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Brief Overview

Locus ordering is an essential procedure in genome mapping. When the
number of loci is large, it is quite difficult to determine the optimum order with an
exhaustive search of all possible orders. The problem of searching for the
optimum order has been recognized as a special case of the traveling salesman
problem (TSP), i.e., given a set of cities and distances for each pair of them, find
a roundtrip of minimal total length visiting each city exactly once. In recent years,
Ant Colony Optimization (ACO) (Dorigo and Stitzle 2004), which is a set of
algorithms inspired by the behavior of real ant colonies, has been successfully
used to solve discrete optimization problems, such as TSP. We developed a
novel system based on ACO for locus ordering in genome mapping (Iwata and
Ninomiya in preparation). In our system, loci and absolute value of log likelihood
(or recombination fraction) between loci were regarded as TSP cities and
distance between cities, respectively. We tested the system using a simulated
segregation population, and found it is highly efficient for linkage grouping as
well as locus ordering in genome mapping (Iwata and Ninomiya 2004).

To commoditize our newly-developed system, we developed software
named AntMap for constructing linkage map by the system. AntMap performs
segregation test, linkage grouping and locus ordering, and constructs a linkage
map quite rapidly and nearly automatically. Rapidity of the algorithm based on
ACO enables us to conduct a bootstrap test of estimated order. With the aid of
this software, researchers can save their time and labor, and can obtain a
linkage map whose reliability is indicated by bootstrap values. Another
advantage of AntMap is the fact that AntMap is open source; that is, source code
and executables of AntMap are available under GNU General Public License
(GPL) (see Appendix A for details). Java and C++ objects that code our
newly-developed system will be utilized effectively for other applications as well
as AntMap.

Ant Colony Optimization (ACO)
See lwata and Ninomiya (in prep.).

New Algorithm for Locus Ordering

See lwata and Ninomiya (in prep.).



System Requirements
® \Windows, Linux, Solaris or Mac OS.
® Java 2 Platform Standard Edition (J2SE) Java Runtime Environment (JRE)
(ver. 1.4 or higher).
If you have no J2SE JRE (ver. 1.4 or higher) already installed on your
system, you should install the JRE to execute AntMap on your system. To
install JRE, please see http://java.sun.com/javase/downloads/index.html.

Installation
1. Download the zipped file named “AntMap.zip”, which contains all the AntMap
files. The file is available at http://cse.naro.affrc.qo.jp/iwatah/antmap.
The files contained in “AntMap.zip” are as follows:
AntMap.jar executable jar file
(It can be executed on any OS on which the JRE is installed)
AntMap.exe  native executable file for Windows
AntMap-linux native executable file for Linux
AntMap-solaris native executable file for Solaris
AntMap-macx native executable file for Mac OS X
sample.raw a sample file
AntMapSource.jar archive file which contains source codes
AntMapDoaoc.jar archive file which contains Javadocs
license.txt text file which describes GNU GPL
Manual.pdf user’s guide for AntMap.

2. Extract the folder named “AntMap” from the “AntMap.zip”.
3. You can put the extracted folder anywhere you want.

4. (Optional) If your OS is Windows, make a short cut to “AntMap.exe” on your
desktop for convenience.



Input File Format
Input file format of AntMap is identical to *.raw files required by
MapMaker (Lander et al. 1987). A concise description of the format of *.raw files
can be found in http://www.rfcgr.mrc.ac.uk/Reqistered/Help/mapmaker/.
AntMap can analyze data derived from progeny of several types of
crosses, including:
(1) F2 intercross
(2) F2 backcross (e.g., BC1)
(3) Recombinant inbred lines by self-mating
(4) Doubled haploid lines
The first line of input file indicates the crossing types as:

data type xxxx
where xxxx should be one of the followings:

f2 intercross

f2 backcross

ri self

dh
The current version of AntMap does not support two types of cross, F3 intercross
by self-mating (£3 self) and recombination inbred lines by sib-mating (ri sib),
which are supported by MapMaker EXP.



Brief Tutorial

Step 0: Start AntMap
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When you use AntMap on Windows, start AntMap with double-clicking the
“AntMap” icon (Fig. 1). For other operating systems (i.e., platforms), See below.

Box 1.
Linux and Solaris
Before executing “AntMap-linux” or “AntMap-solaris”, you should change mode of these
files to be executable. To do that, type

chmod 755 AntMap-xxxx
on your command line system (“xxxx" should be "1inux" or “solaris”). After changing
the mode of files, you can execute AntMap by clicking the “AntMap-linux” or

“AntMap-solaris” file icon.

Mac OS X
Note that you can execute “AntMap-macx” from the command line, but cannot execute

by clicking the “AntMap-macx” file icon.

AntMap can also be executed by using the executable jar file “AntMap.jar” on
any platforms (Linux, Solaris and Mac OS as well as Windows). To execute the
jar file, run:
Jjava —Jjar AntMap.jar

on your command line system. Some platforms may have bindings already set
up such that you can execute the jar file just by clicking on the “AntMap.jar” file
icon, which will run the command line equivalent. Note that you should change
mode of the jar file to be executable when you are on “Linux” or “Solaris”
platforms as described in Box 1.



Step 1: Open an input file.
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Fig. 2

Open an input file in MapMaker format (*.raw) through “File-Open” menu (Fig. 2).
Here, open “sample.raw” contained in the “antmap” folder.
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After opening the file, contents of the file will appear in the “Data” panel (Fig. 3).

File fnalyziz Help

fLoo: Data | Resutt | Map | Options
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open “Ci¥0ocuments and Settings¥iwatalMy Documents¥DatadMapDat a¥SAMPLE. RAWY ... ok
Generation: F2
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Fig. 4

Click the “Log” tab, and you can see a summary of the input data (Fig. 4).



Step 2: Segregation ratio test.

Seeregation Test
Linkage Grouping
Locus Ordering
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Select “Segregation Test” from the “Analysis” menu (Fig. 5). Then you can see
the results of segregation ratio tests in the “Result” panel (Fig. 6).

arker ] Ratin Chi’? P
LC1H1 151 466342 4.681  0.0998
bIHE 157 A6:69:42 2.81  0.2847
EIHE 157 44:73:40 1.01  0.6028
F1H4 155 42:70:43 1.58  0.4500
FIHE 156 42:78:36 n.55  0.7536
C1ME 157 466342 2.81  0.2847

1M7 153 hl:B3:40 B.11 00471 #

1M3 152 49:67:36 4.84  0.1034
C1M3 155 43:71:35 3.66  0.1602
b1H1ﬂ 153 hO:70:33 4.9%  0.0831
:Elh'IH 154 43:70:36 0.94  0.6258 Fig. 6



Step 3: Linkage grouping

EOX

File fnalwiz Help

Log | Data || Result Mapﬁ |
| Grouping | Ordering | &nt Colamy Optirization | Dravy map
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Criterion: @' recombination {:} distance (ch) {:} B value C' LoD

hap function:

Threshold: 03 |
Mt # markers: 3
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Click the “Options” tab. Then you can see the “Grouping” option panel (Fig. 7).

You can choose one of the two grouping methods: “nearest neighboring locus”
and “all combinations”. The former makes a group by sequentially combining a
locus which shows the smallest recombination value against it. This algorithm
has been implemented by MAPL (Ukai et al. 1991). The latter will produce
similar results with “group” command of MapMaker.

You can also choose the grouping criterion, threshold value and the minimum
number of markers for a single group.

Here, we will keep these options unchanged except for the threshold value.

Threshold: 0.3 | 0.25] Z Fig. 8
—— ig.

Type “0.25” into an input area, and push the “Alter” button. Then you can change
the threshold value from 0.3 to 0.25.
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Select the “Linkage Grouping” from the “Analysis” Menu. Then you can see the
results of linkage grouping in the “Result” panel (Fig. 10).

File F'.naly‘sis Help

o =, I
Log || Data | Fesult | Map | Cptions |

Linkage Erouping:
é]ruuping method: nearest neizhboring locus
Grouping criterion: recombination
i]ruuping threshold: 0.25

r{inimum nunber of markers for each group: 3

Mo of groups: B
FOURS % markers

roupl: 20

Group#: 20

!Gru:uupS: 16

:Eru:uupel: 18

Grouph: N

:Fru:uupE: 13
Groupl: 20 markers

012234567839 1011 1213 14 15 16 17 18 14

roup?: 20 markers

20021 22 23 24 2B 2B 2Y 28 23 30 31 32 33 34 3b 36 AV 38 34
Groupd: 16 markers
|4I] 41 42 43 44 45 46 47 48 45 K0 B1 B2 63 b4 GA Fig. 10

When you analyze your data, you may not be able to achieve a good separation
of markers to linkage groups from the start. In such a case, please find a good
set of the threshold value, criterion and method through try-and-errors.



Step 4: Locus ordering
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Targeted groupfsl | v!
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Click the “Options” tab, and click the “Ordering” tab. Then you can see the
“Ordering” option panel (Fig. 11).

In the locus ordering, you can choose one of the two criteria: “LL” and “SARF”.
“LL” is an abbreviation for “Log Likelihood”. “SARF” is an abbreviation for “Sum
of Adjacent Recombination Fractions” (Liu 1998). AntMap will search a locus
order which maximizes log-likelihood or minimizes “SARF”.

You can also choose the number of runs of locus ordering. You can find the
meaning of this option in the “AntMap Options” section of the AntMap use’s
manual.

A map function for calculating a map distance between adjacent markers can be
selected from “Haldane” (Haldane 1919) or “Kosambi’ (Kosambi 1944)

functions.

Here, we will keep these options unchanged.
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Select the “Locus Ordering” from the “Analysis” Menu. Then you can see the
results of locus ordering in the “Result” panel (Fig. 13).
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4 C1HE 2. 47
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3 C1Ma 8310
9 1M RR_RR Fig. 13

You can also obtain a graphic of linkage map in the “Map” panel (Fig. 14).
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Step 5: One-step mapping

Full Gourze

File MM Help

Seeregation Test —
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Fedraw Map

TS qu-

9.8 C1h3

Fig. 15

Select “Full Course” from the “Analysis” Menu. Then, you can overall process
from segregation ratio test (Step 2) to locus ordering (Step 4) at once.

Step 6: Redraw a linkage map

File fnalvsis

Help
Log | Data | Resutt | Map | Options |
Grouping || Crdering | At Colorry Optimizatiu:uni Draree nap |

Seale factor (pixelichty 4.0 |

H Alter ]

Map spacing (pixels) 20 |

|Coner )

Mardin size (pixels). 20 |

|[ After ]

Showy bootstrap probakility: {:} Yes {E} Mo

Font for group name: Default, Bold, 14

Fort for marker infomation:  Default, Plain, 12
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Click the “Options” tab, and click the “Draw map” tab. Then you can see the
“Draw map” option panel (Fig. 16).

Here, we will change the “Scale factor” option. Drawing size of linkage map can
be changed through this option. Here, type “2” into an input area, and click the
“Alter” button (Fig. 17).

Scale factor (pixelich), 4.0 | 2

|[ Aler ]

Fig. 17



After changing the option value from 4 to 2, select “Redraw Map” from the
“Analysis” menu. Then, you can obtain a smaller linkage map than one obtained
previously (Fig. 18).

& Antmap
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Step 7: Bootstrap test for locus order

You can evaluate the reliability of estimated locus order by using
bootstrap test. Bootstrap test (or bootstrapping) is a method for estimating the
sampling distribution of an estimator by resampling with replacement from the
original sample. In a bootstrap test, a random sample of size n is drawn from the
original sample of size n, and estimates are obtained from the random sample.
After repeating (iterating) this operation many times (e.g., 100-1000 times), the
stability of estimates (e.g., standard error or confidence interval of estimators) is
evaluated. For the details of bootstrap test, please see a good textbook such as
Manly (1998). In the bootstrap test for locus order, we can obtain probability that
a locus is located at its estimated order (Liu 1998).

£ fnt map

File P.na!ysis He_Ip
| Log | Data | Result | Map

| Grouping | Ordering | Ant Colony Optimization | Draw map
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Click the “Options” tab, and click the “Ordering” tab. Then you can see the
“Ordering” option panel (Fig. 19).

You can change the number of iterations (repeats) of bootstrapping. To get a
good estimate of percentage of correct locus order, 100 may be sufficient.

You can also choose a group which is targeted in the bootstrap test. Here, we
will choose only Group3 to save our time (Fig. 20).



Targeted groupls): |Gru:uup33_ﬂ

Fig. 20
[File SR Help
[ Log Seeregation Test 5;;}
= Linkage Grouping rm—
GraL Locus Orderine v Optimization

Full Course tion: (%) Hald:

Bootztrap Test

Redraw Map

ey IO SalLC .
o @SALE i o1

Select the “Bootstrap Test” from the “Analysis” Menu (Fig. 21). Then you can see
the results of bootstrap test for locus order in the “Result” panel (Fig. 22).

Filg Hngly‘;is .I-.Ielp

- - f S — - ¥
Log | Data | Result | Map | Options |

Groupd:
40 Cami ar.o
41 Camz ar.o
42 CaM3 100.0
43 CiMd 100.0
44 [C3ME 100.0
45 CoMe 100.0
46 CaMy 43.0
47 Cama q3.0
43 Cama 100.0
43 CaM10 100.0
B0 CaM1 100.0
1 CaMi2 100.0
B3 CiM14 47.0
h2  CaM13 47.0
B4 CaM1G 100.0
Bh  CaMie 100.0 Fig. 22

You can also obtain a graphic of linkage map with bootstrap values in the “Map”
panel (Fig. 23).



Group3

0.0 C3M1 (5700
3.5 Cam2 (97.0)
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21.7 CaME (100.0)

24 8 C3ME (100.0)
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50.3 CaM11 (100,00
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Caution! : The bootstrap test for all linkage groups may take long time
even by high-end PC. Thus, you have better set your computer to perform
this test at your lunch time or after going home.

Step 8: Save results of linkage mapping
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You can save information in “Result”, “Log” and “Map” panels through the “Save”
submenu in the “File” Menu. The information in “Result” and “Log” is saved as a
text file. The information in “Map” (i.e., a graphic of linkage map) is saved as a
JPEG (*.jpg) file.



AntMap Window
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(1) AntMap Menus
See the next section.

(2) Tabs for Panels
1. “Log” Panel
Analysis log is output in this panel.
2. “Data” Panel
Input data are shown in this panel.
3. “Result” Panel
Results of linkage mapping are shown in this panel.
4. “Map” Panel
A graphical image of estimated linkage map is shown in this panel.
5. “Options” Panel
Setting of options for linkage mapping can be checked and changed
through this panel.

(3) Status Indicator
Status of the software is indicated here as a text message.

(4) Progress Bar
A bar which indicates progress in calculation requested by the user.



AntMap Menus

AntMap operates interactively through menu selections made by a user.
Explanations for the menus are as follows.

File menu
- Open
Open an input file
- Save
Result
Save contents in the “Result” panel.
Log
Save contents in the “Log” panel.
Map
Save a graphic in the “Map” panel.
L EXIt

Quit AntMap

Analysis menu
- Segregation Test
Conduct segregation ratio test
Linkage Grouping
Conduct linkage grouping
Locus Ordering
Conduct locus ordering
Full Course
Conduct overall process of linkage mapping
(segregation test, linkage grouping, locus ordering)
Bootstrap Test
Conduct bootstrap test for locus order
Redraw Map
Redraw a graphics of linkage map

Help menu
About
Show the version information of AntMap.
About GPL
Show GNU General Public License (GPL)



AntMap Options

A user can check setting of options in linkage mapping and change them
through the “Options” panel. In this panel, there are four child-panels which can
be switched by clicking tabs. Explanations for the options are as follows.

“Grouping” options

File Analsiz Help

Log | Data || Result Map@ |
| Grouping | Ordering | Ant Colamy Optirization | Draw map

hethiod: @' nearest neighboring locus {:} all combinations
Criterion: @ recommbination O distance (ch) O p value C} L

hap function:

Threshold: 03 | '
Mit # markers: 3
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Method — Method for linkage grouping
You can choose one of the two grouping methods: “nearest neighboring
locus” and “all combinations”. The former makes a group by sequentially
combining a locus which shows the smallest recombination value against it.
This algorithm has been implemented by MAPL (Ukai et al. 1991). The latter
will produce similar results with “group” command of MapMaker.

Criterion — Criterion for linkage grouping

You can choose one of the four grouping criteria: “recombination”,
“distance (cM)”, “p value” and “LOD”. “recombination” and “distance (cM)” are
recombination value and map distance (in centi-Morgan) between two loci,
respectively. “p value” is a p value for chi-square test statistic under the
assumption of no linkage between two loci and no segregation distortion for both
loci. “LOD” is a LOD score which is defined as the following formula:



LOD score — Iog{ probability of the obseved data with a given recombination value} .

probability of the obseved data under no linkage

Map function — Map function to be used
When you choose “distance (cM)” as the criterion, you can choose one
of two mapping functions for calculating map distance. “Haldane” is the
function derived by Haldane (1919) and “Kosambi” derived by Kosambi
(1944).

Threshold — Threshold value for grouping
When you choose “LOD” as the criterion, this value is used as the lower
threshold for grouping. When you choose the other criteria, it is used as the
upper threshold. Please set this value appropriately for the criterion
chosen by you. For example, the default value “0.3” may be appropriate for
the “recombination” criterion, but is too severe for the “distance (cM)” criterion
and is too loose for the “p value” and “LOD” criteria.

Min # markers — Minimum number of markers in a linkage group
A linkage group which contain less than this number of markers is not
considered as a linkage group. When you set this number to 1, an independent
locus (i.e., a locus which is not linked to the other loci) is considered as a
single linkage group.



“Ordering” options
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Criterion — Criterion for locus ordering
You can choose one of two optimization criteria for locus ordering. “LL”" is
an abbreviation of “Log Likelihood”, and “SARF” is an abbreviation of “Sum of
Adjacent Recombination Fractions” (Liu 1998). AntMap will search a locus
order which maximizes “LL” (i.e., minimizes the absolute value of “LL") or
minimizes “SARF”.

# runs of locus ordering — The number of runs of locus ordering to confirm the
solution
A meta-heuristics algorithm, such as ACO, does not necessarily reach
the best solution of a given problem at all the times. Consequently, AntMap
obtains a number of solutions by plural runs of searching (i.e., locus ordering)
process, and then adopt the best one (i.e., the optimum order) as the
conclusive solution (i.e., the estimated order). “# runs of locus ordering” is the
number of runs of locus ordering to find the conclusive solution. When this
number gets large, the chance to find the best solution gets large. But, the
iterations may be very time consuming. In most cases (e.g., when the number



of markers in a single linkage group is less than 30), 3 may be sufficient.

Map function — Map function to be used
You can choose one of two mapping functions for calculating map
distance between loci. “Haldane” is the function derived by Haldane (1919)
and “Kosambi” derived by Kosambi (1944).

# iterations of bootstrap test — Number of iterations in bootstrap test
You can change the number of iterations (repeats) of bootstrapping. To
get a good estimate of percentage of correct locus order, 100 may be
sufficient.

Targeted group(s) — Targeted group(s) in both locus ordering and bootstrap test
You can choose a linkage group which is targeted in locus ordering and
bootstrap test for locus order.



“Ant Colony Optimization” options

£ Ant map
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# iterations of ACD process (T 5000 [ Alter ]
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These options are for parameters in Ant Colony Optimizations. Most
users may not have to change these parameters, because they have been
almost optimized for locus ordering problems (lwata and Ninomiya, in prep). If
you are interested in the effects of these parameters, please change them and
perform locus ordering. You may be able to find out a better set of parameter
values than the default setting. The parameter set adjusted by you can be saved
to a file (click the “Save parameters” button) and loaded again (click the “Load
parameters” button) in your subsequent analyses.

The details of these parameters are given in the “Ant Colony
Optimization (ACO)” and “Locus Ordering by ACO algorithm” sections.



“Draw Map” options

File Analvsiz Help

Log | Data | Resutt | Map | Options |
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Scale factor (pixelich: 4.0 | | e

Map spacing (pixelz). 20 | Atter
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Margin zize (pixelz): 20

Showy hootstrap probability: {:}' Yes @ e

Font for group name: Default, Bold, 14 Setting

Font for marker infomation:  Default, Plain, 12 Zetting
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Scale factor (pixel/cM) — Scale for drawing a graphic of linkage map
A larger value of this option makes distance between loci larger in the

graphic, and vice versa. When you construct a high-density linkage map, it
may be better to enlarge this value.

Map spacing (pixels) — Space between linkage groups
Margin size (pixels) — Margin size in a graphic of linkage map
You can adjust the size of margin and space in a graphic of linkage map.

Show bootstrap probability — Show bootstrap probability of locus order
When “Yes” is checked, bootstrap probabilities in bootstrap test of locus
order are appeared in a graphic of linkage map.

Font for group name — Font attributes for linkage group names
Font for marker information — Font attribute for marker information
You can choose font attributes for linkage group names and marker
information (i.e., marker location, name and bootstrap probability, through this
option).



How to cite AntMap

AntMap is open source software. However, please cite AntMap when
you intend to publish results from AntMap. Now we are preparing a paper
reporting our study related to AntMap. At the current moment, please cite
AntMap as follows:

Iwata, H. and S. Ninomiya (2004) Ant colony optimization for linkage grouping
and locus ordering in genome mapping. Plant and Animal Genome XIl. San
Diego. USA.

It is to be noted that the developer is not responsible for any effect you will
have by using this software AntMap.
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Appendix: GNU General Public License (GPL)

GNU GENERAL PUBLIC LICENSE
Version 2, June 1991

Copyright (C) 1989, 1991 Free Software Foundation, Inc.

51 Franklin St, Fifth Floor, Boston, MA 02110-1301 USA
Everyone is permitted to copy and distribute verbatim copies
of this license document, but changing it is not allowed.

Preamble

The licenses for most software are designed to take away your
freedom to share and change it. By contrast, the GNU General Public
License is intended to guarantee your freedom to share and change free
software--to make sure the software is free for all its users. This
General Public License applies to most of the Free Software
Foundation's software and to any other program whose authors commit to
using it. (Some other Free Software Foundation software is covered by
the GNU Library General Public License instead.) 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
this service 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 make restrictions that forbid
anyone to deny you these rights or to ask you to surrender the rights.
These restrictions translate to certain responsibilities for you if you
distribute copies of the software, or if you modify it.

For example, if you distribute copies of such a program, whether
gratis or for a fee, you must give the recipients all the rights that
you have. 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.

We protect your rights with two steps: (1) copyright the software, and
(2) offer you this license which gives you legal permission to copy,
distribute and/or modify the software.

Also, for each author's protection and ours, we want to make certain
that everyone understands that there is no warranty for this free
software. If the software is modified by someone else and passed on, we
want its recipients to know that what they have is not the original, so
that any problems introduced by others will not reflect on the original
authors' reputations.

Finally, any free program is threatened constantly by software
patents. We wish to avoid the danger that redistributors of a free
program will individually obtain patent licenses, in effect making the
program proprietary. To prevent this, we have made it clear that any
patent must be licensed for everyone's free use or not licensed at all.

The precise terms and conditions for copying, distribution and
modification follow.



GNU GENERAL PUBLIC LICENSE
TERMS AND CONDITIONS FOR COPYING, DISTRIBUTION AND MODIFICATION

0. This License applies to any program or other work which contains
a notice placed by the copyright holder saying it may be distributed
under the terms of this General Public License. The "Program", below,
refers to any such program or work, and a "work based on the Program"
means either the Program or any derivative work under copyright law:
that is to say, a work containing the Program or a portion of it,
either verbatim or with modifications and/or translated into another
language. (Hereinafter, translation is included without limitation in
the term "modification".) Each licensee is addressed as "you".

Activities other than copying, distribution and modification are not
covered by this License; they are outside its scope. The act of
running the Program is not restricted, and the output from the Program
is covered only if its contents constitute a work based on the

Program (independent of having been made by running the Program) .
Whether that is true depends on what the Program does.

1. You may copy and distribute verbatim copies of the Program's
source code as you receive it, in any medium, provided that you
conspicuously and appropriately publish on each copy an appropriate
copyright notice and disclaimer of warranty; keep intact all the
notices that refer to this License and to the absence of any warranty;
and give any other recipients of the Program a copy of this License
along with the Program.

You may charge a fee for the physical act of transferring a copy, and
you may at your option offer warranty protection in exchange for a fee.

2. You may modify your copy or copies of the Program or any portion
of it, thus forming a work based on the Program, and copy and
distribute such modifications or work under the terms of Section 1
above, provided that you also meet all of these conditions:

a) You must cause the modified files to carry prominent notices
stating that you changed the files and the date of any change.

b) You must cause any work that you distribute or publish, that in
whole or in part contains or is derived from the Program or any
part thereof, to be licensed as a whole at no charge to all third
parties under the terms of this License.

c) If the modified program normally reads commands interactively
when run, you must cause it, when started running for such
interactive use in the most ordinary way, to print or display an
announcement including an appropriate copyright notice and a
notice that there is no warranty (or else, saying that you provide
a warranty) and that users may redistribute the program under
these conditions, and telling the user how to view a copy of this
License. (Exception: if the Program itself is interactive but
does not normally print such an announcement, your work based on
the Program is not required to print an announcement.)



These requirements apply to the modified work as a whole. If
identifiable sections of that work are not derived from the Program,

and can be reasonably considered independent and separate works in
themselves, then this License, and its terms, do not apply to those
sections when you distribute them as separate works. But when you
distribute the same sections as part of a whole which is a work based

on the Program, the distribution of the whole must be on the terms of
this License, whose permissions for other licensees extend to the

entire whole, and thus to each and every part regardless of who wrote it.

Thus, it is not the intent of this section to claim rights or contest
your rights to work written entirely by you; rather, the intent is to
exercise the right to control the distribution of derivative or
collective works based on the Program.

In addition, mere aggregation of another work not based on the Program
with the Program (or with a work based on the Program) on a volume of
a storage or distribution medium does not bring the other work under
the scope of this License.

3. You may copy and distribute the Program (or a work based on it,
under Section 2) in object code or executable form under the terms of
Sections 1 and 2 above provided that you also do one of the following:

a) Accompany it with the complete corresponding machine-readable
source code, which must be distributed under the terms of Sections
1 and 2 above on a medium customarily used for software interchange;

b) Accompany it with a written offer, valid for at least three
years, to give any third party, for a charge no more than your
cost of physically performing source distribution, a complete
machine-readable copy of the corresponding source code, to be
distributed under the terms of Sections 1 and 2 above on a medium
customarily used for software interchange; or,

c) Accompany it with the information you received as to the offer
to distribute corresponding source code. (This alternative 1is
allowed only for noncommercial distribution and only if you
received the program in object code or executable form with such
an offer, in accord with Subsection b above.)

The source code for a work means the preferred form of the work for
making modifications to it. For an executable work, complete source
code means all the source code for all modules it contains, plus any
associated interface definition files, plus the scripts used to
control compilation and installation of the executable. However, as a
special exception, the source code distributed need not include
anything that is normally distributed (in either source or binary
form) with the major components (compiler, kernel, and so on) of the
operating system on which the executable runs, unless that component
itself accompanies the executable.

If distribution of executable or object code is made by offering
access to copy from a designated place, then offering equivalent
access to copy the source code from the same place counts as
distribution of the source code, even though third parties are not
compelled to copy the source along with the object code.



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

5. You are not required to accept this License, since you have not
signed it. However, nothing else grants you permission to modify or
distribute the Program or its derivative works. These actions are
prohibited by law if you do not accept this License. Therefore, by
modifying or distributing the Program (or any work based on the
Program), you indicate your acceptance of this License to do so, and
all its terms and conditions for copying, distributing or modifying
the Program or works based on it.

6. Each time you redistribute the Program (or any work based on the
Program), the recipient automatically receives a license from the
original licensor to copy, distribute or modify the Program subject to
these terms and conditions. You may not impose any further
restrictions on the recipients' exercise of the rights granted herein.
You are not responsible for enforcing compliance by third parties to
this License.

7. If, as a consequence of a court judgment or allegation of patent
infringement or for any other reason (not limited to patent issues),
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
distribute so as to satisfy simultaneously your obligations under this
License and any other pertinent obligations, then as a consequence you
may not distribute the Program at all. For example, if a patent
license would not permit royalty-free redistribution of the Program by
all those who receive copies directly or indirectly through you, then
the only way you could satisfy both it and this License would be to
refrain entirely from distribution of the Program.

If any portion of this section is held invalid or unenforceable under
any particular circumstance, the balance of the section is intended to
apply and the section as a whole is intended to apply in other
circumstances.

It is not the purpose of this section to induce you to infringe any
patents or other property right claims or to contest validity of any
such claims; this section has the sole purpose of protecting the
integrity of the free software distribution system, which is
implemented by public license practices. Many people have made
generous contributions to the wide range of software distributed
through that system in reliance on consistent application of that
system; it is up to the author/donor to decide if he or she is willing
to distribute software through any other system and a licensee cannot
impose that choice.

This section is intended to make thoroughly clear what is believed to
be a consequence of the rest of this License.



8. If the distribution and/or use of the Program is restricted in
certain countries either by patents or by copyrighted interfaces, the
original copyright holder who places the Program under this License
may add an explicit geographical distribution limitation excluding
those countries, so that distribution is permitted only in or among
countries not thus excluded. In such case, this License incorporates
the limitation as if written in the body of this License.

9. The Free Software Foundation may publish revised and/or new versions
of the 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 a version number of this License which applies to it and "any
later version", you have the option of following the terms and conditions
either of that version or of any later version published by the Free
Software Foundation. If the Program does not specify a version number of
this License, you may choose any version ever published by the Free Software
Foundation.

10. If you wish to incorporate parts of the Program into other free
programs whose distribution conditions are different, write to the author
to ask for permission. For software which is copyrighted by the Free
Software Foundation, write to the Free Software Foundation; we sometimes
make exceptions for this. Our decision will be guided by the two goals
of preserving the free status of all derivatives of our free software and
of promoting the sharing and reuse of software generally.

NO WARRANTY

11. BECAUSE THE PROGRAM IS LICENSED FREE OF CHARGE, THERE IS NO WARRANTY
FOR THE PROGRAM, TO THE EXTENT PERMITTED BY APPLICABLE LAW. EXCEPT WHEN
OTHERWISE STATED IN WRITING THE COPYRIGHT HOLDERS AND/OR OTHER PARTIES
PROVIDE THE PROGRAM "AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED
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 PROGRAM IS WITH YOU. SHOULD THE
PROGRAM PROVE DEFECTIVE, YOU ASSUME THE COST OF ALL NECESSARY SERVICING,
REPAIR OR CORRECTION.

12. IN NO EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO IN WRITING
WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHO MAY MODIFY AND/OR
REDISTRIBUTE THE PROGRAM AS PERMITTED ABOVE, BE LIABLE TO YOU FOR DAMAGES,
INCLUDING ANY GENERAL, SPECIAL, INCIDENTAL 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 RENDERED INACCURATE OR LOSSES SUSTAINED BY
YOU OR THIRD PARTIES OR A FAILURE OF THE PROGRAM TO OPERATE WITH ANY OTHER
PROGRAMS) , EVEN IF SUCH HOLDER OR OTHER PARTY HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.

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
convey 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 2 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 PURPOSE. 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, write to the Free Software
Foundation, Inc., 51 Franklin St, Fifth Floor, Boston, MA 02110-1301 USA

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

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

Gnomovision version 69, Copyright (C) year name of author

Gnomovision 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, the commands you use may
be called something other than “show w' and “show c¢'; they could even be
mouse-clicks or menu items--whatever suits your program.

You should also get your employer (if you work as a programmer) or your
school, if any, to sign a "copyright disclaimer" for the program, if
necessary. Here is a sample; alter the names:

Yoyodyne, Inc., hereby disclaims all copyright interest in the program
“Gnomovision' (which makes passes at compilers) written by James Hacker.

<signature of Ty Coon>, 1 April 1989
Ty Coon, President of Vice

This 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 Library General
Public License instead of this License.



