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Figure 1.  Lower Tub and Drive Mechanism
Figure 2.  Suspension Deflection

The upper body houses the microcontroller (�C) development board as well
as the 3 daughter boards.  The top, with the exception of the microcontroller
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housing, was fabricated in the Mechanical Engineering machine shop from
sheet aluminum.  The side skirts are bolted on using standard 6-32 socket
head screws.  This detail is shown in Figure 3.  The rear skirt is a floating
design.  Moreover, it is suspended on springs.  Figure 4 illustrates the
suspended aft bumper.  Originally, a front floating skirt was employed, but
removed in the final stages.   It was non-functional as it is the sonar�s
responsibility for front object avoidance.

The upper body is attached to the lower via a four thumbscrews and a main
electrical trunk.

Figure 3.  Upper Body Detail
Figure 4.  Aerial View of Floating Rear Skirt
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Figure 5.  Front Arm Joint with Coping
Detail, Set Screws, and Threaded Rod Figure 6.  Rear Arm Detail with Nylon Spacer
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Figure 7.  Planetary Gear Winch, Cable Guide and Bracket Detail
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Figure 8.  Magnet Mount, Collar and Wire Route
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Illustration 1. LED Schematic

Figure 9.  LED Protoboard

Figure 10.  Mounted LED Arra
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Speed OC Value
(hex)

Direction OC Value
(hex)

Sonar
Direction

OC Value
(hex)

Fwd Fast $C9 Full Right $A1 Look Right $F6
Fwd Slow $CB Slip Right $A3 Straight $D9
Neutral $CE Straight $A7 Look Left $BF
Rev Slow $D2 Slip Left $AF
Rev Fast $D5 Full Right $B2

jZklnmoMp�qsrhtZu�vQtXuxwXy�zQvZk�{Xo}|ekPuP~h�x�ekZmStZoD�
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Figure 11.  Speed Controller and Servo
Figure 12.  Dual Clutch (Direction Control)

and Servo
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Figure 13.  Sharp GP2D12 Sensor (Circle) Mount with Winch Assembly in Background (Arrow)
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Figure 14.  Upper Arm Limit Switch and Return Spring

A leaf type return spring hand rolled from aluminum is used to coax the spring back
towards the rest position once the tension on the winch has been released.
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Figure 15.  Precision Wiring Harness and STK500
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Figure 16.  Daughter Boards
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d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d
bYc
c�c
c�c�e�f�g�h
i
j�k]c
c�c
c�c5d
d�d
d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d
bYc
c�c
c�c
c�c
c�c
c�c
c�c
c�c
c�c
c�c5d
d�d
d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d

b�e�f�g�h
i
jTk�i�h
i
j�l�j�m�i�k�n!o
p�q�r
s�t
uBq�o!m�h!p
v j�f!g w x5t byw�p�z>i�j'{�z!i
v j�f!g r x�| b�r�j�h�}'{�z>i
v j�f!g q>~
� xB��s�e bRq���h���j'��}�}�p�j�k�k�o�n5q>r
s�t
u
v j�f!g ��o�l
l�h>m�}!r�j�� xB��t�t b�r�h!m�}�o!l�h
}
}
p�j�k
k
v j�f!g ��m��!��j�k xB���0t b�r�h!m���z�m�����o�}
j]p�j
i�g�p
mPk
p�j�k�g��>i�k'z�mTz�m�����j�k
v j�f!g e�����o�r�j���� xB��t��
v j�f!g e�����o�r�j���� xB��t��

b�e�f�g�h
i
jTk�i�h
i
j�l�j�m�i�k�n!o
p�q!j�p���o�k
v j�f!g ~�o�o!��r�� x��>s�� bRq!o�m�h�pB}�z>p�j��
i�z>o�mPk
v j�f!g ~�o�o!��s���} x��>���
v j�f!g ~�o�o!��~�s�� x��>{
s
v j�f!g s
g��
�>~�s�� x��>{#� b7��g�p�m�z�m��
v j�f!g q���z���~�s�� x��>�
s
v j�f!g q!i
p�h�z!�!��i x��>���
v j�f!g q���z���r�� x��>�P�
v j�f!g s
g��
��r�� x��>��|
v j�f!g q!i�o!����w�� x��>s
s
v j�f!g s���}�q��>o!� x���}#�
v j�f!g s���}!s�h�k�i x���}#�
v j�f!g q!i�o!� x��!��e
v j�f!g r�j!��q��>o!� x����!�
v j�f!g r�j!��s�h�k�i x������
v j�f!g ��g�p�m�i�z�l�j x��>s
s�s
s b7��g�p�m�z�m�����j��!h>�
v j�f!g r�j!��i�z�l�j x��>s
s�s
s b�r�j!��j
p�k�j'��j��!h>�
v j�f!g ��o���z�m�� x��>s
s�s
s byw�h�z>iNn�o�p�q�j�p���o5i�o
i!g�p�m
v j�f!g ��z�m
��z�k�i x���t

v j�f!g ��p�h>��j x�|
v j�f!g ��p
l
��z�p x5t
v j�f!g ��h��!�
m xB�

bYc
c�c
c�c
c�c
c�c
c�c
c�c
c�c
c�c
c�c
c�c
c�c
c5d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d
bYc
c�c
c�c�r�j�k�j�i���j��
i�o�pTc�c
c�c
c5d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d
bYc
c�c
c�c
c�c
c�c
c�c
c�c
c�c
c�c
c�c
c�c
c�c
c5d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d

r�j�k�j�i��
bMd�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d
bYc
c�c
c�c'q!j�i
i�z�m��Bq!i�h����
��o�z�m�i
j
pTc
c�c
c�c5d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d
bMd�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d
d�d
d�d
d�d
d�d
d�d
d�d
d�d
d

�>}�z ����r@�M�>o!�< �r
�
��e��
�<¡ bRq!j�iTk�i�h����
��i�pBi�o]p�h!l
j!m�}

o!g�i q���~��¢����r
�>}�z ����r@����z!�!�# �r
�
��e��
�<¡
o!g�i q���£@�y���
r
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¤M¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥
¤Y¦
¦�¦
¦�¦'§!¨�©'ª�«
¬�©'�®�¬�¨
¯�©�®!«!°P±]¦�¦
¦�¦
¦5¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥
¤M¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥

±�¨
¬ ²
³�¬ ¤R§!¨�©]´�µ
¶�ªN©�«N·�¸�¸N©
«�¹
¹�¹

«!º�© 
�»
¼¾½¢²�³�¬ ¤7¿
À


Á>Â ® ²
³�¬�½ÄÃ>ÅPÆ
Æ�Æ
Æ�Æ>Ã�Ã
Ã
«!º�© 
�»
Ç¾½¢²�³�¬ ¤R§!¨�©'ª�È
»�´
ÇN©
«5«�º�©�³
º�©
Á>Â ® ²
³�¬�½ÊÉ!Æ!Ë
Ë!ª
Ç�Ã�ÌÎÍÄÉ�Æ>Ë�Ë>ª�Ç�Æ�Ì
«!º�© ª�È
»�´
Ç@½Ï²
³�¬ ¤�µ
°�Ð>Å Á ¨�Ñ�°�©�¨�¬
°�Ð Á ³
º Á
Á º�³�Ò�«�¬

ª
Ç�ÃÎ½Ïª
ÇPÆ

±�¨
¬ ²
³�¬ ¤7¿�µ�P±�Ð!° Â ´�Ó�Ñ
«!º�© 
�»�À@½¢²�³�¬
«!º�© ª�È
»�´�À�½Ï²
³�¬
Á>Â ® ²
³�¬�½ÄÃ>ÅPÆ
Æ�Æ
Æ!Ã
Ã�Æ
Æ ¤R§!¨�©'ª
<Ô�Ð>° Â ª
#Õ�©
«�®�°
³�º�©
«!º�© 
�»
¾½¢²�³�¬ ¤R§!¨�©'ª�È
»�´
N©
«5«�º�©�³
º�©

¤M¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥
¤Y¦
¦�¦
¦�¦]Ñ�°�®>©�®!Ð Á ®�Ö�¨�Ñ�Ô�À#É�´�Ó�Ñ�Ì�Ñ�°�©�¨�¬�Ò�Ð
¯
¨+¦�¦
¦�¦
¦5¥�¥
¥�¥
¥�¥
¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥
¤M¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥

¤R§!¨�©]´!ÓPÑ�Ç�®>©�»�Ð
©
¨NÒ�«�¬�Ò�¯ Á�×�Ø Æ�Ù�¶�Ú�Ö
Á>Â ® ²
³�¬�½ÛÆ
Æ ¤

Æ>Ã�Ã>Ü�Ú�Ö Ø ÕI¹ÄÙ
Ý�¶�Þ�Ö0ß<É�Æ!Ù
à�Ô�¦
Æ�Æ�Ì�§!¨�¨'�Ð
©�Ð�±�Ú�¨
¨�©'ª�á�Ô�Ã�Ô
«!º�© ´!Ó�Ç
»¾½¢²�³�¬ ¤�â�«�©
¨�ã7´�Ú�®�±5±�ä#±�©
¨�²N¯ Á «
¯ ×

Â «�¨�±%°�«
©T±0º
³�³�«
¬�©5å�Ã
Ã × ÞPÖ

¤AÑ�°�®>©�®!Ð Á ®�Ö�¨]´�Ó�À
»5»�¨�á�®�±�©�¨�¬
¯ Á ¬ ²
³�¬
Á>Â ® ¶�ª�»@½ÊÉ!Æ!Ë
Ë�´!Ó�µ
â<Ìæ¤
«!º�© ´!Ó�À�»¾½ç¶�ª
» ¤AÑ�°�®>©�®!Ð Á ®�Ö�¨]´�è�«�ÓP®�¬�¨]À�«�°�©�¬�« Á

»�¨�á�®�±�©�¨�¬

¤ Á>Â ® ²
³�¬�½S·�Ã�Æ
¤ «!º�© ´!Ó�¼
»¾½¢²�³�¬
¤M¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥
¤Y¦
¦�¦
¦�¦]Ñ�°�®>©�®!Ð Á ®�Ö�¨]´�À�Ã�½Ï´�À�Æ0¼¾½Ï´�À�Æ�Ç@½Z´
À#Ô'¦
¦�¦
¦�¦5¥
¥�¥
¥�¥
¥�¥
¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥
¤M¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥�¥
¥

¯ Á ¬ ²
³�¬
«!º�© ´�Ñ�¶�§>Ü@½Ï²
³�¬ ¤7´�º�¬�°BÈ�Ò
Ò]Ð!°�äN´�®�²�¨�¬

Ð�±�±�«�¯�®�Ð�©�¨ Â ®�°�©�¨�¬
º
³�©�±

¤M¥�¥
¥�¥
¥�µ
°�Ð>Å Á ¨+Æ�Ù�Ç�®>©'ª
Ó
¶EÉ>§!«!°�Ð!¬�§�¨�¬�é�«PÌ%À�«�º
°�©
¨
¬+®�°�ê!Ç�®>©�¶�« Â ¨�¥�¥
¥�¥
¥�¥
¥�¥
¥
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ë>ì�í î
ï�ð�ñÄò>óPô
ô!ò
ò�ò
ò�ò�ô õ�ö�í!÷�øQùÄúNû!üNý�þ
ÿ��
ð�÷��
ì������
õ�ö�í!÷	� ù�
+û!ü��í����!ó�ë��

��� ô0ö
õ�ö�í!÷��Iõ��'û!ü� ����� þ����
õ�ö�í!÷�ôGù ò�û!ü��>ö�í>÷������

î ��ì��
��!�÷ " ���$# ô&%¾ñ¢î�ï�ð

ë>ì�í î
ï�ð�ñÄò>ó�ò
ò�ò
ò�ò
ò�ô
ô õ�ö�í!÷�øBû!üNý�þ�ï�!�÷�' ��í ���
� �!þ (���ë���ð)��í �*�>ó�ë*��ì

õ�ö�í!÷�úNû!üNý�þ�ï�!�÷ � �!ï�÷���ð
+ ì ,$��-$��ë���(�÷'þ$���

õ�ö�í!÷	� ù�
+û!ü.
þ	�/!	�0��ì
õ�ö�í!÷��]û!ü � ë�����ð1�!þ

� ��î
ï��!ð ����
÷�($2���í����!ó�ë��
ì
õ�ö�í!÷3� ù ò�û!ü��ð ����(���ë*� �

��ú$

��!�÷ " ���$# ô0ö¾ñ¢î�ï�ð

��ó�í � ��# "��@ñÏö�ð��*4�� õ5-���÷'ö�ð��*4��'ó�í!÷5÷���ë��*61����ò � ò

õMû�û
û�û
û + þ��>ó�ë*�1��ó�í>÷������87/��í�ð��!þ�ì�->ï ���
ì:9'û
û�û
û�û
û�û
û�û
û�û
û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û

ë>ì�í î
ï�ð�ñÄò>ó�ò�ô�ô
ô!ò
ò�ô
ô õ�ö�í!÷�øBû!ü� ��� �<;$��ð (�� � !�÷�ï�!�÷
� ��î
ï��!ð � � þ$���

õ�ö�í!÷�úNû!ü�$����ò + þ��!ó�ë����
�$���=��!�÷!ï�!�÷

õ�ö�í!÷	� ù�
+û!ü1-���÷��!þ
î��
÷�($2�!
ï�(��$!
þ�÷�ñ>(�ë*� �!ð1��þ5î���÷�(�2Nì��*6�þ (���!�þ�÷?7�ô
ô�9

õ�ö�í!÷��]û!ü � " � ò'���(�ë�����ð
�!þ5î���÷�(�2

õ�ö�í!÷3� ù ò�û!ü��ð ����(���ë*� �
��ú$


��!�÷ " ���$# òÎñÏî
ï�ð õ + þ��>ó�ë*��������ò
��!�÷ " ���$# �æñÏî
ï�ð õ + þ��>ó�ë*�������@�

õMû�û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û
õBA�A�A�A�A + þ��>ó�ë*� +�C ÷���ð
þ���ë5ý�þ�÷���ð�ð$!�ï�÷3�)A�A�A�A�A5û
û�û
û�û
û�û
û�û
û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
õMû�û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û
û�û
û�û
û�û
û�û
û�û
û�û
û�û
û

í�þ î
ï�ð�ñD� � . � - #
�>þ�ì�í î
ï�ð�ñÄò>óPô>ò�ô
ô�ô
ô�ô
ô õ � ë�����ðB÷�2���ý0' ":�<-$�!þ	�0� � �!þ�÷
ð���ë�ö�í!÷

û>ü����ë�ë
í�þ�, + ì�,��5÷�ð�í�,�,$�
ð���ì
��!�÷ � � . � - # ñ¢î�ï�ð

í�þ î
ï�ð�ñD� � . ��#
�>þ�ì�í î
ï�ð�ñFE�;
ò õG�����/4�.�ï
ï���ð]ö�í>÷3�
��ð�í î
ï�ð�ñÄò>ó�ò
ò�ò
ò�ô>ò�ô>ò õ5-���÷�ý$- � ôGù ò1-$�!þ	�0� � �!þ�÷�ð ��ë

ó�í!÷��IH/� ùÄò�J'û!ü����ë
ë�í�þ�, + ì ,$��;��
ð+ý�þ�÷�ò
õLK���6 ë*�!ÿ���ë);��
ð+ý�þ�÷�ô

7>ý # 9'û!üNý$- # î�!	��÷�;�í�ð �1���'ë*��þ�,����<�
õ�ó M���(�÷�í ��ì��
÷���(�÷���ì�í�þ

÷�2��]ð�� �!ðON
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P�Q�R S T�U�T�VOWYX�Z [
\*]�^ X�Z [_Wa`*b:c�c�c*`�`�`�`�` dfe�g�h*b \*i=j g R i [�[$Q�Z R3k)c�l m
P�Q�R n j T$VoWDX�Z�[

dpl�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l

dBq�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l

dBq�q�q�q�qrS�h ^ g�s [�P t�[�h*X?q�q�q�q�q�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l
dBq�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l
X�h ^ g \ P�P�Zou

\*]�^ X�Z [_WYv$w ] x \ P�w d x�i R ]�i�y h�Q \ R y P�[�w�h�[ ]
k/Z i�i�]

P�Q�R z�T�V�`{WDX�Z�[
\*]�^ X�Z [_W x R�[ h ^ t�| R d x�i R ]�i�y h�Q \ R ]�^ [ i�} R ^ P$g
P�Q�R z�T�V	~�WDX�Z�[
\*]�^ X�Z [_W���P�P���v$� � d x�i R ]�i�y h�Q \ R x P$g�h$[

� ^ [ i�} R ^ P$g
P�Q�R z�T�V3c0���OWDX�Z�[

k i�^

} h \�\ �$e��:k dfU�Z ] h�R i ��e��	k
} h \�\ ��P�P�� dfv P�[)� i b�Q�t

d
k/b [ } z$b	k&[ i t{W�` d j$y b ^ R�P$g i=^ k }�\�i h$[ i�]�y [�P$X

��z�z$��k&Q�b [�P$Q R ^ g i W
d>R�| i g�g�P

P�b	k0R h }�\*i�y P�Q�g ]_� s [ t�X)w ^�\�\ k/� ^ Z } h \�\�^ g�t
dLz$b	k0R h }�\*i

[�P$Q R ^ g i
} h \�\ z$b	k0R h }�\*i

[��$X�Z X�h ^ g \ P�P�Z

dBq�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q)l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l
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dBq�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q�q)l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l

dpl�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l
dpl�l�l�l�l���P�P��:l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l�l

��P�P��ou
d x R h�[ R�e�[�[�P�[)V i � i�} R ^ P$gOuLT h \�\ Z ^ g�t�m�R ^ X i k�R�P� i [ ^$y0� R$|�h�R1h*g�P$b � i�} R ^ k
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Æ�Ç�È É�Ê�Ë3Ì0Í�ÎOÏDÐ�Ñ�Ò

Ó0Ô�Õ ÖfË Ô3Ó0Ô�È=×0Ø�È�Ô�Ò�Ò�Ç�Ñ�È�Ó

Ù�Ú�Û�Û Ü Æ$Ý�Õ�Ø�Þ�ß Ô�Û�Ú*à ÖGá�Ú�Õ*È�â$Æ$Ò?Ó�Ô$Ò$ã�Æ�È�Æ�È�Ç Ò$Ø

Ù�Ú�Û�Û Î�Æ�Æ�ä

Ó/å Ò�Ù É$å	Ó&Ò Ô�Þ{Ï�æ Öç×$â<å3Õ*È�Æ$Ø Ô=Õ�Ó�Ù�Û�Ô�Ú$Ò�Ô�è�â*Ò�Æ$Ð1Î�É�É$é
Ó/Ç�å�Ò Æ�Ç�È�Õ�Ø Ô_Ï

Ö>È�ê�Ô�Ø�Ø�Æ�Æ�å	Ó0È Ú$Ù�Û*Ô
â�Æ$Ç�Ø�è{ë Ý�Ò�Þ*Ð)ì:Õ�Û�Û�Ó/ä3Õ0Ñ Û�Æ�Æ�ä3Õ0Ø�Þ

ÖLÒ�Õ$Þ*ê�È1Ú*Ø�è�å�Ò Ô�Ú�ä�Æ�Ç�È
Ò�í$Ð�Ñ Ë�Õ$Þ*ê�È

Ù�Ú�Û�Û î�Æ�ï3Û�Ô â$È Ö�ë�ë�ë�Ô�Û Ó�Ô1Þ$Æ=Û�Ô â$È
Ò�í$Ð�Ñ ð�Ø�è*ï�É$å	Ó0È Ú$Ù�Û*Ô Öfð�ñ3Õ*È Ó&Ç�å Ò�Æ$Ç È�Õ0Ø�Ô

Ë�Õ$Þ*ê�È{ò

Ù�Û�Õ Öfß�Õ�Ó�Ú�å�Û�Ô=Õ0Ø�È�Ô�Ò�Ò�Ç�Ñ�È�Ó
ì�ê3Õ�ÛÙ$ê�Ú�Ø�Þ�Õ0Ø�Þ�É$Ç�È�Ñ�Ç È�Ù�Æ�Ð�Ñ�Ú�Ò Ô)Ò�Ô Þ Õ�Ó0È�Ô$Ò:Ó

Û*è�Õ Ð�Ñ Ò_Ï�Î�Æ�Æ�ä�Ë�ó ÖfË Æ�È�Ú�È�Ô�ô$Æ�Ø�Ú�Ò�Ò�Õ�Þ�ê È
Æ�Ç�È É�Ê�Ë3Ì0Í�ÎOÏDÐ�Ñ�Ò

Ó0Ô�Õ ÖfË Ô$Ø�Ú�å�Û�Ô=×0Ø�È�Ô�Ò�Ò�Ç�Ñ�È�Ó

Ù�Ú�Û�Û Ü Æ$Ý�Õ�Ø�Þ�ß Ô�Û�Ú*à ÖGá�Ú�Õ*È�â$Æ$Ò?Ó�Ô$Ò$ã�Æ�È�Æ�È�Ç Ò$Ø
Ù�Ú�Û�Û Ü Æ$Ý�Õ�Ø�Þ�ß Ô�Û�Ú*à ÖGõ�Ç	Ó0È�È�Ò Ú*ã�Ô�Û1Ì*ö�æ)è�Ô Þ�Ò Ô�Ô3Ó

Ù�Ú�Û�Û Î�Æ�Æ�ä

Ó/å Ò�Ù É$å	Ó&Ò Ô�Þ{Ï�æ Öç×$â<å3Õ*È�Æ$Ø Ô=Õ�Ó�Ù�Û�Ô�Ú$Ò�Ô�è�â*Ò�Æ$Ð1Î�É�É$é
Ó/Ç�å�Ò Æ�Ç�È�Õ�Ø Ô_Ï
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Ò�í$Ð�Ñ Ë Ô�ã�Ô�Ò3Ó�Ô

Ù�Ú�Û�Û î�Æ�ï�Ë3Õ�Þ�ê È Ö�ë�ë�ë�Ô�Û Ó�Ô�È�Ç Ò$Ø1Ò�Õ�Þ�ê È
Ò�í$Ð�Ñ ð�Ø�è*ï�É$å	Ó0È Ú$Ù�Û*Ô Öfð�ñ3Õ*È�ô*Ç�å Ò�Æ$Ç È�Õ0Ø�Ô

Ë Ô�ã�Ô�Ò3Ó�Ô{ò
Ù�Û�Õ Öfß�Õ�Ó�Ú�å�Û�Ô=Õ0Ø�È�Ô�Ò�Ò�Ç�Ñ�È�Ó

ì�ê3Õ�ÛÙ$ê�Ú�Ø�Þ�Õ0Ø�Þ�É$Ç�È�Ñ�Ç È�Ù�Æ�Ð�Ñ�Ú�Ò Ô)Ò�Ô Þ Õ�Ó0È�Ô$Ò:Ó

Û*è�Õ Ð�Ñ Ò_Ï�Î�Æ�Æ�ä�ø$á ß ÖfË Ô3Ó0Ô�È�ô�Æ$Ø�Ú$Ò)ø Æ�Ò�ì�Ú�Ò è
Æ�Ç�È É�Ê�Ë3Ì0Í�ÎOÏDÐ�Ñ�Ò

Ù�Ú�Û�Û Ü Æ$Ý�Õ�Ø�Þ�ß Ô�Û�Ú*à ÖGá�Ú�Õ*È�â$Æ$Ò?Ó�Ô$Ò$ã�Æ�È�Æ�È�Ç Ò$Ø

Û*è�Õ Ð�Ñ Ò_ÏFô�È�Ò Ú�Õ�Þ�ê È Ö5ô�Ô�È�è�Õ*Ò�Ô�Ù�È�Õ*Æ$Ø�Ù�Û�Ç È�Ù�ê
Ø Ô$Ç È�Ò Ú�Û

Æ�Ç�È É�Ê�Ë	ù�ÏDÐ�Ñ�Ò
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U�V�W X Y*W�Z�[
\*V
]&W�^�_�]�`�`�a�b�_*Z
c�d W�VeU d [
^�f�W�^#f-g�a�_
b�a�_JU�h
i�b�[
`�]E`�]�f�W�Z�_�]�`.Z

V	j#W i�b�`�k/l
_�`�[�W
f d _ X5m�h2l�_�`�[�W�f d _�n�l�]�_-Y�W�`�]�U�_�W	h�^o V�a�_�U dNp
h
a�_ g o�q4r ksi�b�`
Z�]#W X q ]�]
^#[	\�V	]&t�^�_�]�`�`�a�b�_�Z
`�]�_

X>u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u
X>u�u�u�u�u�m�h
v q W
f d _*u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u
m�h
v q W
f d _�w

U�V�W X Y*W�Z�[
\*V
]&W�^�_�]�`�`�a�b�_*Z
c�d W�VeU d [
^�f�W�^#f-g�a�_
b�a�_JU�h
i�b�[
`�]E`�]�f�W�Z�_�]�`.Z

V	j#W i�b�`�kBx�h�h
y�z�{�Y X q ]�Z�]�_2l
h�^�[�`Ez�h�` c [
`�j
h
a�_ g o�q�|�} xHksi�b�`
V	j#W i�b�`�k�z�a�V�V q�~ X5m�`�[�j�a�[�V q W�f d _J_
a�`�^Ln	l
]�_

Y*W	`�]�U�_#W	h�^ o V�a�_�U dNp
h
a�_ g o�q4r ksi�b�`
V	j#W i�b�`�k�z c j�l�V	h c X�l
]�_2l
]�`
�#h-��{��
h
a�_ g o�q�� ksi�b�`
Z�]#W X q ]�]
^#[	\�V	]&t�^�_�]�`�`�a�b�_�Z
U�[�V�V ~ a�`�^�Y�]#V
[	� XS{#[�W	_J_�hJU�h�i�b�V	]�_�]8� � Y�]�fE_
a�`�^
U�V�W X Y*W�Z�[
\*V
]&W�^�_�]�`�`�a�b�_*Z

c�d W�VeU d [
^�f�W�^#f-g�a�_
b�a�_JU�h
i�b�[
`�]E`�]�f�W�Z�_�]�`.Z
V	j#W i�b�`�k/l
_�`�[�W
f d _ X5m�h2l�_�`�[�W�f d _�n�l�]�_-Y�W�`�]�U�_�W	h�^o V�a�_�U dNp
h
a�_ g o�q4r ksi�b�`
Z�]#W X q ]�]
^#[	\�V	]&t�^�_�]�`�`�a�b�_�Z
`�]�_

X>u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u
X>u�u�u�u�u o `�[ c V�v q ]
��]�`�Z�]#u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u�u
o `�[ c V�v q ]
��]�`�Z�]�w

U�V�W X Y*W�Z�[
\*V
]&W�^�_�]�`�`�a�b�_*Z
c�d W�VeU d [
^�f�W�^#f-g�a�_
b�a�_JU�h
i�b�[
`�]E`�]�f�W�Z�_�]�`.Z

V	j#W i�b�`�kBx�h�h
y�z�{�Y X q ]�Z�]�_2l
h�^�[�`Ez�h�` c [
`�j
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Î:Ï�Ð�Ñ�Ñ�Ò�Ó�Ò�Ô�Õ7Ñ�Ó�Ö�×Ø�Ù�ÚyÛ�Ü�Ý�Ú�Ý�Þ�ßsà�á Ö�Õ�Ö�â�ã�ã�ä�ãå�æ Ð Ø�ç ã à�Ø�Ù�ÚyÛ�Ü�Ý�Ú�Ý�Þ�ßè Ó�Ò�é ê�â�ë Ù�ì
í × æ â�ã�ã�ä�ãyî

ÎVï�ï�ï Û Ò�Ô�Ï�â å�ð Ö�ã�Ò á Ð�ñ�Õ�Ò�ÓËò Ý Ï�Ï�Ó�Òyñ�ñ�ó�ô�Ö�õ�ö�÷�Õ�Ò1ø�ï�ï�ï Û Ò�Õ�Õ�Ð�Ô á;Ý Ï�Ï�Ó�Òyñ�ñ;Ñ�Ö�Ó�ã�â Ý�ù
ê�â�ë Ù�ì*ú ô�Ï�Ð Ø�ç ã à â å�ð Ö�ã�Ò á ò Î Ü Ö�û�Ï�Ï�û�Õ�ûmó Ý Ï�Ï�Ó�Ò1ñ�ñ<ö�÷�Õ�Ò1øÐ�Ô�Õ�Ö Ù�ü�ù ã�ã�Ò á Ð�ñ�Õ�Ò�ÓÖ�ý�Õ Ù�ü�ù ã àtØ�ç ã

ô�Ï�Ð Ø�ç ã à ó�þ�ÿ�ÿ Ù�ü�� ê Ù ø��´ó�þ�ÿ�ÿ Ù�ü â�ê.øÖ�ý�Õ Ù�ü�Þ ã àtØ�ç ã Î Þ ô�Ò�û�Ó Ù�ü�� ê Ù è Ð�Õ�Ð�Ô Ù�ü�Þ ã�Õ�Öñ�Õ�û�Ó�Õ�Õ�Ó�û�Ô.ñ�×1Ð�ñ�ñ�Ð�Ö�Ô Î:Ö�Ñ�Ï�û�Õ�ûü�Ý��0Ù þ�� ú
Ð�Ô Ø�ç ã à4Ù�ü�Þ ã Î ü û�Ð�Õ7Ñ�Ö�Ó Ù�ü�� ê Ù�� ô�û áñ�Ò�Õ
	 Ù ð Ð�ñ�Ð�Ô�Ï�Ð å û�Õ�Ò1ñ	Õ ð û�Õñ è Ó1ñ Ø�ç ã à4Ù�ü�� ê Ù Î:Ï�û�Õ�û ð û�ñ è Ò�Ò�Ô7Õ�Ó�û�Ô.ñ�×1Ð�Õ�Õ�Ò�Ï àû�Ô�Ï Ý�Þ�ß�� ê Ý�Þ�ß ð û�ñÓ í × æ ü�Ý��0Ù þ�� Î è Ò�Ò�Ô�Ó�Ò å Ò�Ð��Ò�Ï
Ð�Ô Ø�ç ã à4Ù�ü1Û ã Î Þ ð Ò å�� �û�ô�ý�Ò�Ö�Ñ Ù�ü��Û Õ�û�Õ�ý(ñ<ã�Ò á Ð�ñ0Õ�Ò�Ó�	 � Ñ�ñ�Õ�û�Õ�ý(ñ Î:Ï�Ð�Ñ�Ñ�Ò�Ó�Ò�Ô�Õ7Ñ�Ó�Ö�×Ø�Ù�Ú�ù�Ý�Ù�Ý�Ú�Ý�Þ�ßjà�á Ö�Õ�Ö�â�ã�ã�ä�ãå�æ Ð Ø�ç ã à�Ø�Ù�Ú�ù�Ý�Ù�Ý�Ú�Ý�Þ�ßè Ó�Ò�é ê�â�ë Ù þ��í × æ â�ã�ã�ä�ã��

Î Û Ò�Ô�Ï�ã�Ò æ Ò�û�Õ�Ò�Ï Û Õ�û�Ó�Õ Þ Ö�Ô�Ï�Ð�Õ�Ð�Ö�Ô
ê�â�ë Ù þ�� ú

ô�Ï�Ð Ø�ç ã à ó�þ�ÿ�ÿ Ù�ü�� ê Ù ø��+ó�þ�ÿ�ÿ Ù�üyÛ�Ù�Ý ø��+ó�þ�ÿ�ÿ Ù�ü â Ý ø��+ó�þ�ÿ�ÿ Ù�ü â�ê.øÖ�ý�Õ Ù�ü�Þ ã àtØ�ç ã Î Û Ò�Ô�Ï�ã�â ç�ÚyÛ�Ù�Ý ã Ùå Ö�Ô�Ï�Ð�Õ�Ð�Ö�Ôü�Ý��0Ù þ�þ úÐ�Ô Ø�ç ã à4Ù�ü�Þ ã Î ü û�Ð�Õ7Ñ�Ö�Ó Ù�ü�� ê Ù�� ô�û áñ�Ò�Õ
	 Ù ð Ð�ñ�Ð�Ô�Ï�Ð å û�Õ�Ò1ñ	Õ ð û�Õñ è Ó1ñ Ø�ç ã à4Ù�ü�� ê Ù Î:Õ ð Ò Û�Ù�Ý ã Ù å Ö�Ô�Ï�Ð�Õ�Ð�Ö�Ô ð ûyñè Ò�Ò�Ô7Õ�Ó�û�Ô(ñ�×yÐ�Õ�Õ�Ò�ÏÓ í × æ ü�Ý��0Ù þ�þ
Ð�Ô Ø�ç ã à4Ù�ü1Û ã Î Þ ð Ò å�� �û�ô�ý�Ò�Ö�Ñ Ù�ü��Û Õ�û�Õ�ý(ñ<ã�Ò á Ð�ñ0Õ�Ò�Ó�	 � Ñ�ñ�Õ�û�Õ�ý(ñ Î:Ï�Ð�Ñ�Ñ�Ò�Ó�Ò�Ô�Õ7Ñ�Ó�Ö�×Û�Ù�Ý ã Ù�à�á Ö�Õ�Ö�â�ã�ã�ä�ãå�æ Ð Ø�ç ã à Ó�Ò æ Ú1Û�Ù�Ý ã Ù
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������� �������� � 
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<#D @ �#A�O�%E9F7�8�% ( O63#��'��P�#A�J������Q5#@R5�>

�#A�O�%S@ < C�@�'#��@P@���'�>NCT"�5�C�C#5 < >
(U<�VP+#,�-60 %E9�#>6'���3�����A�JW'#>�4XB��#>�����'�@��X'�> - O�Y:9;��A�� -�Z  A - J?�� �[\15�> 7�8�%:9]�#A�O�% ( A6'�5�@ V�< �P��A�J?����^�3#'�BC���@
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CT����C 7�8�%:9]�#A�J���� (c+�,�-�0 %P`�'QCd�����#>S@���'#>�Ce"Q5#@�@���4
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'�>�4 - O�Y�f�� - O�YP`6'6C��!�"�$ A - J?�� �[ ( �����#>X����a���5�g���4

5�> 7�8�%:9]�#A + % ( O�`���a�h�g6'�3 D � <�V ��A�J
+ @�'�@ D Cd%���B�5�C?@�����_iJ V C�@�'�@ D C
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3�465 7�8�%:9HG# #I�I��#A�J�����K�LMG� �I�I#��A����NK
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4�'�@�'s��t�@��
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( ��tS����@ D ��>Q5?>�B� - O�YA - J?�� �ou15�> 7�8�%:9]�#A�O�% ( A6'�5�@ V�< �P��A�J?����^�3#'�BC���@
_;��`Q5�CW5�>�4�5#a�'�@���Cb@#`6'�@

CT����C 7�8�%:9]�#A�J���� ( 4�'�@�'s`6'6Cd������>X����a��65eg6��4X'�>�4
� - O�YX����@ D ��>���4��!�"�$ A - J?�� �o

5�> 7�8�%:9]�#A + % ( O�`���a�h�g6'�3 D � <�V ��A�J
+ @�'�@ D Cd%���B�5�C?@�����_iJ V C�@�'�@ D Ca#$�5 7�8�%:9l7�%�j /�- � - j�� - O�Y ( 4�5 V�V �����#>�@ V � < "�7�%�j /�- � - j�� - O�YE9kB <@ < ��%�%�&�%
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¼�½6¾ ¿�À�À�Á�À�Â�Ã�Ä
ÅMÆ�Ç�È
Â6É?Ê�Ë Á#Ì�Í#Î�Ì�Í

¿�Â�Â�Ï�Â�Ð
Ñ
¼�½6¾ ¿�À�À�Á�À�Â�Ã�Ä
ÅMÆ�Ç�Ò
Â6É?Ê�Ë Á#Ì�Í#Î�Ì�Í

¿�Â�Â�Ï�Â�ÓEÑ
¼�½6¾ ¿�À�À�Á�À�Â�Ã�Ä
ÅMÆ�Ç�Ô
Â6É?Ê�Ë Á#Ì�Í#Î�Ì�Í

¿�Â�Â�Ï�Â�Õ�Ñ
¼�½6¾ ¿�À�À�Á�À�Â�Ã�Ä
ÅMÆ�Ç�Õ
Â6É?Ê�Ë Á#Ì�Í#Î�Ì�Í

¿�Â�Â�Ï�Â�½�Ñ
¼�½6¾ ¿�À�À�Á�À�Â�Ã�Ä
ÅMÆ�Ç�½
Â6É?Ê�Ë Á#Ì�Í#Î�Ì�Í

Ï�Ì�Í#Î�Ì�Í�Ñ

Ö;× Á�Ð�½�Ø�Á#Ù�Í�Ã�Ù�Í�ÚbÁ�ÛsÜ�Ý�Þ�ß�Í�Ð�Í�Ì�ÚdÂ�Ã�Ä�¾�Ú?Í�Ã�ÀSÐ�Ù�½P½�¾�ÚTÎ�¼#Ð�àSÁ�ÙPË�Á�À�Í�Ø§á × ¿�â�Ú�ã
¾�Ù Ê�Ë�Â:Å]Ü#Ý�ß?Â Ö;× Á�Ð�½PÍ�ä�Ã�Ü�ÝQß�ÂåÛ#Á�À

¿�À�À�Á�ÀX½�¾�ÚTÎ�¼#Ð�à
Á�À Ê�Ë�Â:Å®Ã�À�À�Á�À�À�Ã�Ä
Õ�Á�æ Ê�Ë�Â Ö Ø�ä6Ð�Ù6Ä�ÃPÍ�ÁÐ�Õ�Í�¾�ç�ÃR¼#Á�è × ¿�âNÚ

Ö Á#Ì�Í Ë�Ï�Â�Ü�Ò:Å®Ã�À�À�Á�À�À�Ã�Ä
À�é�æ�Î ¿�ê�â�ë�ì�¿�Ü#ë�ËQÞ?ê�ì

Ö*í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í�í
Ö Ü�ä�Ã�À�ÃWæ�ÌNÚ�ÍWÓ�ÃP½�Ã6¼#Ð�àp¼�Á�Á#ÎPÓ�Ã�Í�è6Ã�Ã�ÙXÀ�Ã�Ð�½6¾�Ù6ÄPÐ�Ù�½sè�ÀQ¾�Í�¾?Ù�Ä�Í�ÁPÍ#ä�ÃSß?Â�î�Ç�ï
â�Ã6¼#Ð�à�ð2Ñ

Î�ÌNÚTä ñ�ò
Î�ÌNÚTä ñ ×Î�ÌNÚTä æ�Î�À
¼�½6¾ ñ�òEÅMÆ�Ç�Ç
¼�½6¾ ñ × ÅMÆ�óTÇ¼�½6¾ æ�Î�À�Å£Æ�ÇQô

¼�Á�Á#Î�õ
Ñ
ÚTÓ�¾eè ñ�òEÑFñ × ÅöðÓ�À�Ù�Ã ¼�Á�Á#Î�õ
½�Ã�Õ æ�Î�À
Ó�À�Ù�ÃR¼#Á�Á�Î�õ
Î�Á�Î æ�Î�À
Î�Á�Î ñ ×Î�Á�Î ñ�ò
À�Ã�Í

Page 51 of 93



Mr. Tool, Final Report Appendix A: Source Code EEL 5666C, IMDL

Page 52 of 93



Mr. Tool, Final Report Appendix A: Source Code EEL 5666C, IMDL

÷;ø�ù�ú�û�ü�ý�þ�ÿ��£þ?ý��
÷iü�ý�þ�ÿ6þ�����þ��
	�� ø�ù�ú��������	����������
÷�����������	����#þ����
÷iü ��ú�ø"!$#
%�&�&�	��'�
(�(��
÷*)����+	�,��#ý=þ?ý������&���ÿ�þ��#ý������&.-�-�-/�0&�þ��1�0%���1�2	�,�%�3�4�564�4
ø�ù�úQü?ýQþ#ÿ87

9 %:�<; & 9 �
÷>=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=

������� ú�?�ø�@�A:� &B� ÷�C���þ�ÿ�D�EF&:�G����
ü�ý�þ�ÿ6þ�����þ��6��ÿ�þ��#ý

������� ú�?�ø�@�A:� &B�
������� ú�?�ø�@�A:� &B�
������� ú�?�ø�@�A:� &B�
������� ú�?�ø�@�A:� &B�

÷H#�	�ÿ.I�ú�þ�� 9 ���
JK��þ�ý�	��L!NM�=+OQþ�ÿ�&���,�	P��ý�,�Q���ý�ÿ�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=�=
�6,6þ & 9 ��!H(6O�(�(�(�(�(�(�(
��%�ÿ R�S�T�U�?"!V& 9 � ÷*@���ÿ�þ+W���ÿ�	�����&�&��#ý�,.��	���þ��?ÿ�	��

�6,6þ & 9 ��!H(6O�(�(�D�D�(�(�(�(
��%�ÿ R�S�T�U�)"!V& 9 � ÷*Q�%�ý���ÿ�þ��#ý�#�	�ÿPÿ��PM�=+OQþ#ÿ

� 9 	�����ÿ6þ6��ý

�6,6þ & 9 ��!H(6O�(�D�(�(�(�(�(�( ÷*@���ÿ�þ+W���ÿ�	�ø�ù�ú�?�ý���O���	
��%�ÿ R�S�T�U�?"!V& 9 �

�6,6þ & 9 ��!H(6O�(�(�(�(�(�(�(�(
��%�ÿ R�S�T�U�?"!V& 9 � ÷qú�	�����ÿ�þ+W���ÿ�	�ø�ù�ú�?�ý���O���	
������� ,�	����6J�4#ûBD+&B�
�6,6þ & 9 ��!H(6O�(�D�(�(�(�(�(�( ÷*@���ÿ�þ+W���ÿ�	�ø�ù�ú�?�ý���O���	
��%�ÿ R�S�T�U�?"!V& 9 �

�6,6þ & 9 ��!H(6O�(�(�(�(�(�(�(�(
��%�ÿ R�S�T�U�?"!V& 9 � ÷qú�	�����ÿ�þ+W���ÿ�	�ø�ù�ú�?�ý���O���	
������� ,�	����6JBD�(�(�%B�

�6,6þ & 9 ��!H(6O�(�D�(�(�(�(�(�( ÷*@���ÿ�þ+W���ÿ�	�ø�ù�ú�?�ý���O���	
��%�ÿ R�S�T�U�?"!V& 9 �

�6,6þ & 9 ��!H(6O�(�(�(�(�(�(�(�(
��%�ÿ R�S�T�U�?"!V& 9 � ÷qú�	�����ÿ�þ+W���ÿ�	�ø�ù�ú�?�ý���O���	
������� ,�	����6J�4#ûBD+&B�
�6,6þ & 9 ��!H(6O�(�D�(�(�(�(�(�( ÷*@���ÿ�þ+W���ÿ�	�ø�ù�ú�?�ý���O���	

Page 53 of 93



Mr. Tool, Final Report Appendix A: Source Code EEL 5666C, IMDL

X�Y�Z [�\�]�^�_"`Va�b�c
d6e�f a�b�c�`Hg6h�g�g�g�g�g�g�g�g
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iHr�k�Z�s�Y�a�h�k�cPX�tGo f q�k�uvl�q e [ f Z�m�w�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x
d6e�f a�b�c�`Hg6h�g�g�g�g�g�g�g
X�Y�Z [�\�]�^�_"`Va�b�c i*y�m�Z f+n l�Z�k�m�X�a�a�l�q e c�k�z f u
Z�k�c
d6e�f a�b�c�`Hg6h�g�g�{�{�{6g�g�g
X�Y�Z [�\�]�^�|"`Va�b�c i*}�Y�q�m�Z f X�q�r�k�Z�Z�XK~ d�f q�k�u�l�q e

�F��� b f Z�m�w
d6e�f a�b�c�`Hg6h�g�{�g�g�g�g�g�g i*y�m�Z f+n l�Z�k.o�p�j�_�q�l�h d k
X�Y�Z [�\�]�^�_"`Va�b�c
d6e�f a�b�c�`Hg6h�g�g�g�g�g�g�g�g
X�Y�Z [�\�]�^�_"`Va�b�c i*j�k�l�m�Z f+n l�Z�k.o�p�j�_�q�l�h d k

m�l d�d e k d l6����g6Y:u

i0j f u b d l
�/`�p�Y�c�u
X�c"`Nl6q e | d�f q��P\�t�t�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x
d6e�f a�b�c�`Hg6h�g�g�g�g�g�g�g
X�Y�Z [�\�]�^�_"`Va�b�c i*y�m�Z f+n l�Z�k�m�X�a�a�l�q e c�k�z f u
Z�k�c
d6e�f a�b�c�`Hg6h�g�g�g�g�{6g�g�g
X�Y�Z [�\�]�^�|"`Va�b�c i�^�Y�c�q�Z�w�k�a�X�t�t��
d6e�f a�b�c�`Hg6h�g�{�g�g�g�g�g�g i*y�m�Z f+n l�Z�k.o�p�j�_�q�l�h d k
X�Y�Z [�\�]�^�_"`Va�b�c
d6e�f a�b�c�`Hg6h�g�g�g�g�g�g�g�g
X�Y�Z [�\�]�^�_"`Va�b�c i*j�k�l�m�Z f+n l�Z�k.o�p�j�_�q�l�h d k

m�l d�d e k d l6����g6Y:u

iVp d k�l�c�r�m�c�k�k�q"`�p�Y�cBu+X�c.��X�a�k�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x
d6e�f a�b�c�`Hg6h�g�g�g�g�g�g�g
X�Y�Z [�\�]�^�_"`Va�b�c i*y�m�Z f+n l�Z�k�m�X�a�a�l�q e c�k�z f u
Z�k�c
d6e�f a�b�c�`Hg6h�g�g�g�g�g�g�g�{
X�Y�Z [�\�]�^�|"`Va�b�c i*j�X f Z��
d6e�f a�b�c�`Hg6h�g�{�g�g�g�g�g�g i*y�m�Z f+n l�Z�k.o�p�j�_�q�l�h d k
X�Y�Z [�\�]�^�_"`Va�b�c
d6e�f a�b�c�`Hg6h�g�g�g�g�g�g�g�g
X�Y�Z [�\�]�^�_"`Va�b�c i*j�k�l�m�Z f+n l�Z�k.o�p�j�_�q�l�h d k

m�l d�d e k d l6�B{ ������a:u

i��
q�m.p�Y�cBu+X�c.] f z6w�Z8`*s�X�u<w f t�Z�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x�x
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�6��� �������H�6���������������
����� ������ �¡ �V����� ¢*£�¤ � �+¥�¦ ��§ ¤ � ����¦�¨��.� §�© ��ª ��§ �

�6��� �������H�6������������«�«6�
����� ������ �¬ �V����� ¢* ��®���¯
�6��� �������H�6����«������������ ¢*£�¤ � �+¥�¦ ��§.°�±  ¡ ¨�¦���� §
����� ������ �¡ �V�����

�6��� �������H�6�����������������
����� ������ �¡ �V����� ¢* § ¦�¤ � �+¥�¦ ��§.°�±  ¡ ¨�¦���� §
¤�¦���� � § ��¦6²�³�� � ª

¢0���ª ����¦
²/� ±�� ��ª � �"�N¦6¨�� ¬ ���+¨�´ ��µ�µ�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶
�6��� �������H�6���������������
����� ������ �¡ �V����� ¢*£�¤ � �+¥�¦ ��§ ¤ � ����¦�¨��.� §�© ��ª ��§ �

�6��� �������H�6����������«�«�«�«
����� ������ �¬ �V����� ¢  �� ��¨ ��·�§ � � ¨ ¯
�6��� �������H�6����«������������ ¢*£�¤ � �+¥�¦ ��§.°�±  ¡ ¨�¦���� §
����� ������ �¡ �V�����

�6��� �������H�6�����������������
����� ������ �¡ �V����� ¢* § ¦�¤ � �+¥�¦ ��§.°�±  ¡ ¨�¦���� §
¤�¦���� � § ��¦6²�³�� � ª

� � � �����
� §��

¢ ¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶
 ¡�° £�¸:¹ �BªLº

� � ª · »�°
� � ª · »�¼ ¢$½�¦6¥ § � §�© ��ª ��§ ��ª��
¨

½ � ��� ����� �
¨ §
�6��� »�° �H¾6¿�¿
�6��� »�¼ �H¾ ¬�¬ ¢N�6À ¬�¬ ¿�¿�Á�¹LÂÃ����Ä
�BªÆÅ

«�Ç
È ¼BÉ
°�������Ê ¹Lº

ª<��� Ë »�¼ º »�° �Ì«
����¨ § °�������Ê ¹

� � � »�¼
� � � »�° ¢ ��§ ª ��� � §���§�© ��ª ��§ �Bª

� §�� ¢ ��§���� ��¨ µ � � �'ª � ��� ����� �
¨ §
¢ ¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶�¶
 ¡�° £�¸�³ Ê «+�BªLº

� � ª · »�°
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Í�Î:Ï<Ð Ñ�Ò Ó$Ô�Õ6Ö�×.Ø�×�Ù�Ú�Ï
Û�×�Ø�Ï�Ú
Ü
Ô
Î�Ý�Ø�Þ�Î�Û�Ú
Ü�×

ß6à Ú Ñ�á"âHã6ä�ä
ß6à Ú Ñ�ÒåâHã�æ�æ ÓNç6è�ä�ä�ä�ä�é�ê�ëÃç�ì6í:ÏÆî�ï�ð
ñ�ÒBò

á�ó�ó�ô�ê6õ:ïLö
Ï<Ý�Ú ÷ Ñ�ÒåöøÑ�á�âÌï
Ý�Ø�Ü�× á�ó�ó�ô�ê6õ:ï

Í�Þ�Í Ñ�Ò
Í�Þ�Í Ñ�á Ó*ù�×�Ï+Û�Þ�Ø�×�ù�×�Ù�Ú�Ï+Û�×�ØBÏ

Ø�×�Û Ó*ù�×�Û�Î�Ø�Ü�æ�Ø�Þ�í'Ï<Î�Ý�Ø�Þ�Î�Û�Ú
Ü�×
Ó>ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú
û�ü á�ý�þ�ê�ç6Î:Ïÿö

Í�Î:Ï<Ð Ñ�á
Í�Î:Ï<Ð Ñ�Ò Ó$Ô�Õ6Ö�×.Ø�×�Ù�Ú�Ï
Û�×�Ø�Ï�Ú
Ü

Ô
Î�Ý�Ø�Þ�Î�Û�Ú
Ü�×
ß6à Ú Ñ�á"âHã��6ä
ß6à Ú Ñ�ÒåâHã�ç�� ÓNç6è�ç�����æ�é�ê�ç�ëHì6Î:ÏÆî�ï�ð
ñ�ÒBò

á�ó�ó�ô�ê�ç8ö
Ï<Ý�Ú ÷ Ñ�ÒåöøÑ�á�âÌï
Ý�Ø�Ü�× á�ó�ó�ô�ê�ç

Í�Þ�Í Ñ�Ò
Í�Þ�Í Ñ�á Ó*ù�×�Ï+Û�Þ�Ø�×�ù�×�Ù�Ú�Ï+Û�×�ØBÏ

Ø�×�Û Ó*ù�×�Û�Î�Ø�Ü�æ�Ø�Þ�í'Ï<Î�Ý�Ø�Þ�Î�Û�Ú
Ü�×

Ó>ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú
û�ü á�ý�þBï�ç�ç�ÎBÏLö

Í�Î:Ï<Ð Ñ�á
Í�Î:Ï<Ð Ñ�Ò Ó$Ô�Õ6Ö�×.Ø�×�Ù�Ú�Ï
Û�×�Ø�Ï�Ú
Ü

Ô
Î�Ý�Ø�Þ�Î�Û�Ú
Ü�×
ß6à Ú Ñ�á"âHã�ê�ä
ß6à Ú Ñ�ÒåâHã�ç�ð ÓNç6è�ç�ð�ê�ä�é�ï�ç�ç8ëÃì�ÎBÏÆî

ï�ð
ñ�ÒBò
á�ó�ó�ôBï6ç�ç6Î:Ïÿö

Ï<Ý�Ú ÷ Ñ�ÒåöøÑ�á�âÌï
Ý�Ø�Ü�× á�ó�ó�ôBï6ç�ç6Î:Ï

Í�Þ�Í Ñ�Ò
Í�Þ�Í Ñ�á Ó*ù�×�Ï+Û�Þ�Ø�×�ù�×�Ù�Ú�Ï+Û�×�ØBÏ

Ø�×�Û Ó*ù�×�Û�Î�Ø�Ü�æ�Ø�Þ�í'Ï<Î�Ý�Ø�Þ�Î�Û�Ú
Ü�×

Ó>ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú�ú
û�ü á�ý�þBï õ�ð�ê�í:Ïÿö

Í�Î:Ï<Ð Ñ�á
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�����
	 �� ������������������������������
��� ��!"���������#�$ � ��%'&)(�*�*#�$ � ��+&)(,�, �.-�/�,�,�*�*10�243),�5"6��8792",�:�<;
%�==�><2
?�,"5�6<�A@

�
 ��CB ��+@D��%E&F2
 ����� %�==�><2
?�,"5�6<�
��!�� ��
��!�� ��% �HG����I�!�����G��������I����<�
��� �HG���"�����KJ"�!�6L�
� ��!"���������

�NMM�MM�MM�MM�MM�MM�MM�MM�MM�MM�MM�MM�M�MM�MM�MM�MM�MM�MM�MM�MM�MM�MM�MM�MM�M�MM�MM�MM�MM�MM�MM�MM�M
�HO��"6��E@ :��"P���!�Q�	����<R�S�RA3T���
6
�HU����IP��1�����1��!��'@ VW�:�������RS�R8W"B1!YX�����[Z�������1J���P�]\�Z�Q<S^_W���I��>��!��"����6
� ZI��������J���P���`:<��P��!P"	��I�aSI5"VV�S�bI,�c�:1�"6�!���d[��![Z�Q<S`e�<�
�HV����"	�!��'@ :1�"/fc�!����"�"P"g
�hQ # �1��i@ j�j�%kbI,�,,�Q'&lZI����� #�# �"���"���Y:1��P"	�������U������"�"�m%��" 
�HU������E@ n�����]S�op&qS�-�-�R
�HG��"�����"�"!"� 2A3)�
�hQ�	1���1�����r��!�U1����s@
� tCuvSwu�-1R_*����<�I��G����<������!��
� tCu�,Iu�-1R`X1!���g������
�NMM�MM�MM�MM�MM�MM�MM�MM�MM�MM�MM�MM�M�MM�MM�MM�MM�MM�MM�MM�MM�MM�MM�MM�MM�M�MM�MM�MM�MM�MM�MM�MM�M
3x��! # ����� �HU�!���!��[����P # � $ �
�I�y3 # ���zJ� # �
3{����P # � $ �]|
6<R�S�R $ ��J}3N�I��P�| ���"����� $ ��� $ V�W":1���1R�S�R�Z���P # � $ �
*�� # �
3{����P # � $ �]|CW"X<Z43N�I��P�| �hW"B1!YX�����[Z�������1J���P��
j��!��mP�! $ � $ ��J��I�����1��!��<�
3 # �����
�lZI���������������9�I���"�<��P�Y���P��!����
3~!����m(�-�--�-

���6��fG�������� �HG����I��Y���P��!��
�NMM�MM�MM�MM�MM�MM�MM�MM�MM�MM�MM�MM�M�MM�MM�MM�MM�MM�MM�MM�MM�MM�MM�MM�MM�M�MM�MM�MM�MM�MM�MM�MM�M
�HG��������I���� $ ��J��I�����YJ�!���61���I� # !�!��
�NMM�MM�MM�MM�MM�MM�MM�MM�MM�MM�MM�MM�M�MM�MM�MM�MM�MM�MM�MM�MM�MM�MM�MM�MM�M�MM�MM�MM�MM�MM�MM�MM�M

3 $ ��J 6���� 0"��2", � $ ��J�������_6�� # �1�I������!��I�
��������I����
3 $ ��J 6����<S 0"��2�t �H6�� # �1�I������!��I����������������LS
3 $ ��J jQ��=%�0"��2�o
3 $ ��J jQ��=��f0"��2��
3 $ ��J j��!���G���0"��SI-
3 $ ��J 6�����R 0"��S"2

�Hj����������9���������6��������

Page 57 of 93



Mr. Tool, Final Report Appendix A: Source Code EEL 5666C, IMDL

�~��"� � �f� ��������������"�
�~��"� � �[� �H�������������
�~��"� ����� �m���1� ��������1�������������r���K�I�"������C�
�~��"� ������ �m���� �H���" ���"¡[������������
�~��"� �������¢���£�¤ �m���� �����¥��¦�§��¡�¡1�� �������£����I����
�~��"� ¨����� �m�"���
�N©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©�©©�©©�©©�©©�©©�©©�©©�©
�H�����I��Y���ª�����
�N©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©�©©�©©�©©�©©�©©�©©�©©�©
�����I��s«
�N©©�©©�©��"����1�I 1£m�"����ª�¬������ ������©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©�©©�©©�©©�©©�©©�©©�©©�©

���1� ®¯�'°N���"±k²
����®³´�¨kµ ���"��9�I����ª�¬�����m������"¡
�" ��

�"��� ��¯��E°x®¯�
���1� ®¯�'°H¤��"£"¤�²
����®³´�¨kµ
�"��� ��¯¢'°�®�¯��

�N©©�©©�©��"���¯������¨�������ª���"�" ���©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©�©©�©©�©©�©©�©©�©©�©©�©
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�N©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©©�©�©©�©©�©©�©©�©©�©©�©©�©
ª���� ³���������£ �H¥�����¨���·��1£Y�������������
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�"��� ¶"�����+°x¡�

�l¸I ����1�"������»���¶���§��f����£����I����
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Æ
Ç�È�Æ ÉÊË'Ì~Í"Î<ÏIÐ�Í ÑÓÒ"Ô�ÕzÖ�Í�×�Ë�ÍmØ�Ù�Ú�Û1Ü�Ò1Ü�Ù�ÚfÔ�Ý�Æ
Ç�ÕÕ"ÚzÒ�È�Ý"Ú<ÆCÞ�Ü"Ò�ÒÕ�Û

Èß�Þ�à Î×�Ï�Í�á

ÜIÚ ÉÊË'Ì~Í"Î�Ö�Ë Ñhâ�Ô�Õ�Ø�ã�ä1Ý�åIæ�ÕfÙ�çYÍ�Î�Ï
Ö"Ò�Ý�Ò�æ<Æ_Ë�Õè�Ü�Æ�Ò�Õ�ÈEé

Ø"à�Ü ÉÊË'Ì{Ö�Í�×�Ë�Í ÑlÏ�ç[Æ�ÒÝ�Ò"æ�ÆrÛ�Ü�ç�ç�Õ�È�Õ"Ú�Òzç�È�Ù"Þ
Ö�Í�×�Ë�Ízè�ÙfÒÙ�ê�ËËë�Ë

ÇÈ�Õ�ì Ð�ê�í�Í�á
ß"Þà ê�ËËë�Ë�á

ÑNîî�î�Ö�ï�×�ð�êf×�ññ�Ëê1ÖÖ�òÀÎ�È�Ü�ÒÕ1î�îî
Ð�ê�í�Í�áAó

å�Û1Ü ÉÊË'Ì{Ö�ï�×�ò�Î ÑhïÙ�Ý�ÛzÖ"ï�×1ò�Î]Ü�Ú�ÒÙ�Í"Î�ñ�Ë
Ë�Õ�è�Ü�ÆIÒÕ�È

Ù"æ�Ò Í"Î�ñ�Ë+ÌDÉ�Ê�Ë
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S�T�U�V W�X�Y�V�X�YZ�[�[�\�[
]D^
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S�T�U�V W�X�Y�V�X�YZ�[�[�\�[�g�^
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S�T�U�V W�X�Y�V�X�YZ�[�[�\�[ihj^
_�`.a Z S�S�W�S [�b�c<d8e�f
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S�T�U�V W�X�Y�V�X�YZ�[�[�\�[.k7^
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_�`.a Z S�S�W�S [�b�c<d8e�f�q[.no�p W�X�Y�V�X�YZ�[�[�\�[�r<^
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·=Ì�º�¿�¼�½ äÔ�Ï¤åÑæ<ãèç�é�é.ê
·=Ò�¼�ë�Á�Ë�Á�Ç�Â ìDÉ8º;í¤Í�Ç�»�ÈAÏ�¼�¿�¼�ÚGº�Â�ÚÑì�é�é�îGï�Ô�Â�Í�¿.Á�Ç�Â�º�Ï�ð
·=Ö�×AØ:º�Â�Ú!Ö�×�Ù!º�À�¼�Í�Ç�Â�Â�¼�Í�¿�¼�Ú�¿�Ç!Â�Ç�À�».º�Ï�Ï¤å�Í.Ï�Ç�Ë�¼�Ú;Ëòñ
Á�¿�Í�Õ�¼�Ë+É
·�Î�Â�¿�¼�À�Â.º�ÏBÖ�ÔAÏ�Ï�Ô�È
ËÅº�À�¼�¼�Â�º�Ó�Ï�¼�ÚGº�Â�ÚGº0ÕAÁ�Ã�Õ�¿�À�Ô�¼;Ë�Á�Ã�Â�º�Ï�Á�ËóñAº�Â�¿�¼�Ú
·=Ö�À�Ç�Ã�À�º�»NË�¿�ºå³Ë!Á�Â:ñAº�Á�¿�Ï�Ç�Ç�È�Ô�Â�¿�Á�ÏBÖ�×AØ!Ç�À:Ö�×AÙ!Ã�Ç�¼�ËóÕ�Á�Ã�Õ
·ô¾�Á�Ã�Â.º�Ï�Á�Â.Ã:¿�Õ.º�¿Gº0Ó�Ô�»�ÈNËòñ�Á�¿�Í�Õ�Õ�ºAË>Ó�¼�¼�Â�¿�º�È�È�¼�Ú
·�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸
ÉõÂ�Ç�Ï�Á�Ë¿
ÉLÁÂ�Í.Ï�Ô�Ú�¼÷öF»
ê�ç�êÚ�¼�ÐMÉ�Á�Â�Í�ö
ÉLÏ�Á�Ë¿
·�Î�Â�¿�¼�À�À�Ô�È�¿;Ë�¼�À�ë
Á�Í�¼0ë�¼�Í�¿�Ç�À�Ë
É�Ç�À�ÃGø�é�é�é�é

À�ù�»�È�Ò�¼AË¼�¿ ·=Ò�¼�Ë�¼�¿0ë�¼�Í�¿�Ç�À
·�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸
·=Ò�¼�Ã�Á�Ë�¿�¼�ÀGÚ�¼�Ð�Á�Â�¼AË0Ð�Ç�À:».º�Á�Â;Ï�Ç�Ç�È
·�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸
É�Ú�¼�Ð »�È�À ú�À�ì�Ø ·�Ú�¼�Ð�ÁÂ�¼�Ë>»�Ô�Ï�¿.Á�È�Ô�À�È�Ç�Ë�¼
À�¼�Ã�Á�Ë�¿�¼�À
·�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸
·=Ò�¼�Ë�¼�¿0ë�¼�Í�¿�Ç�À
·�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸
Ò�¼�Ë�¼�¿<½
·�¸�¸�¸�¸�¸�¾�¼�¿�¿.Á�Â.ÃG¾�¿�º�Í�à�È�Ç�ÁÂ�¿�¼�ÀA¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸

Ï�Ú.Á Ý�Ö�ÒKã�Ï�Ç�ñ³íFÒ�Ü�Ý�×�¹�Ì³ð ·ô¾�¼�¿;Ë�¿�º�Í�à�È�¿�ÀG¿�Ç:À�º�»
¼�Â�Ú

Ç�Ô�¿ ¾Ö�Æ�ãõÝ�Ö�Ò
Ï�Ú.Á Ý�Ö�ÒKã=Õ�Á�Ã�Õ9íFÒ�Ü�Ý�×�¹�Ì³ð
Ç�Ô�¿ ¾Ö�ûKãüÝ�Ö�Ò

·�¸�¸�¸�¸�¸�¾�¼�¿!Ö�Ç�À�¿!Ì�ÁÀ�¼�Í�¿�Á�Ç�Â9Ë�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸�¸
Ï�Ú.Á »�È�À�ã8é�Ó
ì�ì�ì�ì�é�é.ì�ì ·ô¾�¼�¿!Ö�×AØ:º�Â�Ú!Ö�×�Ù0¿�Ç

Á�Â�È�Ô�¿
Ç�Ô�¿ Ì�Ì�Ò�ÌOãõ»�È�À
Ï�Ú.Á »�È�À�ã3í�ì�ý�ý�Ö�Ì³ç�ð7þ8í�ì�ý�ý�Ö�Ì
ê�ð
Ç�Ô�¿ Ö�Ç�À�¿�ÌKã-»�È�À ·ô¾�¼�¿!Ö�Ô�Ï�ÏÔ�È9ËBÇ�Â;ÎÂ�È�Ô�¿
Ë�¼�À »�È�À

Page 66 of 93



Mr. Tool, Final Report Appendix A: Source Code EEL 5666C, IMDL

ÿ���� �������
	����� ����ÿ����������������
ÿ���� ��ÿ�������	����� �! ����#"��$�Bÿ����

�&%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%�%

'�( �#��)�ÿ�*�� ( ���,+
��� ����-	��$.0/�� �1��� (�2 ��ÿ����43( � 2 � ����-	65�7�8 �9� ( �;:< �ÿ#=����?>��#���
�;>���@ ����-	&A �B�;:���<���C>$���D�������������0�����<�0���
��E��� *�� ( ��� �GF�F�F6���C��ÿ��,	9>���� ( :�ÿ����
��� ����-	��$.0/�� �1��� (�2 ��ÿ����43( � 2 � ����-	65�H�8 �9� ( �;:G>��#�JI
�;>���@ ����-	6I �B�;:���<���C>$���D�������������0�����<�0���
��E��� *�� ( ��� �GF�F�F6���C��ÿ��,	9>���� ( :�ÿ����
��E��� '�( �#��)�ÿ�*�� ( ��� �9:�����?= ( �����0���

*�� ( ���,+
@� #� ����
ÿ���� ��ÿ�������	����� �1)�������K�3��L�Bÿ��

M�( ���� �ÿ�ÿ�
+
��E��� � ( ���� �ÿ�ÿ�

Page 67 of 93



Mr. Tool, Final Report Appendix A: Source Code EEL 5666C, IMDL

N&O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O
N�P�Q�R�S�T�U�V4W�X#Y�T,Z [�\�[^]�Q�YDX#_�`ba$X�c�_�T�V,deX�fgY
N�h�T$f0U�Q$i�j�V�i�R�_
Z k�T�f�V4lmOgn�Q�i�`�c�TGU�R�_�V�Q�R�obR�p?X�Q�YDX#_�`ba�X�i�_GY�R�V�R�Q?j�o�qLf
N P�R�r�T�Q?s�t�k�u�a�X�c#_�T�VGR�jmf
N�]�q�V�v�R�Q-Z a�X�wGx�R�T$f�f�i�U�y
N�h�X�V�T,N z0q�og{|\#}�~�\0���$[
N���T#�mi�f�i#R�_�Z ��de� ��R�Q�y$i0_�cD��}0n�i#V4P���a
N ��deX ��R�Q�y$i0_�cbt�w�VD�0_�V�T�Q�q�j�V$f���\�Z����
N ��d�� ]�`�`�T�`��b��i#V4P���a�f
N ��d�U s�i�w�T�`D�0_�V�T�Q�Y$i�V�V�T�_�VD�����Dp�i0Q$i�_�c
N ��d�` s�i�_�X�o���T�Qmf�i�R�_
N ]�Q�Y?r�R�Q�y�i�_�c?U�R�Q�Q�T�U�V�o�{
N ���^k�q�Q�_���_?a$X�c�_�T�V
N \�����X�i�f�T�f^]�Q�YGq�_�V�i�o?p�T�T�`���X�U�y�f�rmi#V�U�v
i�f^j�Q�T�f�f0T�`
N [���h�T�o�X0{
N ���^k�q�Q�_���p�p�a�X�c#_�T�V
N }��^��R#r�T�Q?]�Q�YG��_�V�i�o�s�T�`���X�U�y�f�rmi#V�U�v
i�f^j�Q�T�f�f0T�`
N&O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O
N��Lf�T<[�de}��0a�l��CU�o#R�U�y
N��Lf�T4P�Q�T�f�U�X�o�T�QJ�#u$}���O#�L�� �de}0y�l��b�4k���¡��� 0q�¢
N����$i�V4P���a���j�u�h�R#r�_JU�R�q�_�V$f�V�RJ£#s�smO#���� 0q�¢�¤gs�s����,d���\�[;YLfC�bkL��P���a¥�¦u¥\
N�§���de�#YLf�~¨�-d©�m\�[�O��ªd��#u�\0��[�d���\�[;YLf
N f�R�og��T���d�����[#�$\�[0�,d����������� �w
~�w���O#��w���\�\#}���£0t�\4¤�¢�T�Q���R?��T�p�V�¤
N�§���d¦�«YLf�~¨�-d©�m\�[�O��ªd«�«u�\0��[�de}� �[;YLf
N f�R�og��T���d�����[�}� �[0�,d����������� �w
~�w���O#��w���\���\���£0h���¤�¢�T�Q���R4W�T�q�V�Q�X�o�¤
N�§L\¬de�#YLf�~¨�-d©�m\�[�O�\�d��#u�\0��[�d©�m\�[;YLf
N f�R�og��T���d�����[0��\�[0�,d����������� �w
~�w���O#��w����#�� ���£#¥�C¤�¢�T�Q���R4��i�c�v�V$¤
d�_�R�o�i�f0V
d6i0_�U�o�q�`�T¯®;Ym[�\�[0`�T�p�d&i�_�U�® N9h�T�p�X�q$o�VD��_�U�o0q�`�TJp�i�o#TJp�R�Q?]�k�a�T�c�X���\0�
d6o�i�f0V N9h�R4_�R�VDi0_�U�o�q�`�TGV�v�T¯®;Ym[�\�[�`�T�p°d6i0_�Um®
i�_JV�v�T±d&o�f0VJp�i�o#T
N6�0_�V�T�Q�Q�q�j�VJ¢�T�Q���i�U�Tb��T�U�V�R�Q4]�`�`�Q�T�f�f0T$f
d©R�Q�c�£��������

Q�S�Y�jG��t�¢#t�k N9��T�f�T�Vb��T�U�V�R�Q
d©R�Q�cJ�0W�k���X�`�`�Q

Q�S�Y�j<�0_�V����
d©R�Q�cJ�0W�k��#X�`�`�Q

Q�S�Y�j<�0_�V��m�
d©R�Q�cJ�0W�kL\�X�`�`�Q

Q�S�Y�j<�0_�V���\
N&O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O
N���T�c�i�f0V�T�Q?h�T�p�i0_$i�V�i�R�_Lf
N&O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O�O
d©`�T�pCY�j�Q ��Q���} N1k�T�Y�j�R�Q�X�Q�{���T�c�i�f�V�T�Q
d©`�T�p4R�o#`�f�` ��Q���  N1��o�`J¢0j�T�T�`4��T�c�i�f�V�T�Q
d©`�T�pC_�T#r�f;j�` ��Q��#� N9W�T�r<¢0j�T�T�`4��T�c�i�f�V�T�Q
d©`�T�pCY�j�QL\ ��Q��#�

Page 68 of 93



Mr. Tool, Final Report Appendix A: Source Code EEL 5666C, IMDL

²©³�´�µG¶�·�¸�¹�³ ºD»
²©³�´�µG¼�·�½�¾$¿#· ºGÀ
²©³�´�µ?Á$¸�Â�Ã�Ä º�ÅÆ6Ç Ä$¿�È�¿�¸�É�¿�Ê�¸�È�¿#Ë�Ä

Ì�Í$Î0Í�Ï-Ð
Æ&Ñ�Ñ�Ñ�Ñ�Ñ Î ³�È�È�¿�Ä�Â Î È�¸�Ò�¹�Ó�Ë�¿0Ä�È�³�· Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ

É#Ô�¿ Á�Õ Ì�Ö É#Ë�×�Ø Ì ¼�Á Í�Ù ¾�Ú Æ Î ³�È<Û�È�¸�Ò�¹�Ó�È�·�È�Ë?·�¸�½
³�Ä�Ô

Ë�µ�È Î Õ�Ü Ö Á�Õ Ì
É#Ô�¿ Á�Õ Ì�Ö9Ý ¿�Â Ý Ø Ì ¼�Á Í�Ù ¾�Ú
Ë�µ�È Î Õ�Þ Ö Á�Õ Ì

Æ&Ñ�Ñ�Ñ�Ñ�Ñ Î ³�È4Õ�Ë�·�È4¾�¿0·�³�Ò�È�¿�Ë�ÄLÛ Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ

É#Ô�¿ ½�Ó�· Ö À#¶m»�»�»�»�À�À�»�» Æ Î ³�È4Õ�¾�ß�¸#Ä�Ô4Õ�¾Là�È�ËD¿0Ä�Ó�µ�È
Ë�µ�È ¾�¾ Ì ¾ Ö ½�Ó�· Æ Î ³�È4Õ�Ã Ì�Ï ¾JÈ�ËGË�µ�È�Ó�µ�È
É#Ô�¿ ½�Ó�· Ö À#¶m»�»�»�»�»#À�À�À
Ë�µ�È ¾�¾ Ì�á
Ö ½�Ó�· Æ Î ³�È4Õ�Ã Ì�Ï�á È�ËGË�µ�È�Ó�µ�È
É#Ô�¿ ½�Ó�· Ö Ø�»�â�â�Õ á À$Ú°ãeØ�»#â�â#Õ á »�Ú
Ë�µ�È Õ�Ã Ì�Ï�á�Ö ½�Ó�· Æ Í Ä�¸#¶�É#³ Ç Ä�È�³�·�Ä�¸�É�Ó�µ�É�É�µ�ÓDä�Ë�·

Õ á À Ö Õ á »
Û�³�· ½�Ó�·
Ë�µ�È ¾�¾ Ì�å�Ö ½�Ó�·
Ë�µ�È ¾�¾ Ì ¼ Ö ½�Ó�·
Ë�µ�È Õ�Ã Ì�Ï�å-Ö ½�Ó�·
Ë�µ�È Õ�Ã Ì�Ï ¼ Ö ½�Ó�· Æ Ü Í ¾mÛ�Ë�ä�ä

Æ&Ñ�Ñ�Ñ�Ñ�Ñ Í Ä�¸#¶�É#³�»�Å á ¿#È4Õ�æ�Á|Ø Î Ë�Ä�¸�· Î ³�·�ç�Ë Ñ ¼LÚ�¸�Ä�Ô4¼�·�½?Á�Ë�È�Ë�·�Ø;Ã å�Ì » á Ú å Ë�µ�Ä�È�³�·
¿�ÄDè á ¿�ÈbÁ�Ë�Ô�³ Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ�Ñ

É#Ô�¿ ½�Ó�· Ö À#¶m»�»�»�»�À�À�À�» Æ á ¿�È�é Ð Å Ñ�êJÇ Ä�ç�³�·�È�³�Ô4Õ�æ�ÁÆ á ¿�ÈLë Ð©ì Ñ�ê ¾$¿�Û0¸�¶$É�³
Ã å » á Æ á ¿�È$à Æ ß Ñ�êbí Ã å º#Ä�î�¸Æ á ¿�È�» Ð À Ñ�ê è á ¿#È4Õ�æ�Á
½�Ë�Ô�³

Ë�µ�È Ï�å�å�Ì »g¼ Ö ½�Ó�·
É#Ô�¿ ½�Ó�· Ö À#¶�À�À�À�À�À�À�»�» Æ á ¿�È�é Ñ�êJÇ Ä�Ó�µ�È Ù Ë�¿�Û0³å ¸�Ä�Ò�³�É�³�·?¾�¿�Û#¸#¶�É#³�Ô Æ á ¿�È�Å Ñ�êJÇ Ä�Ó�µ�È å ¸�Ó�È�³�·Í Ô�Â�³ Î ³�É�³�Ò�È4Ä�î$¸

Page 69 of 93



Mr. Tool, Final Report Appendix A: Source Code EEL 5666C, IMDL

ï9ð$ñ�òLóõô©ö�÷�øbù�úLû;üLû�ý�þ
ï9ð$ñ�ò$ÿ?÷�ø�����ý����	��ú

����
������ý�����ò������$ñ�û������ý�þ
ï9ð$ñ�ò���ô��D÷�ø�����ý$û������#ý	�

��� ö
��ü�ò  �����!#"gð%$&
����
û'��ñ ��(�!� ��)$�ð����+*�ý ï-,�ý�ò4ð����+*�ý��$ñ�òGò��.��+/	���������

ï&÷�÷�÷�÷�÷10�ú��+���#ý	2���ñ#ò���3��54'�$ñ��6��ú�þ6,+��ý�ý�þ#74÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷

ï �#þ�ñ 
��8�9$;:�þ�ö ï< �ý�û�ò�=��8�0ü�ý?>�,�ý��=��
@ ý�ü�ò��8����>
ï ��ü�ò (���!��A$&
���� ï<B��8��þC(���!��D/�ñ�ò�C=��8�0ü�ý6E����
"GFH��
mûI��ü���û�ýDñ0ú.�� 8��2JFH2+
Lû
ï ��ü�ò (���!K�L$&
���� ï-,�ý�ò$ûGû0ý���=���û�ò��4ú�ý�ü�ò����8����ò
���8��M��8�
�û�ò8���ò�ü��

�#þ�ñ 
��8�9$H�+����"�"�"����"�" ï9ð$ñ�ò�N�÷�ø�O�(��#�DE����8��ýC(�ü�ò���ü�ò
����
������ý	�bú � �

ï9ð$ñ�ò � ÷�ø���3�����0�ú������ý$û
��3��.��ü�ò��ü�ò

ï9ð$ñ�òLóõô©ö�÷�ø	,�ý�ò���ú

���ò����Gü�������ü�ú�òA$P���#ý8��	��ú�
���ò���Jþ��+/�ú8����ü�ú�òQ4�"�"�7

ï9ð$ñ�ò$ÿ?÷�ø��� ��8� @ ������ý����
��ú�
���ò���

ï9ð$ñ�ò���ô��D÷�ø�����ý$û������#ý	�
��� ö

��ü�ò  �����!��J$R
��8� ïS0�ú��+���#ý���3����
��ü�ò  �����!T�U$R
��8� ïS0�ú��+���#ý���3��V�

ï&÷�÷�÷�÷�÷�÷W0�ú������ý�0�X�ò�ý���ú��8��Y0ú�ò�ý���ü���ò�û�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷
ñ�ú 
��8�9$&�8��ù���,�!
�#ú�þ�ñ 
��8�9$H�+�#"+��"�"�"�"�"�" ï<����ý�����ò��ý.Y @  #�D,�ý�úLû�ýC�8��ú�ò�������ð$ñ�ò

÷#ø�O��8����ñ0ú�M�0�þ�M�ýGò��$ñM�M�ý���ý�þ
��ü�ò �8��ù���,�!%$&
����
ñ�ú 
��8�9$&�8��ù���!
�#ú�þ�ñ 
��8�9$;:�E�� ïZ���$û'*Gù�����ý��?ð�ñ#ò�û
���$ñ 
��8�9$H�+��������������"+� ï-,�ý�ò.Y�,��"ªô��	,�ý�úLû�ýC�8��ú�ò��8���

�$ñ�ò$û\[;ÿ�ôH��]4÷�ø�O�������ñ�ú�M�0�þ8M�ý6E���?Y�ú�ò��
ï<B��/Q�#ý=�ý��CE���?Y�ú�ò�"

4+Y�!K74÷�ø6Y�,+!�
�üLû�ò6E�ñ���ý	��û��+��ú�M��$ûD�
ïP���^�ý���òDñ�û�þ�ý�ò�ý���ò�ý�þDñ0ú

ò��ýC��ý8��)F
��ü�ò �8��ù���!)$R
��8�
�#þ�ñ 
��8�9$H�+�#"�"�"+��������� ïS0�ú��+���#ý.Y0ú�ò�ý�����ü���ò�û
��ü�ò _�Y+��!%$&
����

ï&÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷�÷

Page 70 of 93



Mr. Tool, Final Report Appendix A: Source Code EEL 5666C, IMDL

`�a�b1c�d+e�ef%g

hji�i�i�i�i�i�iIk8l8m c6n l b8oqp�e�r m b8oDa?o's�t�u8es�n�b�c m9v p�d m a�u	n l�m6w8x t�b+n l�m u m?i�i�i�i�i�i

h p�d�b

hZy a�z+c m n�e�c l8m u m
h-{ n8au8n�`8e|�b�c�z�a�u�`�s�f

o't�b }�~������ v&y a�z~�c
p�a�d�d r m da+���o

o't�b }�~������ vR� u�`���b�u h-{m n�}����Cn�e����G� x+��� u�`
��b+u m p�n�b+e�c

p�a�d�d r m da+�#�1s#o
pt�b }�~������ vR� u�a+� m h-{m n � u�a+� m t�bn�n�e.de k }��������

� w�{������������
p�a�d�d r m da+�#�1s#o
d+r�b `�f8u v;� a�a h � m o1n�|�a8d�s m?i�{m u|�e

c m s8n�u8a�d i�� o�ec�auK�
es�n ~������ ���)v `�f�u h<� e8a�rC~����#� �8��k bn l |�a8d�s m6� e�u

�G����`#oIf�s�d�o m b�c.a��8���J�H�+`Ko

� a�b+n��8e�u���f)g
o't�b8o } w����%v � h } � �+��� m a�uQo1n�ef�o k bn�p l
u� �`�f � a�b+n��8e�u���}

h p�a�d�d r m da+���o
o't�b }�~������ vR� u�a+� m hS� c�z�a�z m�� u8a� m
p�a�d�d r m da+���o h � m da+�.n�e¡oW`8e�e�n l au�`

ef m u�a�n�b+e�c

pt�b }�~������ v&y a�z~ � hZy a�z+c m n�e ���Dl�m u m
h

pt�b }�~������ vR� u�`���b�u h � l a+c�z m ��b�u m p�n�becKo
p�a�d�d r m da+�#�1s#o

h
pt�b }�~������ vR� u�a+� m h-{m n � u�a+� m t�bn�n�e.de k }��������

� w�{������������
p�a�d�d r m da+�#�1s#o

h d+r�b `�f8u v;����� h-{ n8au8n � u�` y e�n�e�u
h es�n ~������ ���)v `�f�u

� a�b+n��8e�u���e k c)g

o't�b+p } w����%v � h } � �����u8ec�n � u�` {1k b+n�p l
u� �`�f � a�b+n��8e�u���e k c

o't�b }�~������ vR� u�a+� m hS� c�z�a�z m�� u8a� m
p�a�d�d r m da+�#�1s#o
d+r�b `�f8u v;� ��� h-{ n�ef � u�` � u8a� m	¢ } � y

��� x� ~�s�nf�s8n�n�u8ac#o�b8o�n�e�u6au m e ���
es�n ~������ ���)v `�f�u

Page 71 of 93



Mr. Tool, Final Report Appendix A: Source Code EEL 5666C, IMDL

£1¤�¥ ¦S§8¤�¤¨�©+ª�«+¤.¬8W®�¥+¯

°�«±�±�²)³
¦&´�µ�¥¯¡£'¶�ª�·8±¶�¯�¥�¨8¤�¸�¤�·8¤

·�¹�°�² °�«±�±�²

¬1¨�¯+º�»J³

·�¤�¯�¥

¬1¨�¯+ºK¼G³
·�¤�¯�¥

¬1¨�¯+ºV½U³
·�¤�¯�¥

¦j����������������������������
¾ ¤�«©+¿#¼1¶#£G³

« ¾ ¥ °�²8·9À;Á�Â�Â
«+±�±² ¾ ¤�«©+¿#¼1¶#£G³

¾ ¤�Ã °�²8·
ª�·�¨8¤ «+±�±² ¾ ¤�«©+¿#¼1¶#£

·�¤�¯
¦j����������������������������
¾ ¤�«©+¿�Ä£L³

« ¾ ¥ ·#½1ÅAÀ;Á�Â�Â
« ¾ ¥ ·#½�ÄVÀ;Á�»�»

¦ « ¾ ¥ °�²8·9À;Á�Æ

¾ ¤�«©+¿�Ä£WÇ8±�±�²)³
£'ª�¥WÈ ·#½�ÄV³É·#½1ÅAÀ�¼
ª�·�¨8¤ ¾ ¤�«©+¿�Ä£WÇ8±�±�²

¦ ¾ ¤�Ã °�²8·
¦ ª�·�¨8¤ ¾ ¤�«©+¿�Ä£WÇ8±�±�²

·�¤�¯
¦j����������������������������WÊ�¬�Ë+´�Ì8Í�Î8Í�´
Ï ¤�£1¯9³

Ç�Ê�¬ Ð�Ñ�§)À;Á�©Î
Ò�Ó Ï Ñ Ò § Ï ©JÀ&Ð�Ñ�§

·�¹�°�² ¤¨ ¾
¤¨ ¾ ³

·�¤�¯

Page 72 of 93



Mr. Tool, Final Report
Appendix B: EEL5666, IMDL

Circuit Schematics

Appendix B.1 GP2D12 Digital Conversion 1

Page 73 of 93



Mr. Tool, Final Report Appendix A: Source Code EEL 5666C, IMDL

Appendix B.2 Main Daughter Board 1

Appendix B.2 Main Daughter Board 2
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Circuit Schematics

Appendix B.2 Main Daughter Board 3
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Circuit Schematics

Appendix B.3  LMD18200 Motor Driver 1
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Special Sensor Report: Daventech SRF08
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 Figure 3.  SRF08 Mounting Location
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Figure 4.  Forward Looking Sonar Ping Experiment
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Figure 5.  Side Ping Experiment

Figure 6. Rotated Sonar Array
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Figure 17.  Solenoid City's E Series Electromagnet (Courtesy Solenoid City)
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Figure 18.  Power Consumption vs. Holding Force (Courtesy Solenoid City)
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Figure 19.  Interface Circuit
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Figure 20.  GS100701 Gear Tooth Sensor (Courtesy Cherry Sensor)
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Table 1. Resistor Values
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Special Sensor Report: Daventech SRF08
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Appendix F EEL 5666C, IMDL

Special Sensor Report: Hall Sensor
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Figure 2.  Interface Circuit
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