This program is to be uploaded onto the Arduino system for the use of relaying
sensor information to the Isadora computer program. It works by first reading
the sensor, determining if a change in the sensor state exists; then, if a change
in state is detected, it reports this to Isadora for further processing.

USER GUIDE
SETUP
User must wire the signal wire of each sensor to the analogue or the digital inputs
on the Arduino board. Binary sensors must be wired to Digital In; analogue
sensors, Analogue In.
Once wired, you must alter the settings in the program in accordance with
your wiring, the sensor type, and any special instructions you wish to give the
program. Open config/config.ino and scroll to the bottom. The program takes
the sensor format in the following format:
const int pin_in[]{
{[pin 1], [sensor type], [special instructions]},
{[pin 2], [sensor type], [special instructions]}
};
Note how all the pin settings are enclosed with curly brackets, and the settings
for each individual pin are also enclosed with curly brackets. Additionally, note
how the individual pin settings, and the groups of pin settings are separated
by a comma. Finally, note that the last setting and pin are not followed by a
comma.
In the event that you have no special instruction to pass to the program, you
should inform the program that the special instruction is NORMAL as shown in
the example below:
const int pin_in[]{
{[pin 1], [sensor type], NORMAL},
{[pin 2], [sensor type], NORMAL}
};
Thus, a sample configuration for 4 normal sensors, and an ultrasonic ranger
might appear as follows:
const int pin_in[]{
{1, NORMAL, NORMAL},
{2, NORMAL, NORMAL},
{3, NORMAL, NORMAL},
{4, NORMAL, NORMAL},
{A0, ULTRASONIC_RANGER_2_0, 1}
};
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Notice the special instruction for pin A0. In this case, it tells the program that
it wants the distance from the Ultrasonic Ranger in cm. To discover which
sensors require an explicit sensor type, and what the special instruction codes
are, read the sensor type defines which are usually immediately preceding the
USER SETTINGS — the comments will inform you of any special considerations
and instructions.
Number of input pins limited by hardware.
Once written, the program should be compiled and programmed into the Arduino.
A USB cable should be used to permit serial communication between the Arduino
and a receiving computer.

USAGE
When the controller detects a change in sensor state, it transmits a serial message
in the following format:
p[pin]d[1 = digital, 0 = analogue]r[reading]
\n signifies the end of a message. Analogue sensors tend to have high output
rates as analogue values change regularly.

OPERATIONS
Modular Programs
Large programs often have many functions and the code for them can get quite
long. To get around this issue, a single file containing code can be separated into
different modules — essentially files — to make organization and referencing
easier.
For the Arduino IDE, the module that the IDE will read first is the module
which has the same name as the directory which contains it; thus, in a directory
named example/, the Arduino IDE will look for, and run example.ino before
other files.
As the sensor control module is quite large, it has been decided into modules,
the large and/or important functions have their own modules whilst smaller, less
significant functions have been grouped into config/general-system-control.ino
and for simplicity, all special instructions for special sensors have been grouped
into config/special-instructions.ino.
Modules
This section describes the modules of this program, list the functions within,
and describe their general purpose. Owing to the constraints of the Arduino
IDE, they are located in config/
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config.ino
Library Includes
This program requires the math.h and Ultrasonic.h libraries. math.h allows
for the calculations required by Ultrasonic.h.
Sensor Type Defines
As some sensors require special instructions, libraries, calculations, etc. special
sensors may be declared here. The defines essentially tell the preprocessor to
replace a string with something else. Defines are usually made in all caps, and
for this program, they will consist of the sensor’s full name with version. All
spaces, dashes, or reserved characters will be replaced with underscores _.
An example of this may be found here:
#define ULTRASONIC_RANGER_2_0 1
Here, we declare that the string ULTRASONIC_RANGER_2_0 will be replaced
with 1. Thus, before the compiler compiles the program, all instances of
ULTRASONIC_RANGER_2_0 will be replaced with 1.
Special instructions for special sensor types should be defined underneath the
declaration as a comment. Special instructions must be encoded as an integer.
For more information, consult the tutorial on how to make a special instruction.
For information on how define works, consult cprogramming.com
Configuration Array
As mentioned earlier, this array stores the settings for each individual pin. You
may have noticed that it is declared as a const int. You may have noticed that
the configurations are however, entered as strings; however, as mentioned above,
the C preprocessor replaces the string with a number as the program is being
compiled; thus, all settings become numbers. For information on how to set-up
the configuration, see setup
loop.ino
loop.ino contains void loop() and functions as the main working loop for the
program. It’s operations are described in OPERATIONS.
setup.ino
This module contains those global variables which were too inconvenient to
declare in a different function, as well as setup-code for the program.
1. const int number_of_pins contains the number of pins
2. old_sensor_value[] See comment in module

3

3. int i The master clock as it where. It keeps track of iterations to ensure
that the program properly cycles through each configured pin as declared
in config.ino.
setup()
The Arduino standard setup function. It initializes the serial output and sets all
configured pins as an input.
set_as_input()
Sets the pins declared in config.ino as inputs.
read-sensor.ino
read-sensor.ino contains only int read_sensor(). Read sensor takes the
following arguments:
1. pin — The Pin number
2. sensor_type — the integer representing the sensor’s type as defined in
the sensor type defines.
3. special_inst — the corresponding special instruction as defined in the
comments of the sensor type defines.
4. digital — Whether the pin received is digital or analogue. 1 for digital 0
for analogue.
It reads the sensors defined in the switch and having read the appropriate
sensor, returns the sensor value to the calling function.
transmission.ino
Contains function send_sensor. The function takes the pin number, the sensor’s
value, and whether the sensor is digital or analogue and uses the serial connection
to inform a computer as to the sensor’s value. The format is defined in usage
special-instructions.ino
Contains the functions required to operate special sensors. All new special
sensors must have a new function written for them, and should simply be added
to the module in alphabetical order, by the name of the function. All function
names ought to be made in lowercase, and must be of the int data type. The
return value of the function should be the sensor’s reading, whatever that may
be.
Refer to creating a new special sensor for a basic tutorial as to the requirements
of the addition of a new, special sensor.
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general-system-control.ino
This module contains little functions added just to make the code more readable,
or to achieve minor, but useful tasks. It contains:
1. int change_exists()
2. int at_array_end()
3. int is_digital()
Refer to the file for more information, descriptions are in the comments.
OPERATIONS
To understand the program, first read loop() located at config/loop.ino.
Loop reads pins defined in pin_in[] one at a time. It does this using i to select
the array element through pin_in[i]. At the end of the loop, i is incremented
though i++. When all elements in the array have been read, i is reset.
Each iteration — i.e. cycle — of loop works as follows.
1. the current pin is tested by is_digital() to see if it is a digital or analogue
pin.
2. The sensor is then read by read_sensor() which reads the sensor fed to
it, and stores it in the variable sensor_value.
3. Then, the program evaluates if there has been a change between the old
sensor reading and the new sensor reading using change_exists().
1. If there is change, a message is sent though serial out using
send_sensor().
4. After, i is incremented. If i is greater than the total number of elements
in the array (if it would cause one to over-read the array), i is reset to 0
and the program tests each sensor again.

Programmer’s Guide
This section will guide you though the creation of new parts of this program.

New Special Sensor
Prerequisites
Before you add a new special sensor type, it is recommended that you obtain a
reasonable understanding of Arduino’s custom language, C, C++, or some other
C-like language. I also recommend you look into, and understand the execution
code for your special sensor, have an understanding of the various settings the
sensor may come with, and how it may programmatically be set. Finally, it
is strongly recommended that you try writing code for the sensor in a simple,
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stand-alone program to experiment with it’s configurations and to develop an
understanding with the sensor before you add it to this, much more complicated
program.
Library Includes
If your sensor requires any sensor specific preprocessor includes, declare them with
all the other #includes at the top of config.ino. Do-not run other initialisation
codes here if it is possible. For example:
...
#include <math.h>
#include "Ultrasonic.h"
...
Assign a Keyword Define
Open config.ino Scroll down to the sensor type defines and comment out room
for your sensor to the bottom of the list in a format consistent with the present
sensor. Then, add the following line within the area that you have commented:
#define [SENSOR_NAME] [INTEGER]
Where [SENSOR_NAME] is the model of your sensor as written by the manufacturer
on the sensor. Take care that all spaces and special characters are replaced with
underscores _, and that it is written in all capital letters.
Where [INTEGER] is a number which may be used for the the identification
of the sensor (done so that all systems using it can be an easy to handle int;
aren’t data-types fun?). Simply take the highest identification number in the
sensor-type defines ++.
Add any special instructions (an integer that can alter the behaviour of the
function that will be written below) below the defines as comments. Example:
/*********************** ULTRASONIC_RANGER_2_0 *******************************/
#define ULTRASONIC_RANGER_2_0 1
/*
Ranger uses the special instruction for determining if the function should
return the distance to target in cm or inches.
0 == cm
1 == inches
*/
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/*********************** End of ULTRASONIC_RANGER_2_0 ************************/
Write an Execution Function
Open config/special-instructions.ino and begin insert your function into the
module. Keep the functions in alphabetical order. You may include more than
one function if you believe that it is necessary. Example:
...
int read_ultrasonic_ranger_2_0(int pin, int special_inst)
{
Ultrasonic ultrasonic(pin); // call OEM library function
//delay(250); // no idea why, I'm adapting it from the OEM example
if(special_inst) // == 1, inches
{
return ultrasonic.MeasureInInches();
}
else // cm
{
return ultrasonic.MeasureInCentimeters();
}
}
...
Design Requirements
Preconditions
Your program may receive:
1. int pin — The pin number of the sensor in question,
2. int sensor_type — This is the integer that represents the various sensor
types.
3. int special_instruction — This is any special instruction you wish to
encode as an integer. It is preprogrammed in in_pins[] and may be used
to control your program however you wish.
4. int digital — If the pin is digital, 1, else 0.
Post-Condition
Your program will return an integer which represents the sensor value to be
transmitted to a show-control device.
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Add Function Call to Main Switch
Add your function to the main switch, preferably in alphabetical order. Be sure
to keep the default at the bottom. Use the sensor-type define as the case test,
and return the function call to the sensor read function. Don’t forget to tell your
function what pin to read and to terminate the case with a break. Example:
...
case ULTRASONIC_RANGER_2_0:
return read_ultrasonic_ranger_2_0(pin, special_inst);
break;
...

8


/,%5$5<,1&/8'(6

LQFOXGHPDWKK!
LQFOXGH8OWUDVRQLFK

(QGRI/,%5$5<,1&/8'(6


VHQVRUW\SHGHILQHV


1250$/
6HQVRUWKDWGRHVQ WUHTXLUHDOLEUDU\VSHFLDOLQVWUXFWLRQ



GHILQH1250$/


(1'2)1250$/





8/75$621,&B5$1*(5BB



GHILQH8/75$621,&B5$1*(5BB

5DQJHUXVHVWKHVSHFLDOLQVWUXFWLRQIRUGHWHUPLQLQJLIWKHIXQFWLRQVKRXOG
UHWXUQWKHGLVWDQFHWRWDUJHWLQFPRULQFKHV



FP
LQFKHV




(QGRI8/75$621,&B5$1*(5BB




(QGRIVHQVRUW\SHGHILQHV

 99999999999999999999999999999999999999999999999999999999999999999999999999999
9999999999999999999999999999999986(56(77,1*6+(5(999999999999999999999999999
99999999999999999999999999999999999999999999999999999999999999999999999999999 
FRQVWLQWLQBSLQ>@>@ ^
^SLQVHQVRUW\SHVSHFLDOLQVWUXFWLRQV`
^$1250$/1250$/`
^$1250$/1250$/`
^1250$/1250$/`
^1250$/1250$/`
^1250$/1250$/`
`VHWVWKHLQSXWSLQV
 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA86(56(77,1*6$%29(AAAAAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA 


7KLVPRGXOHFRQWDLQVYDULRXVVPDOOIXQFWLRQVZKLFKKDYHEHHQJURXSHG
WRJHWKHUDVWKH\GRQ WZDUUDQWWKHLURZQPRGXOH)XQFWLRQVFRQWDLQHGKHUH
DUH
FKDQJHBH[LVWV
DWBDUUD\BHQG
LVBGLJLWDO

LQWFKDQJHBH[LVWV LQW ROGBYDOXHLQWQHZBYDOXH
 )XQFWLRQUHWXUQVLIWKHUHKDVEHHQFKDQJHIRUQRFKDQJHLW VEDVLFDOO\
DERROIXQFWLRQ 
^
LI ROGBYDOXH QHZBYDOXH
^
ROGBYDOXH QHZBYDOXH
UHWXUQ
`
HOVH
UHWXUQ
`
 FKHFNVLIWKHDUUD\HOHPHQWFRXQWHU CLC KDVH[FHHGHGWKHQXPEHURI
HOHPHQWVLQWKHLQBSLQDUUD\LILWKDVWKHIXQFWLRQUHWXUQVHOVH
7KLVLVGRQHDVCLI VWDWHPHQWVSURFHHGZKHQWKHFDOFXODWLRQVLQWKH
EUDFNHWVUHWXUQVDQRQ]HURYDOXHWKXVZKHQWKHIXQFWLRQUHWXUQVLWLV
WUXHDQGWKHFRGHLQWKHCLI VWDWHPHQWLVH[HFXWHG7KLVLVDOVREDVLFDOO\D
ERROIXQFWLRQ 
LQWDWBDUUD\BHQG
^
 FRXQWVFDOFXODWHVWKHQXPEHURIHOHPHQWV
LQWKHLQBSLQDUUD\
VL]HRIWKHDUUD\VL]HRIRQHDUUD\HOHPHQW
LI L!  VL]HRI LQBSLQ VL]HRI LQBSLQ>@
LILVKRXOGEHUHVHWWR
UHWXUQ
HOVH
UHWXUQ
`
 FKHFNVLIDSLQ VGLJLWDO7DNHVDSLQQXPEHU,IDSLQLVGLJLWDOWKH
IXQFWLRQUHWXUQVHOVH

LQWLVBGLJLWDO LQWSLQ
^
LI SLQ
UHWXUQSLQLVGLJLWDO
HOVH
UHWXUQSLQLVDQDORJXH
`

 7KLVPRGXOHFRQWDLQVIXQFWLRQORRS
ORRSIRUWKHSURJUDP 
YRLGORRS
^

,WVHUYHVDVWKHSULPDU\H[HFXWLRQ

FKHFNLIDVHQVRULVGLJLWDORUDQDORJXH3DVVLVBGLJLWDOWKH
SHUWDLQDQWSLQ
LIVHQVRULVGLJLWDOHOVH
LQWGLJLWDO LVBGLJLWDO LQBSLQ>L@>@ 
WKLVLVUHVHWHDFKWLPHWKHORRSLVH[HFXWHGROG
UHVXOWVDUHVWRUHGLQROGBVHQVRUBYDOXH
LQWVHQVRUBYDOXH 
UHDGBVHQVRU
 VKRXOGWKHVHEHFRPHGHILQHPDFURV" 
LQBSLQ>L@>@SLQQXPEHU
LQBSLQ>L@>@VHQVRUW\SH
LQBSLQ>L@>@VSHFLDOLQVWUXFWLRQ
GLJLWDOLILW VGLJLWDO

FKDQJHBH[LVWVUHWXUQVLIFKDQJHGHWHFWHG
LI FKDQJHBH[LVWV ROGBVHQVRUBYDOXH>L@VHQVRUBYDOXH  
^ $GGUHVVRIAAaaaaaaaaaaaaaaaaaAROGYDOXH
VHHQRWHRQSRLQWHUV 
LIWKHVHQVRUVWDWHKDVFKDQJHGVHQGWKHVHQVRUYDOXH
VHQGBVHQVRU LQBSLQ>L@>@VHQVRUBYDOXHGLJLWDO 
`
LPRYHWRWKHQH[WDUUD\LQGH[
&KHFNLIZH UHDWWKHHQGRIWKHDUUD\LIVRUHVHWL
LI DWBDUUD\BHQG
 
L 
`

 127(21)81&7,216
$OODIXQFWLRQLVDEORFNRIFRGHZKLFKLVXVHGWRDFKLHYHDVLQJOHWDVNV,Q
OLQHZLWKWKH81,;SKLORVRSK\IXFWLRQVVKRXOGRQO\GRRQHWKLQJDQGGRWKDW
RQHWKLQJZHOO7KLVPDNHVWKHPPRUHSRUWDEOHDVWKH\FDQEHXVHGLQPRUH
SODFHVDQGLWPDNHVWKHPTXLFNHUDQGHDVLHUWRGHEXJ
$OPRVWDOOIXQFWLRQVUHWXUQDYDOXH:KDWWKLVPHDQVPD\EHVKRZQLQWKH
H[DPSOHEHORZ

LQWQXPEHU 
LQWQXPEHU 
QXPEHU DGGB QXPEHU 

,QWKLVFDVHZKDWLVLPSOLHGLVWKDWIXQFWLRQDGGB ZLOODGGRQHWRWKH
YDULDEOHDQGLIDGGBLVVHWWRUHWXUQLQSXWWKHHQWLUHVWULQJ
DGGB QXPEHU
ZLOOEHFRPHZKLFKLVWKHQDVVLJQHGWRQXPEHU$VVXFKWRJRVWHSE\
VWHSWKLVLVZKDWKDSSHQV
,1,7
QXPEHU DGGB QXPEHU 
67(3VXEVWLWXWHWKHYDULDEOHIRUWKHYDOXH
QXPEHU DGGB  
67(3DGGBDGGVWRDQGUHWXUQVWKHUHVXOW
QXPEHU 
67(3QXPEHULVDVVLJQHGWKHYDOXH
QXPEHU
$V\RXFDQVHHZKHQDIXQFWLRQUHWXUQVZKDWHVVHQWLDOO\KDSSHQVLVWKDWWKH
IXQFWLRQFDOOLVUHSODFHGE\WKHUHWXUQYDOXHEHIRUHIXUWKHUFDOFXODWLRQVDUH
FRPSOHWHG7KLVFDQEHFLUFXPYHQWHGVRPHZKDWZLWKSRLQWHUV VHHQRWHRQ
SRLQWHUV 
$VDQH[FHSWLRQWKHRQO\IXQFWLRQWKDWGRHVQ WUHWXUQDYDOXH EHFRPHWKH
UHVXOWRIZKDWHYHULWSURFHVVHG LVDYRLGIXQFWLRQ

 127(2132,17(56  $1'  3XWVLPSO\DSRLQWHULVDYDUDEOHWKDWVWRUHV
WKHDGGUHVVRIDQRWKHUYDULDEOH$OOYDULDEOHVDUHVWRUHGLQPHPRU\DQG
OLNHDKRXVHHDFKCUHJLVWHU LQPHPRU\KDVDQCDGGUHVV WKXVYDULDEOH
CD PLJKWKDYHWKHDGGUHVVRIC )RU$UGXLQRZHFDQDFFHVVPHPRU\XVLQJ
C DQGC C PHDQVDGGUHVVRILQWKHH[DPSOHHDUOLHUC D PHDQV
CWKHDGGUHVVRID C PHDQVWKHFRQWHQWVRIWKHDGGUHVVWKXVWR
FRQWLQXHRQWKHHDUOLHUH[DPSOHC D PHDQVCWKHYDOXHVWRUHGLQD ,Q
WKLVFDVHWKHDGYDQWDJHRIXVLQJDSRLQWHULVWKDWLWDOORZVDIXQFWLRQWR
DOWHUWKHYDOXHRIDYDULDEOHLQDGLIIHUHQWIXQFWLRQZLWKRXWWKHFRVWRI

DJOREDOYDULDEOHVLQFHJOREDOYDULDEOHVFDQEHDFFHVVHGE\WKHHQWLUH
SURJUDPLWFDQPDNHLWDQQR\LQJWRILQGQDPHVIRUYDULDEOHVWKDWDUH
RQO\QHHGHGZLWKLQRQHIXQFWLRQ




3LQ5HDGLQJ)XQFWLRQV

 )XQFWLRQUHDGVWDNHVWKHSLQQXPEHUVHQVRUW\SHVSHFLDOLQVWUXFWLRQVDQG
LIWKHSLQLVGLJLWDODQGSDVVHVWKDWLQIRUPDWLRQWRDIXQFWLRQWKDWZLOOUHDG
WKHVHQVRUV7KHIXQFWLRQWKHQUHWXUQVWKHYDOXHRIWKHVHQVRU 



LQWUHDGBVHQVRU LQWSLQLQWVHQVRUBW\SHLQWVSHFLDOBLQVWLQWGLJLWDO
^
FKHFNWKHVHQVRUW\SH
VZLWFK VHQVRUBW\SH  'HWHUPLQHWKHVHQVRUW\SHEHIRUHSURFHVVLQJ 
^
FDVH8/75$621,&B5$1*(5BB
UHWXUQUHDGBXOWUDVRQLFBUDQJHUBB SLQVSHFLDOBLQVW 
EUHDN
 VHQVRUW\SH1250$/LVKDQGOHGE\GHIDXOWIRUVLPSOLFLW\
DVZHOODVWKHDGGHGEHQLILWWKDWDVHQVRUZKLFK
WKHRUHWLFDOO\UHTXLUHVDOLEUDU\PLJKWVWLOOKDYHD
FKDQFHRIZRUNLQJDOELHWEDGO\ 
GHIDXOW
LILWLVGLJLWDOGLJLWDO HOVH 
LI GLJLWDO  
^GLJLWDO
UHWXUQGLJLWDO5HDG SLQ 
`
HOVHDQDORJXH
^
UHWXUQDQDORJ5HDG SLQ 
`
EUHDN
`
`

 7KLVPRGXOHFRQWDLQVIXQFWLRQVSHUWDLQLQJWRVHWWLQJXSWKHDUGXLQR7KH
FRGHLVUXQWRLQLWLDOL]HWKHDUGXLQRRQSRZHURQ,WDOVRFRQWDLQVDOO
JOREDOYDULDEOHV 
 JHQHUDOFRQVWDQWV 
FRQVWLQWQXPEHUBRIBSLQV 
 YDULDEOHV 
 VWRUHVWKHVHQVRUYDOXHIRUWKHFRPSDLULVRQLQGH[YDOXHFRUULVSRQGVZLWK
WKHLQBSLQYDOXH 
LQWROGBVHQVRUBYDOXH>QXPEHUBRIBSLQV@ ^`
LQWL XVHGWRVHWWKHLQGH[RILQBSLQ>@LQORRS
YRLGVHWXS
^
6HULDOEHJLQ  
VHWBDVBLQSXW VHWVWKHSLQVGHILQHGLQLQBSLQDVLQSXWV
`
 XVHGWRVHWWKHDUUD\HOHPHQWVLQLQBSLQ>@DVLQSXWSLQV 
YRLGVHWBDVBLQSXW
^
MXVHGDVLZDVWDNHQMLVWKHDUUD\LQGH[
IRU LQWM M VL]HRI LQBSLQ VL]HRI LQBSLQ>@ M

AaaaaaaaaaaaaA_AaaaaaaaaaaaaaaaA
7KHVL]HRIWKHHQWLUHDUUD\
_7KHVL]HRIDVLQJOHDUUD\HOHPHQW
1XPEHURIDUUD\HOHPHQWV VL]HRIDUUD\VL]HRIDVLQJOHHOHPHQW 
^
SLQ0RGH LQBSLQ>M@>@,1387 
`
`



6SHFLDO6HQVRU,QVWUXFWLRQV



 7KLVPRGXHOFRQWDLQVDOOFRGHQHVVHVVDU\WRH[LFXWHWKHVSHFLDOLQVWUXFWLRQV
IRUVSHFLDOVHQVRUV$GGWKHORJLFIRUWKHLQVWUXFWLRQLQWRDQHZIXQFWLRQ
EHORZ'2Q WIRUJHWWRLQFOXGHWKHXSGDWHLQWKHVZLWFKLQUHDGBVHQVRU 
$GGDFDVHDERYHGHIDXOW'HIDXOWPXVWEHDWWKHERWWRP

LQWUHDGBXOWUDVRQLFBUDQJHUBB LQWSLQLQWVSHFLDOBLQVW
^
8OWUDVRQLFXOWUDVRQLF SLQ FDOO2(0OLEUDU\IXQFWLRQ
GHOD\  QRLGHDZK\, PDGDSWLQJLWIURPWKH2(0H[DPSOH
LI VSHFLDOBLQVW  LQFKHV
^
UHWXUQXOWUDVRQLF0HDVXUH,Q,QFKHV 
`
HOVHFP
^
UHWXUQXOWUDVRQLF0HDVXUH,Q&HQWLPHWHUV
`



`


(1'RI6SHFLDO6HQVRU,QVWUXFWLRQV



 7KLVIXQFWLRQWDONVWRDFRPSXWHUYLDWKHVHULDOFRQQHFWLRQ 
 VHQGVWKHVHQVRUYDOXHWRLVDGRUD 
YRLGVHQGBVHQVRU LQWSLQLQWVHQVRUBYDOXHLQWGLJLWDO
^
6HULDOSULQW S 
6HULDOSULQW SLQ 
6HULDOSULQW G 
6HULDOSULQW GLJLWDO VHQGVIRUGLJLWDOIRUDQDORJXH
6HULDOSULQW U 
6HULDOSULQWOQ VHQVRUBYDOXH 
`

