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1 Intro duction

1.1 What is LattE ?

The name \ LattE " is an abbreviation for \Latt ice point Enumeration." So
what exactly does LattE do? The software's main function is to count the
lattice points cortained in convex polyhedra de ned by linear equations and
inequalities with integer coexcients. The polyhedra can be of any (reasonably
small) dimension, and LattE usesan algorithm that runs in polynomial time for
“xed dimension: Barvinok's algorithm [1]. To learn more about the exact details
of our implementation and algorithmic techniquesinvolved, the interestedreader
canconsult[3, 4, 5] and the referencedisted therein. Here we give a rather short
description of the mathematical objects usedby LattE , Barvinok's Rational
Functions :

Given a corvex polyhedron P = fu 2 RY : Au - bg, where A and b are integral,
the fundamenrtal object that we compute is a short represenation of the in nite
power series: X
f(P;x) = XTEX5? X
®2P\ zd

Here eadh lattice point is given by onemonomial. Note that this can be a rather
long sum, in fact for a polyhedral coneit can be in nite, but the good newsis
that it admits short represerations.

Example: Let P be the quadrangle with vertices V; = (0;0), V. = (5;0),
V3 = (4;2), and V4 = (0; 2).




f(P:x;y) = X%+ x4y+ xH+ xAy2+ yx 3+ x3+ x3y2+ yx2+ X2+ x2y2+ xy + X+ xy 2+ y+ 1+ y?

The fundamertal theorem of Barvinok (circa 1993, see[1]) says that you can
write f (P;x) asa sum of short rational functions, in polynomial time when the
dimension of the polyhedronis xed. In our running examplewe easily seethat
the 16 monomial polynomial can be written as shorter rational function sum:

FPixiy) = f(Kviixiy) + £ (Ky, i xy) + F(Kygixiy) + £ (KX y)
where

ity = 1 e y) = (x°+x*y)
FKvixy) = mary P (KviXy) = gonayss

(X4y2+X4) 2

FKvixiy) = @a s T (KvaXY) = @yrnasg

f(P;1;1)= 16

Counting the lattice points in corvex polyhedra is a powerful tool which allows
many applications in areassuc as Combinatorics, Statistics, Optimization, and
Number Theory.

1.2 What can LattE compute?

In the following we list the operationsthat LattE v1.1 can perform on bounded
convex polyhedra (more commonly referred to as polytopes). For the reader's
convenience,we already include the basic commandsto actually do the tasks.
Let us assumethat a description of a polytope P is givenin the Te \'leName"
(see Section 3 for format) and that a cost vector is speci ed in the Te \le-
Name.cost" (neededfor the optimization part, seeSection 3 for format).

Tasksperformed by LattE v1.1:

1. Count the number of lattice points in P.
Jcount fileName

2. Count the number of lattice points in nP, the dilation of P by the integer
factor n.

Jecount dil n fileName
3. Calculate a rational function that encadesthe Ehrhart series assaiated
with the polytope. By de nition, the n-th coetcient in the Ehrhart series
equalsthe number of lattice points in nP. For more details on Ehrhart
counting functions see,for example, Chapter 4 of [9].

Jehrhart  fileName



4. Calculate the rst n + 1 terms of the Ehrhart seriesassaiated with the
polytope.

Jehrhart n fileName

5. Maximize or minimize a given linear function of the lattice points in P.

Jmaximize fileName
Jminimize fileName

In addition to thesebasic functions, there are more speci ¢ calls to LattE . For
exampleto usethe homogenizedBarvinok algorithm instead of the original one
in order to court the lattice points. These details will be explained in Section
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2 Downloading and Installing LattE

LattE is downloadable from the following website:
http://www.math.ucda vis.edu/» latte/do wnloads/

Step 1. Create directory for LattE
mkdir latte

Step 2: Download \latte _v1.l.tar.gz" to directory \latte"
Download latte_v1.1.tar.gz" from

http://www.math.ucda vis.edu/» latte/do wnloads/

(If you have never downloaded a Te from the internet: A click with your right
mousebutton onto the Te name on the webpageshould do the trick. In any
case,if you do not succeed,ask your systemadministrator, a friend, or sendus
an email.)

Step 3: Change to directory for \latte"
cd latte
Step 4: Unzip and untar the archive

gunzip latte vi.l.tar.gz
tar xvf latte_vl.1.tar

Step 5: Mak e \install' executable
chmod 700 install
Step 6: Install Latte

Jinstall



2.1 Installing LattE from source code

LattE is downloadable from the following website:
http://www.math.ucda vis.edu/» latte/do wnloads/

Step 1: Create directory for LattE
mkdir latte

Step 2: Download \latte _vi1.l.tar.gz" to directory \latte"
Download latte_v1.1.tar.gz" from

http://www.math.ucda vis.edu/» latte/do wnloads/

(If you have never downloadeda Te from the internet: A click with your right
mouse button onto the Te name on the webpageshould do the trick. In any
case,if you do not succeed,ask your systemadministrator, a friend, or sendus
an email.)

Step 3: Change to directory for \latte"
cd latte
Step 4: Unzip and untar the archive

gunzip latte vi.1.tar.gz
tar xvf latte vl.l.tar

Step 5: Change a directory
cd code

Step 6: Mak e \install'  executable
chmod 700 install

Step 7: Install Latte

Jinstall



Step 8: Change a directory

cd Latte

Step 9: Copy all binaries to the LattE directory

cp * ..

Step 10: Go to the LattE directory

cd .././



3 Input Files

3.1 Latte Input Files
3.1.1 Inequalit y Description

For computations involving a polytope P described by a system of inequalities
Ax - b whereA 2 Z™Ed A = (g ), and b2 Z™, the LattE readableinput Te
would be as follows:

md+1
b -A
EXAMPLE. LetP =f(x;y):x- Ly- Lix+y- L;x, Oy, 0g. Thus
0 1 0 1
1 0 1
0 1 1
A= 1 1 ; b= 1
il O 0
0 j1 0

3.1.2 Equations

In LattE , polytopes are represened by linear constrain ts, i.e. equalities or
inequalities. By default a constraint is an inequality of type ax - b unlesswe
specify, by using a single additional line, the line numbers of constraints that
are linear equalities.

EXAMPLE. Let P beasin the previousexample,but require x+y = 1instead
ofx+y- 1,thus,P=f(x;y):x- 1;y- Lix+y=1x, 0y, 0g. Then the
LattE input Te that describesP would be as suc:

el
1
ok w
= o
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oor
oRrkF

-1
0
1

inearity 1 3

The last line states that among the 5 inequalities one is to be consideredan
equality, the third one.

3.1.3 Nonnegativit y Constrain ts

For bigger examplesit quickly becomescumbersometo state all nonnegativity
constraints for the variables one by one. Instead, you may use another short-
hand.

EXAMPLE. Let P be asin the previous example, then the LattE input Te
that describesP could also be described as sud:

PR P W
FPokFw

0
-1
-1
linearity 1 3

nonnegative 2 1 2

The last line states that there are two nonnegativity constraints and that the
“rst and secondvariables are required to be nonnegative. NOTE that the rst
line reads\3 3" and not \5 3" asabove!

3.1.4 Cost Vector

The functions maximize and minimize solve the integer linear programs
maxfc x :x 2 P\ zY

and
minfcl x : x 2 P\ Z%:

Besidesa description of the polyhedron P, thesefunctions needa linear objective
function given by a certain cost vector c. If the polyhedron is given in the Te
\'TeName"

[N N
1

ook n»
1

ot o

oo
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1-1-1-1
linearity 1 4
nonnegative 3 1 2 3

the cost vector must be given in the Te \'leName.cost", asfor examplein the
following three-dimensional problem:

13
247

The “rst two entries state the sizeof a 1£ n matrix (encading the cost vector),
followed by the 1£ n matrix itself. Assumingthat we call maximize, this whole
data encadesthe integer program

maxf 2x; + 4x, + 7X3 1 X1 + X2 + X3 = 1;X3;X2; X3 2 f0; 1gg:

12



4 Running Latte

4.1 Command Syntax
The basic syntax to invoke the various functions of LattE is:

Jcount fileName
Jehrhart  fileName
J/maximize fileName
Jminimize fileName

Note that the last two functions require a cost vector speci ed in the e \'e-
Name.cost"!

Additionally , a variety of options can be used. All options should be space-
delimited in the command.

One option that canbe setin addition to the options given below is\cdd" which
tells LattE to read its input from a cdd input Te. Thus, the above invocations
for cdd input Tes would be

Jcount cdd fileName

Jehrhart cdd fileName
JJmaximize cdd fileName
Jminimize cdd fileName

4.2 Counting

2 Count the number of lattice points in polytope P, where P is given in
\'TeName".

Jcount fileName

2 Count the number of lattice points in nP, the dilation of P by the integer
factor n.

Jcount dil n fileName

2 Count the number of lattice points in the interior of the polytope P, where
P is givenin \'TeName".

Jcount int fileName

2 Usethe homogenizedBarvinok algorithm [5] to court the number of lattice
points in the polytope P, where P is givenin \'leName". Useif number
of vertices of P is big comparedto the number of constraints.

Jcount homogfileName
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4.3

2

4.4

Ehrhart Series

Compute the Ehrhart seriesencaded as a rational function for the poly-
tope givenin \'TeName". Writes the unsimpli ed rational function to Te
\'TeName.rat".

Jehrhart  fileName
Compute the Ehrhart seriesencadedasa rational function for the polytope
givenin \'leName". NEEDS Maple for simpli cation of terms. Writes
the simplied rational function to Te \'leName.rat".

Jehrhart  simplify  fileName

Compute the Taylor seriesexpansionof Ehrhart generating function up
to degreen for the polytope givenin \'leName".

Jehrhart n fileName

Optimizing

This functions NEEDS a cost vector speci ed in \ leName.cost"!!!

Maximizes/Minimizes given linear cost function over the lattice points in
the polytope givenin \'leName". Digging algorithm [5] is used. Optimal
point and optimal value is returned.

Jmaximize fileName
Jminimize fileName

Maximizes/Minimizes given linear cost function over the lattice points in
the polytope givenin \'leName". Binary seard algorithm is used. Only
optimal value is returned.

Jmaximize bbs fileName
Jminimize bbs fileName

14



5 A Brief Tutorial

In this section we invite the reader to follow along a few examplesthat show
how to uselattE and also how to counter-ched results.

5.1 Counting Magic Squares

Our rst example deals with counting magic 4 £ 4 squares. We call a 4 £ 4
array of nonnegative numbers a magic squareif the sumsof the 4 entries along
ead row, along ead column and along the two main diagonalsequalsthe same
number s, the magic constart. Let us start with counting magic 4 £ 4 squares

ertries, the conditions of a magic 4 £ 4 square of magic sum 1 can be encaded
into the following input "Te \EXAMPLES/magic4x4" for LattE .

10 17

11-1-1-1 000 O0OO0O0O0OOO0OO0OTODPO
1 000O01-1-1-1 0O0O0OO0O0O0TO0OTO
1 000O0O0OO0O0O0OCO-11-1-1 0O0O0DO
1 000O0O0OOOO0OOOO0OO1-1-11
11 00 01 0 00-1 000-1 0O0DO
101 00O0-1 00O0-1 00 0-1 00O
1001 00 0-1 00 0-1 0O0O0C-1 O
1 000-1 000-1 0O0O0O-1 0O0O0-1
11 00 00-1 00O0O0-1 00O0O01
10001 001 00-1 00-1 0O0O0
linearity 1012345678910

nonnegative 16 123456 7 8 9 10 11 12 13 14 15 16

Now we simply invoke the courting function of LattE by typing:

Jcount EXAMPLES/magic4x4

The last couple of lines that LattE prints to the screenlook as follows:

Total Unimodular Cones: 418
Maximumnumber of simplicial cones in memoryat once: 27

*k%  Total number of lattice  points: 8 ****

Computation done.
Time: 1.24219 sec
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Therefore, there are exactly 8 magic 4£ 4 squaresthat have the magic constart
1. This is not yet impressiwe, as we could have done that by hand. Therefore,
let ustry and nd the corresponding number for the magic constart 12. Since
this problem is a dilation (by factor 12) of the original problem, we do not have
to create a new le. Instead, we usethe option \dil" to indicate that we want
to count the number of lattice points of a dilation of the given polytope:

Jeount dil 12 EXAMPLES/magic4x4
The last couple of lines that LattE prints to the screenlook as follows:

Total Unimodular Cones: 418
Maximumnumber of simplicial ~ cones in memoryat once: 27

*% Total number of lattice  points: 225351 ****

Computation done.
Time: 1.22656 sec

Therefore, there are exactly 225351 magic 4 £ 4 squaresthat have the magic
constart 12. (We would NOT want to do THAT one by hand, would we?!)

Here is some amazing obsenation: the running time of LattE is roughly the
samefor courting magic squaresof sum 1 and of sum 12. This phenomenon
is due to the fact that the main part of the computation, the creation of the
generating function that encales all lattice points in the polytope, is nearly
identical in both cases.

Although we may be already happy with these simple courting results, let us
be a bit more ambitious and and let us nd a courting formula that, for given
magic sum s, returns the number of magic 4 £ 4 squaresthat have the magic
constart s.

For this, simply type (note that LattE invokesMaple to simplify intermediate
expressions):

Jehrhart  simplify EXAMPLES/magic4x4
The last couple of lines that LattE prints to the screenlooks as follows:

Rational function written to EXAMPLES/magic4x4.rat

Computation done.
Time: 0.724609 sec

We are informed that this call created a Te \EXAMPLES/magic4x4.rat" con-
taining the Ehrhart seriesas a rational function:

16



(P\8+4*\T+18*16+ 36N 5+504N4+364"3+ 18N 2+4*t+1)/(-1+t) 4/( -1+t72)M

Now we could use Maple (or your favorite computer algebra software) to nd a
seriesexpansionof this expression.

t8 + 4at’ + 180t + 36t + 500t* + 360t3 + 18at? + 4ot + 1
(i 1+ 04 1+ t2)*
= 1+ 8t1+ 482+ 2003 + 675 + 1904° + 473@°% + 106087 + 21925° +
42328° + 773280 + 13468a'! + 2253512 + 36400@'° + 570368 +
869856'° + O(t9)

The summands8t and 2253512 recon rm our previous courts.

Although this rational function encadesthe full Ehrhart series,it is not always
as easyto compute as for magic 4 £ 4 squares. As it turns out, adding and
simplifying rational functions, although in just onevariable t, can be extremely
costly due to the high powers in t and due to long integer coetcients that
appear.

However, even if we cannot compute the full Ehrhart series,we can at least try
and nd the rst couple of terms of it.

Jehrhart 15 EXAMPLES/magic4x4
The last couple of lines that LattE prints to the screenlook as follows:

MemorySave Mode: Taylor Expansion:
1

8"l

48t"2

200t"3

675t

190475

4736t"6

10608t"7

21925t"8

42328t"9
77328t710
134680t"11
225351tM12
364000t"13
570368t"14
869856115
Computation done.
Time: 1.83789 sec
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Again, our previous courts are recon rmed.

Nice, but the moreterms wewant to compute the more time-consumingthis task
becomes. Clearly, if we could nd suzciently many terms, we could compute
the full Ehrhart seriesexpansionin terms of a rational function by interpolation.

5.2 Counting Lattice Points in the 24-Cell

Our next exampledealswith a well-known combinatorial object, the 24-cell. Its
description is given in the Te \EXAMPLES/24 _cell":

~

oForrrrrrRrRrRrPRoOoORPFPoRFPO

orokFRPFRPrFPprorrFPFrorror

oroOoRrRrFRPRFRPrRpFRPporPRroorkRRRE

oFrprrFrRrorrrorrrobr

1
=

[
=

-1
-1
-1
-1 -1 1
-1-1-1-1
-1 0 0O

or

=
-

P NNNENENENDNNDNNENNNEPEERENMNNNEDNDDN
(RN

Now we invoke the counting function of LattE by typing:
Jcount EXAMPLES/24 cell
The last couple of lines that LattE prints to the screenlook as follows:

Total Unimodular Cones: 240
Maximumnumber of simplicial  cones in memoryat once: 30

18



*kk Total number of lattice  points: 33  *rx*

Computation done.
Time: 0.429686 sec

Therefore, there are exactly 33 lattice points in the 24-cell. We get the same
result by using the homogenizedBarvinok algorithm:

Jcount  homogEXAMPLES/24 cell
The last couple of lines that LattE prints to the screenlook as follows:

MemorySave Mode: Taylor Expansion:
*xx%  Total number of lattice points is: 33 *x**

Computation done.
Time: 0.957031 sec

But how many of these 33 points lie in the interior of the 24-cell?
Jecount int EXAMPLES/24 cell
The last couple of lines that LattE prints to the screenlook as follows:

Reading .ext file...

*kk Total number of lattice  points: 1 ****

Therefore, there is only one of the 33 lattice points in the 24-cell lies in the
interior.

5.3 Maximizing Over a Knapsac k Polytop e

Finally, let us solve the problem \cuww1" [2, 5]. Its description is given in the
“Te \EXAMPLES/cu ww1":

16
89643482 -12223 -12224 -36674 -61119 -85569
linearity 11

nonnegative 512345
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The cost function can be found in the Te \EXAMPLES/cu ww1.cost":

15
213 -1928 -11111 -2345 9123

Now let us maximize this cost function over the given knapsadk polytope. Note
that by default, the digging algorithm as described in [5] is used.

Jmaximize EXAMPLES/cuwwl
The last couple of lines that LattE prints to the screenlook as follows:

Finished computing a rational  function.
Time: 0.158203 sec.

There is one optimal solution.

No digging.

An optimal solution for [213 -1928 -11111 -2345 9123] is: [7334 0 0 O O].
The projected downopt value is: 191928257104

The optimal value is: 1562142.

The gap is: 7995261.806

Computation done.

Time: 0.203124 sec.

The solution (7334 0; 0; 0; 0) is quickly found. Now let ustry to "nd the optimal
value again by a di®erert algorithm, the binary seard algorithm.

Jmaximize bbs EXAMPLES/cuwwl
The last couple of lines that LattE prints to the screenlook as follows:

Total of lterations: 26
The total number of unimodular cones: 125562
The optimal value: 1562142

The number of optimal solutions: 1
Time: 0.042968

Note that we get the sameoptimal value, but no optimal solution is provided.
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6 Release Information

6.1 System Requiremen ts
6.1.1 Platform

The binariesfor LattE v1.1aswell asfor cdd (by K. Fukuda [6]) are for platforms
that run Linux. Both codeswere compiled using gcc version 2.96. This or a
higher version of gcc is neededto run LattE .

6.1.2 Memory Requiremen ts

The memory requiremerts are essetially problem dependert; however, LattE
runs in a \memory saving mode" whenewer appropriate. In this mode LattE
rarely usesmore than around 20 MB beyond the amount of memory neededto
calculate triangulations.

6.2 Additional MAPLEoOnnection

The call
Jehrhart  simplify  fileName

requires MAPLEor simpli cations of expressions.It should be sutcient to have
a copy of MAPLIEnstalled on your machine, without any additional special con-
“guration required. LattE will still run even if MAPLEs not installed, but this
simpli cation feature to \ehrhart" will not be available.

We have tested this connectionwith Maple 5.1 and 8.0 and experiencedno prob-
lem. Pleaselet us know about any problem you experiencewith our connection
to Maple.

6.3 File Descriptions

The LattE v1.1 Linux releaseconsistsa single archive Te, latte _v1.1.tar.gz .
The archive cortains the following Tes:
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Name Description

cournt Main program executables
ehrhart

maximize
minimize

simplify2.add additional ‘Tes usedby LattE
redchedk_gmp (from cdd library)
install

cdd external cdd software executableusedby LattE ,
original namein cdd: cddr+ _gmp

EXAMPLES/ Subdirectory cortaining sampleinput Tes

manual_v1.1.ps | User'sguidein Postscript and PDF formats
manual_v1.1.pdf

code/ LattE sourcecode (including NTL cdd and cdd lib )

gpl.txt GNU General Public Licenseagreemen

6.4 License Agreemen t

This program is free software; you can redistribute it and/or modify it under
the terms of the version 2 of GNU General Public Licenseas published by the
Free Software Foundation.

This program is distributed in the hope that it will be useful, but WITHOUT

ANY WARRANTY; without eventhe implied warranty of MERCHANT ABIL-

ITY or FITNESS FOR A PARTICULAR PURPOSE. Seethe GNU General
Public Licensefor more details. (The careful usercan nd an install script for
the sourcecode in the directory \code/".)

You should have received a copy of the GNU General Public License along
with this program; seethe Te COPYING. If not, write to the Free Software
Foundation, Inc., 59 Temple Place - Suite 330, Boston, MA 02111-1307USA.

We have included a copy of the GNU General Public Licensealso at the end of
this documert.
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6.5 How to Cite LattE

Although LattE is free software, your acknowledgmert is requested. If LattE is
usefulin your researd or applications pleaseadknowledgeit by referencingthis
manual as

De Loera, J.A., Haws, D., Hemmedke, R., Huggins, P., Tauzer, J., Yoshida, R.
A User's Guide for LattE v1.1, 2003, software package LattE is available at
http://www.math.ucdavis.edu/  » latte/

6.6 The LattE Team

2 Pro ject director : Prof. Jedjs A. De Loera

2 Postdo ctoral scientist : Dr. Raymond Hemmedke

2 Graduate Studen t: Ruriko Yoshida

2 Undergraduate Studen ts: David Haws, Peter Huggins, Jereny Tauzer

2 Webmaster : Jon Brooks

6.7 Acknowledgmen ts
LattE currently usestwo wonderful piecesof software. First is cdd, developed
by Komei Fukuda, whosewebpagecan be found at:
http://www.cs.mcgill.ca/ » fukuda/
cdd is usedfor "nding vertices of polytopesand the triangulation of cones.

In addition, LattE currently usesNTL, a Library for doing Number Theory,
written by Victor Shoup [7], for LLL algorithm, matrix manipulations, storing
variable length integers, and °oating point numbers. NTL can be found at:

http://shoup.net/n tl/

Wearetruly grateful to Alexander Barvinok, Komei Fukuda, Dmitrii Pasetnik,
Bernd Sturmfels, and M. Vergnefor seweral suggestionsand useful corversations
that improved our software. We thank the National ScienceFoundation for
support to this project via grants NSF DMS-0309694,NSF DMS-0073815,and
by NSF VIGRE grant DMS-0135345.
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7 The GNU General Public License

Version 2, June 1991

Copyright °c 1989, 1991 Free Software Foundation, Inc.
59 Temple Place - Suite 330, Boston, MA 02111-1307USA

Everyoneis permitted to copy and distribute verbatim copiesof this license
documert, but changingit is not allowed.

Pream ble

The licensesfor most software are designedto take away your freedomto share
and changeit. By cortrast, the GNU General Public Licenseis intended to
guarartee your freedomto 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. (Someother Free Software Foundation software is
covered by the GNU Library General Public Licenseinstead.) You can apply it
to your programs, too.

When we speak of free software, we are referring to freedom, not price. Our
General Public Licensesare designedto make sure that you have the freedom
to distribute copiesof free software (and charge for this serviceif you wish),
that you receive sourcecode or can get it if you want it, that you can change
the software or use piecesof it in new free programs; and that you know you
can do thesethings.

To protect your rights, we needto make restrictions that forbid anyoneto deny
you theserights or to ask you to surrender the rights. Theserestrictions trans-
late to certain responsibilities for you if you distribute copiesof the software, or
if you modify it.

For example, if you distribute copiesof 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 sourcecode. And you must shov
them theseterms sothey know their rights.

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

Also, for ead author's protection and ours, we want to make certain that every-
one understandsthat there is no warranty for this free software. If the software
is modi ed by someoneelseand passedon, we want its recipients to know that
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what they have is not the original, sothat any problemsintroduced by others
will not re°ect on the original authors' reputations.

Finally, any free program is threatened constartly by software patents. We wish
to avoid the dangerthat redistributors of a free program will individually obtain
patent licenses,in e®ectmaking the program proprietary. To prevert this, we
have made it clear that any patent must be licensedfor everyone's free use or
not licensedat all.

The precise terms and conditions for copying, distribution and modi cation
follow.

Terms and Conditions For Copying,
Distribution and Modifica tion

0. This Licenseappliesto any program or other work which cortains a notice
placed by the copyright holder saying it may be distributed under the
terms of this General Public License. The \Program", below, refersto
any such program or work, and a \work basedon 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 modi cations and/or translated into another language. (Hereinafter,
translation is included without limitation in the term \mo di cation".)
Eacdh licenseeis addressedas \y ou".

Activities other than copying, distribution and modi cation are not cov-
ered 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 basedon the Program (independert
of having been made by running the Program). Whether that is true
dependson what the Program does.

1. You may copy and distribute verbatim copies of the Program's source
code as you receiwe it, in any medium, provided that you conspicuously
and appropriately publish on eatd copy an appropriate copyright notice
and disclaimer of warranty; keepintact all the notices that refer to this
Licenseand to the absenceof any warranty; and give any other recipients
of the Program a copy of this Licensealong with the Program.

You may charge a feefor the physical act of transferring a copy, and you
may at your option o®erwarranty protection in exchangefor a fee.

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

(a) You must causethe modi ed “Tes to carry prominent notices stating
that you changedthe ‘Tes and the date of any change.
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(b) You must causeany work that you distribute or publish, that in
whole or in part cortains or is derived from the Program or any part
thereof, to be licensedas a whole at no charge to all third parties
under the terms of this License.

(c) If the modi"ed program normally readscommandsinteractively when
run, you must causeit, when started running for sud interactive
usein the most ordinary way, to print or display an announcemen
including an appropriate copyright notice and a notice that there
is no warranty (or else, saying that you provide a warranty) and
that usersmay 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 doesnot normally print such an
announcemem, your work basedon the Program is not required to
print an announcemen.)

Theserequiremerts apply to the modi ed work asa whole. If identi able
sectionsof that work are not derived from the Program, and canbe reason-
ably consideredindependernt and separateworks in themseles, then this
License,and its terms, do not apply to those sectionswhen you distribute
them as separateworks. But when you distribute the same sectionsas
part of a whole which is a work basedon the Program, the distribution
of the whole must be on the terms of this License,whosepermissionsfor
other licenseesextend to the ertire whole, and thusto ead and every part
regardlessof who wrote it.

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

In addition, mere aggregationof another work not basedon the Program
with the Program (or with a work basedon the Program) on a volume of
a storageor distribution medium doesnot bring the other work under the
scope of this License.

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

(@) Accompary it with the complete corresppnding machine-readable
sourcecode, which must be distributed under the terms of Sections1
and 2 above on a medium customarily usedfor software interchange;
or,

(b) Accompary it with a written o®er,valid for at least three years, to
giveany third party, for a chargeno morethan your costof physically
performing sourcedistribution, a complete machine-readablecopy of
the corresponding sourcecode, to be distributed under the terms of
Sections1 and 2 above on a medium customarily used for software
interchange;or,
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(c) Accompary it with the information you received asto the o®erto dis-
tribute corresponding sourcecode. (This alternativ e is allowed only
for noncommercialdistribution and only if you received the program
in object code or executableform with such an o®er,in accord with
Subsectionb above.)

The source code for a work meansthe preferred form of the work for
making modi cations to it. For an executablework, complete sourcecode
meansall the sourcecode for all modulesit contains, plus any assaiated
interface de nition TTes, plus the scripts usedto cortrol 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 sourceor binary form) with the major componerts (compiler,
kernel, and so on) of the operating system on which the executableruns,
unlessthat componert itself accompaniesthe executable.

If distribution of executableor object code is made by o®eringaccessto
copy from a designatedplace, then o®eringequivalent accesso copy the
sourcecode from the sameplace counts asdistribution of the sourcecode,
even though third parties are not compelled to copy the sourcealong with
the object code.

. You may not copy, modify, sublicense,or distribute the Program except
as expresslyprovided under this License. Any attempt otherwiseto copy,
modify, sublicenseor distribute the Program is void, and will automati-
cally terminate your rights under this License. Howewer, parties who have
received copies,or rights, from you under this Licensewill not have their
licensesterminated so long as such parties remain in full compliance.

. You are not required to accept this License, since you have not signed
it. Howewer, nothing elsegrants you permissionto 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 distribut-
ing the Program (or any work basedon the Program), you indicate your
acceptanceof this Licenseto do so, and all its terms and conditions for
copying, distributing or modifying the Program or works basedon it.

. Each time you redistribute the Program (or any work basedon the Pro-
gram), the recipient automatically receivesa licensefrom the original li-
censorto copy, distribute or modify the Program subject to theseterms
and conditions. You may not imposeany further restrictions on the re-
cipients' exerciseof the rights granted herein. You are not responsible for
enforcing complianceby third parties to this License.

. If, asa consequencef a court judgment or allegation of patent infringe-
mert or for any other reason(not limited to patent issues),conditions are
imposed on you (whether by court order, agreemen or otherwise) that
contradict the conditions of this License,they do not excuseyou from the
conditions of this License. If you cannot distribute so as to satisfy si-
multaneously your obligations under this Licenseand any other pertinent
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10.

obligations, then asa consequenceg/ou may not distribute the Program at
all. For example,if a patent licensewould not permit royalty-free redistri-
bution of the Program by all those who receive copiesdirectly or indirectly
through you, then the only way you could satisfy both it and this License
would be to refrain ertirely from distribution of the Program.

If any portion of this section is held invalid or unenforceableunder 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 purposeof this sectionto induce you to infringe any patents
or other property right claims or to contest validity of any sud claims;
this sectionhasthe solepurposeof protecting the integrity of the free soft-
ware distribution system,which is implemented by public licensepractices.
Many peoplehave made generouscortributions to the wide range of soft-
ware distributed through that systemin reliance on consister application
of that system; it is up to the author/donor to decideif he or sheis will-
ing to distribute software through any other systemand a licenseecannot
imposethat choice.

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

. If the distribution and/or useof the Program is restricted in certain coun-

tries either by patents or by copyrighted interfaces,the original copyright
holder who placesthe Program under this License may add an explicit
geographicaldistribution limitation excluding those courtries, sothat dis-
tribution is permitted only in or among courtries not thus excluded. In
sudh case,this Licenseincorporatesthe limitation asif written in the body
of this License.

. The Free Software Foundation may publish revisedand/or new versionsof

the General Public Licensefrom time to time. Sud new versionswill be
similar in spirit to the presen version, but may di®erin detail to address
new problems or concerns.

Each version is given a distinguishing version number. If the Program
speci es 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 versionor of any later versionpublished by the Free Software
Foundation. If the Program does not specify a version number of this
License,you may chooseany version ever published by the Free Software
Foundation.

If you wish to incorporate parts of the Program into other free programs
whose distribution conditions are di®eren, 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 sometimesmake
exceptionsfor this. Our decisionwill be guided by the two goalsof preserv-
ing the free status of all derivativesof our free software and of promoting
the sharing and reuse of software generally.
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No Warranty

11. Because the program is licensed free of char ge, there is no
warranty for the program, to the extent permitted by ap-
plicable law. Except when other wise stated in writing the
copyright holders and/or other parties provide the program
\as is" without warranty of any kind, either expressed or im-
plied, including, but not limited to, the implied warranties
of merchant ability and fitness for a particular purpose. The
entire risk asto the quality and perf ormance 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, incident al 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 inaccura te 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

App endix: 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
useto the public, the bestway to achieve this is to make it free software which
everyone can redistribute and changeunder theseterms.

To do so, attach the following notices to the program. It is safestto attach
them to the start of each source’le to most e®ectively cornvey the exclusion of
warranty; and ead Te should have at least the \copyright" line and a pointer
to where the full notice is found.

oneline to give the program's name and a brief idea of what it does.
Copyright (C) yyyy name of author

This program is free software; you can redistribute it and/or modify
it under the terms of the GNU General Public Licenseas published
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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 eventhe implied warranty
of MERCHANT ABILITY or FITNESS FOR A PARTICULAR PUR-
POSE. Seethe GNU General Public Licensefor 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 Foun-
dation, Inc., 59 Temple Place - Suite 330, Boston, MA 02111-1307,
USA.

Also add information on how to corntact 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) yyyy name of author
Gnomovision comeswith ABSOLUTEL Y NO WARRANTY; for de-
tails type “shov w'.

This is free software, and you are welcometo redistribute it under
certain conditions; type “shaw c' for details.

The hypothetical commandsshow wand show ¢ should shav the appropriate
parts of the General Public License. Of course,the commandsyou usemay be
called something other than show w and show c; they could even be mouse-
clicks or meru items|whatev er suits your program.

You should alsoget your employer (if you work asa 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., herely disclaims all copyright interest in the pro-
gram

"Gnomovision' (which makes passesat compilers) written by James
Hacker.

signature of Ty Coon, 1 April 1989
Ty Coon, Presidert of Vice

This General Public Licensedoes not permit incorporating your program into
proprietary programs. If your program is a subroutine library, you may consider
it more usefulto permit linking proprietary applications with the library. If this
is what you want to do, usethe GNU Library General Public Licenseinstead
of this License.
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