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Legal information
Warning notice system

This manual contains notices you have to observe in order to ensure your personal safety, as well as to prevent
damage to property. The notices referring to your personal safety are highlighted in the manual by a safety alert
symbol, notices referring only to property damage have no safety alert symbol. These notices shown below are
graded according to the degree of danger.

| indicates that death or severe personal injury will result if proper precautions are not taken.

AAWARNING
indicates that death or severe persoenal injury may result if proper precautions are not taken.

AACAUTION
indicates that minor personal injury can result if proper precautions are not taken.

| NOTICE
indicates that property damage can result if proper precautions are not taken.

If more than one degree of danger is present, the warning notice representing the highest degree of danger will
be used. A notice warning of injury to persons with a safety alert symbol may also include a warning relating to
property damage.

Qualified Personnel

The product/system described in this documentation may be operated only by parsonnel qualified for the specific
task in accordance with the relevant documentation, in particular its warning notices and safety instructions.
Qualified personnel are those who, based on their training and experience, are capable of identifying risks and
avoiding potential hazards when working with these products/systems.

Proper use of Siemens products

Trademarks

Mote the following:

AAWARNING

Siemens products may only be used for the applications described in the catalog and in the relevant technical
documentation. If products and components from other manufacturers are used, these must be recommended
or approved by Siemens. Proper transport, storage, installation, assembly, commissioning, operation and
maintenance are required to ensure that the products operate safely and without any problems. The permissible
ambient conditions must be complied with. The information in the relevant documentation must be observed.

All names identified by ® are registered trademarks of Siemens AG. The remaining trademarks in this publication
may be trademarks whose use by third parties for their own purposes could violate the rnights of the owner.

Disclaimer of Liability

We have reviewed the contents of this publication to ensure consistency with the hardware and software
described. Since variance cannot be precluded entirely, we cannot guarantee full consistency. However, the
information in this publication is reviewed regularly and any necessary corrections are included in subsequent
editions.
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Preface

Purpose of the documentation
This manual supplements the system manuals:
® S7-1500 Automation System
® ET 200MP Distributed I/O System
Functions that relate in general to the systems are described in these system manuals.

The information provided in this manual and in the system/function manuals supports you in
commissioning the systems.

Changes compared to previous version
Changes described in this manual, compared to the previous version:

* Module integrated in hardware catalog STEP 7 (TIA Portal) V13, Update 3 or higher with
the functions:

— Module-internal shared input (MSl) for Shared Device
— Configurable submodules, e.q.. for Shared Device

s Appendix Open Source Software amended

Conventions

The term "CPU" is used in this manual both for the CPUs of the S7-1500 automation system,
as well as for interface modules of the ET 200MP distributed I/O system.

Please also observe notes marked as follows:

Note

A note contains impertant information regarding the product described in the documentation
or its handling, or draws special attention to a section of the documentation.

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
Manual, 0772014, ASEQ3454864-AC 3



Preface

Security information

Siemens provides products and solutions with industrial security functions that support the
secure operation of plants, solutions, machines, equipment and/or networks. They are
important components in a holistic industrial security concept. With this in mind, Siemens’
products and solutions undergo continuous development. Siemens recommends strongly
that you regularly check for product updates.

For the secure operation of Siemens products and solutions, it is necessary to take suitable
preventive action (e.g. cell protection concept) and integrate each component into a holistic,
state-of-the-art industrial security concept. Third-party products that may be in use should
also be considered. You can find meore information about industrial security on the Internet
(hitp:/fwww siemens.com/industrialsecurity).

To stay informed about product updates as they occur, sign up for a product-specific
newsletter. You can find more information on the Internet
(http://support.automation.siemens.com).

Open Source Software

Open-source software is used in the firmware of the product described. Open Source
Software is provided free of charge. We are liable for the product described, including the
open-source software contained in it, pursuant to the conditions applicable to the product.
Siemens accepts no liability for the use of the open source software over and above the
intended program sequence, or for any faults caused by modifications to the software.

For legal reasons, we are obliged to publish the onginal text of the license conditions and
copyright notices. Please read the information relating to this in the appendix.

Analog input module Al 8xU/IRTIVTC ST (BESTS31-TKFO0-0AB0)
4 Manual, 072014, ASEQ3484854-AC
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Documentation guide 1

The documentation for the SIMATIC 57-1500 automation system and the SIMATIC
ET 200MP distributed /O system is arranged into three areas.
This arrangement enables you to access the specific content you reqguire.

Funciion manuals on general topics

General _
information = Diagnostics * Cycle and reaction times
* Communication * PROFINET

» Motion Control « PROFIBUS
/\ = Web server e
Manuals with detailed information about the modules

Device infarmation « CPUs + Communication mduhu
« Interface modules * Technology modules

+ Digital modules * Power supply modules
= Analog modules

Basic informatian

Basic information

System Manual and Getting Started describe in detail the configuration, installation, wiring
and commissioning of the SIMATIC 57-1500 and ET 200MP systems. The STEP 7 online
help supports you in the configuration and programming.

Device information

Manuals contain a compact description of the module-specific information, such as
properties, terminal diagrams, characteristics, technical specifications.

General information

The function manuals contain detailed descriptions on general topics regarding the SIMATIC
S7-1500 and ET 200MP systems, e.g. diagnostics, communication, Motion Control, Web
SEerver.

You can download the documentation free of charge from the Internet
{http:/fwww . automation.siemens.com/mems/industrial-automation-systems-
simatic/en/manual-overview/tech-doc-controllers/Pages/Default. aspx).

Changes and supplements to the manuals are documented in a Product Information.

Analog input module Al BxU/VRTDITC ST (BESTS31-TKFO0-0ABD)
B Manual, O7/2014, ASE03484864-AC



Docurmentalion guide

Manual Collection $7-1500 / ET 200MP

The Manual Collection contains the complete documentation on the SIMATIC S7-1500
automation system and the ET 200MP distributed /O system gathered together in one file.

You can find the Manual Collection on the Internet
{hitp://support.automation.siemens.com/WW/view/en/86140384).

My Documentation Manager

The My Documentation Manager is used to combine entire manuals or only parts of these to
your own manual.
¥ou can export the manual as PDF file or in a format that can be edited later.

You can find the My Documentation Manager on the Internet
{hitp://support.automation.siemens.com/\WW/iview/en/38715968).

Applications & Tools

Applications & Tools supports you with various tools and examples for solving your
automation tasks. Solutions are shown in interplay with multiple components in the system -
separated from the focus in individual products.

You can find Applications & Tools on the Internet
(http:/isupport. automation.siemens.com/\WW/ iview/en/20208582).

CAx Download Manager

The CAx Download Manager is used to access the current product data for your CAx or CAe
systems.

¥ou configure your own download package with a few clicks.
In doing so you can select:

* Product images, 20 dimension drawings, 3D models, internal circuit diagrams, EPLAN
macro files

* Manuals, characteristics, operating manuals, certificates
® Product master data

You can find the CAx Download Manager on the Internet
(hitp://support. automation.siemens.com/WW/iview/en/4 245554 1).

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
Manual, 0772014, ASEQ3454864-AC 7



Product overview

2.1 Properties

Article number
BES7531-TKFOO-0ABO

View of the module

i
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i
|
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Figure 2-1  View of the Al 8xUW/I/RTDVTC ST module

Analog input module Al BxU/IRTDITC ST (BESTS31-TKFO0-0ABD)
Manual, O7/2014, ASE03484864-AC



FProduct overview
2 1 Properties

Properties
The module has the following technical properties:
* § analog inputs
* \/pltage measuring type can be set per channel
® Current measuring type can be set per channel
® Neasuring type resistance adjustable for channel 0, 2, 4 and &
* Measuring type resistance thermometers (RTD) adjustable for channel 0, 2, 4 and 6
® Thermocouple (TC) measuring type can be set per channel
* Resolution 16 bits including sign
* (Configurable diagnostics {per channel)

® Hardware interrupt on limit violation can be set per channel (two low and two high limits
per channel)

The module supports the following functions:

Table 2-1  Version dependencies of the module functions

Configuration software |
Function Firmware version STEP 7 GSD file In STEP 7
of the module {TIA Portal) {TIA Portal) V12 or higher, or
STEP 7 V5.5 SP3 or higher |
Firmware update W1.0.0 or higher V12 or higher X |
Identification data 1&MO to 1&M3 W1.0.0 or higher V12 or higher x |
Parameter assignment in RUN W1.0.0 or higher V12 or higher X |
Isochronous mode W1.0.0 or higher V12 or higher - !
Calibration in runtime %1.0.0 or higher Y12 or higher A
Module-internal Shared Input (MSI) V2.0.0 or higher | V13 Update 3 or x
higher (PROFINET 10 only)
{PROFINET 10
only)
Configurable submodules / submodules for W2.0.0 or higher | V13 Update 3 or X
Shared Device higher (PROFINET 10 only)
(PROFINET 10
only)
Configurable after interface module W2.0.0 or higher V13 or higher X
IM 155-5 DP ST

You can configure the module with STEP 7 (TIA Portal) and with a GSD file.

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
Manual, 0772014, ASEQ3454864-AC 9



Product overview

2 1 Froperties

Accessories

The following accessories are supplied with the module and can also be ordered separately
as spare parts:

Other components

10

Shield bracket

Shield terminal

Power supply element
Labeling strips

U connector

Universal front door

The following component must be ordered separately:

Front connectors, including potential jumpers and cable ties

You can find more information on accessories in the S7-1500 Automation System system
manual (http://support. automation.siemens.com/\WWi/iview/en/58181782) and the ET 200MP
Distributed IO System system manual

Analog input module Al 8xU/VRTDITC ST (BESTS31-TKFO0-0AB0)
Manual, O7/2014, ASE03484864-AC



Wiring 3

This section contains the block diagram of the module and outlines various connection
options.

For more information on front connector wiring and creating cable shields, etc., refer to the
"Wiring" section in the Automation System S7-1500
(hitp://support.automation.siemens.com/WW/iview/en/59191792) and Distributed /O System
ET 200MP (http://support.automation.siemens .com/WW/view/en/59193214) system
manuals.

You can find additional information on compensating the reference junction temperature in
the function manual Analog value processing
(hitp:/{support.automation.siemens.com/\WW/view/en/G7989084), the structure of a data
record in the section Structure of a data record for dynamic reference temperature

(Page 61).

Note

Y'ou may use and combine the different wiring options for all channels.

Note

Do not insert the potential jumpers included with the front connector!

Abbreviations used
Meaning of the abbreviations used in the following figures:
Un+/Up- Voltage input channel n (voltage only)
M/ W e Measuring input channel n
ln# /1o Current input channel n {current only)
lentle - Current output for RTD, channel n
Uy Supply voltage at channel n for 2-wire transmitters (2WT)
Comp+/Comp- Compensation input
leamp+/lcomp- Current output for compensation
L+ Supply voltage connection
M Ground connection
Mana Reference potential of the analog circuit
CHx Channel or display of the channel status
PWR Display for the supply voltage

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
Manual, 0772014, ASEQ3454864-AC 11



Wirfng

Pin assignment for the power supply element

12

The power supply element is plugged onfo the front connector for powering the analog
module. Wire the supply voltage to terminals 41 (L+) and 44 (M). You can use terminals 42

(L+) and 43 (M) to loop the potential to the next module.

-
e es)

A9 &7 A4
e

DC
L+ 24V M

Figure 3-1  Power supply element wiring

Analog input module Al 8xU/VRTDITC ST (BESTS31-TKFO0-0AB0)

Manual, O7/2014, ASE03484864-AC



Wiring

Block diagram and pin assignment for voltage measurement

The example in the following figure shows the pin assignment for voltage measurement.

CHO

CHz

®OO

Figure 3-2

-]

o

s
i

o B o)~ & oA
QO

41742

®

43 44

e i —

R, Sa—

Analog-to-Digital Converter (ADC)
Backplane bus interface

Supply voltage via power supply elem
Equipotential bonding cable {optional)

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
Manual, 0772014, ASEQ3454864-AC
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Block diagram and pin assignment for voltage measurement
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Wirfng

Connection: 4-wire transmitters for current measurement

The example in the following figure shows the pin assignment for current measurement with

4-wire transmitters.

©] . .
L+ +.* II:I+ 1 21 I‘-I A .
-3 e T =T deey e
CHO ' A 22 I CH4
NEE A E — 23 |- _1i-] (M
Ll IJ_'_' 4 24 T'_;I o
Lt 4+ 1By ﬁﬂ_ I = ____D25 I+ :.-_'4,_5
CH1 Iy 5t = = y CHS
M| - 7 @ Ll L (7
e 8 R TS
% b o a L
[ O "y 9;_ __{;g * rk L
cH2 I ot ol IR CHe
M._ '_:,_1' .._I."._ __ﬁ.:. E L R .ca I"‘ b _"!_
=% | 21 ve
L el 132___ % @Fﬁ”" _;23 A T T
o Ve 14‘} wm&se J_!EjRRnR . ! o
M [t LB ool Lo LI
T A 16 36 e
M 17t ®37
aE ST “38
I T "9
o o
20 LT 40
41[42 43 44
L+] DC2av LM
................. - 'E.\ -
(IO Wiring 4-wire transmitter
@ Analog-to-Digital Converter (ADC)
(3  Backplane bus interface
Supply voltage via power supply element
® Equipotential bonding cable {optional)
Figure 3-3  Block diagram and pin assignment for current measurement
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Wiring

Connection: 2-wire transmitters for current measurement

The example in the following figure shows the pin assignment for current measurement with
2-wire transmitters.

'--"-L'—u""——-o—-:r} 35y a5V ~—o Y i s
CHO | [ 1T el 1 . — 2% | 1+ | :| CH4
VL '-+:' za__‘.mﬂf:_ = _L_-'LT o7 14-;'
a’ ' e 23
o
g o I e 11V 11V 24 |u,
CH1 r[_ﬁT_ﬁ"'"' ' TS [ :| CHS
e l.‘_..- B E"D 9% -\{-J .
7" 27
o o
4+ vy U, ED_____ i ____cza s
CH2 F Y ) 29 | 1+ ! :| CHE
L=y w” 30 e
1" a1
. u,.| 12° %52 |u )
+ ¥y Wl S e S o VT in -
CH3 | DL 130 b @__ﬁ”” Wlis | CHY
=y 3 pwi, ERR:DR 7 B
15° 35
18” "36
M 7° S5y
NI T “38
A ECS 39
: 20° "0
| ®
1
1
]
2]
! 41742 43 44
I L+i' DC 24V +M
] -
i i P ~ ' "‘
%
®

Wiring 2-wire fransmitter
Analog-to-Digital Converter (ADC)
Backplane bus interface

Supply voltage via power supply element
Equipotential bonding cable {optional)

@R

Figure 34  Block diagram and pin assignment for current measurement

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
Manual, 0772014, ASEQ3454864-AC 15



Wirfng

Connection: 2-, 3- and 4-wire connection of resistance-based sensors or resistance thermometers

The example in the following figure shows the pin assignment for 2-, 3- and 4-wire
connections of resistance-based sensors or resistance thermometers.

@

® 17 — ‘2
. ms| 2° | ‘22 |m+
CHO A E ' - 23 |m-
B’ 4 24
1 : 5';' | 925
' ) o o
l : : 1|.',:\--|- s__ .'—@ | "26 Ii,'.lIF
CH1 H™ Ei ; 7 1 -
iﬁ- : B —-a-u—- .23_ (%.]
8" 29
@ m.+| 10° 30 e
CH2 [M' KN Ty T
[m- o o #
il Tz 32
v .
1 W "33
TS L 34 |+
CHa | T 7. BT P B
_.77_£| B! Pyted R s ;
H 16 LT )
" “a37
o T—_ 1:-3&
| 19" “35
. 3 i
Z 20 TE E 40
| 41?425 43 44

QEeEEeR

Figure 3-5
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CH4

CHeE

4-wire connection
3-wire connection
2-wire connection

Analog-to-Digital Converter (ADC)
Backplane bus interface

Supply voltage via power supply element
Equipotential bonding cable {optional)

Analog input module Al 8xU/VRTDITC ST (BESTS31-TKFO0-0AB0)
Manual, O7/2014, ASE03484864-AC

Block diagram and pin assignment for 2-, 3- and 4-wire connections



Wiring

Connection: Non-grounded thermocouples for external/internal compensation and connection of a
resistance thermometer (RTD) at the reference channel

The following figure shows an example of the pin assignment of non-grounded
thermocouples for external/internal compensation and the connection of a resistance
thermometer (RTD) at the reference channel.

o

@

1 ‘21
27 _ ] Lf22 U+ R
CHO 22 | —~ | 25 |u- 1 = CH4
i 2 % %
: 5° ‘25 :
N 6 26 fugs )
CHA 1U_+ E 2 Di'?'—_ua- [y __:-b:_> CHS
*\U- | 8 28 TP Ty
: 9" ‘29 |
N 10° 30 fys i+ )
cHz & 0F [T U fuo | i oecHe
PATEN B0 g
| 13° "33 ;
. AL 34 Jus |
cHa 7107 [15° T 38 u? T :"'_)tGH?
i |8 T A ——tl
i 'm 7" e 1] m;;
f' N T " "38 s 1ot @
! 19° °39 o 11!
A T T D e
! ®© i
i -11?42E 43744 '
| L+| DC24v *M
| BN 6)) !
(I Wiring of a thermocouple (non-grounded) for internal compensation
@ Wiring of a thermocouple (non-grounded) for external compensation
@ Wiring of a resistance thermometer (RTD) at the reference channel
@) Analog-to-Digital Converter (ADC)
(8)  Backplane bus interface
B  Supply voltage via power supply element
@ Equipotential bonding cable {optional)
Figure 3-6  Block diagram and pin assignment for non-grounded thermocouples and resistance

thermometers

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
Manual, 0772014, ASEQ3454864-AC
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Wirfng

Connection: Grounded thermocouples for internal compensation

The following figure shows an example of the pin assignment for grounded thermocouples

for internal compensation.

=

+
| pa
o o

ﬁ?'ﬂmtﬂh}
© 9 9 o o

o

o @

4

-
%]

il
[ 5]
a

@

|

@

Lad
b3

R
i

CHT

OEeee

Figure 3-7
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L+| DC24v *M

Wiring of a thermocouple {grounded) for internal compensation
Analog-to-Digital Converter (ADC)
Backplane bus interface

Supply voltage via power supply element
Equipotential bonding cable {optional)

Block diagram and pin assignment for grounded thermocouples

Analog input module Al 8xU/VRTDITC ST (BESTS31-TKFO0-0AB0)
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Parameters/address space

41

Introduction

Measuring types and ranges

The module is set to voltage measuring type with measuring range £10 V by default. You
need to reassign the module parameters with STEP 7 if you want to use a different

measuring type or range.

Deactivate the input if it is not going to be used. The module cycle time is shortened and the

interference factors that lead to failure of the module (for example, triggering a hardware

interrupt) are avoided.

The following table shows the measuring types and the respective measuring range.

Table 4-1  Measuring types and ranges

Measuring type Measuring range
Woltage £50 mV
80 mV
+250 mV
500 mV
1V
25V
1WiobY
5
10V
Current 2WMT 4 mA to 20 mA
(2-wire transmitter)
Current $WMT 0 mA to 20 ma
(4-wire transmitter) 4 mA to 20 ma,
20 mA
Resistor
(2-wire connection) PTC
Resistor 150 (3
(3-wire connectlion) 3000
(4-wire connection) 600 O
6000 0

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
Manual, 0772014, ASEQ3454864-AC
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Pararmelers/address space

4.1 Measuring types and ranges

20

Measuring type

Mnas:ﬂngﬂge

Thermal resistar RTD
[3-wire connection)
(4-wire connection)

PT100 standard/climate
PT200 standard/climate
PT500 standard/climate
PT1000 standard/climate
Ni100 standard/climate
Ni1000 standard/climate
LG-Mi1000 standard/climate

Thermocouple (TC)

Type B
Type E
Type J
Type K
Type N
Type R
Type S
Type T

Deactivated

The tables of the input ranges, overflow, undershoot range, etc. are available in appendix
Representation of analog values (Page 63).

Analog input module Al 8xU/VRTDITC ST (BESTS31-TKFO0-0AB0)
Manual, O7/2014, ASE03484864-AC




Parameters/address space
. 1 Measuring types and ranges

Special features for the use of PTC resistors

PTCs are suitable for use as temperature monitoring or thermal protection device for drives,
transformer windings, etc.

® Select "2-wire resistor” and "PTC" in the parameter settings:
® Wire the PTC with 2-wire connectivity.

® Use PTC resistors type A (PTC resistance thermometer) in accordance with
DIN/DE 0660, part 302.

* [f "Underflow” diagneostics is enabled, a "Low limit undershoot” diagnostic alarm indicates
a short-circuit is generated for resistance values <18 (.

The following image shows the address space assignment for Al 8xU/I/RTD/TC ST with PTC

resistors.
TeE5432120
IR x [eTofaToTal JoT ]
I_ 0: measured lemparature below the response range
1. measurad lemperature within the response range
0: measured temperature oulside the response range
1: measured temperature in pre-warning range
TG54 3210
IRx+1  [ToJolofololo]0]

| 0: no shor-circuit
1: short-gircull

Figure 4-1  Address space for Al 8xWI/RTDITC ST with PTC resistors

The diagram below shows the temperature profile and the corresponding switching points.

RO,

TS0

Marmal Pra-saming ranga Responsn rangs Pre-waming rangs Mormad Shoi-croud
rarge range

Figure 4-2  Temperature profile and the corresponding switching points

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
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4.2 Parameters

Special features of the measured value acquisition with PTC resistors

If faults occur (for example supply voltage L+ missing) that make it impossible to acquire
measured values with PTC resistors, the corresponding channels (IR /IR x+1) report
overflow (7TFFFx). If the value status (Ql) is enabled. the value 0 = fault is output in the
corresponding bit.

4.2 Parameters
Al BxU/I/RTD/TC ST parameters
When you assign the module parameters in STEP 7, you use various parameters to specify
the module properties. The following table lists the configurable parameters. The effective
range of the configurable parameters depends on the type of configuration. The following
configurations are possible:
® (Central operation with a 57-1500 CFU
® Distributed operation on PROFINET 10 in an ET 200MP system
* [istributed operation on PROFIBUS DP in an ET 200MP system
When assigning parameters in the user program, use the WRREC instruction to transfer the
parameters to the module by means of data records; refer to the section Parameter
assignment and structure of the parameter data records (Page 48).
The following parameter settings for the channels are possible:
Table 4- 2  Configurable parameters and their defaults
Parameters Range of values Default Parameter as- Scope with configuration software,
satting signment in e.q., STEP 7 (TIA Portal)
RUN GSD file GSD file
PROFINET IO |PROFIBUSDP |
Diagnostics |
» Missing supply voltage L+ | Yes/MNo No Yes Channel ' Module ¥ |
o Overflow Yes/No No Yes Channel Module ¥ |
+  Underflow Yes/MNo Mo Yes Channel Module |
s Common mode emror -;f-Es}ND .r;lﬂ +E’5 Chﬂnn&l MUdUlE -31 !
« Reference channel error Yes/No Mo Yes Channel Module 3
¢« Wire break Yes/No Mo Yes Channel Madule 3
e Current limit for wire break | 1.185 mAor3.6mA | 1.185mA |Yes | channel |-
diagnostics @
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4.2 Parameters
Parameters Range of values Default Parameter as- Scope with configuration software,
sefting signment in e.g., STEP 7 (TIA Portal)
AN GSD file GSD file
PROFINET IO | PROFIBUS DP
Measuring
« Measuring type See chapter Meas- | Voltage Yes Channel Channel
uring types and
«  Measuring range ranges (Page 19) OV Yes Channel Channel
« Temperalure coefficient Pt 0.003851 0.003851 |Yes Channel Channel
Pt: 0.003902
Pt: 0.003816
Pt: 0.003820
Mi: 0.00618
Mi: 0.00672
LG-Ni: 0.005000
s Temperature unit s Kelvin (K) C Yes Channel Module
= Fahrenheit (°F)
« Celsius {*C)
» Interference frequency 400 Hz 50 Hz Yes Channel Module
suppression 60 Hz
50 Hz
10 Hz
« Smoothing Moneflowmedium/hi | None Yes Channel Channel
gh
» Reference junction for TC | s  Fixed reference | Internal Yes Channel Module 4
temperature reference « Dynamic ref-
: junction
+ Dynamic refer- erence tem-
ence tempera- perature
ture » Internal refer-
« Internal refer- ence junction
ence junction
» Reference chan-
nel of the module
» Fixed reference tempera- | Temperature 25°C Yes Channel -4
ture
Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
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4.2 Parameters
Parametars Range of values Default Parameter as- Scope with configuration software,
satting signment in e.g., STEP 7 (TIA Portal)
RUN GSD file G3D file
PROFINET IO | PROFIBUS DP
Hardware interrupts
» Hardware interrupt low Yes/No No Yes Channel —4
limit 1
+ Hardware interrupt high Yes/No No Yes Channel —4
limit 1
= Hardware interrupt low Yes/No No Yes Channel —
lirnit 2
s Hardware interrupt high Yes/No Mo Yes Channel -4
limit 2

T If you enable diagnostics for multiple channels, you will receive an alarm surge on fallure of the supply voltage because
each enabled channel will detect this fault.

You can prevent this message burst by assigning the diagnostics function to one channel only.
4 When "Wire break™ diagnostics is disabled, the current limit of 1.185 mA is applied to the value status. For measured

values below 1.185 mA, the value status is always: 0 = faull.

3 You can set the effective range of the diagnostics for each channel in the user program with data records 0 to 7.

4 You can set the current limit for wire break diagnostics, the selting "Fixed reference lemperature” and "Reference chan-
nel of the module” as well as the limits for hardware interrupts in the user program with data records 0 to 7.

Parameters of the reference channel

You cannot configure the reference channel with GSD file. You have to transfer the
reference channel to the module with data record 8.

If you want to change the default settings, you have to transfer the parameters to the module
with data record 8, see chapter Parameter assignment and structure of the parameter data
records (Page 48).

The diagnostics "Common mode error” and "Reference channel error” cannot be configured
for the reference channel.
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4.3 Declaration of parameters

43 Declaration of parameters

Missing supply voltage L+
Enabling of the diagnostics, with missing or too little supply voltage L+.

Enabling of the diagnostics if the measured value violates the high limit.

Underflow
Enabling of the diagnostics when the measured value falls below the underrange or for
voltage measurement ranges of + 50 mV to £ 2.5 V' if the inputs are not connected.

Common mode error
Enable diagnostics if the valid common mode voltage is exceeded.

Enable the Common mode error diagnostics when 2WMT is connected, for example, to
check for a short circuit to Mana or a wire break. If you do not need the Common mode error
diagnostics, disable the parameter.

Reference channel error

* FEnable diagnostics for an error at the temperature compensation channel, e.g. wire
break.

* [Dynamic reference temperature compensation type is configured and no reference
temperature has been transferred to the module yet.

Wire break

Enabling of the diagnostics if the module has no current flow or the current is too weak for
the measurement at the corresponding configured input or the applied voltage is too low.

Current limit for wire break diagnostics

Threshold for reporting wire breaks. The value can be set to 1.185 mA or 3.6 mA, depending
on the sensor used.

Temperature coefficient
The temperature coefficient depends on the chemical composition of the material. In Europe,
only one value is used per sensor type (default value).

The temperature coefficient (a value) indicates by how much the resistance of a specific
material changes relatively if the temperature increases by 1 °C.

The further values facilitate a sensor-specific setting of the temperature coefficient and
enhance accuracy.

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
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4.3 Declaration of parameters

Interference frequency suppression

At analog input modules, this suppresses interference caused by the frequency of AC mains.

The frequency of AC network may corrupt measurements, particularly in the low voltage
ranges, and when thermocouples are being used. For this parameter, the user defines the
mains frequency prevailing on his system.

Smoothing

The individual measured values are smoothed using filtering. The smoothing can be set in 4

levels.

Smoocthing time = number of module cycles (k) x cycle time of the medule.

The following figure shows after how many module cycles the smoothed analog value is
almost 100%, depending on the set smoothing. |s valid for each signal change at the analog

input.

Signal change in
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Reference junction for TC

4.3 Declaration of parameters

The following settings can be configured for the reference junction parameter:

Table4-3  Possible parameter assignments for the reference junction parameter TC

Saﬂing

Description

Fixed reference temperature

The reference junction temperature is configured and stored in the module as
a fixed value.

Dynamic reference temperature

The reference junction temperature is transferred in the user program from the
CPU to the module by data records 192 to 199 using the WRREC (SFE 53)
instruction.

Internal reference junction

Reference channel of the module

_l:if the module.

The reference junction temperature is determined using an integrated sensor

The reference junction temperature is determined using an external resistance
thermometer (RTD) at the reference channel (COMP) of the module.

Hardware interrupt 1 or 2

Enable a hardware interrupt at violation of high limit 1 or 2 or low limit 1 or 2.

Low limit 1 or 2

Specifies the low limit threshold that triggers hardware interrupt 1 or 2.

High limit 1 or 2

Specifies the high limit threshold that triggers hardware interrupt 1 or 2.

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
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4.4 Address space

4.4 Address space

The module can be configured differently in STEP 7; see following table. Depending on the
configuration, additional/different addresses are assigned in the process image of the inputs.

Configuration options of Al 8xU/I/RTD/TC ST
You can configure the module with STEP 7 (TIA Portal) or with a GSD file.

When you configure the module by means of the GSD file, the configurations are available
under different abbreviations/module names.

The following configurations are possible:

Table 4-4  Configuration options
Configuration Short designa- Configuration software, e.g., with STEP 7 (TIA Portal) |
L"’"" | Integrated in haraware cata- GSD file in
module namein | 0 oTEP 7 (TIA Portal) | STEP 7 (TIA Portal) V42
the GSD file or higher or STEP 7 V5.5
SP3 or higher
1 x 8-channel without value status Al BxUN/RTDST V12 or higher X
C 5T
1 x B-channel with value status Al BxUNRTDT V12 or higher X
C sTQI
B x 1-channel without value status Al BxUNRTDIT W13 Update 3 or higher X
CSTS (PROFINET 10 only) (PROFINET 10 only)
B x 1-channel with value status Al BxWVI/RTDIT W13 Update 3 or higher X
csTsal (PROFINET 10 only) (PROFINET 10 only)
1 x B-channel with value status for module- | Al 8xUN/RTDIT W13 Update 3 or higher X
internal shared input with up to 4 submod- | C ST MSI (PROFINET 10 only) (PROFINET 10 only)
ules

Value status (Quality Information, QI)

The value status is always activated for the following module names:

* AlBxUNRTDITC ST QI
* AlSxUN/RTONTC STS QI
* Al SxUNRTDVTC ST MSI

An additional bit is assigned to each channel for the value status. The value status bit

indicates if the read in digital value is valid. (0 = value is incorrect).

28

Analog input module Al 8xU/VRTDITC ST (BESTS31-TKFO0-0AB0)
Manual, O7/2014, ASE03484864-AC



Parameters/address space

Address space of Al 8xU/I/RTD/TC ST

.4 Address space

The following figure shows the address space allocation for the configuration as 8-channel
module. You can freely assign the start address for the module. The addresses of the
channels are derived from the start address.

"IB %", for example represents the module start address input byte x.

Assignment in the process image input (P11}

TE54 3210
18 x '
1B (=x+1)
1B (=x+2)
1B (=x+3)
18 {=x+4)
1B (=x+5)
1B (=x+8
18 {=x+7)
1B (=x+8)
1B {=x+3)
1B (=x+10)
IB (=x+11}
I8 {=x+12)
1B (=x+13}
IB (=x+14)
1B (=x+15)

76543210
ki) 0 D 0 0 i (01 IO

Input value:

Channel
Channel 1
Channel 2
Channel 3
Channel 4
Channel 5
Channel &
Channel 7
(Ql) Value status

Channel 0 to 7 (value status QI0 o CHIT)

0= read in value at channel is incorrect

Figure 4-4  Address space for configuration as 1 x 8-channel Al 8BxUMNRTDVTC ST with value status

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
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4.4 Address space

Address space for configuration as 8 x 1-channel Al BxU/I/RTD/TC ST QI

For the configuration as a 8 x 1-channel module, the channels of the module are divided into
multiple submodules. The submodules can be assigned to different 1O controllers when the
module is used in a shared device.

The number of usable submodules is dependent on the interface module used. Observe the
information in the manual for the particular interface module.

Contrary to the 1 x 8-channel module configuration, each of the eight submodules has a
freely assignable start address.

Assignment in the process image input (P11}

2864821 0 Input value:
IBa Channal 0 15l submodule
1B (=a+1)
I8 (=a+2) | Value status QIO
IB (=a+3) Mot relevant
76543210
B b Channeal 1 2nd submodule
I8 {=b+1)
1B (=b+2) [ Value status Qi1
IB {=b+3) Mol relavant
¥65 4 3210
B . } Channel 2 3rd submodule
IB {=c+1)
1B (=c#2) = Value status QI2
1B (=c+3) Mot relevant
1 I
] ]
] ]
' 76543210 !
I8 h Channel 7 Bth submodule
1B {=h+1)
IB {=h+2} I [ Value status QI7
IB (=h+3) Not relevant

0= read in value al channel Is incomect

Figure 4-5  Address space for configuration as 8 x 1-channel Al 8xUNVRTD/TC ST S QI with value
status

Analog input module Al 8xU/VRTDITC ST (BESTS31-TKFO0-0AB0)
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4.4 Address space

Address space for configuration as 1 x 8-channel Al 8xU/I/RTD/TC ST MSI

The channels 0 to 7 of the module are copied in up to four submodules with configuration 1 x
8-channel module (Module-internal shared input, MSI). Channels O to 7 are then available
with identical input values in different submodules. These submodules can be assigned to up
to four 1O controllers when the module is used in a shared device. Each 1O controller has
read access to the same channels.

The number of usable submodules is dependent on the interface module used. Please
observe the information in the manual for the particular interface module.

Value status (Quality Information, Ql)

The meaning of the value status depends on the submedule on which it occurs.

For the first submodule (=basic submodule), the value status 0 indicates that the value is
incorrect.

For the 2nd to 4th submodule (=M3I submodule), the value status 0 indicates that the value
is incorrect or the basic submodule has not yet been configured (not ready).

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
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4.4 Address space

The following figure shows the assignment of the address space with submodules 1 and 2.

Assignment in the process image input (PI1)
Input value 1st submodule

76543210 (Basicsubmodule):

Ba Channal 0
18 (=a+1)

1B {=a+2) Channeal 1
18 (=a+3)

1B (=a+4) Channal 2
IB (=a+5)

e (e Channel 3
1B (=a+7)

1B {=a+8) Channel 4
IB {=a+9) )

1B {=a+10) » Channel 5
IB (=a+11) )

1B (=a+12) Channel 8
IB (=a+13) I

1B (=a+14) w Channel 7
IB (=a+15)

78543210
B=at16) | [ | | [ | [ | | ChannelDioT (value status QIO to QIT)

Input value 2nd submodule
78543210 (MS|submodule):

B b | Channel 0
IB (=b+1)
1B (=b+2) L Channel 1
IB (=b+3)
1B (=b+4) L Channel 2
IB (=b+5)
IB (=b+6 L Channel 3
IB (=b+7)
1B (=b+8) L Channel 4
IB (=b+9)
IB (=b+10) L Channel 5
1B (=b+11)
IB {=b+12) | ornsid
IB (=b+13)
IB (=b+14) e
IB (=b+15)

768 543 210
IB (=b+16) [ [ 1 ] Channel 0 1o 7 (value status QI0 to QIT)

0= read in value at channel is incorrect

Figure 4-6  Address space for configuration as 1 x B-channel Al 8xU/I/RTDYTC ST MSI with value
status
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.4 Address space

The following figure shows the assignment of the address space with submodules 3 and 4.

Assignment in the process image inpul (PI1)

Input value 3rd submodule
76543210 MS|submodule):

IBc Channel 0
1B (=c+1})

IB (=c+2) Channal 1
1B (=c+3)

I8 (=c+4) Channal 2
IB (=c+5)

1B (=c+6 Channal 3
IB (=c+7)

18 (=c+8) : Channel 4
IB {=c+8)

18 (=c+10) Channel 5
1B (=c+11)

I8 (=c+12) Channel &
IB (=c+13)

1B (=c+14) Channel 7
IB (=c+15)

76543210
B=ct18) | | | | [ | | || Channel0toT7 (value status QI0 to QIT)

Input value 4th submodule
76543210 (MSIsubmodule):

1B d | Channel o
IB (=d+1)

18 (=d+2) L Channel 1
IB (=d+3)

B (=d+4) . Channel 2
IB (=d+5)

1B (=d+6 L Channel 3
IB (=d+7)

1B (=d+8) L Channel 4
IB (=d+9)

1B {=d+10) L Channel 5
IB (=d+11)

IB (=d+12) | tammei &
IB (=d+13)

IB (=d+14) | haais
IB (=d+15) |

7.8 5. 4321 0
IB (=d+16) [ [ [ ] Channel 0 1o 7 (value stalus QI0 to QIT)

0= read in value al channel is incorrect

Figure 4-7  Address space for configuration as 1 x B-channel Al 8BxU//RTDITC ST MSI with value
status
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2.1 Status and error displays

LED displays

The following figure shows the LED displays (status and error displays)
of Al 8BxU//RTDITC ST.

RUN EHTDH
|| L o
cHo. | m - CHA
7 ol | B <
§ B
8] i
CH1 | El - GHE
0 1]
i i
chz._ | O 0| cHs
i | Bei
il i
i 1]
CHI O 0| o
ol B
0 0
| B
il 1 _come
[l [
PWH ] D
| ]
i 0

Figure 5-1  LED displays of the module Al 8xWRTDITC ST
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5.1 Status and error displays

Meaning of the LED displays

The following tables explain the meaning of the status and error displays. Remedial
measures for diagnostic alarms can be found in section Diagnostic alarms.

RUN and ERROR LED

Table 5- 1 Status and error displays RUN and ERROR

LEDs Meaning - Remedy
RUN ERROR
= i Yoltage missing or too low at backplane bus. » Switch on the CPU and/or the system power
Off Off supply modules.
= Verify that the U connectors are inserled.
+ Check to see if too many modules are insert-
ed.
“- e The module starts and flashes until the valid —_—
Flashes Off parameter assignment is set.
- c Module is configured.
On Off
-0~ Indicates module errors (at least one error at | Evaluate the diagnoslics data and eliminate the
On Flashes |0One channel, e.g., wire break). error (e.g., wire break).
e e Hardware defective. | Replace the module.
Flashes | Flashes
PWR LED
Table 5-2  PWR status display
LED PWR Meaning Remedy
o Supply voltage L+ to module too low or missing | Check supply voltage L+,
Off
= Supply voltage L+ is present and OK. -
On

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
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&, 1 Status and error displays

CHx and COMP LED

Table 5- 3 CHx and COMP status indication

LED CHx/COMP Meaning Remedy
0 Channel disabled ---
Off
- Channel configured and OK._ -
On
- Channel is configured (channel error pending). Check the wiring.
On | Diagnostic alarm: e.g. wire break | Disable diagnostics. |
See also

36
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8.2 Interrupis
5.2 Interrupts
Apalog input module Al BxUW/I/RTDITC ST supports the following diagnostic and hardware
interrupts.

Diagnostic interrupt
The module generates a diagnostic interrupt at the following events:
* Missing supply voltage L+
* \Wire break
* Overflow
* Underflow
* Common mode error

¢ Reference channel error

Hardware interrupt
The module generates a hardware interrupt at the following events:
* | ow limit violated 1
& High limit violated 1
* |[ow limit viclated 2
* \fiolation of high limit 2

For detailed information on the error event, refer to the hardware interrupt organization block
with the "RALRM" instruction (read additional interrupt info) and to the STEP 7 online help.

The module channel that triggered the hardware interrupt is entered in the start information
of the organization block. The diagram below shows the assignment to the bits of double
word 8 in local data.

LB B LE9 LB 10 LB 11
Bit no
3 24{23 16151413111 G B 7|6 5| 4|3|2|1|0 LD A
o|o [0)jO0] O |1 X x XXX
— -
witsaoor L gt s haaaeeietamoc
User Structure Identifier (USI W ARtk e
(st 4, Violation of high Fimit 1
5, Violation of low limit 2
B, Violation of high limit 2

Channel that triggered the hardware interrupt:
0.: Channels O of the I/O module

7. Channel T of the 'O module

Figure 5-2 OB start information
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&8.2 Imterrupts

Reaction when reaching limits 1 and 2 at the same time

If the two high limits 1 and 2 are reached at the same time, the module always signals the
hardware interrupt for high limit 1 first. The configured value for high limit 2 is irrelevant. After
processing the hardware interrupt for high limit 1, the module triggers the hardware interrupt

for high limit 2.

The module has the same reaction when the low limits are reached at the same time. If the
two low limits 1 and 2 are reached at the same time, the module always signals the
hardware interrupt for low limit 1 first. After processing the hardware interrupt for low limit 1,
the module triggers the hardware interrupt for low limit 2.

Structure of the additional interrupt information

Table 5-4  Structure of US| = WH#16#0001
Data block name Contents Remark Bytes |
usi W1 B#0001 Additional interrupt info for hardware interrupts | 2 '

(User Structure ldentifier)

of the YO module

The channel that triggered the hardware interrupt follows.

Channel

B#16400 to B#16#n

Number of the event-triggering channel (n = 1
number of module channels -1)

It foll

ows the error event that triggered the hardware interrupt.

Event

B#16#03 Low limit violated 1 1
B# 16104 High limit violated 1

B#16#05 Low limit violated 2

B#16#06 Violation of high limit 2

38
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4.3 Diagnostics alarms

5.3 Diagnostics alarms

A diagnostics alarm is output for each diagnostics event and the ERROR LED flashes on the
module. The diagnostics alarms can, for example, be read from the diagnostics buffer of the
CPU. You can evaluate the error codes with the user program.

If the module is operated distributed with PROFIBUS DP in an ET 200MP system, you have
the option to read out diagnostics data with the instruction RDREC or RD_REC using data
record 0 and 1. The structure of the data records is available on the Internet in the "Manual
for interface module IM 155-5 DP ST (BES7155-5BA00-0ABO)".

Table 5-5  Diagnostics alarms, their meaning and corrective measures

Diagnostics alarm Ermror code Meaning Remedy
Wire break BH Impedance of encoder circuit too Use a different encoder type or modify the
high wiring, for example, using cables with
larger cross-section
Wire break between the module and | Connect the cable
SEnsor |
Channe! not connected (open) |+ Disable diagnostics
+ Connect the channel
Overflow Tu Measuring range violated | Check the measuring range
Underflow 8n Measuring range violated | Check the measuring range
Load voltage missing 11w Supply voltage L+ of the module s | Connect supply voltage L+ to mod-
missing ulefchannel
Reference channel 15 Invalid reference temperature for the | Check the resistance thermometer. For
error used TC channel with compensation | the compensation with data record, re-
store communication to the mod-
ule/station.
Common mode error 118H Valid common mode voltage ex- | Check the wiring, &.g. sensor ground
ceeded connections, use equipotential cables
Causes when a 2WT is connecled,
e.g.:
« Wire break
* Galvanic connection to Maua

Diagnostics alarms with value status (QI)

If you configure the module with value status (Q1), the module always checks all errors even
if the respective diagnostics is not enabled. But the module cancels the inspection as soon
as it detects the first error, regardless if the respective diagnostics has been enabled or not.
The result may be that enabled diagnostics may not be displayed.

Example: You have enabled the diagnostics "Underflow”, but the module detects the
previous diagnostics "Wire break" and cancels after this error message. The "Underflow"
diagnostics is not detected.

Recommendation: To ensure that all errors get diagnosed, select all check boxes under
"Diagnostics”.
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Technical specifications of the Al 8xU//RTD/TC ST

GESTS31-TKFO0-0ABO

Product type designation Al BxUIIRTDITC ST

General information

40

Hardware version E01

Firmware version V2.00

Product function

I&M data Yes; IMO to IM3
Engineering with

STEP 7 TIA Portal can be configuredfintegrated Vi2.0/vi20
as of version

STEP 7 can be configured/integrated as of version as of V5.5 SP3/ -
Operating mode

MSi Yas

CiR Configuration in RUN

Parameter assignment in RUN possible Yes

Calibration in RUN possible Yes

Supply voltage

Type of supply voltage Dc

Rated value (DC) 24\

Valid range, low limit (DC) 204V

Valid range, high limit {DC) 288Y

Reverse polarity protection Yeas

Input current

Current consurmption, masx. 240 mA; (with 24 W DC supply)
Encoder supply

24 V encoder supply

Short-circuit protection Yes

Dutput current, max. 53 mA

Power

Power consumption from the backplane bus 0.7 W

Power loss

Power loss, typ. 27w
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Technical specificalions

BEST531-TKFDO-0ABOD

Analog inputs

Mumber of analog inputs 8

Mumber of analog inputs with current measure- B

ment

Mumber of analog inputs for veltage measurement 8

Mumber of analog inputs for resistance/resistance 4

thermometer measurement

Mumber of analog inputs with thermocouple B

measurement

Permissible input voltage for voltage input {de- 288V

struction limit}, max.

Permissible input current for current input (de- 40 mA

struction limit), max.

Technical unit for temperature measurement ad-  Yes

justable

Input ranges (rated values), voltages

iViasY Yes

Input resistance (1 V1o 5 V) 100 kQ

“Tto+1 Y Yes

Input resistance (-1 to +1 V) 10 MO

-0V +10W Yes

Input resistance (-10 V to +10 V) 100 kO

25V io+25V Yes

Input resistance (-2.5 to +2.5 V) 10 MO

-250 to +250 mV/ Yes

Input resistance (-250 to +250 mV) 10 M©

-5V to +5\ Yes

Input resistance (-5 V to +5 V) 100 kQ2

=60 mV to +50 mv/ Yes

Input resistance (-50 mV to +50 m\) 10 MO

=500 mV o +500 mV Yes

Input resistance (-500 mV to +500 mV) 10 MQ

-80 mV to +80 mV Yes

Input resistance (-80 mV to +80 m\) 10 MO

Input ranges (rated values), currents

0 mA to 20 mA Yes

Input resistance (0 mA o 20 mA) 25 00; (plus approx. 42 ohm for overvoltage pro-
tection by PTC)

=20 mé to +20 méA, Yes

Input resistance (-20 mA to +20 mA) 25 00; (plus approx. 42 ohm for overvoltage pro-
tection by PTC)

4 mA to 20 mA Yes

Input resistance (4 mA to 20 mA) 25 10; (plus approx. 42 ohm for overvoltage pro-

tection by PTC)

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
Manual, 0772014, ASEQ3454864-AC 41



Technical specifications

42

BES7531-TKFO0-0ABO

Input ranges (rated values), thermocouples
Type B

Input resistance (type B)

Type E

Input resistance (type E)

Type J

Input resistance (type J)

Type K

Input resistance (type K)

Type N

Input resistance (type M)

Type R

Input resistance (type R)

Type S

Input resistance (type 5)

Type T

Input resistance (type T)

Input ranges (rated values), resistance thermome-
ters

M 100

Input resistance (Ni 100)

Wi 1000

Input resistance (Mi 1000)
LG-Ni 1000

Input resistance (LG-Ni 1000)
Pt 100

Input resistance (Pt 100)

Pt 1000

Input resistance (Pt 1000)

Pt 200

Input resistance (Pt 200)

Pt 500

Input resistance (Pt 500)

Input ranges {rated values), resistors
0 to 150 ohm

Input resistance (0 to 150 ohm)
0 to 300 ohm

Input resistance (0 to 300 chm)
0 to 600 ohm

Input resistance (0 to 600 chm)
0 to 6000 ohm

Input resistance (0 to 6000 ohm)
FTC

Input resistance (PTC)

Analog input module Al 8xU/IRTIVTC ST (BESTS31-TKFO0-0AB0)
Manual, 072014, ASEQ3484854-AC

Yes
10 MO
Yes
10 MO
Yes
10 MO
Yes
10 MO
Yes
10 MO
Yes
10 MO
Yes
10 MO
Yes
10 MO

Yes, standard/climate
10 MO
Yes, standard/climate
10 MO
Yes, standard/climale
10 MO
Yes, standard/climate
10 MO
¥es, standard/climate
10 MO
¥es, standard/climate
10 MO
Yes, standard/climate
10 MO

Yes
10 MO
Yes
10 MO
Yes
10 MO
Yes
10 MO
Yes
10 MO



Technical specificalions

BEST531-TKFOD-0ABO

Thermocouple (TC)
Technical unit for temperature measurement CIFK
Temperature compensation
» Configurable Yes
« Internal temperature compensation Yes
= External ternperature compensation via RTD  Yes
» Compensation for 0 *C reference point tem- Yes, fixed value can be set

perature
Resistance thermometer (RTD)
Technical unit for temperature measurement "Ci*FK
Cable length
Cable length shielded, max. BOO m; for UA,

200 m for RIRTD,
S0 mfor TC

Analog value formation
Integration and conversion time / resolution per
channel
Resolution with overrange (bit including sign), 16 bit
max.
Configurable integration time Yes
Integration time, ms 251667 /20 /100
Basic conversion time, including integration time, 9/ 23/ 27 [/ 107 ms
ms
» Additional conversion time for wire break moni- 9 ms

toring
« Additional conversion time for wire break 15.['Dhm‘ 3000hm, 6000hm, PH100, Pt200,

measurement Ni100: 2ms

B0000Km, PtS00, PH1000, Mi1000,
LG-Ni1000, PTC: 4ms

Interference voltage suppression at interference 400 /60 /50 /10
frequency 1 in Hz

Smoothing of the measured values

Configurable Yes
Level: None Yes
Level: Weak Yes
Level: Medium Yes
Level: Strong Yes

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
Manual, 0772014, ASEQ3454864-AC 43



Technical specifications

44

BES7531-TKFO0-0ABO

Encoders

Connection of the signal encoders

For voltage measuremenl

For current measurement as 2-wire transmitler
Load of 2-wire transmitter, max.

For current measurement as 4-wire transmitler
For resistance measurement with 2-wire connec-
tion

For resistance measurement with 3-wire connec-
tion

For resistance measurement with 4-wire connec-
tion

Yes

Yes

8200

Yes

Yes; only for PTC

Yes; all measuring ranges except PTC; internal
compensation of line resistance,
Yes; all measuring ranges except PTC

Errors/accuracies

Linearity error {relative to input range)
Temperature eror (relative to input range)
Crosstalk between the inputs, masx.

Repeat accuracy in steady state at 25 °C (relative
to input range)

Temperature errors of internal compensation
Oparational limit in overall temperature range
Voltage, relative to input range

Current, relative to input range

Impedance. relative to input range

Resistance thermometer, relative to inpul range

Thermocouple, relative to input range

Basic error limit (operational limit at 25 *C)
Voltage, relative to input range

Current, relative to input range

Impedance. relative to input range

Resistance thermometer, relative to input range

Thermocoupls, relative to input range

+.0,02 %

+ 0.005 %/K; for TC typ. T 0.02 +/- %/K
-80 dB

+0,02 %

+-68°C

+03%

+03%

+03%

Pt xxx standard: +/- 1.5 K
Pt xxx climate: +/- 0,5 K
Ni xxx standard: +/- 0.5 K
Mi xxx climate: - 0.3 K
Type B: >600 °C +/- 46 K
type E: =200 "C +/- 1.5 K
type J: =210 °C +- 1.9 K
type K:>-200 °C +/- 24 K
type N: >-200 *C +- 29K
type R: =0 "C +- 4.7 K
type S: =0 "C+-46K
type T: =-200 °C +/- 24 K

+0.1%

+01%

+01%

Pt xxx standard: +/- 0.7 K
Pt xxx climate: +/- 0.2K

Mi xxx standard: +/- 0.3 K
Nixxx climate: +/- 015 K
Type B: =600 "C +/- 1.7 K
type E: =200 "C +-0.T K
type J: =210 °C +/- 0.8 K
type K: =200 "C +- 1.2 K
type N: >-200 *C +/- 1.2 K
type R:=0"C +/- 1.9 K
type S:=0C+-19K
type T: =200 "C +- 0.8 K

Analog input module Al 8xU/VRTDITC ST (BESTS31-TKFO0-0AB0)
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BES7531-TKFO0-0ABO

Interference voltage suppression for f=n x (f1 +/-
1 %), M = interferance frequency

Series mode interference (peak value of interfer- 40 dB
ence < rated value of input range), min.

Common mode voltage, max. 10V
Common mode interference, min. 60 dB
Interrupts/diagnostics/status information

Interrupts

Diagnostics interrupl Yes

Lirmit interrupt

Yes: two high limits and two low limits each

Diagnostics alarms
Diagnostics Yes
Monitoring of supply voltage Yes
Wire break Yes;

only for 1 ... Y,

4 .. 20mA, TC, R and RTD
Cverflow/underflow Yes
Diagnostics indicator LED
RUN LED Yes; green LED
ERROR LED Yes; red LEDy
Monitoring of supply voltage Yes; green LED
Channel status display Yes; green LED
For channel diagnostics Yes; red LED
For module diagnostics Yes; red LED
Electrical isolation
Electrical isolation of channals
Between the channels Mo
Between the channels, in groups of 8
Between the channels and the backplane bus Yes
Between the channels and the supply voltage of  Yes
the electronics
Permitted potential difference
Between the inputs (UCM) 20V DC
Between inputs and MANA (UCKM) 10vVDC

Between M internally and the inputs

oV DC /60 WV AC {basic isolation)

Isolation

Isolation tested with 70T W DC (lype test)
Distributed mode

Eriptitioed slatup No

-Dimanébns

Width 35 mm

Height 147 mm

Depth 129 mm

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
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BEST531-TKFOO-DABO

Weights

Weight, approx. 3109

Miscellaneous

MNote: Additional basic error and noise for integration

time = 2.5 msa:

Voltage:

+- 250m\: +- 0,02%
+/- B0m\: +/- 0,05%

+/= 50m\: +/- 0,05%
Resistance: 150 ohm: +/- 0.02% resistance ther-
mometer;

P1100 climate: +/- 0.08 K
Mi100 climate: +/-0.08K
thermocouple:

TypeB. R, S:+-3 K
type E.J, K, N, T: +-1 K

Analog input module Al 8xU/VRTDITC ST (BESTS31-TKFO0-0AB0)
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The dimensional drawing of the module on the mounting rail, as well as a dimensional
drawing with open front panel are provided in the appendix. Always adhere to the specified
dimensions for installations in cabinets, contral rooms, etc.

Dimensional drawing

129

L e
g s
2le g
Figure A-1  Dimensional drawing of the Al 8xUW/I/RTDITC ST module
Analog input module Al BxUARTDITC ST (ES7531-TKFO0-DABO)
47
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252

258

Figure A-2

Dimensional drawing of the Al BxUN/RTD/TC 5T module, side view with open front panel

Analog input module Al 8xU/VRTDITC ST (BESTS31-TKFO0-0AB0)
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Parameter data records

B.1

Parameter assignment and structure of the parameter data records

The data records of the module have an identical structure, regardiess of whether you
configure the module with PROFIBUS DP or PROFINET (0.

Dependencies for configuration with GSD file

When configuring the medule with a GSD file, remember that the settings of some
parameters are dependent on each other. The parameters are only checked for plausibility
by the module after the transfer to the module.

The following table lists the parameters that depend on one another.

Table B- 1

Dependencies of parameters for configuration with GSD file

Device-specific parameters (GSD file)

| Dependent parameters

Current limit for wire break

| Only for measuring type current with measuring range 4 maA to 20 mA.

Wire break

: Cnly for measuring type resistance, thermistor RTD, thermocouple TC,
vollage with measuring range 1V to 5V and current with measuring
| range 4 mA to 20 ma.

Common mode error

Only for measuring type voltage, current and thermocouple TC.

_Refaranoa channel error

Measuring type resistance {4-wire connection,
3-wire connection)

__Dnl:.' for rneasuring typa thermocouple TC.
' Only for measuring range 150 0, 300 0, 600 O and 6000 (.

Measuring type resistance {4-wire connection,
3-wire connection, 2-wire connection)

| Configurable for even channels (0, 2, 4 and &) only.

Measuring type thermistor RTD (4-wire connec-
tion, 3-wire connection)

Hardware intarrupt limits

Only if hardware interrupts are enabled.

The following odd channel (1, 3, 5, 7) must be deactivated.

Fixed referance temperature

Only if the value Fixed reference temperature is configured at parameter
| Reference junction for TC.

Temperature unit Kelvin (K)

| Only for measuring type thermistor RTD and for thermocouple TC.

Parameter assignment in the user program

The module parameters can be assigned in RUN (for example, measuring ranges of
selected channels can be edited in RUN without having an effect on the other channels).

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
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Pararneler dala records

8.1 Parameter assignment and sitruciure of the parameler data records

Parameter assignment in RUN

Instruction WRREC is used to transfer the parameters by means of data records 0 to 7 and
8. The parameters set in STEP 7 do not change in the CPU, which means the parameters
setin STEP 7 are still valid after a restart.

The parameters are only checked for plausibility by the module after the transfer to the
maodule.

Output parameter STATUS

The module ignores errors that occurred during the transfer of parameters with the WRREC
instruction and continues operation with the previous parameter assignment. However, a
corresponding error code is written to the STATUS output parameter.

The description of the WRREC instruction and the error codes is available in the STEP 7
online help.

Operation of the module behind a PROFIBUS DP interface module

50

If the module is operated behind a PROFIBUS DP interface module, the parameter data
records O and 1 are not read back. You get the diagnostics data records 0 and 1 for the read
back parameter data records 0 and 1. You can find more information in the Interrupts section
of the PROFIBUS DP interface module device manual on the Internet
(http://support.automation.siemens.comMWW/view/en/T8324181).

Analog input module Al 8xU/IRTIVTC ST (BESTS31-TKFO0-0AB0)
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Parameler data records
B. 1 Parameter assignment and structure of the parameter data records

Assignment of data record and channel

The parameters in data records 0 to 7 and in data record 8 are available for 1x 8-channel
configuration and are assigned as follows:

* Data record O for channel 0

® [ata record 1 for channel 1

L)

& [ata record & for channel 6

® Data record 7 for channel 7

* Data record 8 for the reference channel (COMP)

For configuration 8 x 1-channel, the module has 8 submodules with one channel each and
one submodule for the reference channel. The parameters for the channel are available in
data record 0 and are assigned as follows:

® Data record 0 for channel 0 (submodule 1)

® Data record 0 for channel 1 {submodule 2)

L]

® Data record 0 for channel 6 (submodule 7)

* Data record 0 for channel 7 (submodule 8)

® Data record 0 for the reference channel (COMP) (submodule 9)

Address the respective submodule for data record transfer.

Data record structure

The example in the following figure shows the structure of data record O for channel 0. The
structure of channels 1 to 7 is identical. The values in byte 0 and byte 1 are fixed and may
not be changed.

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
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Pararneler dala records

8.1 Parameter assignment and sitruciure of the parameler data records

Enable a parameter by setting the corresponding bit to "1".

Byte 0
Byte 1
-
76543210
Byte2 [TTTTTT1T7]
76543210
Byte3 [T T 1T 17171
884 32170
Byted [TTTTT11]
FaB43 21N
Byte5 [T T T 11111
e e
T6E543210
Byte6 [ 1 1 10l [ 11
Figure B-1

52

Data length per channel 26 byles

Measuring type
{see table "Ceding for measuring typa®)

Measuring range
{see tabla "Coding for measuring range™)

[ ] Temperature cosfficient

(see table "Coding for temperature coafficient”)

Smooth scaling:
0000 = none
0001 = weak
0010 = medium
0011 = strong

Interferance frequency suppression:
0000 = 400 Hz

0001 = 60 Hz

0010 = 50 Hz

0011 =10 Hz

Temperature unit:

00 = Celgius

01 = Fahrenhegit

10 = Kelvin (not for measuring range cimate)

Currant limit for diagnostics wire break
{only for measunng type 4 ma to 20 ma)
0=1.185 mA

1= 3.6 mA

Reference junction for TC:

{for measuring type thermacouplas):
0000 = Fixed reference temperature
0001 = Dynamic referance temperature
0011 = Internal reference junction
0100 = Reference channel of the module

Structure of data record 0: Bytes Olo 6

Analog input module Al BxU/VRTDITC ST (BESTS31-TKFO0-0ABD)
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Farameler dala records

Byte 7

Byte 8

Byte 9

Byte 10

Byte 11

Byle 12
Byte 13

Byte 14
Byte 15
Byte 16
Byte 17
Byte 18
Byte 19
Byte 20

Byte 27

B. 1 Parameter assignment and structure of the parameter data records

766543210
LI I 1 [ofalalo]
—

15141312111095
L1
Tas4321ﬂ
L1

15 14 13121110 ﬂ B
I ]

?5543215
LI ]

)
=
j
)

II.
5 21::

I_l__ _I_ZT B

15141312111:-9 8
LITT1 ]

?5543211:
L

1514131211 m -9 B
[

T
I._['._' _T*—l r

76543210
] I

Hardware intarrupt, high limit 2*
Hardware interrupl. low limit 2*
Hardwara interrupt, high limit 1*
Hardware interrupt, ow limit 17

Enable diagnostics;

Missing supply voliage L+

Wire break (only possible with measuring type: Resistor
(R}, Thermal resistor (RTD), Thermacouple (TC),
Voltage (1 to 5 V), Current (4 1o 20 mA)

Underflow

Ovarflow

Enable diagnostics:

Reference channel of the module {only for
“thermocouple®” measuring type)

Common mode error

(only with measuring type: voltage, currant, tharmocouple)

Fixed reference tlemperatura:
(sea Table "Valid values for fixed
reference temperatures”)

Hardware Interrupt, high limit 1**
(see section "Hardware interrupt limits")

Hardware interrupt, low limit 1°*
{see section "Hardware interrupt limits")

Hardware interrupt, high [imil 2**
(see section "Hardware interrupt limits")

Hardware inlerrupt, low limit 2*
(see section "Hardware interrupt lmits™)

Unassignad

Enabling the hardware interrupts via data record is only possible when the channel

s assigned a hardware interrupt OB in STEP 7
™ High lmit must be greater than the low limit

Structure of data record 0: Bytes 7 lo 27

Figure B-2

Analog input module Al BxUTRTDITC ST (BEST531-THFO0-0ABD)

Manual, 0772014, ASEN3484864-AC

53



Pararneler dala records

8.1 Parameter assignment and sitruciure of the paramelter data records

Structure of data record 8, reference channel (COMP) of the module

The reference channel compensates for the measured values of channels 0 to 7. The
following figure shows the structure of data record 8. Enable a parameter by setting the
corresponding bit to "1™,

T8 543210
Byte0 [O]0[0T1]0T0]0]0]

I ——— Minar version

Major version
78543210

Byte 1 glofo[1[1]071]0]  Length of paramater data per channel
gy e
L pas length 26 byles per channel

7T 6543210

Byte2 [O]OJO[0JO0JT[1]1] Measuringiype

LS

L Thermal resistor linear, 4-wire connection

7T6 543210
Byte 3 [TTTTTT T 1 Measumngrange (ses Table "Code for the measuring
range channel (COMP)")

o - R O B
Byte 4 [TTTTTTT] Tempeare coafficient )
(see Table "Coding for temperature coefficient”)

FT6543210

Byte5 [T [ L L 111]
e e

Smoothing:
0000 = none
0001 = weak
0010 = medium
0011 = strong
Interference frequency suppression:
0000 =400 Hz
0001 =60 Hz

0010 =50 Hz
0011 =10Hz

76543210
Byte6 [T T TTTTT]

Unassigned
Byte7 [ ] I ]
7T 65423210
Byte 8 [T Tol [6TG]8] | Enable diagnostics:
l-— Missing supply voltage L+
Wira braak
Underfiow
Orvarflow
T 6543210
Byte 8 EHEEEEEEE
? Unassigned
Byte27 [T T T T T TT]

Figure B-3  Structure of data record 8, reference channel of the module: Byles 0 to 27

Analog input module Al 8xU/VRTDITC ST (BESTS31-TKFO0-0AB0)
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Farameler dala records
B. 1 Parameter assignment and structure of the parameter data records

Codes for measuring types

The following table lists all measuring types of the analog input module along with their
codes. Enter these codes at byte 2 of the data record for the corresponding channel (see the
figure Structure of data record 0: Bytes 7 to 27).

Table B-2  Code for the measuring ype

Measuring type Code

Deactivated 0000 0000
Voltage 0000 0001
Current, 2-wire transmitler Q000 0011
Current, 4-wire transmitter Q000 0010
Resistance. 4-wire connection ¥} **) 0000 0100
Resistance, 3-wire connection *) ™) 0000 0101
Resistance, 2-wire connection *) ) 0000 0110
Thermal resistor linear, 4-wire connection *) Q00D 0111
Thermal resistor linear, 3-wire connection *) 0000 1000
Thermocouple 0000 1010

) only possible for channels 0, 2, 4 and &
**} anly for the following measuring ranges: 150 0, 300 Q. 600 0, 6 kQ
***} only for measuring range PTC

Special feature for configuration
If you configure one of the following measuring types at one of the channels 0, 2, 4 and 6:
* Resistance, 4-wire connection
& Resistance, 3-wire connection
* Resistance, 2-wire connection
* Thermal resistor linear, 4-wire connection
* Thermal resistor linear, 3-wire connection
then one of the following channels must be disabled.
Example:

You have configured "Resistance, 4-wire connection” at channel 0; channel 1 must be
disabled. You have configured "Resistance, 2-wire connection” at channel 2; channel 3 must
be disabled.

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
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Codes for measuring ranges

8.1 Parameter assignment and sitruciure of the parameler data records

The following table lists all measunng ranges of the analog input module along with their
codes. Enter these codes accordingly at byte 3 of the data record for the corresponding
channel (see the figure Structure of data record 0: Bytes 7 to 27).

Table B-3  Code for the measuring range

Measuring range Code
antaga

+50 m\V/ 0000 0001
+80 m\V 0000 0010
1250 my 0000 0011
500 mW 0000 0100
Y 0000 0101
25V 0000 0111
+5 Y 0000 1000
+10 W 0000 1001
1Viesv 0000 1010
Current, 4-wire transmitter

0 maA to 20 ma 0000 0010
4 mA ta 20 mA 0000 0011
20 mA 0000 0100
Currant, 2-wire transmitter

4 mA to 20 ma 0000 0011
Resistor

1680 0 0000 0001
3000 0000 0010
GO0 0 0000 0011
6 k02 0000 0101
PTC 0000 1111
Thermal resistor

Pt100 climate 0000 0000
MNi100 climate 0000 0001
Pt100 standard 0000 0010
MNi100 standard 0000 0011
Pt500 standard 0000 0100
Pt1000 standard 0000 0101
Ni1000 standard 0000 0110
Pt200 climate 0000 0111
Pt500 climate 0000 1000
PE1000 climate 0000 1001
Ni1000 climate 0000 1010
Pt200 standard 00001011
LG-Ni1000 standard 0001 1100
LG-Ni1000 climate ooo1 1101

Analog input module Al 8xU/VRTDITC ST (BESTS31-TKFO0-0AB0)
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Parameler data records
B. 1 Parameter assignment and structure of the parameter data records

Thermocouple
0000 0000
000 0001
0000 0010
0000 0011
0000 0100
0000 o101
0000 0111
0000 1000

A~ maomzmm

Codes for measuring ranges, reference channel (COMP) of the module

The following table lists all measuring ranges along with their codes for the reference
channel (COMP). Enter these codes in byte 3 of data record 8 (see figure Structure of data
record 8, reference channel of the module: Bytes 0 to 27).

Table B-4  Code for the measuring range, reference channel (COMP)

Measuring range Code
Thermal resistor

PL100 climate 0000 0000
Ni100 climate 0000 0001
Pt100 standard 0000 0010
Mi100 standard 0000 0011
Pt500 standard 0000 0100
PL1000 standard 0000 0101
Mi1000 standard 0000 0110
Pt200 climate 0000 0111
Ft500 climate 0000 1000
PH1000 climats 0000 1001
Ni1000 climate 0000 1010
Pt200 standard 0000 1011
LG-Mi1000 standard 0001 1100
LG-Ni1000 climate 0001 1101

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
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Parameler dala records
8.1 Parameter assignment and sitruciure of the parameler data records

Codes for temperature coefficients

The following table lists all temperature coefficients along with their codes for temperature
measurements with the resistance thermometers. You need to enter these codes in

* byie 4 of data record 8 (see figure, Structure of data record 8, reference channel of the
module: bytes 0 to 27} and

® byie 4 of datarecords 0, 2, 4, 6 and 8 (see figure, Structure of data record 0: Bytes 0 to 6)

Table B-5  Codes for temperature coefficient

Temperature coefficient Code

Pt o

0.003851 0000 0000
0.003916 (000 0007
0.003902 Q000 0010
0.003920 Q000 0011
NI o

0.006180 Q000 1000
0.006720 0000 1001
LG-Ni

0.005000 Q000 1010

Valid values for fixed reference temperatures

The values that you can set for fixed reference temperatures must be in the valid range of
values. The resolution is a tenth of a degree.

Table B-6  Valid values for fixed reference temperatures

Temperature unit ] Decimal | Hexadecimal I
Celsius (default) | -1450 to 1550 | EAS6H to BOEK i
Fahrenheit (default) | -2290 to 3110 | F70Ex to CCCx |
Kelvin (default) | 1282 10 3276 | 5021 to 10BAN !

Analog input module Al 8xU/VRTDITC ST (BESTS31-TKFO0-0AB0)
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Parameler data records
B. 1 Parameter assignment and structure of the parameter data records

Hardware interrupt limits

The values that you can set for hardware interrupts (high/low limit) must not exceed the
overfunderrange of respective rated measuring range.

The following tables list the valid hardware interrupt limits. The limit values depend on the
selected measuring type and range.

Table B-7  Voltage limits

Voltage
+50 mV, 80 mV, +250 mV, +500 mV, |1Vio5V
+1V, $25V, 5V, +10V

32510 32510 High limit
-32511 -A863 Low limit

Table B- 8  Current and resistance limits

Current Resistor
+20 mA 4mAto 20mA S | (all configurable measuring ranges)
0 mA to 20 mA
32510 32510 32510 High limit
=32511 -4 863 1 Low limit

Table B-9  Limits for thermocouple types B, C, E, and J

Thermocouple
Type B Type E Type J
“C °F K "C *F K “C °F K
20699 | 32765 | 23431 [11999 |21919 | 14731 | 14499 | 26419 | 17231 | High limit
1 321 2733 | -2609 | -4539 33 -2099 | -3459 633 | Low limit

Table B- 10  Limits for thermocouples type K, N, R, and S

Thermocouple
Type K Type N Types R, 5
*C *F 24 C i K "G *F K

16219 | 29515 | 18951 | 15499 28219 18231 | 20189 |32765 |22921 | High limit
-2699 | -4539 33 -2699 | -4539 33 -1699 | -2739 1033 | Low limit

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
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Pararneler dala records

8.1 Parameter assignment and sitruciure of the parameler data records

Table B- 11 Limits for thermocouple type T
Thermocouple
Type T
b o4 °F K
5399 | 10039 | 8131 |High limit
-2699 | 4539 33 | Low limit

Table B- 12  Limits for resistance thermometer P xxx Standard and Pt oo Climate

Thermal resistor
Pt xxx standard Pt xxx climate
°'C °F K "G °F
8499 18319 1273 15489 31004 -— High limit
-2429 -4539 303 -14489 -22804 - Low limit

Table B- 12 Limits for resistance thermometer Ni xxx Standard and Ni xxx Climate

Thermal resistor
Mi ) Standard Mi xxx Climate
°C *F K G “F
2049 5620 5681 15489 31009 -— High limit
-1049 -1569 1683 -1045% -15699 - Low limit

6O
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Parameler data records
B.2 Structure of a data record for dynamic reference temperature

B.2 Structure of a data record for dynamic reference temperature

The WRREC instruction is used to transfer the reference junction temperature via data
record 192 to data record 198 to the module.

The description of the WRREC instruction can be found in the online help from STEP 7.

If you have set the "Dynamic reference temperature” value for the "Reference junction”
parameter, the module expects a new data record at least every 5 minutes. If the module
does not receive a new data record within this time, it generates the "Reference channel
error” diagnostics message.

Assignment of data record and channel

The following assignment applies if no submodules (1 x 8-channel) are configured for the
module:

* Data record 192 for channel 0
® Data record 193 for channel 1
® Data record 194 for channel 2
® Data record 195 for channel 3
& Data record 196 for channel 4
* Data record 197 for channel 5
* Data record 198 for channel 6
* Data record 199 for channel 7

if eight submodules (8 x 1-channel) are configured for the module, each submodule has only
one channel. The parameters of the channel are in data record 192,

Background: Each submodule you address for the data record transfer has only one
channel.
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B.2 Structure of a data record for dynamic reference temperature

Structure of data record 192 for dynamic reference temperature

The following figure shows an example of the structure of data record 192 for channel 0. The
structure for data records 193 to 199 is identical.

T 6 54 32110
Byte 0 [T T TTT1T ] resotton
Ay
0 - default (tenth of a degree)
1 - climate (hundradth of a degrea)

Byte 1 LT T T T L1 ] | Temperature unit
__.l
2#00 - Celsius
2#01 - Fahrenheit
2#10 - Kelvin
Byte 2 High byte |

Exlemal reference junction temperature

Byte 3 Low byte

Figure B-4  Structure of data record 192

Valid values for fixed temperature compensation

You can enter the selectable values at byte 1 of the data record for the corresponding
channel. The selectable values must lie within the permitted value range, see following table.
The resclution is a tenth of a degree.

Table B- 14  Valid values for temperature compensation via dala record

Temperature unit Decimal Hexadacimal
Celslus (default) -1450 to 1550 FAS6: to B0Ex
Fahrenheit (default) -2290 to 3110 F70Ex to C264
Kelvin (default) | 1282 o 3276 502w to CCCx
Celsius (climatic) -14500 to 15500 CT75CH to 3CECH
Fahrenheit {climatic) | -22900 to 31100 ABBCH to TI7Cx
Kelvin {climatic) 12820 to 32760 3214+ to TFF8x

Additional information

B2

For more information on compensation of the reference junction temperature via data record
refer to the Analog value processing

(hitp://support. automation.siemens.com/WWiview/en/67989084) function manual in the
internet.
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Representation of analog values

Introduction

This chapter shows the analog values for all measuring ranges supported by the Al

8xU/VRTD/TC ST analog module.

Measured value resolution

Each analog value is written left aligned to the tags. The bits marked with "x" are set to "0".

Mote

This resolution does not apply to temperature values. The digitalized temperature values are
the result of a conversion in the analog module.

Table C- 1  Resolution of the analog values

Resolution in bits Values Analog value
Including sign

Decimal Hexadecimal | High byte Low byte
16 1 1H Sign0000000 (0O0O0O00O1

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
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Represenialion of analog valves

C. T Representation of input ranges

C.1 Representation of input ranges
The following tables set out the digitalized representation of the input ranges by bipolar and
unipelar range. The resolution is 16 bits.
Table C-2  Bipolar input ranges
Dec. Measured Data word Range
value value in %
215 2111 ztﬁ 21’2 21T 210 29‘ 28 2?’ 25 25 24 23 22 2t 20
32787 =117.589 0 1 1 1 1 1 1 (1 11 |1 (1 |1 (1 |1 |1 [1 |Overflow
32511 117.589 0 1 1 1 1 1 114 (1 |1 (1 (1 |1 (1 |1 |1 |Overshoot
27649 100.004 0 1 1 ] 1 1 o |0 |o |o |0 |o |0 |0 |0 |1 |range
27648 100.000 0 1 1 1] 1 1 g |0 |0 (0 |0 |O (O |O (O (O
1 0.003617 0 |0 0 0o (0 0 0 |0 |0 (0 |O |O |0 |O (0 |1
0 0.000 o |o |0 (0 |0 |0 |0 (O (O |O |O |0 (0 |0 |0 |0 |Ratedrange
-1 -0.003617 1 1 1 1 1 1 1 (1 (1 |1 (1 (1 |1 |1 |1 |1
-27648 -100.000 1 1] 0 1 a 1 0 |0 |0 (0 |0 |0 |0 |O (0 (O
-27649 -100.004 1 a 4] 1 0 0 1 (1 |1 |1 [1 |1 [1 [1 |1 [1 |Undershoot
-32512 | -117.593 1 |o |o |o |o jo |o |1 |o |o |o |o |o [o [o |o |range
-32768 <-117.593 1 a 4] o (0 0 0 |0 |0 (0 |0 |0 |0 |0 (0 |0 |Underflow
Table C-3  Unipolar input ranges
Deac. Measured Data word Range
value value in %
216 | 214 | 93 | 212 | D1t P10 |29 |28 [T |28 |96 P4 |23 |92 |1 20
32767 =117.589 0 1 1 1 1 1 1 (1 |1 |1 (1 |1 (1 |1 |1 [1 |Overflow
32511 117.589 0 1 1 1 1 1 1 {0 |1 |1 (1 (1 |1 [1 |1 |1 |Overshoot
27649 100.004 0 1 1 1] 1 1 o |o |o |o |o |0 o |0 |o |4 |r@nge
27648 100.000 0 1 1 1] 1 1 g |0 |0 (0 |0 |O (O |O (O (O
1 0.003617 0 |0 4] 0o (0 0 o |0 |0 |0 |0 [0 (O [0 |0 |1 |Ratedrange
0 0.000 ¢ |0 (0o (0 |O |0 |0 (0 |O |0 (0 |0 |O (O |0 |O
-1 -0.003817 1 1 1 1 1 1 1 |1 (1 |1 |1 |1 |1 |1 [1 |1 |Undershoot
-4 864 -17.593 1 1 1 1] 1 1 o |1 |0 |o |0 |o (o |0 |0 |0 |range
-32768 =-17.593 1 0 4] o |0 0 0 |0 |0 (0 |0 |0 |0 |0 [0 |0 |Underflow
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Represeniation of analog values

Cc.2

C.2 Representation of analog values in voltage measuring ranges

Representation of analog values in voltage measuring ranges

The following tables list the decimal and hexadecimal values (codes) of the possible voltage
measuring ranges.

Table C-4  Vaoltage measuring ranges 10V, 26V, £28 W, £1 W,

Values Voltage mmsurirg range Ranga

dec | hex +10V 5V 25V 1V

32767 TFFF >11.750V | >5879V |>2840V |>1.176V | Overflow
32511 TEFF 11,759V | 5879V 2,940 V 1176 V Overshoot range
| 27649 6CO1

27648 | 6co0 10V 5V 25V 1V Rated range
20736 | 5100 7.5 375V 1.875 0.75

1 1 17V |1B0BpV | 904 v 36.17 pV

o lo oV 0w ov oV

-1 FEFF

-20736 | AFDO TE5Y 475 4875V |-075V

-27648 | 9400 A0V 5 25Y AV

27649 | 93FF Undershoot
-32512 | 8100 1759|5879V 2940V |-1176Y | FENGE
-32768  [8000  [<-11.759V [<-5879V <2940V [<-1.176V |Underfiow
Table C-5  Voltage measuring ranges £500 mV, £250 mV, £80 mV/, and £50 mV/,

Values l Voltage measuring range Range

dec hex +500 mv #250 mV £80 mV +50 mV

32767 | 7FFF 5879 mV  [>2040mV |>041mV  |>588BmV | Overflow
32511 | 7EFF 5B7.9mY | 204.0 mV g4.1 my 58.8 mV | Overshoot range
27648 | 6GCO1

27648 | 6CO0 500 mv 250 my 80 mv 50 mv Rated range
20736 | 5100 375 mv 187.5mV |60 mv 37.5 mh

1 1 18.08 pv 9.04 v 2.89 uv 1.81 uv

0 |0 omv [omV |omv |omv

-1 FFFF

-20736 | AFOO 375 my -1875mV | -60 mV -37.5 m\v/

-27648 | 9400 -500 my 250 my/ -80 mV 50 mV

27649 | 93FF | Undershaot
-32512 | 8100 E8TOmMY [-2940mV |-04.1 mV -58.8 mV/ range
-32768 | BOOD <5879mV |<-2040mV |<-941mV |<-588mV |Underflow

Analog input module Al BxUVRTINTC ST (BEST531-TRFO0-0ABQ)
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C.2 Reprasentation of analog values in voltage measuring ranges

66

Table C-6  Voltage measuring range 1tlo 5V

Values voltaga maasurhgﬂga Ranga

dec hex 15V
32787 TFFF =5.704 V Overflow
32511 TEFF 5704 W Owvershoot range
27649 BCO1

27648 GCO00 5V Rated range
20736 5100 4\
1 1 1N+ 1447 pV

0 0 1V

-1 FFFF Undershoot
-4884 EDOO 0.206 v range
-32768 BOOO < 0.296 V Underflow

Analog input module Al 8xU/VRTDITC ST (BESTS31-TKFO0-0AB0)
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C.3 Representation of analog values in the current measuring ranges

C.3 Representation of analog values in the current measuring ranges

The following tables list the decimal and hexadecimal values (codes) of the possible current
measuring ranges.

Table C-7  Current measuring range £20 mA

Values Current measuring range

dec hex +20 mA

32767 TFFF >23.52 mA Overflow
32511 7EFF 23.52 mA Overshoot range
27649 | 6CO1

27648 GCO0 20mA Rated range
20736 5100 15 mA

1 1 723.4 nA

0 0 0 mA

-1 FEFF

-20736 AFOO -15 mA

-27648 9400 20 mA

-27649 93FF Undershoot
-32512 8100 -23.52 mA range
-32768  |8000 | <-23.52mA Underflow

Table C-8  Current measuring ranges 0 to 20 mA and 4 to 20 mA

Values Current measuring range

dec hex 0 to 20 mA 4 to 20 mA

32767 TFFF =23 52 mA =22 81 mA Overflow
32511 TEFF 23.52 mh 22 81 mA Overshoot range
27649 BCO1

27648 BCO0 20 mA 20 mA Rated range
20736 5100 15 mA 16 mA

1 1 723.4 nA 4 mA +578.7 nA

0 0 0 mA 4 mA M

-1 FFFF Undershoot
4864 EDOO -3.52 mA 1.185 mA range
-32768 8000 <~ 3.52 mA < 1.185 m# Underflaw
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C.4 Repraesentation of the analog values of resistance-based sensors/resistance thermometers

c4 Representation of the analog values of resistance-based
sensors/resistance thermometers
The following tables list the decimal and hexadecimal values (codes) of the possible
resistance-based senscr ranges.
Table C- %  Resistance-based sensors of 150 €3, 300 €2, 600 €2, and G000 02
Values Resistive transmitter range
dec hex 180 0 3000 600 02 8000 O
32767 TFFF =176.38 02 =352 77 £} =705.53 0 =7055.3 02 Overflow
32511 TEFF 176.36 03 _s2IT O T05.53 2 70553 02 Owvershoot range
27649 6C01
27648 6C00 150 0 300 0 600 0 6000 (2 Rated range
20736 5100 (11250 |2250 | 450 | 4500 02
1 1 543 mQ 10.85 mo 21.70 ma2 217 me
0 1] (1]9] 0o 0 0o

The following tables list the decimal and hexadecimal values (codes) of the supported
resistance thermometers,

Table C- 10 Thermal resistors Pt 100, Pt 200, Pt 500 and Pt 1000 Standard

Ptx00  |Values Ptx00 | Values Ptx00 |Values Range
Standard dec hex Standard | dec | hex Standard dec i

in*C in°F inK

(1 digit = (1 digit = (1 digit =

0.1°C) 0.1 °F) 0.1 K)

=1000.0 |32787 TFFF = 18320 - 32767 7FFF =1273.2 | 32767 TFFF Overflow
10000 10000 2710 18320 | 18320 4790 1273.2 12732 31BC Owvershoot

: : ; ; !' 3 3 : : : range
8501 8501 2135 15621 i'15621 ' D05 1123.3 11233 2BE1

B50.0 B50O 2134 1662.0 I 15620 | D04 1123.2 11232 2BED Rated range
-200.0 -2000 F830 -328.0 | -3280 * F330 732 T3z 20C

-200.1 -2001 Fa2F -328.1 1-3281 | FazF 731 ™ 2DB Undershoot
. : ; : E |: : ; : g
=243.0 -2430 Fe&2 -405.4 ! -4 054 I FO2A 30.2 anz 12E

=-243.0 |-32768 8000 =< -405.4 : -32768 : 8000 <30.2 2768 8000 Underflow

B8
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C. 4 Representation of the analog values of resistance-based sensors/iresistance thermometers

Table C- 11 Thermal resistors Pt 100, Pt 200, Pt 500 and Pt 1000 Climate

Pt x00 Climate/ in | Values Pt x00 Cimate/in | Values Range
nc FF
dec hex dec hex

(1 digit = 0.01 °C) (1 digit = 0.01 °F)

=155.00 32767 TFFF = 311.00 32767 TFFF Overflow
155.00 15500 acaec 311.00 31100 97C Overshoot

: . : : : : range
130.01 13001 32Cca 266.01 26601 G7EQ

130.00 13000 azcs 266.00 26600 GTES Rated range
-120.00 -12000 D120 -184.00 -18400 B&20

-120.01 -12001 D1tk -184.01 -18401 BE1F Undershoot
: : : ; : : range
-145.00 14500 |C7SC | -229.00 22000 | Ae8C

< -145.00 -32768 8000 <-229.00 -32768 BOOO Underflow

Table C- 12  Thermal resistors Mi 100, Mi 1000, LG-Ni 1000 Standard

Ni x00 Values Ni x00 Values Ni x00 Values Range
standard | Figik Standard | . —_— Standard | 4. hex

in "C in°F inkK

(1 digit= (1 digit = (1 digit =

0.1°C) 0.1 °F) 0.1 K)

=295.0 32787 TFFF = 563.0 32767 TFFF = 568.2 az27e7 TFFF Overflow
2895.0 2950 Bas 563.0 5630 15FE 568.2 5682 1632 Overshool

: : 1 ; . ; ; ; : range
2501 2501 9C5 4821 4821 12D5 5233 5233 1471

250.0 2500 9c4 482.0 4820 1204 523.2 5232 1470 Rated range
-60.0 -G00 FDAS -76.0 -TB0 FDO8 2132 2132 B54

-60.1 -601 FDAT -T6.1 =781 FDO7 2131 213 B53 Undershoot
: ; t : : i : : - ahge
-105.0 -1050 FBEG -157.0 -1570 FSDE 168.2 1682 692

<-105.0 |-32768 8000 =-157.0 |-32768 8000 = 168.2 32768 BOOO Underflow
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Table C- 13 Thermal resistors Ni 100, Ni 1000, LG-Ni 1000 Climate

Ni x00 Climate in °C | Values Ni x00 Climate in | Values Range
{1 digit=0.01 °C) d I °F
ec hex dec hiex
{1 digit = 0.01 °F)

> 155.00 32767 7FFF >311.00 32767 7FFF Overflow
155.00 15500 | 3C8C 311.00 31100 797C Overshaot

: ; |: ; : : range
130.01 13001 | 32C9 266.01 26601 67EQ

130.00 13000  |32ce 266.00 26600 B7ER Rated range
-60.00 6000 | E8%0 -76.00 -7600 E250

-60.01 6001 | E88F -76.01 -7601 E24F Undershoot
: : |: : : : range
-105.00  |-10500 |DBFC ~157.00 -15700 C2RC

<. 105.00 -32768 | 8000 <-157.00 -32768 8000 Underflow
C5 Representation of analog values for thermocouples

The following tables list the decimal and hexadecimal values (codes) of the supported
thermocouples.

Table C- 14  Thermocouple type B

Type Bin [Valuas Type Bin -!'Ualuas Type Bin [Valuas Range

B | dec hex °F dec hex K | dec hex

= 2070.0 i 32TET TFFF = 32766 | 32767 TFFF = 23432 | 32TET TFFF Overflow
2070.0 20700 500C 3276.6 32766 TFFE 23432 23432 5B88 Overshoot

: : : ; : : ; : : range
18201 18201 4719 27866 27866 BCDA 2093.3 20933 51C5

1820.0 18200 4718 2786.5 27865 6CDI 2093.2 20932 51C4 Rated range
250.0 2500 09C4 482.0 4820 1204 §523.2 5232 1470

2499 |l 2499 09C3 481.9 4819 1203 5231 521 1469 Undershoot
: | : : : : : : : range

0.0 !' 0 #] 32.0 | 320 0140 273.2 2732 0AAC

<0.0 ! -32768 8000 <320 -32768 8000 <273.2 32768 2000 Underflow
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Table C- 15 Thermocouple type E

C.4 Representation of analog values for thermocauples

Type Ein | Values Type Ein |Values Type Ein | Values Range

v dec hex e dec hex K dec hex

=1200.0 | 32787 TFFF =2192.0 | 32767 TFFF =1473.2 | 32767 TFFF Overflow

1200.0 12000 2EEQ 2192.0 21820 55A0 1473.2 14732 3gac Owvershoot

: f 1 : : : : : : range
1000.1 10001 271 18322 18322 4792 1273.3 12733 3BD

1000.0 10000 2710 1832.0 18320 4790 1273.2 12732 31BC Rated range
-270.0 -2700 F574 -454.0 -4540 EE44 ] 0 0000

<-270.0 |-32768 8000 <-454.0 |-32768 8000 =<0 -32768 8000 Underflow
Table C- 16 Thermocouple type J

Type Jin | Values Type Jin |Values Type Jin |Values Range

G dec heax F dec hex K dec hex

= 14500 | 32767 7FFF =2642.0 | 32767 TFFF =1723.2 | 32787 7FEF Overflaw

1450.0 14500 3844 2642.0 26420 6734 17232 17232 4350 Overshoot

. ) ; ; range
2081 12001 2 |2PE1 221929 o fiese LeAd UG elas o980 |
1200.0 12000 2EED 2192.0 219820 5540 1473.2 14732 J98C Rated range
-210.0 -2100 FiCC -346.0 -3480 F27C §3.2 632 0278

=-210.0 |-32768 8000 =-346.0 |-32768 8000 = 63.2 -32768 8000 Underflow
Table C- 17 Thermocouple type K

Type Kin | Values Type Kin | Values Type Kin | Values Range

"C dec hex F dec hex K dec hex

=1622.0 | 32787 TFFF =2951.6 | 32767 TFFF =18952 | 32767 TFFF Overflow
1622.0 16220 3IFsC 2951.6 29516 T34C 1895.2 18952 4A08 Overshoot

: : : : - : : : : ranga
13721 13721 3599 2501.7 25017 6189 1645.3 16453 4045

1372.0 13720 3598 2501.6 25018 6188 1645.2 16452 4044 Rated range
-270.0 -2700 F574 -454.0 -4540 EE44 0 0000

=<-270.0 | -32768 4000 =-454.0 |-32768 8000 = -32768 2000 Underflow
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C.& Representation af analog values for thermocouples

Table C- 18 Thermocouple type N

Type Nin | Values Type Nin  Values Type Nin | Values Range
¢ | dec hex F dec hex 5 dec hex
= 1550.0 f 32767 TFFF = 28220 | 32767 TFFF =18232 | 32767 TFFF Owverflow
15500 15500 aC8eC 28220 28220 GE3C 1823.2 18232 4738 Overshoot
range

1300.1 13001 32co 23722 23122 S5CAA 15733 15733 an7s
1200.0 13000 az2ca 23720 23720 S5CAB 1573.2 15732 anv4 Rated range

-270.0 -2700 F574 -454.0 -4540 EE44 a 0 0o0o
<-270.0 |-32768 8000 =-454.0 |-32768 8000 =0 -32768 a000 Underflow

Table C- 19 Thermocouple type R and 5

Type R, 5 | Values Type R, § Values Types R, | Values Range

n "G dec hex In-F dec hex K dec hex

>2010.0 | 32767 TFFF = 32766 | 32767 TFFF = 22922 | 32787 TFFF Overflow
20180 20190 4EDE 32766 32766 TFFE 22022 22622 5984 Overshoot

: ; : £ : : f : : range
1769.1 |17691  |451B  |32164 (32164 | 7DA4  |20423 20423 | 4FCY

1769.0 17690 4514 azig2 32182 TDAZ 20422 20422 4FCE Rated range
-50.0 -500 FEOC -58.0 -580 FDBC 2232 2232 0aBa

-50.1 -501 FEDE -58.1 -581 FDBE 2231 2231 08B7 Undershoot

# : : : : : : : : range
-170.0 | -1T00 FO5C -274.0 -2740 F54C 103.2 1032 0408

<-170.0 |-32768 8000 =-274.0 |-32768 8000 <1032 |[<1032 8000 Underflow
Table C- 20 Thermocouple type T

Type Tin | Values Type Tin Values Typa Tin | Values Range

"G dec hex F dec hex K dec hex

=540.0 | 32767 TFFF =1004.0 | 32767 TFFF =813.2 | 32767 TFFF Overflow
540.0 5400 1518 1004.0 10040 2738 B13.2 8132 1FC4 Overshoot

- ; i : : i ! : : range
400.1 | 4001 OFA1 752.2 7522 1062 673.3 6733 1AAD

400.0 | 4000 OFAD 752.0 7520 1DED 673.2 6732 1AAC Rated range
-2700 | -2T00 F574 -454.0 -4540 EE44 32 3z 0020

<-270.0 |-32768 8000 <-454.0 | -32768 8000 <32 -32768 8000 Underflow
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C.6

C.6 Measured valueas for wire break diagnostic

Measured values for wire break diagnostic

Measured values on diagnostic event "wire break”, dependent on diagnostics enables

Error events initiate a diagnostics entry and trigger a diagnostics interrupt if configured

accordingly.
Table C- 21  Measured values for wire break diagnostic
Format | Parameter assignment Measured values Explanation
57 32767 TFFFu “Wire break” or "Open circuit” diagnostic

«  "Wire break” diagnostics enabled

s "Overflow/Underflow” diagnostics
enabled or disabled

("Wire break” diagnostics takes priority

| over "Overflow/Underflow” diagnostics) |

«  "Wire break” diagnostics disabled

= "Overflow/Underflow” diagnostics
enabled

32767 | 8000%

« Measured value after leaving the under-

alarm

shoot range
« Diagnostic alarm "Low limit violated®

= "Wire break” diagnostics disabled

= "Overflow/Underflow” diagnostics
disabled

-32T67T 8000+

Measured value after leaving the undershoot
range
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For resellers: In order to avoid infringements of the license conditions by the reseller or the
buyer, these instructions and license conditions have to be forwarded to the buyers.

License Conditions and Disclaimers for Open Source Software and other Licensed Software

In the product "Digital Modules, Analog Modules, Technological Modules, Communication
Modules and Power Supply Modules of the SIMATIC S7-1500, ET 200MP", Copyright
Siemens AG, 2013 - 2014 (hereinafter "Product"), the following Open Source Software is
used either unchanged or in a form that we have modified, and additionally the other License
Software noted below.

Liability for Open Source Software

Open Source Software is provided free of charge. We are liable for the Product including
Open Source Software contained in accordance with the license conditions applicable to the
Product. Any liability for use of Open Source Software beyond the program flow intended for
the Product is explicitly excluded.

We do not provide any technical support for the Product if it has been modified.

Please read the license conditions and copyright notes for Open Source Software as well as
other licensed software:

Component Open Source | Acknow- Copynght Information / File
Software ledgements
[YesMo]
Dinkumware ClC++ WO LICENSE AND COPYRIGHT INFORMATION FOR
Library - 5.01 COMPONENT DINKUMWARE C/C++ LIBRARY - 5.1
GHU GCC libgcc - 4.3.2 | YES LICENSE AND COPYRIGHT INFORMATION FOR
COMPONENT GNU GCC LIBGCC -4.3.2
GNU GCC libstde++ f YES LICENSE AND COPYRIGHT INFORMATION FOR
libsupes+ - 4.3.2 COMPOMENT GMU GCC LIBETDC++ | LIBSUPC++ -
432
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LICENSE CONDITIONS AND COPYRIGHT NOTICES

Commercial Software: Dinkumware C/C++ Library - 5.01
Enclosed you'll find (ke kconse conditicns and copyright notices applicabla for
Commarcial Soflware Dinkumwiare CIC++ Library - 501

Copyright (ch 19911598 Unicode, inc, All Rights reserved,

This file is provided as-is by LUnicode, inc, [ The Unicode Consortiumy. No claims are
miade §5 lo faneas for ey parlicular purpose. No warraniies of any knd pe
axprassad of implied. The reciplent agreas to deiemene applcaddity of information
provided. If this fiée has bosn provided on optical media by Unicode, inc,, the sale
rermady for any claim will be exchange of defective media within 5 days of receipl.
Unicodi, Ine. hersty grams tha right (o iresly use (e mfarmation suppbad in (e
fa Im ihe creaton of products supponting tha Unicode Stancard, end to make
copies of this fie in any fomm for mbamal or exlernal distiution as long as this
nobice remains attached.

© Copyright William E. Kampd 2001 Parmission io use. copy, madily, distribate and
asll this saffware and is documantation for any purposs is hereby gramed without
e, provicd et fhnl the abeve copyright nobice appear in all copies and that beth kol
copyright nalica and this parmission nallcs appaar in supporting dosumantation,
William E. Kempl makes no representalions aboud the suftability of this software far
any purposs, I (8 provided "ms is” withoul exprass or implied warranty,

Copyright & 1554 Howlet-Packard Company Permission to asa, copy, modfy,
distribute and sell thes soft and its doc ion for any purpose is hereby
pranled wilthoul fee, pravided thal the above copynghl nolice appesr in all copies
nd Imat both vt copyright notice and this parmission nalice Sppaar in supponing
documaniation. Howoll-Packard Company makes no mpresontations about fha
suitabdity of this software for any purpose. It = provided “es 8™ wilthout express or
impead wartanly,

Copyrights:
Copyhight 1992 - 2006 by p.j. plsuger and jim brodie. all nghts reserved,
Copyrghl 1892-2006 by p). plauger. 88 rghis mserved ip

Copyright 1992-2008 by §.j plauger. poctions derved from wark copynght 1994 ty
hewislipackard company. 83 rghls reserved

Copyrighl 1992-2008 by dinkumware, id, all rights reservad

Copprght 18892-2006 by dinkumware, Hd, portoss derived from work copyrghl
2001 by william =, kempd. all ighis resarved

Copyright 1994 hewalipackard company

Copynighl 1994 by hwleltpackard comparny

Copyrighl william & kemgl 2001

Copyrighl 18802008 by pj. plouger, all rights reserved
Coapyrighl (el by 9. plavger. B righls reserved.
Copyright (o) by dinksmware, iid. all rights reserved,
Copyrighl ic) unicoss, inc, 84 nghla resared,

() Capyright wilkam &, kemp! 2001

Copyrighl (g} hewlelipackard company

Copynight (e} by p.|. plaugar. all rights ressfved.
Copynght 2008 by dinkumwnre, lid

copyright ) by pJ. plauger. licensed by dinkumwane, Al a rghls reserved,

Ihe dinkum cec++ library relarence s copyright (o) by p.|. plauger. this code =
pratected by copyrighl. all righls reserved,

I dinkiom co++ library refarance = wmhtqtllhrpp plaugar. this codm is
pratected by copyright. all righls reserved
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dirikum compleat library, ves+ pachage (ve++ compilers only) Ihe dinkum complant
Bty dnd e dinkum compiedl library referance are copyighl (o by o . plauger
all righis resernved

LICENSE CONDITIONS AND COPYRIGHT NOTICES

Open Source Softwara: GMNU GCC libgoe - 4.3.2
Enclosad youll find ihe license condilions and copyrght nolices appecable for
Dpen Source Software GNU GCC libges - 4.3.2

Ligense conditions:

GCC s free software, you con redistribube it andion modily il under the hetms of the
GMU General Pubilic Licanse &% puldahed Dy the Free Soltwehe Foundstion; alther
warBean 2, or (Al Four oulion| any aer sarsan

In adddion o the permressions m the GHU General Public Liceénas, (he Free
Saltwana Foundation gives you urlimiled permission o bk tha compied version of
thi e info combinations with othar progrems, and to distibule those combinations
without any restriction coming from the use of this lile. (The General Publc Licenas
raualrictians do apply in alher respects, for sxamale, ey cover modification of (ke
lile; @nd dislmbidion when not linksd (mo & combing axaculabbe, )

GCC is disbrbuted in the hope that it will be usetul, bul WITHOUT ANY WARRAN-
T, wilhyiil gven the mmplied warranly of MERCHANTABILITY @ FITHESS FOR A
PARTICULAR PURPOSE. Sea the GMLU General Public Licensa for mare detaits

You should have recerved a copy of ke GNU General Pubbc License along with
GCC; sew tha e COPYING. I nol. wrile 1o the Free Saltware Foundalion,
51 Frankiin Stread, Fifth Fioor, Bagton, M#A

GNU GENERAL PUBLIC LICENSE
Wersion 2, June 1981

Copyright (C] 1889, 1691 Fres Soflware Foundalion, Ine.
58 Tample Place, Suite 320, Boston, MA 021111307 LS4

Everyong is permidiad (o copy and distribule varbatim copsas of this licanse
documant, but changing it ks nol aliowad,

Praambe

The licarses for most safiware are designed bo take away your freedom o sham
and changs I, By contrasl, ihe GNU General Public Licerse is inffended lo
gupraniee your freedom o sham and change free software--to maks sure ihe
sofrware is freo for all is users. This Genersd Pubic License applios fo most of the
Frae Saffware Foundalion's saflware and 1o any alfer program whose authors
coamemil 1o ceing (L (Same ofher Froa Softwars Foundation sofiwine s covered by
ha GINLI Litwary Genaral Public Licanse matead } You can apply L io your
frograms., oo,

Winen we speak of free software, we o referring to freedom, not prica. Our
Ganarad Pubiic Licenses ar designed io make sure that you hawe the fresdom to
disiribule copies of free soltware fand charge for s service If you wish), thal you
fecaive source code of can gl il ¥ you want i, thal yod can change the software o
usd ploces of it in now frea programs; and that you know you can o thase things.

Ta probect your Hghis, wa need b make resttictions hal forbid anyons 1o deny you
ez rights or 1o @8k you 1o surmandar the rights. These restriclons translEts 1o
cartain respensdilites for you if you disiribute copies of the saftwarm, or f you
madify i

For example, I you distribule copes of such @ program, whathar gratis of for a fee,
yoiul must give tho recipients a¥ the nghts that you have. You must make sure that
ey, hoo, naceive of can gel the sowrce code. And you must show [hem these arms.
50 Ihay knaw Dair rights,

‘Wia proboct your rights with two stops: (1) copyright tho softeare, and (2] affer you

Thid licenss which @ives you legal permession bo copy, dillribule andior modity e
BOtwarE
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Aisn, lor each aulhor's profechion and ours, we wan [0 make cerlain ihal everyons
understands that thare is no warranty for this Iree software. I the soltwam s
modified by somesons alse and passed on, wa want ils recipients o kaow 1had whai
ey hawe s not the angingl. B0 1hat sny problems inrotuced by athars will ot
rediect on the original Bulhors' repulatons.

Finally, ary free geogeam |8 ihramlensd consimnily by soffwete palents. We wish o
avoid the danpar Bal redisiributors of & free program will mdividually oblan patent
licenses, in affact making the program proprietary, To preven| this, wa have made it
clamsr that any padont mast ba licansed for averyona's free use or nod licensad &t all.

The preciss terms and condtions for copying, distinbution and moddication follo,

GNU GENERAL PUBLIC LICENSE
TERMS AND CONDITIONS FOR COPYING, DISTRIBUTION AND MODIFICA-
THOM

D. This Licenss appias to any program of other work which conaing a notice placed
by this copyright hoider saying it may be distributed undees the terms of this Ganeral
Pubilic Licensa. The “Program”, balow, nefers Io any such program or work, and a
“wark based on ihe Progrsm” means sdhar the Prograem ar any darivalive work
undes copyright iew: that = fo say, 8 work containing the Program or 8 portion of It
wilhar warbatim or with modifications andior | iy lnnguagn
(Henginafler, iransiation is included wilhout limitstion n he lerm “modification” )
Each licanses is addressad &5 "you™

Actiaities othar than copyng, distribution ard modification are nol covered by this
License; they are oulsde (18 scope. The act of running the Program ia nol restriolsd,
and e cultpul Irgm (he Progeam & covenad anly i (15 contenls constilube & work
basad on iha Progrem (incependent of having been made by running the Program),
Whather 1hsd (s brue depends an whal ihe Program does.

1. Yo may copy Bnd destribube verbatim copeas of 1he Progran's source code as
your racalve It inany medium, provided thal you conspituously and appropriataly
publish on sach copy an appropriste copyright notice mnd discloemer of warranty,
kesap irlact all tha nolices thal raler 1o his Licansa and 1o ihe abaance of any
warranty, and ghe any olher reciplents of (e Program a copy of this Licansa along
with the Program.

Yiou may chasge & les for the physical aclaf transferming & copy, and you may al
your aplion offar warranty protection in eschange for a fea,

2. You may modily your copy of coples of the Program of ny poriien of iL thus
farming & work based on iha Program, and copy Bnd dsiributa such moddicatons
of work undar the lerms of Section T above, providoed that you aiso mest sl of ihess
candibiona:

&) You mus! cause tha modiied files o carmy prominen notices siating that you
changed tha fikes and |he date of any changs,

b You mus! causs arry wor (hat you distribute or publish, thst in whols or in par
comaing o is derived from tha Prograen or any part therecl, bo be licensad a5 a
whiohe &1 no charge 1o all third parties under the barms of 1his Liconase.

&) If the maodiliad pragram ¢ ily rapds wig dnberactivaly when run, you
musl cause I, whan started runaing for such inleractive use in the most ordnary
way, Io prnt or display an snnouncement including an appropriale copyright nalics
and & nobce thal thess 8 no wasmanty {of alse, saying ihed you provide & warranty)
and thal users misy redistnbiule the program unded these condilions, and talling the
unist how 1o view o copy of iis Lisensa. |[Exceplion. if the Program fsaif is
Inderactive bul does not narmally prinl such an announcemant, your wirk based on
he Program (& nol required bo print an announcemean )

These requiremeants apply 1o the modilied work am o whale, H idenbliable sections. af
(sl wiork ere nol deswed lrom the Program. and can be reasonably considered
Indapandant and separate works in ihemsetms, 1hen s Licensa, ard |is barms, do
niot agply o those sechons when you dsiribuse them as separate works. Bul when
you distribuls the same seclions as parl of & whole which i o work based on he
Program, 1 distrbulian of e whale musl be on Fe erms of s License, whise
parmissaons for ather koensaes axiand bo the anire whole, snd thus 1o asch and
ewery part regardiess af who wrode i,

Thus, It is nat the ntant of this seation lo claim nghls or conlest your righls o work

wrillen ondirely by you; rather, tha intant is ko auercise (ha righl to contral the
distribution of defvalive or collective works based on ihe Program.
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I gddition. mens agaregation of ancther work nol based on the Program with s
Program [or with @ work based on tha Program) on a woluma of a siorage or
distribution madiem does not bing the obhar work undor the scopa ol this License.

1. You may copy and Estribube tha Program (or 8 work based on il under Saction 2)
In objc code or exacutable form wndar tha terms of Sectons 1 and 2 above
provided thal you slsa do one of the lallowing:

&) Accompary it with 1ha complete corrasponding machine-readatie source codae,
‘which must be @siributed undef Ihe lorms of Seclions 1 and 2 sbave on a medium
iy waed lor We, or,

by Aceompany o with @ wtten offer, vaid tor al leas! three years, 1o gee any thid
party. for o charge no mote tan your cost of physically performing scuros
distribulion, a comphala fie daible copy of the dingg sourcd cods,
i b disiributed undar the terms of Seclions 1 and 2 above on @ medum
customarily used for soltwans interchanga; ar,

aj A i It with (e ind HOR you ived as o ihe alfer 1o dsiribute
cmmasponding saurce cocs. | This altamative ts only for none ial
distributian and only if you received the program in object code o axeculabio farm
wilh suech an offer, in Bocond wilh Subsection b above.)

Tha souce oode for & work means the prafarred foem of the wark for making
madiications to 4. For an exscutable work, complels source code means ol i
Sspurce code for all modules it containg, pluss any assocaabed iMarface dafinilon
Iies, ples the soripls vsed o control compialion and instatation of the exacutable.
Howayver, a5 a specind guceplion, the source code distribbed noed nol ncluda
arrything that is normally Sistributed {in edher sauroe or birary Tonm] with the major
COMPONEnts (compler, kernal, amd @0 an) of 1he aperaling sysbem on which the
BERCUlED rung, unkess 1l companent Asell accompanies e executablao

If disbribution of sxsculable or object code is made by oflering access 1o copy from
@ designated place, then offaring squivalent access 1o copy e source cods fram
thet =ama placa counds as distribution of the source code. evan though thind parties
are nat compelied to copy the souwse olang with the abject cade.

4. You may nat copy, modity, sublicensa, or distribute the Program axcepl as
expressly provided under this License. Any atlemp? othersise o copy, modify,
subilicanse or distribute the Program i void, sod will sutomatically lerminsle your
righls undar his Licanse, Howewer. parfas who hawe recaived copies, or rights,
from you under this Licenss will not have their koenses erminated 50 long a5 such
jpartoas remaan in full complianos.

5. You are nod requined bo accept thes License, since you have nol sigaed &,
However, nothing sise grants you parmission (o modify or desiribute the Progrem or
itn derivative works, These acfions are prohibitad by law & you do not sccept this
License. Theralore, by modifying or dslributing the Program {or any work basad on
ke Program), yod indicata your acceptance of thes Licanse 10 60 0, and all its

I and conditions far copying, distributing or modifying the Program ar works
brasied an iL

. Each fime you madistribute the Program (or any work based on the Program), (ha
pieni a. iy receves a from the cnginal h 1o copy,
distribuile of madily (he Program subjeed 1o hese tarms and condidions. You may mat
pese any furthar resinctions on the reciplants’ exarcisa of the rights granlad
harein. You are not msponsible for enforcing complance by thind parties b this
License.

Tl esa ce of @ cour |ud f or allegation of patent infringament o
for any other reason (not kmited to patent Esees), conddions are imposed on you
(whether by courl arter, agresmant of olhersise) thal conlradcl the conditions of
Ihis Licensa, thay do nol sacuse you lrem the condilions of this Licerse. If you
cannol diinibute 80 a8 in salisfy simullanaoisly your oblgalions under this Licensa
and any other pertinent oblig e an @ cr juenca you may nol distribute
{he Program at sl For example, H 8 palen licemse would nol penme royalty-free
radisiribution of tha Program by all Mose whe racalve copsas directly or indirectty
ihratigh you, then the only wisy you could salisfy both § and this License would ba i
refrain enlirely from distribution of the Program,

If ary porlion af this secton i hald imalid or unenforcasbss under any pariicular
circumsiance, he balence of The section is miended o apply and the section as a
whale 18 intented to apply m other crcumstances.

It b5 nat tha pupase of this sochion 1o nduoe you ha infringn any patenls or othar
proparty right claims o 1o contest validity of any such claims, his ssction has the
sote purpose of prabecting the inegrity of the free soltwane distBution systam,
which ig snpl rrled by public & P
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Many peogle have made ganorois contributans to the wide mngs of soltware
distributed Mrough thst system in relance on consistant appleation of tal system.
i U Bo the autharidonar to decide IF he or she is willing lo distriiule sollware
through any other system and a koenses cannol Impess that choice

Thig saction i inlended 1o make (horoughly chaar whal is balieved o be a
consequance of Ina resl of his Licensa,

B, I thay distribution and/or use af (e Program is restrcied in cortain coanires
either by patenis of by copyrighted inierfaces, the origisal copyrighl hoider wha
places ths Program under this Licanss may add an expicil geographical
destribution limitation sxcluding those countrias. so that distribution s parmitiad
only in or among courlres nol thus excluded. in such case, this Lioense
incorparalas ihe Bmastion as il writlan in the body of this Lsense.

4. The Free Soltware Foundation may publsh revised and/or new versions of the
Gangril Public Licehas from lma bo lne Sech new wirsians will be simildr n
spirit 1o the presant version, bal may diffar in detail o aodress naw probiams or
CONCEITE,

Each warsian is given & dislinguishing version numbes. If the Program speciliess o
verslon number of this Licenss which apphias 1o it and "any kbar varskan™, you have
Ihi option of follewing tha terms and conditons either of that version or of any labor
version published by the Free Soltwars Foundalion, If tha Program does pol
specily & version number of this Licensa, you may chooss amy warsion e
published by the Free Soltwae Foundaton,

10, 17 you wish lo incorporate parts of the Program inta ather free programs whose
@siribulion conditions ara different, write io (he author o 85% for permission, For
saltware whach is cogyrighied by the Free Software Foundation, write to the Fraa
Software Foundalion; we somalimes make exceplions for thes, Our decision will ba
ruided by 1he twa goals of preserving ihe free status of all dervatives of aur fres
soltware and of prometing the sharng and recse of soltware genaraly

NOWARRANTY

11 BECAUSE THE PROGRAM I5 LICENSED FREE OF CHARGE. THERE IS NO
WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY
APPLICABLE LAW. EXCEPT WHEN OTHERWISE STATED IN WRITING THE
COPYRIGHT HOLDERS AND/OR OTHER PARTIES PROVIDE THE FROGRAM
“AS 157 WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR
IMPLIED, INCLUDING, BUT MOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURFOSE. THE
ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM
15 WITH YOU. SHOULD THE PROGRAM PROVE DEFECTIVE, YOU ASSUME
THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION,

12, IN NG EVENT UNLESS REQUIRED BY APPLICABLE LAY OR AGREED TO
N AWRITING WILL ANY COPYRIGHT HOLDER. OR ANY OTHER PARTY WHO
MAY MODIFY ANDVOR REDISTRIBUTE THE PROGRAM AS PERMITTED
ABOVE, BE LIABLE TO YOU FOR DAMAGES, INCLUDING ANY GEMERAL,
SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF
THE USE OR INABILITY TO USE THE PROGRAM [INCLUDING BUT NOT
LIMITED TO LOSS OF DATA OR DATA BEING RENDERED INACCURATE OR
LOSSES BUSTAINED BY YOU DR THIRD PARTIES OR A FAILURE OF THE
PROGRAM TO OPERATE WITH ANY DTHER PROGRAMS). EVEN IF SUCH
HOLDER OR OTHER PARTY HAS BEEN ADVIZED OF THE POSSIBILITY OF
SUCH DAMAGES

END OF TERME AND CONDITIONS

How o Apply Thase Tarms 1o Your Maw Programs

IF you develop 8 naw program, and you wan il ks be of the grasles) passibie use o
ihe public, the besd way to achiayve this is (o make | (ree soltware which svaryone
can redistribute and change under inese lerms

T de so, attsch the tolowing notices to the prograsm. 1 is safest 1o sitach them 1o
ibe starl of sach source file io most efleciively convey he axciusion of warranty,
and smch e should have ol loesl the "copyright” ling and a poinler b whare the
Tull medice is Townd. <pna line 1o give ihe program's name and a briel idea of whal
il does.= Cogyright (T} <yesr=> cname of aulhors

This program (s fres softwans;, you can redistribube it andfor modify il under the

tmrmis af the GMU Gansral Puble Lesnss 83 published by the Fras Soflwine
Foundation: aither version 2 of the Licensa, or (&1 your opticn) any laier version
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This program is distnbuled in the hopa thal B will be useful, bul WITHOUT ANY
WARRANTY. wilhowl even the impled warranty of MERCHANTABILITY or
FITHESS FOR A PARTICULAR PURPOSE. Sae the GNU General Public License
for mora details,

You should hinse recesved 8 copy of the GNLU General Public License alang wilh
thes program, if not, wiie 1o ine Free Soflware Foundation, Inc., 59 Temple Pace,
Suile 330, Boston, MA 02111-1307 USA

Also sod informaton an how 1o comlact you by elecironss and papar mail.

It thr program bs inderactive, make it cutput @ shord notica ke fhis whan it staris in
an imeractive madi:

Ginomavision varsion 63, Copyright () year nama of aulhor Gnomodision Comes
with ABSOLUTELY NO WARRANTY, lor datails type “show w'. This is free
soltwire, and you s welcoma |6 redisiribule (| under cerain condilions; lype
“shiow £ for dedaila

Tha hypolietical commands "show W' and “show ¢ ahould show (he approprinte
paris of the Gemeral Public Liceanse, Of counse, he commants you use may be
calad somathing other than show w' and - show ¢°; thay could even ba
mouse-cloks of monu dems-<whalaver suils your program,

You should also gel your employer (il you work as & programmar) of your schesol !
any, ba &g A "copyright disclaimar® for the program, il nacessary. Hare (8 a
sample; alter the nemes:

Yoyodyne, Inc., hereby disclaims s copyright interest in the program
‘Gnomovision” (which makes passes 8t compllers) wiitien by James Hacker.

<signalure of Ty Coon>, 1 Aprll 1983
Ty Coan, Presidant of Vies

This Ganeral Public Liosnss does not permil incarporating your program inlo
propratary programs. If your program = & subroulinge library, you may consider iU
more usalul la permil Inking proprielary applications with ihe library, IF this is what
you wand bo do, use the GNU Library Genarsl Public Licanse instaad of this
Liconse

Caopyrights:

Caopyright (C) 2003 Frea Software Foundation, ing,
Capyright (C) 2005, 2008 Fres Softwars Foundation
Caopyright (C) 2007 Froee Softwars Foundation, Inc

Cogyright 1807, 1008, 1000, 2000, 2001, 2002, 203, 2004, 2005, 2006, 2007,
# 2008 Free Softwane Foundation, Inc

LICENSE CONDITIONS AND COPYRIGHT NOTICES

Open Sowrce Software; GNU GCC libstdc++ / ibsupo++ - 4.3.2
Enclosed you'll find tho Ecense conditons and copyright nobices apphcibis for
Open Sowce Softwars GNU GO lbstdcd+ | libsupces - 4.3.2

License conditions:

GCC i free aoliware, you can redistribule | andior modily it under the lerms ol the
GNU General Public Licenss as pubfished by the Free Saoflware Foundation, eiher
warsion 2, or (Bl your option) Bny later varsion

GCC is dasiributed in tho hope that it will be usebhd, but WITHOUT ANY
WARRANTY, withoul even the impliad warranly of MERCHANTABILITY or
FITNESS FOR & PARTICULAR PURPOSE. Sas he GNU Senaral Public Licanse
for mora details. You should have mestvad a copy of the GNLU Genarsd Publis
Licensa along with GG, sae the fils COPYING. I nol, write to the Fres Softwane
Foundalion, 51 Franklin Sireel, Filth Floor, Boston, MA 02110-1301, USA.

As 8 special axcaplhon, you may use this file a8 perl of a Tree soltware library
wiihout resiriction, Specilicaity, il alther files instantiale lomplsies or use MBoros o
imfire {unclions from this file, or you compée this e and @nk i with olher files to
produce an exeoulable. his file does nol by dsall caese the resulling executable lo
ba coverad by Ihe GNU Genenal Public Licensa. This excaplion doas nol howswves
invalidate any other reasons why ihe oxecutabin lile mighl be coverad by the G
General Public License.

v



Open Source Software

This library is free goftwar: you can redssinbute il andion modify § undar [he Brms
af the GHU General Pubic License as published by the Frae Softwore Foundalion,
aithar version 2, or (8l your oplian) ony laber version

This library is distribuled in the hope that § will be useful, but WITHOUT ANY
WARRANTY, withoul aven the impled warranty of MERCHANTABILITY ar
FITNESS FOR A PARTICULAR FURPOSE. Ses the GNU Genaral Pubhis Licenss
for more details

You should have received a copy of the GNU Ganeral Public Licenss alang wilh
this libeary; see tha file COPYING. IF not, write 10 the Free Software Foundation,
51 Franklin Sireat, Fifih Floor, Bosion, M4 02110-1301, USA

As a spacial axceplion, you may use Mis lle &3 parl of a Iree soltware Brary
without restriction. Spacilically, il alher Mies instantiale tamplates or =58 Macnos of
Inlire funclions from this file, of you oompie thes file and knk 8§ with othar files 1o
produce an execulable. this file doss nol by Reall cavss 1he resulting axeculable 1o
be covered by the GNU General Public Licensa. This exception does not however
myalidate ary alher reasons why the sxecutable fSe mighl be coversd by the GNU
Ganaral Public Licensa.

This library s free saltware, you can redistribute i andor modify it under the tarms.
af the GHU Ganeral Public License as published by the Fras Softwars Foundation,
aithar varsion 2, or (ai your oplian) any laler version. This Morary is dstdbuled in
The i 1Rt 1wl b usaful, bul WITHOUT ANY WARRANTY, withaul aven the
impliad warraniy of MERCHANTABILITY or FITNESS FOR A PARTICULAR
PURPOSE. Sae the GHLU Ganaral Public Licanse for more details. You should
have received a copy of the GNL General Public License alang with this library;
mea fhe file COPYING. If nol, wrile o (he Free Software Foundstion, 5B Temple
Place - Suite 330, Boston, MA 021111307, USa
As @ specinl excaplion, you may use this e as par of a free soltwane Brary
without restriction, Specifically, il olher fes instanisls Emplates Of U MBGIos of
inlire funclians from this file, o you compiba ths Tie and Bak # with other files ta
produce an exocidatie, this fle doas nol by Asall cacse the msulting ausoutabile 1o
be covered by the GNU General Public License. This excaplion doss nol however
litate ary olher why Ihe exscutable [Be might be covered by the GNU
Gensral Public Licansa, —

GNU GENERAL PUBLIC LICENSE Version 2. Juns 1291
Copyright (C) 1980, 1801 Free Solware Foundution, Inc.
59 Temple Placa, Suite 330, Boston, MA 021111307 LS4

Everyone & permilled o copy and dstribule verbatim copies of ths license
doeument, bul changing It is nod alicwed,

Preamble

Tha licansas lor mosl soltwane are dasigned jo fake mwivy your fresdom Lo shan
and change il By conirasl, the GNU Genaral Public Licsnss |8 mlended s
guaranies you fresdom bo share snd changs free sollwane--to ks surs the
soltwors 2 lree for 8l ils users This General Public License appheas io most of (he
Free Software Foundation's software and (o ary other program whose auihors
oomm b6 using il (Sama olher Fres Soltwane Foundabon softwars is cowersd by
the GMU Librery Gensral Public Licenss inslesd | You can apply || bo your
programs. oo,

When we speak of lres saltware, we ane referring 1o fFrieedom, nol price. Our
General Public Licensss are designed o make sue thal you have iha Ireetom 1o
distribute copias of fres software (and charge for this service i you wish), that you
receive source code of can get i il you want il thal you can change the soflwara
ar use pieces ol €0 mew ree programs; snd Ihal you ki you cmn do ihess
fhings.

To probect your rights, we need lo make resirictions that forbid anpene o deny you
these rights o io &8k you lo surrender the righls. These resiriclions translals o
carlalin msponsibilities for you i you distribute copies of the softwie, or i you
madify L

For axamphe. il you distribube coples of such & program, whethes gratis o for a lea,
#0uU Mgt geen tha rociplants all tha rights th you have. You must make suna that
they, loo, fecene of aan gel the sourcs code. And you must show theen these
teeems 6o Bhay kiow their ighls. W prolect your rights with two steps: {1)
copyrighl the soltwane. and (1) offar you this Beensa which ghas you legal
permisssan o copy, distribute andior modily the software
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Also, for gach author's protaction and ours, we want bo make carain 1hal aweyons
understands that (heve iz no warranty for this free softwana. I ihe software s
modliad by somedne slas and passed on, we wanl 13 recipsants 1o know thal what
they hae i5 not tha origanal, 20 thet any problems inlroduced by athers will nol
redlach on the origingd aulthors' reputabions

Finalty. any Ires program i threstensd canstanily by soltware patents. Wi wish o
avosd the dangar that radistributors of 3 free program will individuglty obtain patani
licanses, in offect making the program groprietary. To proyvand this, we hove made
Il clear that any patent must be koensed for everyone’s Iree use or nol loensed &l

ail

The pracess lsrms and condibions lor copying, distribulion and modification folaw.

GNU GEMERAL PUBLIC LICENSE
TERMS AND CONDITIONS FOR COPYING, DISTRIBUTION AND MODIFICA-
TION

0. This: License appies 1o &ny program or othar work which contams 8 nolice
placed by the coppright halder saying it may be distibuted under the lerms ol s
Ganeral Publc Licenss. The "Program”, batow, rafars 1o any such program o
work, and a “work based on tha Program” means either ihe Program or any
dorivalive work under copyright law: that is tosay, a work conlaining the Program
or @ parlion of i, edher verbalim or with modificalsons and or iransisled no
anathar lenguage. (Herainatter, translation |s ncluded wihout lImitaton in the tarm
“modification” } Each koenses |s addrossed as “you®

Acipvillas othar than copying. dsiribulion snd modilication are nod covered by this
Licensa; thay ars cutsics s scops. The act of running the Program is nat
resiricied, and thi cutpul from ihe Program is covered only if its conlenls
eonslAule & werk based an the Program (indapendent of having baen made by
running the Program). Whather thal is Irue dapends on whal the Program dees,

1. You may copy and distribiuls verbatim copies of the Program's source code as
you receive i in any medium. povided thal you conspicuously and appropriaiely
publish on each copy an appropriate copyrighl notice and discialimer of warranty;
kmog ntacd all the nodices thot refer 16 this Lioensa and 10 the absence of sy
warranty; and ghve any other recipignts ol the Program a copy of this License
algng with the Program. You may charga & fes for the physical act of iranstering
A copy, and you may at your option offor warrsnty protection in axchanga for & lea,

2. Yau may modly your copy or obpies of Ihe Program or any partion ol it thus
farming & work based on the Program, and copy and distribute such modiications
or work undar this lerms of Saclion 1 above, provided that you also meel all of
these conditions:

2 You mist cause the modified llles b carry promingnt nolioss stating that you
changed ihe (Ses and the dade of any change

B} Yaua must causs any work (hat you dsiribule of publish, thal in whole o in part
containg or s derived lrom the Pragram or any part theraal, 10 be licensed as a
whole at na charge 16 all third parties undet the larms of this License,

) I ihe modilied program Iy raads s ly whan run, you
musl couse i, whon stanted running for such interactive use inthe mos| ardinary
wary, Lo prind or display an snnouncemenl including an appeopriate copyright notice
and & nolies that Thens s na warranly (of slse, s8ying hal you provids a warraniy)
and thal users may redisiribute the program undar these conditions. and isfing the
user how o view & capy of this License. (Exception: if ihe Program itself
inderactive bul doss nod nosmally orinl such pn announcement, yoar work based an
Ihe Progrism i nol reguired 1o prind an aancuncamean )

These requirements apply to the modified work as a whole. I idenlifinble sections
of thal work are not derived fram the Program, and can ba ressonably conskdered
Indapandent and separale works in themselves, (hen ihis Licanse, and Us kenms,
do not apply to those sections whan you distribute them as ssparats works, B
when you disiribule the same seclions as parl of 8 whole which is & work based on
the Fragram, tha distribution of ihe whole musl be on the larms of his Licenss,
whosn par L Tor cibes i axiand o ihe entits whale, and thus o
each and every parl regardiass of who wrote iL

Thues, it is nol the ntent of this section b ctaim rAghls or contest your rights b work
writlon entealy by you. rathar, the inbant is 10 exarcesn he right 1o contral the
disiribulion of detivadive of collecive works based on the Program
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In addition, mars aggregation of ancdhes work nol based on (he Program with the.
Program (of wilh a work based on tha Program) on a volume of a storape of
distribution medium daes nal Bring the ofhar wark unded 1he scope of this Licenss.

3. You may copy and distribuie the Program {or a work basad on i, under Section
2} in object code or execulable lomm wnder the lerms of Sectiona 1 and 2 aboee
provied Ihal oo also do one of th lolowing,

a) Actompany |t with ihe comglate corrsaponding machine-readabio saurce cooe,
which must b distributed under the terms of Seclions 1 and 2 sbove on 8 madiem

cusinmarly ssed lof softwars imlarchanges; or,

laj Accompany it wilh a writlan offer, valid far al lzasl thres yoars, 1o give any third
party, far & chargs no miods than youwr cost of physioally perlorming souree
diskribubion, a plate mact dabie copy of the comesponding sourcs code,
b0 b disbritisted under the terma of Seclions 1 and 2 above on a medium
susiomnrily used lor soltwans nlsrchangs; or,

¢} Accompany it with ihe information you recalved as 1o the ofler (o disiribute

souwte coda. | This allarmative is allowed ondy far nonocommarcial
distribubion and anly If you recaived Me program in object code or execulable larm
with sisch an offer, in sccord with Subsaction b above |

The saurce code lor & work means the preferred lorm of the work for making
madifications to L For &0 aascutable work, comglals source code means all (he
source code for all modules | containg, plus any associated inferlaca dafindion
files, plus the scripts usad o contral comg o and an of th
Hawewer, 85 & special axceplion, the source code distritnded need not include
anything that is normally distributed [in alther source of bénary form) with ihe mapor
componants (complar, kernal, and 5o on) af the operating system on which the
execulable runs, uniess (hal componeni itsell accompanies (he cxeculable

I distribution of axecutable of objact code |s made by offering Becass lo copy fom
a designated place, han offaring squivalent access 1o copy the source coda from
the same place counts as distributon of the source codie, even though ihind parties
are nol compalled o eogy the source along with the object coe,

4_You may nol copy, modily. sublicensa, or distribuba the Program axcepl as
axpreasly provided under this Licenss. Any atlsmpd olherwige 1o copy, madily,
sublicanss or disiribute (he Program is void. and will aulomatically ierminals yoe
righis undaer this License. However, parties wha have recoived coplos, or rights,
from you under this License wil nol have their licenses lerminated so long as such
parties remaln in full comphance.

5. You are not roquired to accept this Licanse, sson yau have nol signed i
Hawever, nathing else grams you parmission 1o modily or distribute the Program or
15 derivalive works. These aclions se prohdiled by law if you do ol Bcoapl fhis
Licansa, Tharsdore, by modifying or distrituting tha Program (or amy work based
on tha Program), you indicale youw acoceplance of this License 1o do so, and all its
terms and condilions for copying, distrbuting or modilying the Program or works
based on i,

8. Each time you redisiribule he Pragran for any work based on the Pragram), the

] redehes & li Tram lhe orignal licensor o copy,
dlulrih-uw ar maﬁﬂhs Progras subject o these terme and conditions. You may
Aol impose any furthar restriclions on the recpionts’ exercise of the rights granted
herein. You are nol reaponsible for enfarcing compliance by thrd pariiaa io iRis.
Licenss,

7., as a consaguence of a court judgment or allegation of patan infringement ar
for any alher reasan (nol Emited to palant sswes), condilons are imposed on pou
(whedher by courl order, agresment of otharw:ss) thal contradicd tha condilions ol
this Licensa, thy ﬁumtlmrﬂu I'um ihe mdmo.nl urlhs Licmnse, h‘:pﬂu
cannol disiriule o0 as o Salisly s ¥ your of under this

Lieense and ammumuwwmnmnamw may nod
distribube the Program al all. For axampla, il 8 pslent license would not permi
royalty-free redistributon of the Program by all incse who receive coples directly
of indirectly through you, then the onty way you could satisty both it and this
Livanse woukd be 1o relrain entirely from dsiribution of Ihe Program

Il ary poriion of this secton |8 held invalid or unenforceable nder any partcular
circumslance, tha balance al he sectan 8 Miended by apply and e seclion as &
whale is inlandad 10 apply in ather crcumatances.

It i mat the purpose of this section Io mdice you o nfringe any patenis of ather
property righil claims of to contest validity of any such chaims, this section has the

508 purposa of probecting tha integrily of the free softwars distibution sysiem,
which is implemended by public license practices.
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Many people have made genarcus contributions 1o he wide rdnge of soltwar
distribuied through inat syslem in reiance on consistan appication of inal sysiem;
Il s ug b ke aulthordenor Lo decide I he or she = willng Lo distribute sollwane
throigh any other sysbam and a icensas cannat Impose that ohokon

This seclion i inlended 1o make horoughly cledsr whal = believed 1o be a
cansefuenta of tha rest of [his Licanse,

&, If tha distributon andior usa of the Program s mestricied 0 corain courinos
silher by patenis or by copyrighied inlerfaces. (he anginal copyright holdes wha
places the Program under This License may add an sxplicl geographical
distribution limdation secleding those countries, so that destribution is peemitted
anly in or among counlries not thus exclded. In such case, ihis License
incorparales e lmitation as i written in ihe body af ihis Licanse.

8. Tha Fres Soltware Foundation may publish revised andior nes versions of the
Ganeral Public Licenss from lime to fime. Such new versions will ba similar in spiril
by the pressent version, bul may differ in dedail to address new probilems or
CONCEIS.

Each versian |a glven & deiingulshing version aumber. If the Program specilies &
version namber of this Licanse which applies to i and "any lates version”, you havs
i option of following tha borms and conddtions ather of that version or of any latar
veraion published by the Fres Sallware Foundafion. I the Program does not
specily a version numbes of this License, you may chisse any versaon s
published by the Frae Software Foundation

10, If you wish lo incorparate parts of the Program inko other free programs whose
distribulion conditions are dilferanl wrils bo e author (o ask for parmissson. For
software which is copyrighted by the Free Softwars Foundation, write to the Fraa
Soflwane Foundation: we somelimes make excepions for (his. Our decision will be
guided by ihe two goals of preserving the free sialus af all derivatives of our ee
saltware and ol promoding the sharing and reuse of softwans genarally.

MO WARRANTY

1. BECAUSE THE PROGRAM |5 LIDENSED FREE OF CHARGE, THERE IS NO
WARRANTY FOR THE PROGRAM, TO THE EXTENT PERMITTED BY
APPLICABLE LAWY, EXCEPT WHEN OTHERWISE STATED IN WRITING THE
COPYRIIHT HOLDERS ANDIOR OTHER PARTIES PROVIDE THE PROGRAM
AS E5" WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR
IMPLIED, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. THE
ENTIRE RISK AS TO THE QUALITY AND PERFORMANCE OF THE PROGRAM
I8 WITH YOU, SHOULD THE PROGRAM PROVE DEFECTIVE, YOLU ASSUME
THE COST OF ALL NECESSARY SERVICING, REPAIR OR CORRECTION,

12, I N0 EVENT UNLESS REQUIRED BY APPLICABLE LAW OR AGREED TO
I WRITING WILL ANY COPYRIGHT HOLDER, OR ANY OTHER PARTY WHD
MAY MOGIFY ANDVOR REDISTRIBUTE THE PROGRAM AS PERMITTED
ABOVE. BE LIABLE TO YOU FOR DAMAGES. INCLUDING ANY GENERAL,
SPECIAL, INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT OF
THE USE ORIMABILITY TO USE THE PROGRAM (INCLUDING BUT NOT
LIMITED TO LOESE OF DATA OR DATA BEING RENDERED INACCURATE OR
LOSSES SUSTAINED BY YOU OR THIRD PARTIES OR A FAILURE OF THE
PROGRAM TO CPERATE WITH ANY OTHER PROGRAMS), EVEN IF SUCH
HOLDER OR OTHER PARTY HAS HEEN ADVISED OF THE POSSIRILITY OF
SUCH DAMAGES.

END OF TERMS AND CONDITIONS

How 1o Apply These Tarms ko Your New Programs

If you develnp 8 new program, and you wanl it to be of the greales! possible uss o
the pulilic, (he basl way o achieve this i 10 make #§ res saflware which evaryone
can redistribute and change wndes these (Brms.

T do g0, altach ihe following notces o tha program. Il s safest 0 altech them o
the starl of aach source e to most elfectively coreey the exclusson of warrany,

and aach file should have o leasl e "copyrighl” ling and & peintar to whare ihe

Tull Aolies s Townd.

<pna fing 1o grve the program'’s name and @ beeol idaa of whal it does.> Copyrght
(C} cysar= <nmme of authors
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This program i free softwars; you can redistribule it andior moddy @ undar the
terms of the GNU General Pubc License as published by the Free Software
Foundation; sither version 2 of ihe Licenss, o (8 yous optan} any laler version

This grogram ks distributed in the hopa hat il will be uselul, but WITHOUT ANY
WARRANTY, withoul even the implied warmanly of MERCHANTABILITY or
FITMESS FOR A PARTICULAR PURPOSE. Ses i GMU Genersl Public License
for mare details.

You should have received a copy of the GNU Gensral Public Licenss along wilh
this program; if nod. write to the Fres Software Fourdation, Inc., 59 Templs Place,
Suite 330, Boston, MA 021111307 USA

Also add infarmation on how 1o conlact you by alectronic and papss mail,

il tha program 8 inleraclyve, maks i oulpul 8 shorl notics like This when || slaris in
an interaciive mda

Gnomavision version §9, Copyright (C) yeuar naeme of author

Gramaovision comes with ABSOLUTELY MO WARRANTY, lor details lype show
w', This 5 e softwene. Bnd you ane welcome 1o redistribute it under certain
condilions; type ‘show o for details,

This hypatheticsl commands “show w” and show ¢’ should show the appropeiabe
paris of the General Public Licanse, Of coursa, 1he commands you use may ba
called sometheng oiher than “show w” and ‘show ) ihey could even be
mouse-clicks o meny [lems--whslever S your program

You should aten gt your employer (i you work as & programimear) or yous schoal, il
any, 1o sign a “copyrighl disclaimer® far the program, i necessary, Here is a
sample ales the names

Yoyouyna, ing.. hareby disclsims all copyrighl inlares! in the program
‘Gromowsicn’ (which makes passes at campdars) writlen by James Hacker,

=signatira of Ty Coan= 1 April 1988
Ty Coon. Prasident of Vice

This Genaral Public License doss nol permil incorparaling your progeam inle
progristary programs. W your program |5 2 subrouting library, you may conssdar it
more usehil 1o permil linking proprietary applcations with the library. If his is whal
you wint (o go. wse ihe GNU Library Ganeral Public License instead of his
Licanss,

Distrituted andar he Boost

Soltware License, Varsion 1.0

(Ses accompnying e LICENSE 1 0uxi or copy al
hllp www. boostory/ LICENSE_1_0.xi)

Beost Soltware Licanse - Version 1.0 - August 1Tth, 2003

ts hareby gramted, free of charge, 1o any person of arganization
mnucmdhwhmmd-u dion covered by this
lieseeas [iive "Solbwkra™) b uss, rapradiee. Saplay, daibule, puscibe, and
traramil Ihe Software, and bo prepare derlvalive works of he Sollwars. and 1o
panmdl third-parties ta whom the Softears |s fumished io do 80, A subject 1o the
fallowing:

The copyright notices in the Softwars Bnd this enlive sidemanl. including ihe
above license grant, this resiriction and thae loflowing disclaimar; must be includes
in all copses of the Software, in whobe or in parl, and all derivative works of 1he
Soltwane, unless such copies of derivalive works are soialy in the farm of
maching-axstulable objecl cods genarated by @ sounce |BNGUAGE PIOCEEECE.

THE SOFTWARE 13 PROVIDED "AS 15", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT MOT LIMITED TO THE WARRANTIES
OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, TITLE AND
MON-INFRINGEMENT. I[N MO EVENT SHALL THE COPYRIGHT HOLDERS OR
ANYONE DISTRIBUTING THE SOFTWARE BE LIABLE FOR ANY DAMAGES OR
OTHER LIABILITY, WHETHER IN CONTRACT, TORT OR OTHERWISE,
ARISING FROM, OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE
USE OR OTHER DEALINGS IN THE SDFTWARE
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Parmission o use, copy, modily, dstribute and sell his softwam and it
documentalion for sy purpose s hereby granied withoul Tee, provided that the
sbove copyrighi nolice appear in &8 copies and thal bolh thel copyrighl notice and
this permission notice opear in supparting doowmantaton. Siican Geraphics
makas na reprasentalions about the suitabiiily of this softwan for any perpase. it is
pravided "as m” wiloul express of imgdied wasranly.

Parmission 1o use, cogy, modify. sell, and distribube this softwans s hareby granted
wilhout fon, provided thal the abose oopyrighl notice appasrs in afl copies, and thal
bath that copyright natics and this permission nobice Bopear in supparting
documantation. None of the above authors, nor FBM Haifa Ressarch Laboratorss,
nuheinrwdmnm mnluhlhﬂm'nl Mllldlm far any purpose. It is
pravided "as " withow y

Parmissaon 1o use, copy, modily, dstribute and sell this software and its
dacumantation for any purpose i hareby granied without fee, provided that the
abave copytighl nolice appear in sl copies and thl Both hel cogyright notice snd
Ihis permassion noboe BopEar in supporting decumantation, Hewlsi-Fackasnd
Company makes no reprasantations about the sustabdity of this software for any
purpose. 1 8 provided "us " withoul sxpreas or implied warranty,

Copyrights:

(€] Copyright Jaremy Sk 2000

Copyright &copy; 1984 Hewball-Packard Campany

Copyright Acapy; 1998 by Information Technalogy Indusiry Counil,
Copynghl &copy, 2007 Free Software Foundsicn, Inc.
Copyraght () Microsalt Corporabon 1984-2002 Al ighis resarved.

Copyraght (O} 1994, 1605, 1996, 1997, 1088, 1999, 2000, 2001 / Fres Soltwene
Foundaticn

Clopyrsghil () 1004, 1005, 1008, 1007, 1008, 1009, 2000, 2004, 2002 1/ Fres
Baftware Foundation

Copyright (C) 1994, 1995, 1996, 1897, 1966, 1999, 2000, 2001, 2002 # 2003,
2004, 2005 Frae Softwass Foundstion. Inc

Copyright () 1954, 1804, 1856, 1957, 1888, 1889, 2000, 2001, 2002, / 2003,
2004, 2005, 2006, 2007 i Frea Softears Foundation

Copyright (C) 1994, 1605, 1995, 1987, 1088, 1993, 2000, 2001, 2002, # 2003,
04, 2008, 20048, 2007 Free Softwane Foundalion, inc

Copyrsght (G) 1994, 1685, 1996, 1684, TRER, 2000, 2001, 2004 ¥ Frea Soltwan
Foundation

Copyright (T} 1904, 1206, 1997, 1998, 1000, 2000, 2001, 2002 ¥ Free Soltwane
Foundation

Copyraghl (C) 1994, 1005, 1097, 1098, 1000, 2000, 2001, 2002, 2007 I Free
Saftware Fosindation

Copyright (T) 1994, 1889, 3000, 2003 Free Softwars Foundation. Ine
Copyrsght () 1984, 1684, 2000, 2003, 2006 Free Softwars Foundation, Inc
Cogyright (T) 1994, 1089, 2001, 2002, 2003 Free Software Foundation, Inc
Copyrght () 1994, 168, 2001, 2003 Free Software Foundation, inc,

Copyright (T} 1995, 1906, 1997, 1998, 1800, 2000, 2001, 2002, 2003, 24,
2005, 2006, 2007 ¥ Fres Software Foundatian

Copyrighl {C) 1998, 1987, 1986, 1899, 2000, 2001, 2002, 2003, 2004, 8 2005 Frea
Soltware Foundaticn, Inc.

Copyrsght (C) 1986, 1957, 1988, 1809, 2000, 2001, 2007, 2003, 2004, ¥ 2005,
2008, 2007 v Free Soltware Foundation

Copyright (C) 1996, 1687, 1688, 1889, 2000, 2001, 3002, 2003, 2004, 2005 £ Froo
Saftware Foundation, inc.
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Copyright {C) 1996, 1857, 2000, 2001, 2003, 2005 & Free Software Foundation,
Inc.

Froe Sofiware Foundation, Ing,

Coppright (C) 1996, 1568, 2000, 2001, 2002, 2003, 2004, 2005 # Free Soih
Foundation, Inc.

Copyright (C) 1997, 1088, 1990 Fres Soltware Foundalion, ke

Copyright (C) 1997, 1698, 1989, 2000, 2001, 2002 i Free Software Foundation,
Inc.

Copyright (C) 1987, 18848, 1966, 2000, 2001, 2002 ¥ Frea Soltears Foundation,
Ine

Copynght {C) 1967, 1908_ 1606, 2000, 2001, 2002 K Free Software Foundation.
Ine.

Copyright {C)) 1997, 1988, 1080, 2000, 2001, 2002, 2003 #¢ Fres Sollwars
Foundation, Ing.

Copyright (C) 1997, 1008, 1008, 2000, 2001, 2002, 2000 § Free Saliware
Foundation, Inc.

Copyright {C) 1997, 15688, 1906, 2004, 2001, 2042, 2003, 3004 i Free Soltwane
Foundation, Inc

Copyright {C) 1997, 1888, 1868, 2004, 2001, 3002, 2003, F04, |1 20056, 2008,
2007 i Fres Soltware Foundation, Inc.

Copyright (C) 1997, 1668, 1988, 2000, 2001, 2002, 2003, 2004, 17 2005, 2008,
2T Free Softwans Fowndatlon, Inc.

Copprighl {C) 1987, 1608, 1850, 2000, 2001, 2002, 2003, 2004, 2008 & 2006, 2007
i Fraa Softwars Foundation, Inc

Copyright {C) 1997, 1088. 1880, 2000, 2001, 2002, 2003, X4, 2005 i Fraa
Saoftware Fountation. Inc.

Copyright {C) 1987, 18048, 1988, 2000, 2001, 2002, 2003, 20404, 2006, § 2004,
2007 i Fres Software Foundation, In.

Copyright (C) 1997, 1088, 1980, 2000, 2001, 20402, 2003, 1004, 7008, § 2008,
2047 Free Soltware Fowndstion, Inc.

Copyright (T) 1987, 1608, 19806, 2000, 2001, 2002, 2003, 2004, 2005, §# 2008,
0T, 2008 i Free Soflware Foundabion, Inc.

Copynighl (C) 1997, 1608, 1869, 2000, 2001, 2002, 2003, 2004, 2005, ¥ 2006,
007, 2008 Free Software Foundation. Inc

Copyright {C) 1997, 18848, 1988, 20040, 2001, 2002, 2003, 2044, 2005, & 2006,
20408 Free Soltwara Foundalion, Ino

Copptight {C) 1907, 1008, 1900, 204040, 2001, 2002, 2003, X204, 2005, 2006 U Free
Saftware Foundation, Inc.

Coppright {C) 1997, 1908, 1950, 2000, 2001, 2002, 2003, 2004, 2005, 2008, #
HMIT if Free Softwars Foundation, |nc.

Copynight {C) 1997, 1988, 1988, 2000, 2001, 1002, 2003, 2004, 2005, 2007 § Fres
Saftware Founidabion, Inc.

Copyrighl {C) 1987, 1988, 1968, 2000, 2001, 2002, 2003, 20045 ## Freo Softwane
Foundation, Ine.

Copynight {C) 1997, 1608, 1890, 2000, 2001, 2002, 2009, 2005  Fres Soltwane
Fourdation, Inc.

Copyright (C) 1997, 1888, 1988, 2000, 2001, 2002, 2003, 2008 #W Free Sofiware
Foundation, Inc.

Copyright (C) 1997, 1008, 1900, 2000, 2001, 2002, 2004 1 Free Saltware
Frundation

Capyright {C) 1997, 1508, 19806, 2000, 2001, 2042, 2004, 2005 I Fres Softwans
Foundation, Ine

Copyright {C) 1997, 1688, 1868, 20404, 2001, 2002, 2004, 2005, /7 2006, 2007 §
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Copyright (C) 1BE7, 1988, 1809, 2000, 2001, 2002, 2004, 2005, 2006 I Frés
S Foundgation, inc

Copyright (C) 1967, 1908, 1689, 2000, 2001, 2002, 2004, 2006 i Fres Soltwana
Foundation, ine.

Copyright (C) 1957, 1998, 1988, 2000, 2001, 2002, 2005 1 Froe Software
Foundatian, nc

Copyright (C] 1997, 1908, 1699, 2000, 2001, 2002, 2004, 2008 ¥ Free Softeans
Faundation, inc.

Copyright (C) 1857, 1988, 1644, 2000, 2001, 2004 Free Softwars Foundalion

Capyright (C) 1667, 1936, 1809, 2000, 2001, 2004, 2005 # Free Soltwss
Foundation, e

Copyright (C) 1657, 1998, 1899 2000, 2001, 2004, 2005, 2006 1 Free Softwara
Foundalion, tne.

Copyright (] 1867, 1998, 1698, 2000, 2003, 2003, 2004 ¢ Free Software
Foundalion, inc

Copyright (G] 1657, 1988, 1969, 2000, 2002, 2003, 2004, 2008 (| Fres Software
Foundation, bnc

Copyright (C) 1887, 1888, 1689, 2000, 2002, 2007 /¥ Free Soflware Foundalion.
e,

Capyright (C} 1997, 1008, 1009, 2000, 2003 Free Saltware Foundation, Ins
Copyright (C] 107, 1998, 1649, 2000, 2004 Free Software Foundation
Capyright (T} 1997, 1998, 1899, 2000, 2004, 2007 Free Soltwade Foundalion
Caopyright (C) 1867, 1998, 1999, 2001, 2002 # Free Softwars Foundotion, Ing.
Caopyright (C) 1987, 1906, 1609_ 2001, 2002 Free Software Foundation, |nc

Copyrighd (C) 1587, 1998, 1689, 2001, 2002, 2005 ¥ Free Software Foundation,
Iz

Copyright (C) 1567, 1988, 1688, 2002 Frea Software Foundation, ing
Copyright (C) 1997, 1996, 1889, 2002, 2004 [f Free Software Foundation, ine.
Copyright (C) 1987, 1998, 16949, 2003 Free Soltware Foundation, Inc
Copyright [C] 1887, 1996, 1989, 2003, 2005 Free Saftware Foundation, Inc
Copyright () 1987, 1998, 1899, 2007 Free Software Foundation, Inc.

Copyright (C) 1257, 1968, 2004, 2001, 2043, 2005 & Free Soltwara Foundation,
iz,

Caopyright (C] 1867, 1898, 2000, 2001, 2004 Free Soltware Fourdalian, inc
Capyright [C) 1957, 1988, 2001, 2002, 2005 Free Software Foundation, inc
Copyright (T} 1557, 2000, 2001, 2003, 2004, 2005 # Fres Soltwars Foundation,
Ing,

Capyright (T} 1BE7-1999 Free Software Foundalian, Ine
Copyright (C] 19971949, 2000, 2001 Fres Software Foundation, inc
Capyright (C) 1987-18099, 2000, 2002 Free Saflware Fourdaton, ino,
Copyright (C) 19971949, 2001 Free SoMware Foundabion, inc.
Copyrigh (T) 1888, 1999 Greg Colvin and Beman Dawes

Copyright (C) 1008, 1990, 2000, 2001, 2002, 2003, 2004, 2005, 1 2006, 2007 #
Fros Bollwars Fountdaion, It

Copyright (C) 1968, 1996, 2003 Free Saftware Foundabon, ing.
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Copyright (C) 1998, 1999, 2003, 2004 Fres Sofiware Foundaton, inc.
Copyright () 1885 Frae Software Foundafion, Inc

Copyright (G} 1000, 20040 Free Saliwars Foundabion, Inc.

Copyright (G) 1996, 2000, 2001, 2003, 2003 Free Softwar Foundation
Copyright (C) 1956, 2000, 2001, 2002, 2003 Free Software Foundation, bnc.

Copryright (G} 1085, 2000, 2001, 2002, 2003, 2004 | Frea Softwam Foundation,
Ine

Copyright (Ch 1985, 2000, 2001, 2002, 2003, 2004 Free Scftwara Foundation

Clopyright (T} 1000, 2000, 2001, 2002, 2003, 2004, 2005 /f Free Saltwere
Foundation, e

Copyright (T} 1005, 2000, 2001, 2002, 2003 2004, 2005, 2006 ¥ Free Soltware
Fourxtatian

Copynght (C) 1088, 2000, 2001, 2002, 2003, 3004, 2005, 20046 ¥ Free Softwans
Foundalion, Ing

Copyright (C) 1855, 2000, 2001, 2002, 2003, 2004, 2005, 2006, 2007 I Free
Saftware Foundation, Ing.

Ceopyright () 1880, 2000, 2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008 I Free
Saofware Faundation, inc,

Cepytigh (C) 1990, 2000, 2001, 2002, 2003, 2005 i Free Softwars Foundaton,
Ine

Copyright (C) 1008, 2000, 2001, 2002, 2009, 2005 Fres Software Foundation

Cogyright (C) 1855, 2000, 2001, 2002, 2003, J006  Frae Softwane Foundation,
Inc
Copyright (C) 1088, 2000, 2001, 2002, 2004, 2005 / Free Software Foundation,
Inc

Copyright (C) 1988, 2004d. 2001, 2003 Free Sollware Foundalion

Copyright (C) 1968, 2000, 2001, 2003, 2004, 2005 { Fros Software Foundation,
Ine

Copyright (C) 185§, 2000, 2001, 2004, 2004 Free Soflware Foundaton, ing,
Copyright (C) 1958, 2044, 2002, 2003 Free Sallware Foundalion
Ceopyrighd (C) 1996, 2000, 2002, 2003 Fres Soltwar Foundalion, bng,

Copyright (T} 1988, 26, 2002, 2003, 2004, 2005 7 Free Software Foundstion,
Int

Copyright (T} 1008, 2000. 2002, 2003, 2005 Free Soltware Foundation
Copyright (G} 1886, 2000, 2003 Frea Soliwara Foundation

Copyright (C) 1008, 2000, 2003 Free Soflware Foundation, 1ng,
Copyright (C) 1866, 2001, 2002, 2003, 2004 Free Softwam Foundalian

Copyrighd (C} 1888, 2001, 2002, 2003, 2004, 2005 i Frea Softwars Foundation,
Ing

Copyright (C) 1998, 2001, 2002, 2003, 2004, 2005 Free Software Foundation

Copyright (G} TR86, 2001, 2002, 2003, 2004, 2005, 2006 | Fres Soliware
Foundabon, knc.

Cogyright (Ch 1080, 2001, 2002, 2008, 2004 Free Sofware Fourdatian, Ing.
Copyright (C) 1028, 2007, 3003 Frese Saltwsne Foundation

Cogyright (C) 1060, 2001, 2003 Frea Softwane Foundadion, Inc
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Copyright (£ 1609, 2001, 2003, 2004 Free Soliware Fourdation

Copytight (C) 1899, 2001, 2003, 2007 Free Softwane Foundation, [ne
Copyright (C) 1839, 2001, 2004, 2005 Free Saltwars Foundation, ing
Copyright (C) 1899, 2002 Free Soflware Fountation, Ing

Capyright [C) 1989, 2002, 2003 Free Softwars Foundation, Inc.

Copyright () 1889, 2002, 2003, 2004 Fres Software Foundation, Inc
Copyright (C) 1989, 2002, 2003, 2004, 2005 7 Free Soltware Foundalion, Inc.
Copyright (€] 1009, 2002, 2003, 2004, 2008 Fres Sattware Foundation, Inc.
Copyright (C) 1899, 2002, 2003, 2005 Frea Softwira Foundation, Ine.
Copyright (T} 1599, 2002, 2004, 2005 Free Soltware Foundation, inc
Copyright (C) 1999, 2003 Free Soflware Foundation

Copyright (C) 19949, 2003 Free Software Foundation, Inc

Copyright (C) 1689, 2003, 2004, 2005 Fres Soltware Foundation, Ine.
Copyright [C) 1899, 2003, 2005 Free Safiware Foundalion

Gopyright (C) 1999, 2003, 2005 Fres Software Foundation, Inc.

Copyright () 1999, 2004, 2005 Free Saliware Foundatian, nc

Copyright (C) 1609, 2007 Free Soflware Fourdation, Ine

Copyright (C) 1899-2001, 2002, 2002 Fres Softwars Foundation, Inc

Gapyright (C) 1889-2001, 2002, 2003, 2004, 2004 ¥ Free Soltware Foundalion,
Ing,

Copyright [C) 2000 Free Software Foundation, ine

Copyright () 2000, 1999 Free Seftware Foundation, Inc
Copyright (C) 2000, 2001 Frea Stfiware Foundstion

Copyright [C) 2000, 2001, 2002 Free Softwans Foundation,

Copyright (C) 2000, 2001, 2002 Free Softwara Foundation, <atbres=ing </abbrevs
&1 Franidin =abbrey=S1=/abbrev=, Fifth Floor, Boston, <abbrey>MA<abbres
02110134

Capyright (C) 2000, 2001, 2002 Froe Softwars Foundation, Inc

Copytight [C] 2000, 3001, 2002, 2003 Frae Software Fauntaln

Copyright (C} 2000, 2001, 2002, 2003 Free Soltware Foundation, inc,
Copyright (C) 2000, 2001, 2002, 2003, 2004 Free Saltware Foundalion

Capyright (C1 2000, 20401, 2002, 2003, 2004, 2008 i Free Software Foundatian,
ine.

Copyright [C) 2000, 2007, 2002, 2003, 2004, 2008, 2008 i Free Softwars
Foundadion

Copyright [C) 2000, 2007, 2002, 2003, 2004, 2005, 2006 /i Free Software

Foundadlon, Inc.

Copyright () 2000, 2004, 2002, 2003, 2004, 2005, 2006, 2007 I Free Software
Foundadion, Inc

Capyright [Cf 2000, 2004, 2002, 2003, 2004, 2005, 2006, 2007 i Free Software
Foundadion

Copyright (C) 2000, 3007, 2002, 2003, 2004, 2005, 2006, 2007 # Fras Soltware
Foundalion. Ine_

Copynight [C) 20048, 2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008 i Free
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Soltware Foundation. Ino.

Copyright {C) 2000, 2001, 2002, 2003, 2004, 2005, 2007 #¥ Free Sollwars
Foundation, Ing

Capyright (C) 2000, 200, 2002, 2003, 2004, 2008, 2007  Frea Soltwise
Foundation, Ine.

Copyright {C) 2000, 2001, 2002, 2003, 2008 Frae Software Foundaton
Copyrghl {C) 2000, 2000, 2002, 2003, 2005 Free Softwars Foundaton, Ing

Copyright () 2000, 2001, 2002, 2003, 2006 Fres Software Foundation, ing.

Copyright {C) 2004, 2001, 2002, 2043, 2007 Fres Software Foundalion
Capyright {C) 2000, 2001, 2003 Frae Saftware Foundalion, bng.

Capyright () 2000, 2001, 2003, 2044 Free Software Foundation, inc

Copynight {C) 2000, 2001, 2003, 2004, 2005 Frea Soflware Foundalion, In.
Gopyright {C) 2000, 2001, 2003, 2004, 2008, 2006 & Frea Softwane Foundation,
Ine.

Copyright (T} 2000, 2001, 2003, 2005 Frea Softwam Foundation, Inc
Copyright () 2000, 2001, 2004, 2005 Free Softwans Foundstion, Inc.
Copyright (5] 2000, 2001, 2008, 2048 Free Softwane Foundation, Ine
Copyright {C) 2000, 2002 Free Saftware Foundatban, ie.
Copynght (T 2000, 2002, 2003 Free Soltware Foundation
Copyright {T) 2000, 2002, 2003 Frae Soltwase Foundstion, Ine.

Capyright {Ch 2000, 2002, 2003, 2004 Fras Software Foundation

Copyright () 2000, 2002, 2003, 2004, 2006, 2007 Free Software Fountdation, ine.

Copyright {C) 2000, 2002, 2003, 2005 Fres Software Foundation
Copyright | 2000, 2002, 2004, 2005 Fras Soltwars Foundation, inc.
Copyright {C) 2000, 2002, 2005 Free Soliware Foundalion, Inc.
Copyright () 2000, 2002, 2005, 2008 Froe Scltware Foundation, Inc
Copyright {C) 2000, 2002, 2004 Free Software Foundatian, Inc.
Copyright () 2000, 2003 Free Soltwars Foundation

Capyright {) 2000, 2003 Free Softwars Foundatsan, Inc.
Copyright {C) 2000, 2003, 2004 Free Solfware Foundation
Copyright {T) 2000, 2003, 2004 Free Sofwars Foundation, Inc
Copyright (€ 2000, 2003, 2004, 2005 Free Software Foundation, Inc.
Copyrght (S} 2000, 2005 Free Soltwars Foundation, Ing.
Copyright {C) 21 Free Soltware Foundation

Copyright {C) 2001 Froe Soltware Foundabion, Inc.

Caopyright () 2001 Free Soltware Foundation, Inc. # Benjsmin Kosnik
<bhozgredhat.coms, 2001,

Capyright (T} 2001, 2002 Free Soltwars Eoundation, Inc.
Coapyright {C) 2001, 2002, 2003 Fres Software Foundation
Copyright {C) 2001, 2002, 2003 Fres Saftware Faurdation, lnc.

Copyright (C) 2001, 2002, 2003 Peer Dimos
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Copyright (C) 2001, 2002, 2003, 2004 Free Soflware Foundabion
Copyright (C) 2001, 2002, 2003, 2004 Free Software Foundatan, ing,
Copyright (T} 2001, 2002, 2003, 2004, 2005 Free Softwamn Foundation

Cogyright (C) 2001, 2002 2003, 2004, 2005 Fres Sofiwans Foundstion, Ine

Copyright (C) 2001, 2007, 2003, 2004, 2005, 7006 ¢ Frae Saftware Foundation,
Inc

Cogyright (C) 2001, 2002, 2003, 2004, 2008, 2006 Froa Softwars Foundation

Cepyright (C) 2007, 2002, 2003, 2004, 2005, 2006, 2007 # Free Softwate
Foundation, o,

Copyright (C} 2001, 2002, 2003, 2004, 2005, 2006, 2007  Free Soltwiars
Foumndatkon

Cogyright (C) 2001, 2002, 2003, 2004, 2005, 2008, 2007 I Froa Scitware
Foundation, inc

Copyngh (C) 2001, 2002, 203, 2004, 2008, 31006, 2007 1 Froe Softwam
Foundalman

Cogryright (C) 2001, 2002, 2003, 2004, 2005, 2008, 2007 ! Free Soltwire
Foundalion, inc

Copyrigi (T} 2001, 2002 2003, 2004, 2005, 2006, 2007 2008 ## Free Software

Foundabian, nc

Cepyrighd (C) 2001, 2002, 2003, 2004, 2005, 2006, 2007, 2008 I Free Softwars

Foundaban

Cogyright (C) 2001, 2002 2003, 2004, 2005, 006, 2007, 2008 / Free Software

Foundatian, knc

Cogyright (C) 2001, 2002, 20433, 2004, 2008 Free Software Faundation., nc.
Copyright (T} 2001, 2002 2003, 2005 Free Soflware Foundatan, Ing,
Copyright (C} 2001, 2002, 2003, 2005 Free Saftwars Foundation

Cogyright (T} 2001, 2002, 2003, 2005 Free Software Foundation, Ine.
Copyright (C) 2001, 2002, 2003, 2005, 2006 Free Sofwane Foundation
Copyrig (G} 2001, 2002, 2003, 2004, 2007 Froe Softwam Foundation, ng
Cogyright (C} 2001, 2002, 2003, 2006 Free Software Foundatian, ino.
Copyright (C) 2001, 2002, 2003, 2006, 2008 Free Saftware Foundation, Inc:
Copyright (T} 2001, 2002 2004 Free Softwane Foundstion, (ne.

Copyright (C} 2001, 2002, 2004, 2005 Free Softwane Fourdation

Cogyright (C) 2001, 2002, 2004, 2005 Fras Soflware Fourdabion, Inc.
Cogyngh (C) 2001, 2002, 2004, 2005, 2006 Free Sollware Foundatiaon, Inc.
Copyrigh (T} 2001, 2002, 2004, 2005, 2007 Free Sollwars Foundstion, Inc.
Cogynight (C) 2001, 2002, 2044, 2008, 2008 Fres Sofiware Foundation, Inc.
Copyrigil (C) 2001, 2002, 2004, 2006 Frae Software Foundabion, Inc.
Copyright (T) 2001, 2002, 2005 Fres Softwane Foundmtion. (ne

Copyright (T} 2001, 2002, 20448, 2007 Free Software Foundation, inc

Copyright (C) 2001, 2002 205, 2008 Free Soflware Foundabon, Inc. Ses
licansa himi lor Boensa.

Copyright (C) 2001, 2003 Fres Saltware Foundabon

Cogrerightt (C) 2001, 2003 Free Soltware Foundation
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Copyright (C) 2001, 2003 Free Software Foundation, Ing,

Copynighl {C) 2007, 2003, 2004 Frae Saftware Foundalion, inc.

Copyright (T 2007, 2003, 2004, 2005 Froe Softwars Foundation, Inc

Copyrghl (C) 2007, 2003, 2005 Free Software Foundation, Inc.

Copyright () 2001, 2003, 2008 Free Software Foundation

Copyrighl {C) 2001, 2003, 2007 Fres Softwars Foundation, nc.

Copyrighl {C) 2001, 2004 Free Saltwane Faundatian, Inc

Copyright (C) 2001, 2004, 2005 Free Software Foundation. Ino,

Capyrighl {C) 2001, 2045 Friee Softwane Faundaiian, Inc

Copyright (G 2001, 2007 Free Softwass Foundation, Inc

Copyrighl {C) 2002 § Free Software Foundation, Inc.

Copyright {€) 2002 Fren Softwars Foundation

Copyright |T) 2002 Free Softwass Foundalion, Inc

Copyright |C) 2002 Peter Dimay

Copyrighl {C) 2002, 2003 Free Soflware Foundation

Copyright {T) 2002, 2003 Free Software Foundation, Inc

Copyright {C) 2002, 2003, 2004, 2005 Fraa Softwars Foundation

Copyrighl {C) 2002, 2003, 2004, 2005 Free Soltwars Foundalion, Inc.

EDWt {C) 002, 2003, 2004, 2008, 2006, 2007 # Free Software Foundation,
C.

Copyfighl {G) 2002, 2003, 2004, 2005, 2006, 2007, 2008 &8 Free Soflware

Foundation, Ino

Copyright {C) 2002, 2003, 2004, 2005, 2006, 2007, 2008 Free i Software
Froundation

Caopyright {C) 2002, 2003, 2004, 2005, 2007 Free Softwars Foundation, kne.
Copyright |C) 2002, 2003, 2004, 2007 Froe Softwars Foundation, Ing,
Copyright (C) 2002, 2003, 2005 Free Salwane Foundation, Inc
Copyright (O 2002, 2003, 2008 Fres Software Foundation, ing
Copyright {C) 2002, 2003, 2007 Free Soltwane Foundition. |ne.
Copyright {C) 2002, 2004 Free Softaare Foundation

Copyrighl (T) 2002, 2004 Fies Soltwars Foundalion, nc
Copyright {C) 2002, 2004, 2005 Free Sofiware Foundation, Inc
Copyrighl |T) 2002, 2004, 2005, 2007 Fres Soltwars Foundabion, Ing.
Copyrght {C) 2002, 2004, 2008 Free Safiware Foundalion, Inc.
Copyright (C) 2002, 2005, 2007 Frea Softwars Foundation, Inc.
Copyright {C) 2002, 2007 Free Software Foundatan, ing,
Copyright {C) 2003 ¢ Free Software Foundation, Inc.

Copyright () 2003 Fres Softwans Foundation

Copyright () 2003 Fren Sofltward Foundation, Inc

Copyright |C) 2003, 2004 /¥ Fres Softwars Foundabon, Ine.

Copynght {C) 2003, 2004 Free Softwars Foundabion
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Caopyright [C} 2003, 2004 Free Saliwane Foundalion, kne.
Copyright (G} 2003, 2004, 2005 1! Free Software Foundation, inc

Copyright (C) 2003, 2004, 2005 Free Softwane Foundation, [ne.

Copyright (C) 2003, 2004, 2005 Fres Soffwara Foundation

Copyright (C) 2003, 2004, 2005 Free Softwane Foundation. Inc

Copyright [Cr 2003, 2004, 005, 2004 4 Frea Software Foundatian, Inc
Copyright (C) 2003, 2004, 2005, 2006 Froe Soflware Foundation

Copyright [C) 2003, 2004, 2008, 2008 Fran Software Foundation, Inc.
Copyright [C) 2003, 2004, 2005, 2006, 2007  Free Softwars Foundation, Ino.
Copyright (C) 2003, 2004, 20085, 2006, 2007 Froa Softwase Foundadion
Copyright (G} 2003, 2004, 2005, 2006, 2007 Free Softwans Foundation, Inc.

Caopyrighd (C) 2003, 2004, 2005, 2006, 2007, 2008 & Frea Sallware Foundalion,
Imc

Copyright (C) 2003, 2004, 2008, 2004, 2007, 2008 Froa Software ¥ Foundation,
Ino.

Cogpyright (C) 2003, 2004, 100%, 2007 Free Software Foundalion
Copyright (C} 2003, 2004, 2005, 2007 Free Saltware Foundaiion, lme
Copyright (C) 2003, 2004, 2008 Froa Softwin Foundation, Inc
Copyright (C} 2003, 2005 Free Sollware Foundation

Copyright (C) 2003, 2005 Free Softwane Foundation, knc.

Copyrighd (T} 2003, 2005, 2006 if Free Soflware Foundation, Inc,
Copyright (C) 2003, 2005, 2006 Frea Software Foundation, lac.
Copyright (T} 2003, 2006 ¢ Fres Soltwans Foundation, Ing

Copyright [C) 2003, 2007 Fres Software Faundation, (nc

Copyright (C) 2004 Ami Tavory and Viadimir Dredzin, IBM-HAL
Copyright (T} 2004 Free Soltware Foundation

Caopyright (€} 2004 Free Soltwars Foundation. Inc.

Cpyright (C} 2004, 2005 Fres Soltware Foundalion, ke

Cogyright (C) 2004, 2008 Froe Software Foundation

Caopyright (C) 2004, 2005 Fres Sofware Foundation, bnc

Copyright (C) 2004, 2008, 2006 Frea Softwane Foundation

Copyright (G) 2004, 2004, 2006 Fres Soltwars Foundation, Inc
Copyright () 2004, 2005, 2008, 2007 Free Saflware Foundalian
Copyright () 2004, 2005, 2006, 2007 Free Soflware Foundatban. inc.
Caopyrighd (C} 2004, 2005, 2006, 2007, 2008 / Free Soltwane Foundation, Inc.
Copyright (G} 2004, 2008, 2006, 2007, 2008 Free Saftwam Foundation, inc
Copyright [C) 2004, 2006, 2007 Free Soflware Foundation

Copyright (C) 2004, 2008, 2007 Frea Softwars Foundation, Inc
Copyright (C) 2004, 20046 Fres Saftware Foundalian, fne

Copyright (T} 2004, 2004, 2008 Fres Software Foundation, Inc.
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Copyright {C) 2004, 2007 Free Soltware Foundation, inc,
Copyright (C) 2005 Free Sofiware Foundatson, ino.

Copyright {C] 2005 Free Safiware Faundabon

Copyright (C) 2005 Free Softwan Foundation, inc

Copyright (C) 200:5. 2006 i Free Software Foundabon, Ing,
Copyright () 2005, 2006 Frea Softwam Fowndation, Ing,
Copyright {C) 2005, 2005, 2007 Free Soltware Foundalion
Copyright (C) 2005, 2006, 2007 Free Soliware Foundation, Inc.
Capyright {C) 2005, 2006, 2007. 2008 Fres Soltware Foundation, Inc
Copyright {C) 2005, 2006, 2008 Free Software Foundalion, knc.
Copyright (C) 2005, 2007 Fres Software Foundation, ng
Copyright {C) 2008  Free Soltwana Foundation, Inc.

Copyright (C) 20046 Fres Software Foundatian

Copyright {C) 2006 Free Soltware Foundalion

Copyright {C) 2006 Free Soltwar Faundation, inc

Capyright {C) 2006, 2008 Free Seftwess Fowndation

Capyright () 2008, 2007 Froe Softwars Foundation

Copyright (C) 2008, 2007 Frae Sollware Foundabon, Ing.
Copyright {C) 2008, 2007, 2008 ¢ Free Softwane Foundmion. Inc
Capyright {C) 2006, 2007, 2008 Free Soflware Foundabon
Copyright {C) 2008, 2007, 2008 Fres Saliware Foundalion, kng.
Copyright {C) 20086, 2008  Free Software Foundaton, ine
Copyright {C) 2006-2007 Free SoRware Faundation, Inc
Copyright {C) 2007 # Froe Software Foundation, Inc

Copyright |C) 2007 Free Soltwasrs Foundation

Copyright {C) 2047 Froe Softwars Foundation. Inc,

Capyright {C) 2007, 2008 Free Seftwars Foundaticn

Copyright {C) 2007, 7008 Frea Software Foundation, Ing
Capyright (C) 2007 2008 Frea Soltwars Foundation, In:

Copyright {C) 2008 Frae Software Faundalion

Copyright {C) 2004 Free Sofiwars Foundalion, Inc.

Copyright j£) 1994 * Hewleli-Packard Company

Copyright {c) 1995 * SHlicon Graphlcs Computer Systams, (e,
Copyright {c) 1998,1957 * Siicon Graphics

Copyright {c) 1996 1967 * Siicon Graphics Computar Systems, Inc.
Copyright (£) 1998-1907 * Silicon Graphica Camputer Systems, Inc.
Copyright () 19981938 = Slcon Graphics Computor Sysiams, inc,
Copyright () 1998-1900 * Slicen Graghics Computer Sysiems, ine
Copyright {c) 19497 * Silicon Graphics Compuler Sysiems, ino.
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Copyright (o) 1987-1049 * Silicon Graphics Compuler Syalams, Inc.
Copyright ic) 1888 * Slcon Graphics Compiter Sysiems, inc.
Copyright () 2001, 2002, 2003 Peter Dimay and Mulli Media Lbd
Copyright 2008 FEF<ip>

Copyrighi Ami Tavory and Viadirmir Dreizin, IBM-HRL, 2004, and Banjamin Koanik,
Rd Hat, 2004

Copyright A 1985, 1681 Free Soltware Foundabion, Ine. <ips<idisednoe
Copyright A2 1998 150

Copyright MO 1999 The Open GroupThe lnatilale of Elscirical and Eleciranics
Enginsers, inc..

Copyright k& 1938 150

Copyrighl A2 20040 Addison Wesboy Longman, Inc
Copyright AT 2000 Addinan Wesbey, Inc.,

Copyrght &S 2000, 2001, 2002, 2003, 2004, 2005, 7006, 2007, 2008
Copyright AG 2002 GOPSLA

Copyright A& 2004, 2005, 2004, 2007 Free Soltwars Foundation, Ing., 51 Frankiin
Stresi, Fifih Floos, Bosian, MA 02110-1301, USA</ps<p>

Copyright A& 2004, 2008, 2008. 2007 Frea Softwars Foundation, Ine., 54 Franklin
Streat, Fifth Fioor, Boston, MA 02110-1301, USA=/para=>

Copyright AD 2007 FSF.
Copyrighled by the Free Saftwane Foundation
Cogyrighied by e Free Softwarne Foundation
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