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1 Introduction

The MK-60689 adaptor support the USR WiFi232-T WiFi device and provides systems built on the
Eoraptor Platform the capability to be networked through a wireless TCP/IP network. Java applications
on Workstations can communicated with the Syste on a Chip on the Eoraptor platform through the
SoC’s serial port and the WiFi Module (MK-60689). The MK-60689 provides a direct TCP/IP socket
to the serial port. Using Telnet one can send commands directly to the SoC and receive results. Java
and C/C++ applications can communicate with the SoC through TCP/IP Sockets. Figure 1 shows the
MK-60689 attached to the Eoraptor. Note the Blue LED that shows the WiFi status in this case
association with the Access Point (AP). Also attached to the Eoraptor is the PIC32 SoC module. We
should notet that the MK-60689 (with the USR WiFi232-T) supports a multi-threaded server. That is
multiple simultaneous TCP/IP sockets are supported. For example a Java application can comtrol a
Robot through the PIC32 SoC while a Telnet session monitors the traffic and can also send commands.

PIC32 SoC
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WiFi Status LED

Figure 1 WiFI Adaptor with USR -WiFI232-T and PIC 32 with Blue Status LED showing
Association with AP
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IONOTRONICS provides a remote Robot control firmware as Open Source for both the
PIC32MX360F512 and the 1PIC16F1947. So right out of the box you can setup a wireless TCP?IP
network to control multiple robots.

2 The USR WiFi232-T WiFi Module

Figures 2 and 3 show the USR WiFi232-T module and its pinout. The pin description is shown in Table
1. The USR WiFi232-T plugs into the MK-60689 adaptor shown in Figure 4. Figure 5 shows the
bottom of the MK-60689 showing the 40 pin Samtec connection ( for attachment to the Eoraptor). The
USR WiFi232-T with antenna is shown in Figure 6.

¢

R

Figure 2 USR-WiFi232-T View
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Figure 3 USR-WiFi232-T Pin Out

Table 1 USR-WiFi232-T Pin Description

Pin Describtion | Net Name |Signal Type| Comments
Ground GND Power
+3.3V Power DVDD Power 3.3V@250mA
3 Module Recovery| nReload I Low effective reset input.
Pull-up if not use.
Can be set to Smart Link Pin
4 Module Reset nReset I Low effective reset input.
Pull-up if not use.
UART UART_RX |1 No connect if not use.
UART UART_TX | O No connect if not use.
7 Power soft PWR_SW | L,PU 0" — Power Down Mode
switch "1” — Normal mode
(Function is reserved)
8 PWM/WPS PWM_3 I/0 Default WPS function,
Can be set to PWM/GPIO18.
No connect if not use.
9 PWM/nReady PWM 2 1/0 Default nReady function,
Can be set to PWM/GPIO12.
No connect if not use.
10 PWM/nLink PWM_1 1/0 Default nLink function,

Can be set to PWM/GPIO11.
No connect if not use.
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Figure 4 MK-60689 Top Showing Hirose DF11 Series 1x10 Pin Connector into which the USR
WiFi232-T plugs into.
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Figure 5 MK-60689 Bottom Showing SAMTEC 40 Pin Connection

Figure 6 USR WiFi232-T with Antenna
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The USR WiFi232-T user manual is provided with this user guide. See Figure 7.

i USR-WIFI232 Low Power WiFi Module User Manual V2.4-232-T.pdf

Figure 7 USR-WiFi232-T User Manual. See this link.

3 Setup of the USR WiFi232-T with the MK-60689
Adaptor and Eoraptor

Attach the USR WiFi232-T to the Eoraptor platform with the orientation shown in Figurel. Set the
Reset and nReload switches to the positions shown (both green LEDs on). The Euraptor should be
connected to a 3.3V supply. When you scan with a WiFi device, the USR WiFi232-T will appear in the
list. This is shown in Figure 8. The USR WiFi232-T can operate as an AP for configuration.

USR-WIFI232-T None 1 (2.4G) r.'.'...j

Connect automatically Connect

Figure 8 Scan for AP. Find USR-WIFI232-T

Once Connected enter the [P Address Below into your WEB Browser (Disconnect any Ethernet Cable
to the Workstation first)

http://10.10.100.254

Login as admin and password admin

Do not make any changes. We will configure the device using a direct serial connection and the AT
command set. More control. Much better.
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4 Configuring the USR-WiFi232-T

4.1 Introduction

Use direct serial connection to configure the USR-WiFi232-T module. This is technically the best way
to do it. Also if you have to do any recovery like setting back to AP Mode you will need to use AT
commands.

On a PC with Windows we highly recommend the Tera Terminal. See the following link.

S
\ g

https://ttssh2.0sdn.jp/index.html.en

4.2 Setting Up the Eoraptor Platform

First you need to set the switches on the Eoraptor so that you communicate directly with the USR-
WiFi232-T directly. To do this set the switches as shown below:
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Figure 9 Eoraptor configured for direct serial communication to the WiFi Module (USR-
WiFi232-T)
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nReload Reset
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% % e

Figure 10 MK-60689 Showing Switches

Using a 4 pin Hirose to Female DB-9 RS-232 Cable, hook up the Workstation (PC) RS-232 to the
Eoraptor. Toggle the nReload switch on the WiFi Adaptor Board. Set in a position so that the green
LED by the switch is on. The WiFi status LED on the Eoraptor should be green.

Using Tera Term (or PUTTY) set the terminal to serial communication at 115200 bps 8 Bits One Stop
Bit.
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<
Tera Term: Serial port setup l_&}

Port: [comi - |T

Baud rate: 115200} v
Data: (8 bit -] | cancel |
Parity: ‘none v
Stop: [1 bit - Help ‘
Flow control: ‘nomaiv

Transmit delay

0 msec/char 0 msecfline

Figure 11 Tera Term Setup

4.3 AT Command Mode

To Enter AT Command Mode Type:
o+

That is, enter three + characters right after each other. This is the escape sequence to get into the AT
command mode in the USR-WiFi-232-T module. The USR WiFi module will respond with an "a"
indicating it is ready for AT Commands.

| &

File Edit Setup Control Window Help

Figure 12 “a” after escape sequence +++
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Type the following AT Command:
AT+
You will get the "+ok" response back.

r N
+i COML1 - Tera Term VT :IEH& |
| |

File Edit Setup Control Window Help

Figure 13 Response to AT+ command

To get a list of commands, use the Help command:
AT+H
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n

. COM1 - Tera Term VT

File Edit Setup Control Window Help

AT +H
AT+: NoNE command. reply “+ok".
AT+ASWD: Set/Query WiFi configuration code.
u AT+E: Echo ON/Off, to turn on/off command line echo function.
AT+ENTM: Goto Through MOde.
AT+NETP: Set/Get the Net Protocol Parameters.
Set/Query deep sleep mode parameters.
General PING command.
AT +WMODE: Set/Get the WIFI Operation Mode (AP or STAD>.
AT+WSLK: Get Link Status of the Module (Only for STA Mode>.
AT+WSLQ: Get Link Quality of the Module (Only for STA Mode>.
AT +WSCAN: Get The AP site Survey <(only for STA Moded.
AT+TCPLK: Get The state of TCP link.
AT+TCPTO: Set/Get TCP time out.
AT+TCPDIS: Connect/Dis—connect the TCP Client link
AT+RECU: Recv data from WIFI
AT +SEN Send data to WIFI
AT+WEBU: Set/Get the Login Parameters of WEB page.
AT+WEBUER: Get WEB version.
AT+USDNS: Set/Get the DNS Server address.
AT +WADMN: Set/Get the domain name of WEB page.
AT+WEBSWITCH: Set/Get the parameters of WEB page.
AT +PLANG: Set/Get the language of WEB page.
AT+UPURL: Set/Get the path of remote upgrade.
AT+UPFILE: Set/Get the file name of config file for remote upgrade.
AT+UPST: Start the remote upgrade.
AT+UPWEB: Start the remote upgrade wehpages.
AT+UPCFG: Start the remote upgrade default setting.
AT+UPAUTO: Start the remote upgrade by config file.
AT +LOGSW: Enabhle/Disable upload logs.
AT +LOGPORT: Set/Get the UDP port for upload logs.
AT+SOCKB: Set/Get Parameters of socket_h.
AT+TCPLKB: Get The state of TCP_B link.
AT+TCPTOB: Set/Get TCP_B time out.
AT+TCPDISB: Connect/Dis—connect the TCP_B Client link.
AT+RCUB: Recv data from socket_b
AT +SND. Send data to socket_bh
AT+RELD: Reload the default setting and reboot.
AT+SLPEN: Put on/off the GPIO?.
AT+RLDEN: Put on/off the GPI045.
AT+Z: Reset the Module.
AT+MID: Get The Module ID.
AT+VER: Get application version.
AT+USERVER: Get user version
AT+CUSTOMER: Get customer wversion
AT +RPTMAC: Get Report MAC State
T+WRRPTMAC: Set Report MAC State
T+RPTMACTP: Set Report MAC type
T+DIDDIS: Query or set D2D function enabhle or disabhle
AT +DTDID: Query or set D2D ID
AT +HTPEN: Query or set httpd function enable or disable
AT+HTPTP: Query or set httpd request type
AT +HTPSU: Query or set httpd server ip and port
AT +HTPHD: Query or set httpd request header
AT +HTPURL: Query or set httpd request url
AT +HTPTO: Query or set httpd time out
AT+HTPFT: Query or set httpd filter enable or disable
AT +WIFICH Query or set if wifi error check is enable
AT +CHKTIME: Query or set wifi error check time
AT+RSEN: Query or set RS485 function enahle or disable
AT +CLOUDEN: Query or set passthrough cloud function enabhle or disahle
AT +CLOUDI Query or set device id of passthrough cloud function
AT +CLOUDPY: Query or set password of passthrough cloud function
AT+REGDIS: Query or set register function enable or disable
AT +REGUSR: Query or set data of register
AT+DTTY: Query or set type of data
AT+WUANN: Set/Get The UAN setting if in STA mode.
AT +LANN: Set/Get The LAN setting if in ADHOC mode.
AT+UART: Set/Get the UARTB/UART1 Parameters.
AT+UWSSSID: Set/Get the AP’s SSID of WIFI STA Mode.
AT+UAP: Set/Get the AP parameters.
AT +USKEY: Set/Get the Security Parameters of WIFI STA Mode.
AT +WAKEY: Set/Get the Security Parameters of WIFI AP Mode.
AT+NTPSER: Set/Get NIP Server address.
AT +UDPLCPT: Set/Get local UDP port.
AT +NDBGL:set/get debug level
AT +WPSBTNEN:enahle/disable wps button
AT+WALKIND:enable/disable LED indication of AP connection
AT +WADHCP:enahle/disable AP dhcp server and set ip address pool
AT+MDCH: Put on/off automatic switching WIFI mode.
AT+WIFI=UP/DOUN: Power down or up the wifi chip.
AT +SMTLKST=mode . protocol: Setup smartlnk mode and protocol.

AT+H:show help
—
Figure 14 AT Help

To get to "Through Mode" use the command: AT+ENTM
Use the escape sequence to get back to the AT command mode.
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4.4 Changing Baud Rate to 38400 bps

We are now ready to configure the WiFi module.

We need to set the Baud rate to 38400 bps. First lets query the existing Baud Rate. Type:
AT+UART

The WiFi module response as shown in the Figure below indicating that the Baud rate is 115200 bps.

=i COML1 - Tera Term VI ll:l Eh]&l

File Edit Setup Control Window Help H

+0k=115200.8.1 .None .NFC

Figure 15 AT Command to show baud rate

Now type the following to set the Baud Rate to 38400 bps:
AT+UART=38400,8,1, NONE,NFC

You will get "ok+". Now query the baud rate:

AT+UART
See the Figure below:

“. COML1 - Tera Term VT L_l_I_J.:. LS S

File Edit Setup Control Window Help

AT +UART .
+0k=115200, 8,1, None ,NFC |

AT +UART=384080.8.1 .none .nfc

Figure 16 Confirming Baud Rate set to 38400 bps
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Now we need to reset the WiFi module for the new Baud Rate to take effect. So type:

AT+Z
After this command, go to Serial Setup in Tera Term and set the Baud Rate to 38400bps. Toggle the
nReset switch on the WiFi Adaptor Module.

Next type the +++ escape sequence. You should get an "a". Type AT+ to get "+ok" verifying that all is
well. If you get the "a" but no response from AT+ command. Toggle the nReset switch.

Make sure you changed the Tera Term Baud Rate to 38400bps.

Note: To get back to Factory Defualt use the command "AT+RELD". This will go back to 115200 bps
etc. Of course, you need to be communicating at the Baud Rate you set ( 38400 bps in our case).

A great AT Command is: AT+WSSSID This command queries the SSID of the WiFi Module. See the
Figure below:

‘. COM1 - Tera Term VT l_‘_l—Jn LS e S

File Edit Setup Control Window Help ‘

AT +USSSID
+ok=USR-WIFI232

—— —

Figure 17 Quering the SSID of the WiFi Module

4.5 Setting Up the SSID

We will now change the SSID of the WiFi Module to "Robotics".

To do this type:
AT+WSSSID=Robotics

IONOTRONICS 18 MK-60689



' COM1 - Tera Term VT =N

File Edit Setup Control Window Help ‘

+ok=USR-WIFI232

AT +WYSSSID=Robotics
+ok

AT +WSSSID
F' +ok=Robotics

\ - T W W R W A W — - A

Figure 18 Setting the SSID to Robotics

Now reset the WiFi module by typing:
AT+Z

This resets the WiFi module. To get back to AT Command mode, toggle the nReset switch on the
WiFi module. Then type "+++". Test with AT+

The SSID, is the AP Session ID that the WiFi module will use to associate with when in station mode
(STA).

4.6 Setting the WiFi Module into Station Mode

In order to communicate with the System on a Chip (SoC), e.g. the PIC32, we need to set the WiFi
module into Station mode. It is important to learm how to do this through the AT Commands. If the
WiFi module is set to Station mode, you cannot configure it by accessing the AP functionality of the
WiFi module (because it is in Station mode). With AT Commands we can revert the WiFi module back
to AP mode for WEB based configuration.

First lets query the mode:
AT+WMODE
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[ > |
L. COM1 - Tera Term VT L

File Edit Setup Control Window Help ‘

. - = w o e s J

Figure 19 Quering the AP/STA mode

Now set the WiFi module to Station Mode:
AT+WMODE=STA

Do a query to verify.

4.7 Setting a Fixed IP Address

In Robotics as well as other applications, we will use Wireless TCP/IP to control the Robot. In order to
communicate with the WiFi module, we will need to do three things:

1- Set a fixed I[P Address (based on the AP IP Address so that the WiFi module is a subnet).
2- Set the SSID so that it can associate with the AP ( "Robotics" in our example).
3- Need to know the Port Number of the WiFi module.

To test, we will first ping the WiFi Module at the fixed IP address. Next we will use telnet to establish
a TCP/IP Socket to the WiFi Module. Once a telnet session is established we can send text commands.
The telnet session will need both the fixed IP address and the port number.

The USR WiFi-232-T port number is fixed at: 8899

The command to set the fixed IP address, set the mask and the IP address of the gateway (AP) is shown
below:

IONOTRONICS 20 MK-60689



31) AT+WANN
» Function: Set/Query STA network setting. Setting is valid after reset.
» Format:
€ Query Operation:
AT+WANN<CR>
+ok=<mode,address,mask,gaﬁeway><CR>< LF ><CR>< LF >
€ Set Operation:
AT+ WANN=< mode,address,mask,gateway ><CR>
+0k<CR>< LF ><CR>< LF >
» Parameters:
€ Mode:STA’s IP network setting
® Static: Static IP
® DHCP: Dynamic IP
€ Address: STA IP address;
¢ mask: STA subnet mask;
¢ gateway: STA gateway address;

Figure 20 AT Command to set Fixed IP, MASK and Router IP

In our example the AP gatway IP address is "192.168.100.1".
We will assign a Fixed IP address to the WiFi Module as: "192.168.100.90".

Here is the command:
AT+WANN=STATIC,192.168.100.90,255.255.255.0,192.168.100.1

Once the WiFi module ha sbeen configured it needs to be rebooted. Upon reboot, the WiFi module will

associate with the AP and the WiFi status LED on the Eoraptor will turn blue. If you use
MyLanViewer on the Windows PC you can scan and see the WiFi module on the network.

IONOTRONICS 21
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901¢ 0 192,168.100-100.0-254

= ﬁ Computers (2)
“w® 192,168.100.1 - 1.100. 168.192.in-addr.arpa (Your Router)
a 192, 168.100. 197 - LasVegasLab (Your Computer)

Figure 21 MyLanViewer showing the AP and PC on the network.

Pinging from a PC:
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Command Prompt
C:>ping 192.168.100.90

Pinging 192.168.16008.98 with 32 bhytes of data:
192.168.10808.90: bytes=32 time=30ms TTL=255
192.168.1808.90: bytes=32 time=25ms TTL=255
192.168.10808.90: bytes=32 time=5ms TTL=255
192.168.1808.90: bytes=32 time=35ms TTL=255

Ping statistics for 192.168.100.90:

Packets: Sent = 4, Received = 4, Lost = 8 (8% loss).
Approximate round trip times in milli-seconds:

Minimum = 5ms, Maximum = 35ms, Average = 23ms

C: >

l.':' \ @l_&;-l‘

Figure 22 Pinging the Wifl module from the PC
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w- e D =|(O)[X]
@ -------- Commands View Tools Help

Q 20X 2HQAOO®

{9010 & 192.168.100-100.0-254 :
Scanner —

& g3 Computers (3) s
G s+ 192.168.100.1 - 1.100. 168.192.in-addr.arpa (Your Router)
% 192.168.100.90
History &8 MAC Address: AC:CF:23:81:6A:C8
\ @ NIC Vendor: Hi-flying electronics technology Co. Ltd

ﬂj j 192,168.100. 197 - LasVegasLab (Your Computer)

Favorites

Search

)

Folders

)
Messenger

Subnet
Monitoring
................ & Computers ['h Workgroups ]w Resources l
W 502/510 |0 0|0 00:00:22

Figure 23 MyLanViewer showing WiFi Module with IP 192.168.100.90

4.8 Telnet Session to WiFi Module

Now that we have setup the AP Session ID as "Robotics" and have set the Fixed IP as 192.168.100.90
and we have verified that the WiFi module is connected by:

1- Checking that the Eoraptor WiFi Status LED is Blue.
2- That we can Ping from a Workstation associated with the AP to the WiFi Module fixed IP
address.

We are ready for Telnet.

First we need to make sure that the WiFi module is in "through mode". Type:
AT+ENTM
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Start a telnet session on the Workstation (MAC, Linux associated with the AP) as follows:
telnet 192.168.100.90 8899

Or if using Windows, use PTTY.
To setup PUTTY see the Dialog below:

Category: ,
& Session » Basic options for your PUuTTY session
H + Logging Specify the destination you want to connect to
=) Terminal
.. Keyboard Host Name (or IP address) Port
- Bell 152.168.100.50 2899
Ll "
- Features Connection type:
= Window ()Raw @ Telnet ) Rlogin ) SSH () Seral '
Appea@nce Load, save or delete a stored session
- Behaviour
| - Selection USR-WiFi-232-T
- CoIqurs Default Settings T
=+ Connection USR-WiFi-232-T
- Rlogin
(- SSH
- Serial Close window on exit:
() Aways () Never (@ Onlyon clean exit
About ] [ Help ] [ Open ] [ Cancel
——— T —

Figure 24 PUTTY Setup on PC
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192.168.100.90 - PuTTY 2 | E S

h IONOTRONICS Euroraptor and WiFi Adap

¥ COMI-Tera Term VT

Testing
Eommunicating to the USR-WiFi-232-T through IONOTRONICS Euroraptor and WiFi Adaptor

Figure 25 Telnet Test

_——————
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4.9 Communicating to the SoC (PIC 32 Example)

Next and this is a key step, we need to set the Eoraptor configuration switches so that the WiFi module
has a direct link to the serial port of the SoC (e.g. PIC32). See Figure 26.

D|[HA

<

O

O

Figure 26 Eoraptor configured for remote control through WiFi module. Wireless TCP/IP Serial
to the Processor (e.g. PIC32).
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To interface directly to the SoC (e.g. PIC32) set the Eoraptor switches as shown below.

Corred

O O
NOO@eoe
Female (DCE)

A

Figure 27 Eoraptor configured for direct serial communication to the Processor (e.g. PIC32)
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S Appendix A AT Command for Configuring UART

10) AT+UART
» Function: Set/Query serial port parameters. Setting is valid after reset;

» Format:
€ Query Operation:
AT+UART<CR>

+ok=<baudrate,data_bits,stop_bit,parity,flowctri><CR><LF><CR><LF>

4 Set Operation:
AT+UART=<baudrate,data_bits,stop_bit,parity,flowctri><CR>
+0k<CR>< LF ><CR>< LF >

» Parameters:

4 Baudrate:

e 600,1200,1800,2400,4800,9600,19200,38400,57600,115200,
230400,380400,460800

¢ data_bits:
e 8

¢ stop_bits:
o 1.2

¢ Parity:
e NONE
e EVEN
e ODD

¢ Flowctrl: (CTS/RTS)
® NFC: No hardware flow control
® FC: hardware flow control(USR-WIFI232-T don't have hardware flow

control).

Figure 28 Source USR User Guide.
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6 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 without modifying it, either commercially or noncommercially. Secondarily, this License preserves
for the author and publisher a way to get credit for their work, while not being considered responsible
for modifications made by others.

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

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

1. APPLICABILITY AND DEFINITIONS

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

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

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

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

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

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

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

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

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

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

3. COPYING IN QUANTITY

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

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

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

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

4. MODIFICATIONS

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

* 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 Document). 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
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from this requirement.

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

* D. Preserve all the copyright notices of the Document.

* E. Add an appropriate copyright notice for your modifications adjacent to the other copyright
notices.

* F. Include, immediately after the copyright notices, a license notice giving the public permission
to use the Modified Version under the terms of this License, in the form shown in the
Addendum below.

* Q. 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.

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

* 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 conflict 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 arrangements made by)
any one entity. If the Document already includes a cover text for the same cover, previously added by
you or by arrangement made by the same entity you are acting on behalf of, you may not add another;
but you may replace the old one, on explicit permission from the previous publisher that added the old
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one.

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

5. COMBINING DOCUMENTS

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

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

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

6. COLLECTIONS OF DOCUMENTS

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

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

7. AGGREGATION WITH INDEPENDENT WORKS

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

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

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

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

9. TERMINATION

You may not copy, modify, sublicense, or distribute the Document except as expressly provided 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 violation of this License (for any work) from that copyright holder, and you cure the violation
prior to 30 days after your receipt of the notice.

Termination of your rights under this section does not terminate the licenses of parties who have
received copies or rights from you under this License. If your rights have been terminated and not
permanently reinstated, receipt of a copy of some or all of the same material does not give you any
rights to use it.

10. FUTURE REVISIONS OF THIS LICENSE

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

Each version of the License is given a distinguishing version number. If the Document specifies that a
particular numbered version of this License "or any later version" applies to it, you have the option of
following the terms and conditions either of that specified version or of any later version that has been
published (not as a draft) by the Free Software Foundation. If the Document does not specify a version
number of this License, you may choose any version ever published (not as a draft) by the Free
Software Foundation. If the Document specifies that a proxy can decide which future versions of this
License can be used, that proxy's public statement of acceptance of a version permanently authorizes
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you to choose that version for the Document.

11. RELICENSING

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

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

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

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

The operator of an MMC Site may republish an MMC contained in the site under CC-BY-SA on the
same site at any time before August 1, 2009, provided the MMC is eligible for relicensing.
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