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1 VOTER

Legacy Version - This page is about a legacy version of AllStarLink. See 1

VOTER Voice Observing Time Extension for Radio

1 https://allstarlink.github.io/voter/index
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2 Introduction

The VOTER (Voice Observing Time Extension for Radio) system was originally created by
Jim Dixon, W6BIL (SK).

In many two-way radio applications, both for repeater systems and simplex base-stations, it
is often difficult to have reliable reception when there is signal impairment due to terrain or
other obstacles.

One common way to solve this problem is by use of a voting multi-receiver system. Such a
system is comprised of a number of receivers, located at diverse locations. The location of
these receivers is chosen so that the combined coverage of all the receivers more or less fill-in
the entire desired coverage area, even though it may take a number of receivers to accomplish
this. All such receivers are connected (”linked”) to a central location (generally the transmitter
site), and a device compares each receiver's signal strength and selects the one with the best
signal. This is called voting.

Often in such a system, there is one single high-powered transmitter located at a central site
that all mobile/portable stations would be able to receive. Sometimes, one single transmitter
can not be located where coverage of the entire desired area is possible. In such cases, multiple
transmitters are deployed in several locations. Since all these transmitters are on the same
frequency, they must be very precisely locked to the same frequency and be transmitting
the exact same audio at the exact same time. Not doing so would severely degrade their
reception. This is called simulcast (transmitters).

Traditionally, receivers that comprise a voting system are each connected to the central site
via either a UHF or microwave link. Since this requires a receiver, link transmitter and link
receiver for every receive site, implementation and continued cost of such a system typically
becomes quite significant and in most cases prohibitive, and requires a high complexity of
implementation.
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Introduction

There are, however, many advantages of implementation of such a system that warrant the
cost and effort required.

With the advent of VOIP-based interconnections for radio systems, it is now possible to
implement a voting system using VOIP to link the receivers to the central site, and therefore
reduce the system requirements and complexity and cost by eliminating the radio links between
the receivers and the central site.

There are a few commercial vendors of VOIP-based voting systems that offer a functional and
reliable, yet proprietary and extremely high-cost solution.

Although using VOIP-based technology significantly reduces the cost and complexity of im-
plementation of a voting system, the cost of the commercial VOIP-based devices is still quite
prohibitive for all but large commercial and/or government applications. Therefore, it seemed
appropriate to offer a completely open-source, open-hardware solution that makes the cost and
complexity of a VOIP-based voting system nearly trivial and gives almost anyone the ability
to implement this type of a system that wises to do so.

You can see some of Jim's other musings about the development of the VOTER here1.

1 https://wiki.allstarlink.org/wiki/Thru-hole_Voter_Board
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3 Description

In order to successfully implement a VOIP-based solution for this purpose, it is necessary to
have a precise time reference in order to be able to re-assemble (time-wise) the audio streams
at the central site, since VOIP has inherent inconsistencies in time delay (jitter and such).
Clearly, the best and most reasonable and economic source of such precise timing data is GPS.
Therefore, a GPS receiver (with a 1 pulse per second output) must be made available at each
receiver location (along with the central site).

Since precise timing is necessary, it precludes the use of any implementation which relies on a
traditionally host-based operating system, such as Linux or UNIX, because of limitations of
timing and scheduling precision and latency.

Therefore, a dedicated hardware device with a simple embedded micro-controller was necessary
to accomplish the necessary precise timing requirements. In addition, low cost (in comparison
with a host-based solution) makes placing such a simple dedicated hardware device at each
receiver location a great advantage.

1 2

Such a dedicated hardware solution significantly increases reliability, has a far lower power
consumption, and is physically smaller (in comparison with a host-based solution).

The ”central site” functionality (the device which receives all of the VOIP-based audio streams
from the receivers and selects which receiver's audio to use) is implemented as a channel driver
(chan_voter) along with app_rpt under Asterisk PBX. The host-based system on which this

1 https://wiki.allstarlink.org/wiki/File:1599px-Voter-assy-trim.png
2 https://wiki.allstarlink.org/wiki/File:Voterr-reva.jpg
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Description

runs, along with a dedicated hardware device (which gives access to the precise GPS-derived
time data) is typically located with the system's transmitter (or at least one of them).

Each dedicated hardware device is also capable of simultaneously generating time-synchronized
audio out to drive a transmitter (or multiple transmitters in a simulcast system). The audio
out of all the dedicated hardware devices at all locations will be identical at the same time.

There are facilities available for on line monitoring of the voting system (audio and signal
strengths), in addition to recording (logging) facilities.

3.1 Why a 9.6MHz Clock?
A question that often gets asked (in relation to doing simulcast) is, ”why not just clock the
dsPIC at 10MHz, instead of 9.6MHz”. Well, there is a very good reason that Jim picked that
oscillator frequency, and a very good reason why you cannot use 10MHz.

It comes down to timers and interrupts.

In particular, the ADC servicing subroutine. With the way the dsPIC is configured with the
9.6Mhz oscillator, this subroutine is automatically called every 62.5uSec, as it is controlled by
Timer 3 (TMR3).

This subroutine is responsible for encoding the RX Audio Packets, and doing all the AtoD
on the other analog inputs, RX Noise (for RSSI), Squelch Pot position, and Diode Voltage
(temperature compensation).

Every ODD time this subroutine is run, it encodes a RX Audio packet. Since this happens
every OTHER time the ISR runs, that means it runs every 125uSec. Well, the reciprocal of
125uSec is 8kHz, so this is how we encode 8000 samples/sec of RX Audio! ***By default, en-
coding is ulaw, unless you SPECIFICALLY configure this client for adpcm in voter.conf***
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Why a 9.6MHz Clock?

Every EVEN time this ISR runs, it alternates measuring RX Noise, Squelch Pot Position,
and Diode Voltage. So, each of those is measured every sixth time in, or every 375uSec.

EVERY time this ISR runs, we bump some counters.

Every time TMR3 expires, we service this routine and do an ADC conversion.

We alternate between reading the RX Audio, and one of the other three channels (Squelch
Noise, Squelch Pot position, and Diode (temp comp) voltage).

So, as you can see, in order to encode ADPCM audio at 8kHz, we need precise timing to
take the ADC samples of the audio and encode them. Because of this precise timing, and the
restrictions in the clock dividers in the dsPIC, it works out that 9.6MHz is the most suitable
(common) crystal/clock to use.

That said, some investigation has been done to see if there are any other suitable clocks. As
it turns out, there may indeed be. Old CDMA wireless systems had GPSDO's that had a
9.8304MHz (CDMA 8x Chip) output that was locked to GPS (and there are lots of those still
surplus). It would appear that there is a valid clock configuration for the dsPIC that would
allow this clock signal to be used, and still maintain the 62.5uSec timer for the ISR.

However, there is another problem presented with this approach, the bootloader. The boot-
loader is expecting a 9.6MHz clock to run, so it isn't going to like it if you feed it 9.8304MHz.
We don't have the source code for the bootloader, so that is a more difficult change to imple-
ment. However, peeking in to the .cof file with a hex editor one can find what seems to be
the opcodes to set up the clock on the dsPIC when it boots. It may be possible to hack the
bootloader to run at 9.8304Mhz. Further testing is required.

Of course, this is only really of consequence if you are wanting to do simulcast, where everything
needs to be precisely timed. For normal voting use, the standard 9.6MHz clock works just
fine.
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4 Implementation

A UDP-based VOIP protocol was created specifically for this technology. See the VOTER
Protocol1 page for further details on the underlying communication protocol between client
devices and the host.

More information on how the chan_voter channel driver works is available on the Channel
Driver2 page.

4.1 VOTER
The dedicated hardware device (the VOTER) was initially implemented as an approximately
160 by 100mm circuit board utilizing thru-hole mounted components allowing user-assemble-
able blank boards to be made available quite inexpensively. It uses a dsPIC33FJ128GP802
processor and a few other integrated circuits, including some operational amplifiers (which
implement filters, amps, etc). The schematics, board design, artwork, and PIC firmware are
available on a completely free open-source basis, the original project information is available
in the AllStarLink Github Repository3.

4 5

In addition, the schematics of the original VOTER have been redrawn in KiCAD, and are
available here6.

1 https://wiki.allstarlink.org/wiki/VOTER-Protocol
2 https://wiki.allstarlink.org/wiki/RTCM_Channel_Driver
3 https://github.com/AllStarLink/Voter/tree/master/VOTER-pcb
4 https://wiki.allstarlink.org/wiki/File:1599px-Voter-assy-trim.png
5 https://wiki.allstarlink.org/wiki/File:Voterr-reva.jpg
6 https://github.com/AllStarLink/Voter/tree/master/VOTER-pcb/KiCAD-schematic
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Implementation

Firmware on Github7 is produced to support both devices.

Documentation to support the VOTER is available on the VOTER Hardware8 page.

For specific information about the console menus and options available in the firmware, see
the VOTER Menus9 page.

4.2 RTCM
The VOTER was then implemented commercially by Micro-Node International10 and marketed
as their Radio Thin Client Module (RTCM)11. The RTCM is effectively a VOTER, but built
with SMT components. It runs the same (similar) firmware as the VOTER, with differences
being in the dsPIC that it uses, as well as some of the peripheral mapping.

12 13 14

Firmware on Github15 is produced to support both devices.

As it runs the same (similar) firmware as the VOTER, for specific information about the
console menus and options available, see the VOTER Menus16 page.

7 https://github.com/AllStarLink/Voter/tree/master/VOTER_RTCM-firmware
8 https://wiki.allstarlink.org/wiki/VOTER-Hardware
9 https://wiki.allstarlink.org/wiki/VOTER-Menus
10 http://micro-node.com/thin-m1.shtml
11 http://www.micro-node.com/thin-m1.shtml
12 https://wiki.allstarlink.org/wiki/File:Rtcm2-750.jpg
13 https://wiki.allstarlink.org/wiki/File:Rtcm1-750.jpg
14 https://wiki.allstarlink.org/wiki/File:Rtcm3-750.jpg
15 https://github.com/AllStarLink/Voter/tree/master/VOTER_RTCM-firmware
16 https://wiki.allstarlink.org/wiki/VOTER-Menus
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Firmware Upgrading

Unless specifically noted, references to the VOTER hardware apply equally to the RTCM, and
both terms may be used interchangeably.

There is a User Manual17 available for the RTCM, but it has not been updated in a long time.
You may wish to supplement with information from our online VOTER documentation18 (for
the through-hole board) or the RTCM Client19 pages.

4.3 Firmware Upgrading
See the firmware upgrading20 page on the procedure to upgrade the firmware.

17 http://173.248.148.139/unode_docs/rtcm_%20manual.pdf
18 https://wiki.allstarlink.org/wiki/VOTER-Hardware
19 https://wiki.allstarlink.org/wiki/RTCM_Client
20 https://wiki.allstarlink.org/wiki/RTCM_Firmware_upgrading
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5 Provisioning and Configuration

5.1 General System Provisioning
There needs to be:

• Some number (> 1) of receiver sites that contain 1 of identical model receivers (or at least
ones with identical characteristics), 1 VOTER (embedded hardware) card, 1 GPS receiver
and some sort of Internet connection (can be a private LAN).

• Some number of transmitter sites (typically 1, but not necessarily) that contain a trans-
mitter, 1 VOTER (embedded hardware) card, 1 GPS receiver, and some sort of Internet
connection (can be a private LAN). A site may have both a receiver and transmitter sharing
the same VOTER card, GPS receiver, and Internet connection.

• A Linux host running Asterisk (AllstarLink or variants) with app_rpt and chan_voter,
along with a VOTER (embedded hardware) card, a GPS receiver, and an Internet connection
(may be a private LAN in some cases) with sufficient bandwidth to accommodate all the
packet traffic from/to all the receiver and/or transmitter sites. This location may also have
a receiver and/or transmitter connected to the VOTER card.

• Optionally, system monitoring access (both audio and signal strength at all receive sites)
may be made available through the use of a JAVA applet (deprecated) and a process running
on a server at a location with high availability and high bandwidth Typically, this is not
at the same location as the above system, but may be, if appropriate. Note: currently
this is accomplished using Allmon/Supermon for most monitoring situations
(votemond/votermon are deprecated).

The system layout is envisioned as:

<figure class=”mw-default-size mw-halign-center” typeof=”mw:File/Thumb”>1<figcaption></figcaption></figure>

1 https://wiki.allstarlink.org/wiki/File:VOTER_System_Layout.png
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Provisioning and Configuration

5.2 IP (Internet) Network Planning and Provisioning
The receiver/transmitter sites may be connected to the ”master” site (the one containing the
Linux system running chan_voter/app_rpt/Asterisk) via either a LAN (either physical or
extended Local Area Network), or via a public Internet connection, or some combination
thereof.

See the VOTER Protocol2 page for further details on the underlying communication protocol
between client devices and the host.

Regardless of the interconnection method, the following criteria must be met:

• Sufficient bandwidth must be available at all times between each receiver/transmitter site
and the ”master” site. The latency of such connections must be within reasonable limits,
and certainly must be within the limits configured in both the VOTER board devices and
chan_voter.

• The ”master site” really should be on a static IP address. Although not 100% necessary, it
could really make for an unreliable installation.

• Any of the devices (including the ”master” site) may be behind NAT and/or a firewall.
There is no specific requirement for the VOTER board to have any sort of non-NATed
access, since the actual IP address and UDP port that is public really makes no difference.
All authentication is based upon CHAP-type tokens, and not upon IP address in any way.
The ”master” site may be behind NAT and/or a firewall, as long as its listening UDP port
(generally 667) is exposed to the public (unless entire system is on an entirely private
network). If the implementer wishes, TELNET access may be configured for the VOTER
board, and in that case, the port selected for TELNET must be made publicly accessible
(since the VOTER firmware supports dynamic DNS, it certainly may be on a dynamically-
assigned public IP address when the TELNET option is used, and its actual IP address
really doesn't matter if TELNET is not configured). Be warned however, it is a VERY
BAD idea to expose TELNET to the public Internet, you accept all responsibility
if you choose not to heed this warning!

5.2.1 Bandwidth Considerations
Typically, the IP bandwidth usage in each direction, when a signal is present is approximately
100kbps (including UDP/IP overhead, 1 direction only if just a receive or just a transmitter
site, or both directions if a receive/transmit site).

2 https://wiki.allstarlink.org/wiki/VOTER-Protocol
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IP (Internet) Network Planning and Provisioning

On a public Internet connection, its a good rule-of-thumb to get a connection capable of
3 to 4 times the required bandwidth in the slowest direction (often, such connections are
asymmetrical as far as their speeds are concerned).

If possible, avoid wireless connections (ie ”cellular”, ”MiFi”, etc.). DSL/Fiber/Cable is your
friend. It tends to be more reliable and consistent (less latency and jitter) then other forms of
broadband connections.

If a wireless connection is really required (ie mountain-top microwave link), use a high relia-
bility solution, such as the devices from Ubiquiti or Microtik. The VOTER hardware DOES
support ToS marking of packets, but your link shouldn't be congested to the point where that
would be required anyways!

5.2.2 Port Forwarding
Since token-based authentication and identification is utilized, having the UDP port open
to the public should not be a significant security risk. There must be a VOTER board on
the same physical LAN (ie switch) (very low latency) as the Asterisk server implement-
ing the “master site”, which acts as the Master Timing source. This allows chan_voter to
have a consistent, reliable, accurate timing source with which the timing information from all
other inbound packets are compared and appropriately processed, and from which to generate
accurate timing information for time-consistent transmission purposes.

The Asterisk server at the “main site” (in addition to all the ports that are canonically made
public to operate a standard app_rpt installation) must have the port specified in the port
parameter in the [general] stanza in the voter.conf file made publicly available, or at least
available to all possible IP addresses from which its associated VOTER clients could possibly
be operating.
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Provisioning and Configuration

5.2.3 Network QoS
Your IP Network quality is important. You may wish to add a rule in your routers to prioritize
traffic on UDP port 667 so that RTCM audio is given priority over other traffic. Also see the
below for notes on how to tag your packets with ToS.

By default in firmware >2.00, packets from the VOTER/RTCM to the host are tagged. You
can use Debug Options3 to disable that for testing. You still need to have the appropriate
utos=y line in the [general] stanza of your voter.conf to tag packets from the host to the
VOTER/RTCM clients.

Specifically to Ubiquity devices, see 4

So, if we set ToS/DSCP in the header to C0, then Ubiquity (and other gear watching ToS)
should prioritize the packets. This sets the DSCP to 110 000 aka 48. UBNT shows this as
802.1p Class 6 (Voice <10mS latency). Other sources show this as a Network Control TOS.

5.3 Receiver (and/or Transmitter) Site
A receiver and/or transmitter site consists of a receiver capable of providing direct access to the
output of the FM discriminator (and output of CTCSS/CDCSS tone decoder, if applicable)
and/or a transmitter, a VOTER (embedded hardware) board, a GPS receiver capable of
providing a precise 1 pulse per second signal (such as the Garmin LVC18) and NMEA or TSIP
information packets, and an Ethernet-based Internet connection.

Since there may very well be several versions of the VOTER board hardware available, this
document will not cover specific details of the shown hardware device here. The full details
for each hardware device, including construction (if applicable), programming, and specific
configuration options are available from the vendor of the particular device. Only generic
configuration concepts and options will be covered here.

3 https://wiki.allstarlink.org/wiki/VOTER-Hardware#Debug_Options
4 https://help.ubnt.com/hc/en-us/articles/205231750-airMAX-How-is-QoS-and-

prioritization-handled-by-airMAX-
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VOTER Hardware Configuration Settings

5.4 VOTER Hardware Configuration Settings
There are several categories of configuration parameters that apply to all version of the VOTER
hardware.

• IP SETTINGS – Standard IP setup parameters (IP Address, Netmask, Gateway, DHCP,
etc.).

• VOTER SERVER – VOTER server address, specified as a Fully-Qualified Domain Name
(FQDN), UDP port on VOTER server, and (optionally) local UDP port (generally left at
default), and client and server passwords. The firmware in the VOTER board does a DNS
resolution once per minute and resolves the IP address for the VOTER server, based upon
the FQDN specified in this configuration. Therefore, the actual IP address of the VOTER
server may be changed (and the its associated DNS entry), and the VOTER board firmware
will continue to be aware of its current IP address (thus not requiring re-configuration of
the VOTER board firmware if the IP address of the VOTER server changes).

• The “client password” is the password, as configured in the server, that identifies the VOTER
hardware (client), and the “server password” is the common server password as configured
in the server (which allows verification of the server's identity by the VOTER hardware
firmware).

• TX BUFFER PARAMETER – Transmit buffer length. This allows for simultaneous time-
consistent audio output at all VOTER clients in a system. Buffer length is set to allow
for maximum network latency between “master (host) site” and receive/transmit sites.

• GPS RECEIVER PARAMETERS – Data Protocol (NMEA or TSIP), Baud Rate, Data
Polarity and PPS Signal Polarity (and time offset, don't ask, just leave it at 0, hopefully)
for GPS receiver.

• TELNET PARAMETERS – Port Number, User name, and Password for console TELNET
access.

• DYNDNS PARAMETERS – Setup parameters necessary to make dynamic DNS work (if
desired).

• EXTERNAL TONE DECODE – Sets mode for external tone decode (CTCSS) input (en-
able/polarity).

The console gives access to a menu allowing setting of the above-mentioned parameters in
addition to various system-related functions, reboot, save parameters, status, etc. In addition,
the console displays important system status messages as various events occur (such as changes
in GPS status, changes in DNS resolution, etc.). More information on all the menus and options
is available on the VOTER Menus5 page.

5 https://wiki.allstarlink.org/wiki/VOTER-Menus
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Provisioning and Configuration

5.5 VOTER Hardware Setup and Installation
For more information on the VOTER Hardware connections, see the VOTER Hardware6
page. For the RTCM, see the user manual7 and/or the RTCM Client8 pages.

Appropriate connections need to be made between the receiver's discriminator and optionally
its tone decode output and/or the transmitter and its line level (or MIC input, attenuated) and
PTT signals. Note: in most applications, transmit audio must be routed through the
mic input so that it gets pre-emphasized, limited, and splatter filtered. DO NOT
connect to a modulator input/data input or other direct transmitter connection
(unless you are generating CTCSS with the VOTER, then see below).Discriminator
audio is required to do noise (RSSI) and squelch analysis on the incoming audio, prior to
the actual voice audio (baseband) being de-emphasized and sent to the host (unless it is
specifically overridden, then it is a custom application). As such, the audio sent from the host
to the transmitter(s) needs to be pre-emphasized before being sent over the air.

The GPS receiver needs to be connected (see notes on the VOTER GPS9 page), and the
VOTER hardware needs to be connected via Ethernet to an Internet connection, and, of
course, power needs to be applied to the board.

With no antenna connected to the receiver, the boards needs to have its “squelch calibration”
procedure performed (see the documentation for the specific hardware).

Then the receive level needs to be set, either by putting the board in “level setting” mode,
or with use of the console (see the documentation for the specific hardware). The transmit
level also needs to be set at transmitter site(s). See the VOTER Audio10 page for further
instructions on configuring audio and setting levels.

6 https://wiki.allstarlink.org/wiki/VOTER-Hardware
7 http://173.248.148.139/unode_docs/rtcm_%20manual.pdf
8 https://wiki.allstarlink.org/wiki/RTCM_Client
9 https://wiki.allstarlink.org/wiki/VOTER-GPS
10 https://wiki.allstarlink.org/wiki/VOTER-Audio
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VOTER Hardware Setup and Installation

Once the above procedures are performed, the board is ready to have its operating parameters
configured and then it will be ready for use. Configuration is done via serial console or
TELNET. Serial console may be required for initial configuration, if you cannot determine the
IP address given to the VOTER hardware via DHCP when first connected to your network.

Set the IP Setting, TX Buffer Parameters, GPS Parameters (if necessary), TELNET Param-
eters, DYNDNS Parameters, and External Tone Decode appropriately for the installation.

The VOTER/RTCM hardware device needs to be on an Ethernet network (typically a router
or switch or wireless bridging device of some sort) that has connectivity to the “master/host”
site, either via public Internet or via private LAN (extended, perhaps).

It may be on a network that allocates IP addresses (LAN and/or public IP address) dynam-
ically. The VOTER protocol11 and the VOTER hardware firmware are designed specifically
to allow for not needing the IP address of any VOTER board to be long-term consistent, or
even important, for that matter. All authentication and identification is based upon tokens,
not IP address or port.

If TELNET access is desired, the VOTER hardware needs to at least have its TELNET port
accessible (through a NAT/Firewall if used), otherwise it is not necessary. Even if TELNET
access is used, a dynamically-assigned public IP address will work, because dynamic DNS
(dyndns.org) is supported in the VOTER hardware firmware.

This document assumes sufficient familiarity with IP and general networking concepts, and
therefore will not go into specific details of network provisioning.

The VOTER Server Settings on the VOTER hardware will be covered in the next section.

11 https://wiki.allstarlink.org/wiki/VOTER-Protocol
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5.6 Overall System / Main Site Configuration
app_rpt (Asterisk) uses a channel driver chan_voter, which implements the “master site” or
”host” functionality, providing an Asterisk channel which app_rpt may open as a radio interface
(like a usbradio or pseudo channel in a non-voting AllstarLink system). This driver receives
(and/or sends) UDP packets (typically on UDP port 667) from/to all associated VOTER
clients at receive and/or transmit sites.

For each VOTER channel instance, both voting (GPS-based) and “general-purpose” (non-GPS-
based) clients may be used. The channel driver essentially “mixes” the resultant audio from
the voting subsystem along with the audio from all of the “general-purpose” clients (if any).

In addition, the channel driver (optionally) may be configured to send a stream of UDP packets
to a predetermined IP address and UDP port. This stream is meant to be redistributed by the
votmond program (deprecated) running on a high-availability, high-bandwidth Linux Server,
and give users access to monitoring of the VOTER audio and signal strength information in
real time.

chan_voter uses a configuration file, /etc/asterisk/voter.conf, which contains typically
several stanzas.

Here is an example of a voter.conf file:
[general]
port = 667
buflen = 500
password = BLAH
utos = y ; Turn on IP TOS for Ubiquiti ***this only marks
packets from Asterisk to the VOTER

; if you want to mark packets from the VOTER to
Asterisk, you may need to set the

; debug level to 16 on the VOTER (depending on
firmware version).
[1234]
MAD6 = madcow6
MAD5 = madcow5
MAD4 = madcow4
MAD3 = madcow3
MAD2 = madcow2
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MAD1 = madcow1,master
streams = 67.215.233.178:1667
plfilter = y
txctcss = 100.0
txctcsslevel = 100
txtoctype = none
thresholds = 255,110=5
linger=6

The [general] stanza specifies the UDP port that the VOTER clients are expected to send
packets to (the port parameter must match the VOTER Server Port on the client), the receive
buffer size in milliseconds (the buflen parameter), and the server password (the password
parameter must match the Host Password parameter on the client). The utos setting will mark
packets FROM the host to the client with the TOS flag in the IP packet header. Depending
on the firmware version of the client, you may need to enable debug level 16 to mark packets
from the client to the host (newer versions mark packets by default and do not require debug
level 16 to be enabled).

Each additional stanza is named in an appropriate manner (generally matching the associ-
ated node number in the rpt.conf file) using an [INSTANCE_NAME] ([1234] in this example).
There can be more than one [INSTANCE] stanza, depending on how many voter systems
are being managed by the server (one instance stanza for each node/repeater that has it's
own VOTER clients that are being managed on the server). In rpt.conf, this stanza name
references the channel driver name (in this case it would be rxchannel=voter/1234). In the
Asterisk console, this is also known as the instance name (1234 in this example) when using
the Asterisk voter console commands.

Within each named stanza (not the [general] stanza), the VOTER clients are defined:

• by specifying DISPLAY_NAME = password[,options] for each client. The DISPLAY_NAME is
shown on Allmon/Supermon and is used as the client name in the Asterisk console. The
password here must match the Client Password in the individual VOTER hardware at the
client site

and operating parameters (that apply to the whole instance), such as:

• streams, which specifies a list of ‘IP_ADDR:UDP_PORT‘ values indicating where to send
the votmond (deprecated) redistribution stream associated with the specified system

• plfilter, which if set to true, enables a 300Hz high pass filter in the VOTER hardware, used
when a CTCSS/CDCSS tone is higher in frequency than 120Hz

• txctcss, txctcsslevel, and txtoctype (if transmit CTCSS generation is desired in the VOTER
hardware, see below)
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• thresholds and linger which define the behavior of the voting selection algorithm

The options for each specified DISPLAY_NAME are as follows:

• master – This specifies that this client is the Master Timing source (the VOTER hardware
that is on the same LAN as the AllstarLink Asterisk server. There can only be one Master
Timing source per entire Asterisk server.

• transmit – This specifies that this client is intended to have transmit audio sent to it and
will have a transmitter connected to it.

• adpcm – This specifies that this client is to be sent audio in ADPCM format, rather than
Mu law.

If no options are specified for a client, then none of the options specified above are enabled
for the particular client, and will be treated as a standard (non-master), receive-only, Mu
law audio client. There are other (advanced) options that may be set, they will be covered
elsewhere.

On each VOTER hardware client, the Client Password must be set to the associated value for
the desired client as specified in the stanza of the voter.conf file. Using the above example,
the “MAD1” VOTER client would be configured to have a Client Password of “madcow1”. The
“MAD1” designation is only used and referenced by chan_voter, and is not specified or known
in any way by the VOTER client.

On each VOTER hardware client, the “Server Password” must be set to the value specified in
the password parameter in the [general] stanza of the voter.conf file.

5.7 Voting Selection Algorithm and Associated Parameters
Voting selection (the choice of client from which to take the audio stream) is based upon the
RSSI (relative signal strength/quality) value associated with each particular client's received
signal.
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The parameters associated with voting selection are the thresholds and linger parameters spec-
ified for each VOTER instance.

If neither of these parameters are specified, the voting selection algorithm will default to choos-
ing the client with the highest RSSI number (and the last-most one listed in the voter.conf
file, if a tie exists) each and every received audio frame (every 20 milliseconds).

Although this is a functional option, this is probably NOT what you really want. Doing so
will cause the received signal to have an audible “squelch-tail” at the end of a transmission if
there is a receiver receiving the signal strongly in addition to a receiver receiving the signal at
a low, noisy level.

This, however might be appropriate in very rare instances where receivers are placed in loca-
tions that require very agile following of the strongest signal. It is very unlikely, however, that
this is the case.

It is far more likely that it is appropriate to set up a set of “thresholds” and optionally a “linger”
time that is different then the default (which is 6 frame periods of 20 milliseconds).

The linger parameter allows specification of a default linger value (in multiples of 20 mil-
lisecond frames) of other then the system default value (6).

The thresholds parameter is a comma-separated list of RSSI threshold values each specified as
follows:

MIN_RSSI[=REASSESS_FRAMES[:LINGER_FRAMES]]

• MIN_RSSI is the minimum RSSI value for this threshold (1-255)
• REASSESS_FRAMES is the number of 20ms frames for the client to remain selected at
this threshold level before being re-assessed (may be specified as 0, meaning “re-assess at
next frame”)

• LINGER_FRAMES is the number of 20ms frames for the client to remain selected after
no longer being at this threshold (or any other) (may be specified as 0, meaning “do not
linger”)
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If MIN_RSSI is specified without the other values, its REASSESS_FRAMES is considered
to be infinite (it will not get re-assessed if its RSSI value remains at this threshold), and
LINGER_FRAMES will be its default value (6).

If MIN_RSSI and REASSESS_FRAMES are specified, LINGER_FRAMES will be at its de-
fault value(6).

A specification for REASSESS_FRAMES must be present if there is a specification for
LINGER_FRAMES.

For example:

thresholds = 255,110=5

Meaning:

If the RSSI level is 255, stay selected on that client as long as it still has an RSSI of 255, else
if the RSSI level is at least 110, stay selected there for no more then 5 frames. If the RSSI
drops below 110, re-assess every frame (since no value below 110 was specified).

Also, since there were threshold values specified and the linger value remained default, any
client that meets any specified threshold, stays selected for 6 frames when no clients meet any
thresholds any longer.

If, instead the example was:

thresholds = 255,110=5:10

Then:
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The same would be true except that if a client meets the “110” threshold (and not the “255”
threshold), and then no more clients meet any more thresholds, the client that met the “110”
threshold would stay selected for 10 frames rather then the default 6.

This whole methodology is rather strange, but it seems to be appropriate and effective. In the
future, it may be improved or modified in some way, but for now it is more than sufficient.

5.8 Buffer Tuning
See the VOTER Buffers12 page for information on how the buffers work, and how to tune
them for proper operation.

12 https://wiki.allstarlink.org/wiki/VOTER-Buffers
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6 Simulcasting

The RTCM/VOTER boards do support simulcasting, however, there are a bunch of quirks
that one needs to be aware of.

See the VOTER Simulcasting1 page for further information.

1 https://wiki.allstarlink.org/wiki/VOTER-Simulcasting
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7 General-Purpose/Mixed Mode
Configurations

The primary use of the VOTER/RTCM is to implement multi-site receiver voting repeater
systems. That leads itself then to also adding simulcast transmitters (if you already have the
sites for receivers).

However, this is not the only use case.

The VOTER/RTCM also works very well as a repeater interface to a stand-alone repeater. In
fact, in a few key areas, it is a superior choice for interfacing a repeater to AllStarLink1:

• Hardened hardware (no SD card to corrupt with power failures)
• No operating system crashes
• No USB configuration issues
• No USB audio level configurations to get corrupted
• Supports CTCSS transmit tone generation
• Easily transits NAT networks with minimal network configuration

Remember, the VOTER/RTCM is basically a custom Radio over IP (RoIP) adapter. It was
just designed from the ground up by a very smart amateur radio operator.

When used in ”General-purpose” mode (for a stand-alone repeater), you do not require a GPS
for timing. Although, there is nothing stopping you from using one. Setting the PPS setting
to ignore will put the VOTER/RTCM in to ”General-purpose” mode. This is also known as
Mixed Mode. As that implies, you could have a ”General-purpose” client that is mixed with
voting clients, and chan_voter will ”mix” the audio from non-voting clients with the voted
audio.

1 https://www.allstarlink.org
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7.1 No GPS/Mixed Mode
You do not need a timing source to use an RTCM if you don’t want to vote. That’s called
Mixed Mode.

Having the PPS Polarity set to 2 (ignore) tells the RTCM you do not have a GPS. That forces
the RTCM to become a mix (non-voting) client. Turn it on, save it, and restart. A simple
voter.conf would look like this:
[general]
port = 667
password = BLAH

[1000]
Site1 = pswrd1,master,transmit
Site2 = pswrd2,transmit

7.2 Mixed Client Error
”I am getting this error in Asterisk”:
WARNING[2368]: chan_voter.c:4511 voter_reader: Voter client master timing source
mobile1 attempting to authenticate as mix client!!

A mixed client error means the voter.conf file is expecting a VOTER/RTCM to try and
connect with a GPS IP packet (ie. has master in it's definition in voter.conf), but the
VOTER/RTCM isn't sending a GPS IP packet. So it is a mismatch between voter.conf and
the PPS setting in the VOTER/RTCM.

If you want to use a mix client (non-voted), make sure that receiver's configuration line in
voter.conf does not have the master option set.
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7.3 Mix Clients with Voted Client Issues
Situation... ”I have a private node with 6 voted receivers using RTCMs. I'd like to add a 7th
RTCM to this node that is always mixed in rather than voted. I'm able to make this RTCM
work as a 7th voted receiver with no problem. Everything I've read seems to indicate that if I
change GPS PPS polarity to ”none” this will achieve my desired results, however I am unable
to get audio out of my transmit RTCM from this 7th site. It does change color to cyan in
Allmon indicating it is non voted input but I do not get any indication or audio when that
units COR goes active.”

”Setting voter debug level 3 in Asterisk and I'm seeing the following message repeatedly
scrolling by in a blur when the mix client detects COR (COR is active). Sequence numbers
are continually incrementing by 1. I'm running software version 1.47 on all my clients:”
mix client (Mulaw) my_client index:0 their seq:629 our seq:629
mix client my_client outa bounds, resetting!!

If you have a similar situation to the above... check your buflen in voter.conf. Make sure it
is at >=160 and see if that fixes it. You may also want to review buffer tuning2.

2 https://wiki.allstarlink.org/wiki/VOTER-Buffers
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8 Summary

This technology/project is a great asset to the two-way radio community in general, par-
ticularly Amateur Radio and other pubic-service related radio services, allowing inexpensive,
general, and open access to what previously would have been impossible or otherwise unattain-
able.

Systems of this type can greatly improve ability to provide efficient and reliable communica-
tions, not to mention promoting usage of frequencies and modes that otherwise may have been
underutilized or ignored.
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9 Related Pages

Documentation on the VOTER/RTCM is extensive, and as such, has been split across multiple
pages. They are usually linked, where appropriate, throughout the content. However, here are
all the related pages that are available:

• Original VOTER Hardware Documentation1
• RTCM Hardware Documentation2
• Menu Structure and Definitions3
• Firmware Upgrading4
• Audio Interfacing and Configuration5
• GPS Interfacing and Configuration6
• voter.conf Documentation7
• chan/voter and Asterisk Console Documentation8
• Simulcasting Configuration9
• Buffer Tuning10
• Interfacing to the Motorola Quantar11

9.1 Contributors
• VE7FET12
• WD6AWP13

• This page was last edited on 5 June 2025, at 00:14.

1 https://wiki.allstarlink.org/wiki/VOTER-Hardware
2 https://wiki.allstarlink.org/wiki/RTCM_Client
3 https://wiki.allstarlink.org/wiki/VOTER-Menus
4 https://wiki.allstarlink.org/wiki/RTCM_Firmware_upgrading
5 https://wiki.allstarlink.org/wiki/VOTER-Audio
6 https://wiki.allstarlink.org/wiki/VOTER-GPS
7 https://wiki.allstarlink.org/wiki/Voter.conf
8 https://wiki.allstarlink.org/wiki/RTCM_Channel_Driver
9 https://wiki.allstarlink.org/wiki/VOTER-Simulcasting
10 https://wiki.allstarlink.org/wiki/VOTER-Buffers
11 https://wiki.allstarlink.org/wiki/Quantar_RTCM
12 https://wiki.allstarlink.org/index.php?title=User:VE7FET&action=edit&redlink=1
13 https://wiki.allstarlink.org/index.php?title=User:WD6AWP&action=edit&redlink=1
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• EPL: Eclipse Public License. http://www.eclipse.org/org/documents/epl-v10.php
Copies of the GPL, the LGPL as well as a GFDL are included in chapter Licenses1. Please
note that images in the public domain do not require attribution. You may click on the image
numbers in the following table to open the webpage of the images in your webbrower.

1 Chapter 11 on page 45
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11 Licenses

11.1 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 contrast,
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 Foundation, 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 modified
versions of the software inside them, although the manufacturer can do
so. This is fundamentally incompatible with the aim of protecting 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 prob-
lems 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 modifi-
cation 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 feature 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 interface 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 stan-
dard 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 “Major
Component”, in this context, means a major essential component (ker-
nel, 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 subprograms 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 conditions
are met. This License explicitly affirms your unlimited permission 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 facili-
ties for running those works, provided that you comply with the terms of
this License in conveying all material for which you do not control copy-
right. 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 mea-
sure 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 circumven-
tion is effected by exercising rights under this License with respect to the
covered work, and you disclaim any intention to limit operation or mod-
ification 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 appropri-
ately publish on each copy an appropriate copyright notice; keep intact
all notices stating that this License and any non-permissive terms added
in accord with section 7 apply to the code; keep intact all notices 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 convey, 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 possession 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 indi-
vidual 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
(including 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 product
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 customarily 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) Con-
vey 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 subsection 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 Corresponding Source along with the ob-
ject 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 equivalent copying facilities, provided you
maintain clear directions next to the object code saying where to find
the Corresponding Source. Regardless of what server hosts the Corre-
sponding 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 suf-
fice 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 Corresponding
Source conveyed under this section must be accompanied by the Instal-
lation Information. But this requirement does not apply if neither you
nor any third party retains the ability to install modified 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 updates
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 materially 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 provided,
in accord with this section must be in a format that is publicly docu-
mented (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 preservation 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 reason-
able ways as different from the original version; or * d) Limiting the use
for publicity purposes of names of licensors or authors 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 indemnifi-
cation 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 assump-
tions directly impose on those licensors and authors.

All other non-permissive additional terms are considered “further restric-
tions” 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 governed by
this License along with a term that is a further restriction, you may re-
move 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 license 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 para-
graph of section 11).

However, if you cease all violation of this License, then your license from
a particular copyright holder is reinstated (a) provisionally, unless and
until the copyright holder explicitly and finally terminates your license,
and (b) permanently, if the copyright holder fails to notify 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 viola-
tion 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 li-
censes of parties who have received copies or rights from you under this
License. If your rights have been terminated and not permanently rein-
stated, 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 occurring
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 propagate
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 organi-
zation, or substantially all assets of one, or subdividing an organization,
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 prede-
cessor in interest had or could give under the previous paragraph, plus a
right to possession of the Corresponding Source of the work from the pre-
decessor 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 (including 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 Li-
cense 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 con-
sistent 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 propagate
the contents of its contributor version.

In the following three paragraphs, a “patent license” is any express agree-
ment 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 re-
quirements 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 covered 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 arrangement,
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 automat-
ically 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
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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 Oth-
ers’ 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 convey a
covered work so as to satisfy simultaneously your obligations under this
License and any other pertinent obligations, then as a consequence 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 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 License
will continue to apply to the part which is the covered work, but the spe-
cial 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 versions
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 Public Li-
cense “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 state-
ment 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. EXCEPTWHENOTH-
ERWISE 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 QUAL-
ITY AND PERFORMANCE OF THE PROGRAM IS WITH YOU.
SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME
THE COST OF ALL NECESSARY SERVICING, REPAIR OR COR-
RECTION. 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, 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 IN-
ACCURATE OR LOSSES SUSTAINED BY YOU OR THIRD PAR-
TIES 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. 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 absolute
waiver of all civil liability in connection with the Program, unless a war-
ranty 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 WITH-
OUT ANY WARRANTY; without even the implied warranty of MER-
CHANTABILITY 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, 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 ap-
propriate parts of the General Public License. Of course, your program’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>.

11.2 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 assure
everyone the effective freedom to copy and redistribute it, with or with-
out modifying it, either commercially or noncommercially. Secondarily,
this License preserves for the author and publisher a way to get credit
for their work, while not being considered responsible for modifications
made by others.

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

We have designed this License in order to use it for manuals for free soft-
ware, because free software needs free documentation: a free program
should come with manuals providing the same freedoms that the soft-
ware does. But this License is not limited to software manuals; it can be
used for any textual work, regardless of subject matter or whether it is
published as a printed book. We recommend this License principally for
works whose purpose is instruction or reference. 1. APPLICABILITY
AND DEFINITIONS

This License applies to any manual or other work, in any medium, that
contains a notice placed by the copyright holder saying it can be dis-
tributed 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 section of
the Document that deals exclusively with the relationship of the publish-
ers 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 math-
ematics, a Secondary Section may not explain any mathematics.) The
relationship could be a matter of historical connection with the subject
or with related matters, or of legal, commercial, philosophical, ethical or
political position regarding them.

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

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

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

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

The ”Title Page” means, for a printed book, the title page itself, plus
such following pages as are needed to hold, legibly, the material this Li-
cense 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 ”Acknowledgements”,
”Dedications”, ”Endorsements”, or ”History”.) To ”Preserve the Title” of
such a section when you modify the Document means that it remains a
section ”Entitled XYZ” according to this definition.

The Document may include Warranty Disclaimers next to the notice
which states that this License applies to the Document. These Warranty
Disclaimers are considered to be included by reference in this License,
but only as regards disclaiming warranties: any other implication that
these Warranty Disclaimers may have is void and has no effect on the
meaning of this License. 2. VERBATIM COPYING

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

You may also lend copies, under the same conditions stated above, and
you may publicly display copies. 3. COPYING IN QUANTITY

If you publish printed copies (or copies in media that commonly have
printed covers) of the Document, numbering more than 100, and the
Document’s license notice requires Cover Texts, you must enclose the
copies in covers that carry, clearly and legibly, all these Cover Texts:
Front-Cover Texts on the front cover, and Back-Cover Texts on the back
cover. Both covers must also clearly and legibly identify you as the pub-
lisher 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 prudent steps, when
you begin distribution of Opaque copies in quantity, to ensure that this
Transparent copy will remain thus accessible at the stated location un-
til at least one year after the last time you distribute an Opaque copy
(directly or through your agents or retailers) of that edition to the public.

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

You may copy and distribute a Modified Version of the Document under
the conditions of sections 2 and 3 above, provided that you release the
Modified Version under precisely this License, with the Modified Version
filling the role of the Document, thus licensing distribution and modi-
fication 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 requirement.
* C. State on the Title page the name of the publisher of the Modi-
fied 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. Include, im-
mediately 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 ”History”, Preserve its Title,
and add to it an item stating at least the title, year, new authors, and
publisher of the Modified Version as given on the Title Page. If there
is no section Entitled ”History” in the Document, create one stating the
title, year, authors, and publisher of the Document as given on its Title
Page, then add an item describing the Modified Version as stated in the
previous sentence. * 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 ”Ac-
knowledgements” or ”Dedications”, Preserve the Title of the section, and
preserve in the section all the substance and tone of each of the contrib-
utor acknowledgements 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 ”Endorsements”.
Such a section may not be included in the Modified Version. * N. Do
not retitle any existing section to be Entitled ”Endorsements” or to con-
flict in title with any Invariant Section. * O. Preserve any Warranty
Disclaimers.

If the Modified Version includes new front-matter sections or appendices
that qualify as Secondary Sections and contain no material copied from
the Document, you may at your option designate some or all of these
sections as invariant. To do this, add their titles to the list of Invariant
Sections in the Modified Version’s license notice. These titles must be
distinct from any other section titles.

You may add a section Entitled ”Endorsements”, provided it contains
nothing but endorsements of your Modified Version by various parties—
for example, statements of peer review or that the text has been approved
by an organization as the authoritative definition of a standard.

You may add a passage of up to five words as a Front-Cover Text, and a
passage of up to 25 words as a Back-Cover Text, to the end of the list of
Cover Texts in the Modified Version. Only one passage of Front-Cover
Text and one of Back-Cover Text may be added by (or through arrange-
ments made by) any one entity. If the Document already includes a
cover text for the same cover, previously added by you or by arrange-
ment made by the same entity you are acting on behalf of, you may not
add another; but you may replace the old one, on explicit permission
from the previous publisher that added the old one.

The author(s) and publisher(s) of the Document do not by this License
give permission to use their names for publicity for or to assert or imply
endorsement of any Modified Version. 5. COMBINING DOCUMENTS

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

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

In the combination, you must combine any sections Entitled ”History”
in the various original documents, forming one section Entitled ”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 distribute
it individually under this License, provided you insert a copy of this Li-
cense into the extracted document, and follow this License in all other
respects regarding verbatim copying of that document. 7. AGGREGA-
TION 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 dis-
tribution medium, is called an ”aggregate” if the copyright resulting from
the compilation is not used to limit the legal rights of the compilation’s
users beyond what the individual works permit. When the Document
is included in an aggregate, this License does not apply to the other
works in the aggregate which are not themselves derivative works of the
Document.

If the Cover Text requirement of section 3 is applicable to these copies
of the Document, then if the Document is less than one half of the entire
aggregate, the Document’s Cover Texts may be placed on covers that
bracket the Document within the aggregate, or the electronic equivalent
of covers if the Document is in electronic form. Otherwise they must
appear on printed covers that bracket the whole aggregate. 8. TRANS-
LATION

Translation is considered a kind of modification, so you may distribute
translations of the Document under the terms of section 4. Replacing In-
variant Sections with translations requires special permission from their
copyright holders, but you may include translations of some or all In-
variant Sections in addition to the original versions of these Invariant
Sections. You may include a translation of this License, and all the li-
cense notices in the Document, and any Warranty Disclaimers, provided
that you also include the original English version of this License and the
original versions of those notices and disclaimers. In case of a disagree-
ment 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”, ”Dedi-
cations”, or ”History”, the requirement (section 4) to Preserve its Title
(section 1) will typically require changing the actual title. 9. TERMI-
NATION

You may not copy, modify, sublicense, or distribute the Document ex-
cept as expressly provided under this License. Any attempt otherwise 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, unless and
until the copyright holder explicitly and finally terminates your license,
and (b) permanently, if the copyright holder fails to notify 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 viola-
tion 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 li-
censes of parties who have received copies or rights from you under this
License. If your rights have been terminated and not permanently rein-
stated, 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 Li-
cense ”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, Califor-
nia, 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
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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, dis-
tribute and/or modify this document under the terms of the GNU Free
Documentation License, Version 1.3 or any later version published by the

Free Software Foundation; with no Invariant Sections, no Front-Cover
Texts, and no Back-Cover Texts. A copy of the license is included in the
section entitled ”GNU Free Documentation License”.

If you have Invariant Sections, Front-Cover Texts and Back-Cover Texts,
replace the ”with … Texts.” line with this:

with the Invariant Sections being LIST THEIR TITLES, with the Front-
Cover Texts being LIST, and with the Back-Cover Texts being LIST.

If you have Invariant Sections without Cover Texts, or some other com-
bination of the three, merge those two alternatives to suit the situation.

If your document contains nontrivial examples of program code, we rec-
ommend releasing these examples in parallel under your choice of free
software license, such as the GNU General Public License, to permit
their use in free software.

11.3 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 License,
supplemented by the additional permissions listed below. 0. Additional
Definitions.

As used herein, “this License” refers to version 3 of the GNU Lesser Gen-
eral 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. Defining
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 Ap-
plication 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 Combined
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 Mod-
ified 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 pur-
pose 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 engineering
for debugging such modifications, if you also do each of the following:

* 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 Combined Work
that displays copyright notices during execution, include the copyright
notice for the Library among these notices, as well as a reference direct-
ing 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 Appli-
cation 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 man-
ner 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 ver-
sion 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 man-
ner 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, con-
veyed under the terms of this License. * b) Give prominent notice 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 versions
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 pub-
lished 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 version is permanent
authorization for you to choose that version for the Library.
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