposes of names of licensors or au-
thors of the material; or * e) Declining to grant rights under trademark
law for use of some trade names, trademarks, or service marks; or *
f) Requiring indemnification of licensors and authors of that material
by anyone who conveys the material (or modified versions of it) with
contractual assumptions of liability to the recipient, for any liability
that these contractual assumptions directly impose on those licensors
and authors.

All other non-permissive additional terms are considered “further re-
strictions” within the meaning of section 10. If the Program as you
received it, or any part of it, contains a notice stating that it is gov-
erned by this License along with a term that is a further restriction,
you may remove that term. If a license document contains a further
restriction but permits relicensing or conveying under this License, you
may add to a covered work material governed by the terms of that li-
cense document, provided that the further restriction does not survive
such relicensing or conveying.

If you add terms to a covered work in accord with this section, you
must place, in the relevant source files, a statement of the additional
terms that apply to those files, or a notice indicating where to find the
applicable terms.

Additional terms, permissive or non-permissive, may be stated in the
form of a separately written license, or stated as exceptions; the above
requirements apply either way. 8. Termination.

You may not propagate or modify a covered work except as expressly
provided under this License. Any attempt otherwise to propagate or
modify it is void, and will automatically terminate your rights under
this License (including any patent licenses granted under the third
paragraph of section 11).

However, if you cease all violation of this License, then your license
from a particular copyright holder is reinstated (a) provisionally, un-
less and until the copyright holder explicitly and finally terminates

your license, and (b) permanently, if the copyright holder fails to no-
tify you of the violation by some reasonable means prior to 60 days
after the cessation.

Moreover, your license from a particular copyright holder is reinstated
permanently if the copyright holder notifies you of the violation by
some reasonable means, this is the first time you have received notice
of violation of this License (for any work) from that copyright holder,
and you cure the violation prior to 30 days after your receipt of the
notice.

Termination of your rights under this section does not terminate the
licenses of parties who have received copies or rights from you under
this License. If your rights have been terminated and not permanently
reinstated, you do not qualify to receive new licenses for the same
material under section 10. 9. Acceptance Not Required for Having
Copies.

You are not required to accept this License in order to receive or run
a copy of the Program. Ancillary propagation of a covered work oc-
curring solely as a consequence of using peer-to-peer transmission to
receive a copy likewise does not require acceptance. However, nothing
other than this License grants you permission to propagate or modify
any covered work. These actions infringe copyright if you do not accept
this License. Therefore, by modifying or propagating a covered work,
you indicate your acceptance of this License to do so. 10. Automatic
Licensing of Downstream Recipients.

Each time you convey a covered work, the recipient automatically re-
ceives a license from the original licensors, to run, modify and prop-
agate that work, subject to this License. You are not responsible for
enforcing compliance by third parties with this License.

An “entity transaction” is a transaction transferring control of an or-
ganization, or substantially all assets of one, or subdividing an orga-
nization, or merging organizations. If propagation of a covered work
results from an entity transaction, each party to that transaction who
receives a copy of the work also receives whatever licenses to the work
the party's predecessor in interest had or could give under the previous
paragraph, plus a right to possession of the Corresponding Source of
the work from the predecessor in interest, if the predecessor has it or
can get it with reasonable efforts.

You may not impose any further restrictions on the exercise of the
rights granted or affirmed under this License. For example, you may
not impose a license fee, royalty, or other charge for exercise of rights
granted under this License, and you may not initiate litigation (in-
cluding a cross-claim or counterclaim in a lawsuit) alleging that any
patent claim is infringed by making, using, selling, offering for sale, or
importing the Program or any portion of it. 11. Patents.

A “contributor” is a copyright holder who authorizes use under this
License of the Program or a work on which the Program is based. The
work thus licensed is called the contributor's “contributor version”.

A contributor's “essential patent claims” are all patent claims owned
or controlled by the contributor, whether already acquired or hereafter
acquired, that would be infringed by some manner, permitted by this
License, of making, using, or selling its contributor version, but do
not include claims that would be infringed only as a consequence of
further modification of the contributor version. For purposes of this
definition, “control” includes the right to grant patent sublicenses in a
manner consistent with the requirements of this License.

Each contributor grants you a non-exclusive, worldwide, royalty-free
patent license under the contributor's essential patent claims, to make,
use, sell, offer for sale, import and otherwise run, modify and propa-
gate the contents of its contributor version.

In the following three paragraphs, a “patent license” is any express
agreement or commitment, however denominated, not to enforce a
patent (such as an express permission to practice a patent or covenant
not to sue for patent infringement). To “grant” such a patent license
to a party means to make such an agreement or commitment not to
enforce a patent against the party.

If you convey a covered work, knowingly relying on a patent license,
and the Corresponding Source of the work is not available for anyone
to copy, free of charge and under the terms of this License, through
a publicly available network server or other readily accessible means,
then you must either (1) cause the Corresponding Source to be so
available, or (2) arrange to deprive yourself of the benefit of the patent
license for this particular work, or (3) arrange, in a manner consistent
with the requirements of this License, to extend the patent license to
downstream recipients. “Knowingly relying” means you have actual
knowledge that, but for the patent license, your conveying the cov-
ered work in a country, or your recipient's use of the covered work
in a country, would infringe one or more identifiable patents in that
country that you have reason to believe are valid.

If, pursuant to or in connection with a single transaction or arrange-
ment, you convey, or propagate by procuring conveyance of, a covered
work, and grant a patent license to some of the parties receiving the
covered work authorizing them to use, propagate, modify or convey a
specific copy of the covered work, then the patent license you grant is
automatically extended to all recipients of the covered work and works
based on it.

A patent license is “discriminatory” if it does not include within the
scope of its coverage, prohibits the exercise of, or is conditioned on the
non-exercise of one or more of the rights that are specifically granted
under this License. You may not convey a covered work if you are
a party to an arrangement with a third party that is in the business
of distributing software, under which you make payment to the third
party based on the extent of your activity of conveying the work, and
under which the third party grants, to any of the parties who would
receive the covered work from you, a discriminatory patent license (a)
in connection with copies of the covered work conveyed by you (or
copies made from those copies), or (b) primarily for and in connection
with specific products or compilations that contain the covered work,
unless you entered into that arrangement, or that patent license was
granted, prior to 28 March 2007.

Nothing in this License shall be construed as excluding or limiting any
implied license or other defenses to infringement that may otherwise
be available to you under applicable patent law. 12. No Surrender of
Others' Freedom.

If conditions are imposed on you (whether by court order, agreement
or otherwise) that contradict the conditions of this License, they do
not excuse you from the conditions of this License. If you cannot con-
vey a covered work so as to satisfy simultaneously your obligations
under this License and any other pertinent obligations, then as a con-
sequence you may not convey it at all. For example, if you agree to
terms that obligate you to collect a royalty for further conveying from
those to whom you convey the Program, the only way you could satisfy
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both those terms and this License would be to refrain entirely from
conveying the Program. 13. Use with the GNU Affero General Public
License.

Notwithstanding any other provision of this License, you have permis-
sion to link or combine any covered work with a work licensed under
version 3 of the GNU Affero General Public License into a single com-
bined work, and to convey the resulting work. The terms of this Li-
cense will continue to apply to the part which is the covered work, but
the special requirements of the GNU Affero General Public License,
section 13, concerning interaction through a network will apply to the
combination as such. 14. Revised Versions of this License.

The Free Software Foundation may publish revised and/or new ver-
sions of the GNU General Public 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.

Each version is given a distinguishing version number. If the Program
specifies that a certain numbered version of the GNU General Pub-
lic License “or any later version” applies to it, you have the option of
following the terms and conditions either of that numbered version or
of any later version published by the Free Software Foundation. If
the Program does not specify a version number of the GNU General
Public License, you may choose any version ever published by the Free
Software Foundation.

If the Program specifies that a proxy can decide which future versions
of the GNU General Public License can be used, that proxy's public
statement of acceptance of a version permanently authorizes you to
choose that version for the Program.

Later license versions may give you additional or different permissions.
However, no additional obligations are imposed on any author or copy-
right holder as a result of your choosing to follow a later version. 15.
Disclaimer of Warranty.

THERE IS NO WARRANTY FOR THE PROGRAM, TO THE EX-
TENT PERMITTED BY APPLICABLE LAW. EXCEPT WHEN
OTHERWISE STATED IN WRITING THE COPYRIGHT HOLD-
ERS AND/OR OTHER PARTIES PROVIDE THE PROGRAM
“AS IS” WITHOUT WARRANTY OF ANY KIND, EITHER EX-
PRESSED OR IMPLIED, INCLUDING, BUT NOT LIMITED TO,
THE IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS FOR A PARTICULAR PURPOSE. THE ENTIRE RISK
AS TO THE QUALITY AND PERFORMANCE OF THE PRO-
GRAM IS WITH YOU. SHOULD THE PROGRAM PROVE DE-
FECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SER-
VICING, REPAIR OR CORRECTION. 16. Limitation of Liability.

IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR
AGREED TO IN WRITING WILL ANY COPYRIGHT HOLDER,
OR ANY OTHER PARTY WHO MODIFIES AND/OR CONVEYS
THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU
FOR DAMAGES, INCLUDING ANY GENERAL, SPECIAL, INCI-
DENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF
THE USE OR INABILITY TO USE THE PROGRAM (INCLUDING
BUT NOT LIMITED TO LOSS OF DATA OR DATA BEING REN-
DERED INACCURATE OR LOSSES SUSTAINED BY YOU OR
THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPER-
ATEWITH ANY OTHER PROGRAMS), EVEN IF SUCH HOLDER
OR OTHER PARTY HAS BEEN ADVISED OF THE POSSIBILITY
OF SUCH DAMAGES. 17. Interpretation of Sections 15 and 16.

If the disclaimer of warranty and limitation of liability provided above
cannot be given local legal effect according to their terms, reviewing
courts shall apply local law that most closely approximates an abso-
lute waiver of all civil liability in connection with the Program, unless a
warranty or assumption of liability accompanies a copy of the Program
in return for a fee.

END OF TERMS AND CONDITIONS How to Apply These Terms
to Your New Programs

If you develop a new program, and you want it to be of the greatest
possible use to the public, the best way to achieve this is to make it
free software which everyone can redistribute and change under these
terms.

To do so, attach the following notices to the program. It is safest to
attach them to the start of each source file to most effectively state the
exclusion of warranty; and each file should have at least the “copyright”
line and a pointer to where the full notice is found.

<one line to give the program's name and a brief idea of what it does.>
Copyright (C) <year> <name of author>

This program is free software: you can redistribute it and/or modify
it under the terms of the GNU General Public License as published by
the Free Software Foundation, either version 3 of the License, or (at
your option) any later version.

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

You should have received a copy of the GNU General Public License
along with this program. If not, see <http://www.gnu.org/licenses/>.

Also add information on how to contact you by electronic and paper
mail.

If the program does terminal interaction, make it output a short notice
like this when it starts in an interactive mode:

<program> Copyright (C) <year> <name of author> This program
comes with ABSOLUTELY NO WARRANTY; for details type `show
w'. This is free software, and you are welcome to redistribute it under
certain conditions; type `show c' for details.

The hypothetical commands `show w' and `show c' should show the
appropriate parts of the General Public License. Of course, your pro-
gram's commands might be different; for a GUI interface, you would
use an “about box”.

You should also get your employer (if you work as a programmer) or
school, if any, to sign a “copyright disclaimer” for the program, if nec-
essary. For more information on this, and how to apply and follow the
GNU GPL, see <http://www.gnu.org/licenses/>.

The GNU General Public License does not permit incorporating your
program into proprietary programs. If your program is a subroutine
library, you may consider it more useful to permit linking proprietary
applications with the library. If this is what you want to do, use the
GNU Lesser General Public License instead of this License. But first,
please read <http://www.gnu.org/philosophy/why-not-lgpl.html>.

6.2 GNU Free Documentation License
Version 1.3, 3 November 2008

Copyright © 2000, 2001, 2002, 2007, 2008 Free Software Foundation,
Inc. <http://fsf.org/>

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 as-
sure everyone the effective freedom to copy and redistribute it, with or
without modifying it, either commercially or noncommercially. Sec-
ondarily, 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 com-
plements 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 pro-
gram 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 Li-
cense 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 modifica-
tions and/or translated into another language.

A "Secondary Section" is a named appendix or a front-matter sec-
tion 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 connec-
tion 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 straightfor-
wardly 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 sub-
sequent 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 for-
mat, 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 pro-
duced 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.

The "publisher" means any person or entity that distributes copies of
the Document to the public.

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 "Acknowl-
edgements", "Dedications", "Endorsements", or "History".) To "Pre-
serve the Title" of such a section when you modify the Document
means that it remains a section "Entitled XYZ" according to this def-
inition.

The Document may include Warranty Disclaimers next to the notice
which states that this License applies to the Document. These War-
ranty Disclaimers are considered to be included by reference in this
License, but only as regards disclaiming warranties: any other impli-
cation 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 copy-
ing 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 Transpar-
ent 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 pru-
dent 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 un-
der 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:

* A. 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 Docu-
ment). You may use the same title as a previous version if the original
publisher of that version gives permission. * B. 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 require-
ment. * C. State on the Title page the name of the publisher of the
Modified Version, as the publisher. * D. Preserve all the copyright
notices of the Document. * E. Add an appropriate copyright notice
for your modifications adjacent to the other copyright notices. * F. In-
clude, 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. * G. Preserve
in that license notice the full lists of Invariant Sections and required
Cover Texts given in the Document's license notice. * H. Include an
unaltered copy of this License. * I. Preserve the section Entitled "His-
tory", 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 Docu-
ment, 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. * J. 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. * K. 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 ac-
knowledgements and/or dedications given therein. * L. 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. * M. Delete any section Entitled "Endorse-
ments". Such a section may not be included in the Modified Version.
* N. Do not retitle any existing section to be Entitled "Endorsements"
or to conflict in title with any Invariant Section. * O. Preserve any
Warranty Disclaimers.

If the Modified Version includes new front-matter sections or appen-
dices 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 con-
tains 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 Li-
cense give permission to use their names for publicity for or to as-
sert 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 In-
variant 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 au-
thor 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 "His-
tory"; 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 doc-
uments 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 dis-
tribute 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 com-
pilation'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 cov-
ers 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 Invari-
ant Sections. You may include a translation of this License, and all the
license notices in the Document, and any Warranty Disclaimers, pro-
vided 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", "Ded-
ications", 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 under this License. Any attempt oth-
erwise to copy, modify, sublicense, or distribute it is void, and will
automatically terminate your rights under this License.

However, if you cease all violation of this License, then your license
from a particular copyright holder is reinstated (a) provisionally, un-
less and until the copyright holder explicitly and finally terminates
your license, and (b) permanently, if the copyright holder fails to no-
tify you of the violation by some reasonable means prior to 60 days
after the cessation.

Moreover, your license from a particular copyright holder is reinstated
permanently if the copyright holder notifies you of the violation by
some reasonable means, this is the first time you have received notice
of violation of this License (for any work) from that copyright holder,
and you cure the violation prior to 30 days after your receipt of the
notice.

Termination of your rights under this section does not terminate the
licenses of parties who have received copies or rights from you under
this License. If your rights have been terminated and not permanently
reinstated, receipt of a copy of some or all of the same material does
not give you any rights to use it. 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. If the Document
specifies that a proxy can decide which future versions of this License
can be used, that proxy's public statement of acceptance of a version
permanently authorizes you to choose that version for the Document.
11. RELICENSING

"Massive Multiauthor Collaboration Site" (or "MMC Site") means any
World Wide Web server that publishes copyrightable works and also
provides prominent facilities for anybody to edit those works. A public
wiki that anybody can edit is an example of such a server. A "Massive
Multiauthor Collaboration" (or "MMC") contained in the site means
any set of copyrightable works thus published on the MMC site.

"CC-BY-SA" means the Creative Commons Attribution-Share Alike
3.0 license published by Creative Commons Corporation, a not-for-
profit corporation with a principal place of business in San Francisco,
California, as well as future copyleft versions of that license published
by that same organization.

"Incorporate" means to publish or republish a Document, in whole or
in part, as part of another Document.

An MMC is "eligible for relicensing" if it is licensed under this License,
and if all works that were first published under this License somewhere
other than this MMC, and subsequently incorporated in whole or in
part into the MMC, (1) had no cover texts or invariant sections, and
(2) were thus incorporated prior to November 1, 2008.

The operator of an MMC Site may republish an MMC contained in
the site under CC-BY-SA on the same site at any time before August
1, 2009, provided the MMC is eligible for relicensing. ADDENDUM:
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 1.3 or any later version pub-
lished 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 sit-
uation.

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 per-
mit their use in free software.
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6.3 GNU Lesser General Public License
GNU LESSER GENERAL PUBLIC LICENSE

Version 3, 29 June 2007

Copyright © 2007 Free Software Foundation, Inc. <http://fsf.org/>

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

This version of the GNU Lesser General Public License incorporates
the terms and conditions of version 3 of the GNU General Public Li-
cense, supplemented by the additional permissions listed below. 0.
Additional Definitions.

As used herein, “this License” refers to version 3 of the GNU Lesser
General Public License, and the “GNU GPL” refers to version 3 of the
GNU General Public License.

“The Library” refers to a covered work governed by this License, other
than an Application or a Combined Work as defined below.

An “Application” is any work that makes use of an interface provided
by the Library, but which is not otherwise based on the Library. Defin-
ing a subclass of a class defined by the Library is deemed a mode of
using an interface provided by the Library.

A “Combined Work” is a work produced by combining or linking an
Application with the Library. The particular version of the Library
with which the Combined Work was made is also called the “Linked
Version”.

The “Minimal Corresponding Source” for a Combined Work means the
Corresponding Source for the Combined Work, excluding any source
code for portions of the Combined Work that, considered in isolation,
are based on the Application, and not on the Linked Version.

The “Corresponding Application Code” for a Combined Work means
the object code and/or source code for the Application, including any
data and utility programs needed for reproducing the Combined Work
from the Application, but excluding the System Libraries of the Com-
bined Work. 1. Exception to Section 3 of the GNU GPL.

You may convey a covered work under sections 3 and 4 of this License
without being bound by section 3 of the GNU GPL. 2. Conveying
Modified Versions.

If you modify a copy of the Library, and, in your modifications, a fa-
cility refers to a function or data to be supplied by an Application that
uses the facility (other than as an argument passed when the facility
is invoked), then you may convey a copy of the modified version:

* a) under this License, provided that you make a good faith effort to
ensure that, in the event an Application does not supply the function
or data, the facility still operates, and performs whatever part of its
purpose remains meaningful, or * b) under the GNU GPL, with none
of the additional permissions of this License applicable to that copy.

3. Object Code Incorporating Material from Library Header Files.

The object code form of an Application may incorporate material from
a header file that is part of the Library. You may convey such object
code under terms of your choice, provided that, if the incorporated ma-
terial is not limited to numerical parameters, data structure layouts
and accessors, or small macros, inline functions and templates (ten or
fewer lines in length), you do both of the following:

* a) Give prominent notice with each copy of the object code that the
Library is used in it and that the Library and its use are covered by
this License. * b) Accompany the object code with a copy of the GNU
GPL and this license document.

4. Combined Works.

You may convey a Combined Work under terms of your choice that,
taken together, effectively do not restrict modification of the portions
of the Library contained in the Combined Work and reverse engineer-
ing for debugging such modifications, if you also do each of the follow-
ing:

* a) Give prominent notice with each copy of the Combined Work
that the Library is used in it and that the Library and its use are
covered by this License. * b) Accompany the Combined Work with a
copy of the GNU GPL and this license document. * c) For a Com-
bined Work that displays copyright notices during execution, include
the copyright notice for the Library among these notices, as well as a
reference directing the user to the copies of the GNU GPL and this
license document. * d) Do one of the following: o 0) Convey the
Minimal Corresponding Source under the terms of this License, and
the Corresponding Application Code in a form suitable for, and under
terms that permit, the user to recombine or relink the Application
with a modified version of the Linked Version to produce a modified
Combined Work, in the manner specified by section 6 of the GNU
GPL for conveying Corresponding Source. o 1) Use a suitable shared
library mechanism for linking with the Library. A suitable mechanism
is one that (a) uses at run time a copy of the Library already present
on the user's computer system, and (b) will operate properly with a
modified version of the Library that is interface-compatible with the
Linked Version. * e) Provide Installation Information, but only if you
would otherwise be required to provide such information under section
6 of the GNU GPL, and only to the extent that such information is
necessary to install and execute a modified version of the Combined
Work produced by recombining or relinking the Application with a
modified version of the Linked Version. (If you use option 4d0, the
Installation Information must accompany the Minimal Corresponding
Source and Corresponding Application Code. If you use option 4d1,
you must provide the Installation Information in the manner specified
by section 6 of the GNU GPL for conveying Corresponding Source.)

5. Combined Libraries.

You may place library facilities that are a work based on the Library
side by side in a single library together with other library facilities that
are not Applications and are not covered by this License, and convey
such a combined library under terms of your choice, if you do both of
the following:

* a) Accompany the combined library with a copy of the same work
based on the Library, uncombined with any other library facilities,
conveyed under the terms of this License. * b) Give prominent no-
tice with the combined library that part of it is a work based on the
Library, and explaining where to find the accompanying uncombined
form of the same work.

6. Revised Versions of the GNU Lesser General Public License.

The Free Software Foundation may publish revised and/or new ver-
sions of the GNU Lesser General Public 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.

Each version is given a distinguishing version number. If the Library
as you received it specifies that a certain numbered version of the GNU
Lesser General Public License “or any later version” applies to it, you
have the option of following the terms and conditions either of that
published version or of any later version published by the Free Software
Foundation. If the Library as you received it does not specify a version
number of the GNU Lesser General Public License, you may choose
any version of the GNU Lesser General Public License ever published
by the Free Software Foundation.

If the Library as you received it specifies that a proxy can decide
whether future versions of the GNU Lesser General Public License
shall apply, that proxy's public statement of acceptance of any ver-
sion is permanent authorization for you to choose that version for the
Library.
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