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%DFNJURXQG ��

7KHRU\ ��
7KLV�LV�EDVLFDOO\�D�YHUVLRQ�RI�WKH�WKHRU\�VHFWLRQ�IRU�WKH�SDSHU�

0DQ\�QXFOHL��QRWDEO\�WKH�SURWRQ��KDYH�VSLQ�DQJXODU�PRPHQWXP��DQG�WKHVH
PDJQHWLF�PRPHQWV�ZLOO�WHQG�WR�DOLJQ�ZLWK�DQ�DSSOLHG�'&�PDJQHWLF�ƉHOG��:LWK�WKH
DSSOLFDWLRQ�RI�D�UDGLR�IUHTXHQF\��5)��PDJQHWLF�ƉHOG�SXOVH�RI�UDGLR��WKH�QHW
PDJQHWL]DWLRQ�RI�D�VDPSOH�FDQ�EH�URWDWHG�WR�DQ�DUELWUDU\�DQJOH��IURP�ZKHUH�LW
ZLOO�SUHFHVV�ZKLOH�GHFD\LQJ�EDFN�WR�HTXLOLEULXP�WR�UH�DOLJQ�ZLWK�WKH�'&�ƉHOG�
7KH�WLPHVFDOHV�IRU�JURZWK�WRZDUG�HTXLOLEULXP��SDUDOOHO�WR�WKH�ƉHOG��DQG�GHFD\�RI
WKH�WUDQVYHUVH�FRPSRQHQW�RI�WKH�PDJQHWL]DWLRQ�DUH�GLƈHUHQW��7KHVH�UHOD[DWLRQ
WLPHV� �DQG� �FDQ�EH�XVHG�WR�FKDUDFWHUL]H�WKH�VDPSOH��DQG�FDQ�SURYLGH
LQIRUPDWLRQ�DERXW�WKH�QXFOHLŇV�HQYLURQPHQWV�

7ZR�VSLQ�VWDWHV�H[LVW�IRU�WKH�SURWRQ��VSLQ�XS�DQG�VSLQ�GRZQ��:KHQ�D�VDPSOH
FRQWDLQLQJ�SURWRQV�LV�SODFHG�LQ�D�PDJQHWLF�ƉHOG��PRVW�RI�WKH�VSLQV�RI�WKH
SURWRQV�ZLOO�DOLJQ�ZLWK�WKH�PDJQHWLF�ƉHOG�DQG�RFFXS\�WKH�ORZHU�HQHUJ\�VWDWH
FRUUHVSRQGLQJ�WR�WKH�GLUHFWLRQ�RI�WKH�PDJQHWLF�ƉHOG��7KLV�ZLOO�FUHDWH�D�QHW
PDJQHWL]DWLRQ� �RI�WKH�VDPSOH�LQ�WKH�VDPH�GLUHFWLRQ��7KLV�SKHQRPHQD�PD\
DOVR�EH�H[SODLQHG�ZLWK�VWDWLVWLFDO�PHFKDQLFV��ZKHUH�DW�URRP�WHPSHUDWXUHV��ZH
H[SHFW�RXU�VDPSOH�SRSXODWLRQ�WR�EH�DOLJQHG�ZLWK�WKH�H[WHUQDO�PDJQHWLF�ƉHOG�
ZKLFK�ZLOO�UHVXOW�LQ�D�QRQ�]HUR�QHW�PDJQHWLF�PRPHQW�

)RU�WKH�IROORZLQJ�H[SHULPHQWV��D�SXOVHG�105�VSHFWURPHWHU�ZDV�XVHG��$OO�RI�WKH
FRLOV��WUDQVPLWWHU��UHFHLYHU��PDJQHWLF�ƉHOG�VROHQRLG��DUH�SODFHG�RUWKRJRQDO�WR
HDFK�RWKHU�VR�WKH\�GR�QRW�LQWHUIHUH�



6\VWHP�OHYHO�GLDJUDP�RI�SXOVHG�105�VSHFWURPHWHU��7KH�LQSXWV�RI�WKH�V\VWHP�DUH�WKH
WLPLQJ�DQG�SXOVH�SDUDPHWHUV��QXPEHU��GXUDWLRQ��DQG�GHOD\�WLPH�EHWZHHQ�WKH�SXOVHV�
HWF���IURP�WKH�XVHU��7KHVH�LQSXWV�DUH�JLYHQ�WR�WKH�SXOVH�SURJUDPPHU��ZKLFK�JHQHUDWHV
VLJQDOV�WKDW�DUH�WKHQ�VHQW�WKURXJK�WKH�WUDQVPLWWHU�FRLO�WKDW�LV�ZUDSSHG�DURXQG�WKH
VDPSOH��7KLV�JHQHUDWHV�WKH�5)�SXOVHV�WKDW�DUH�RUWKRJRQDO�WR�WKH�'&�ƉHOG�IURP�WKH
PDJQHWLF�FRLOV��7KH�'&�PDJQHWLF�ƉHOG�LV�JHQHUDWHG�E\�WZR�SHUPDQHQW�PDJQHWV�RXWVLGH
WKH�VDPSOH��7KH�VL]LQJ�RI�WKH�PDJQHWLFV�DUH�ODUJHU�WKDQ�WKH�VDPSOH��WR�SURGXFH�D�ƉHOG
WKDW�LV�DV�KRPRJHQHRXV��$�UHFHLYHU�FRLO�LV�ZUDSSHG�DURXQG�WKH�VDPSOH�WR�GHWHFW�WKH
SUHFHVVLRQ�RI�WKH�VDPSOH�QXFOHL�LQ�WKH�SODQH�RUWKRJRQDO�WR�WKH�'&�PDJQHWLF�ƉHOG��$Q
RVFLOORVFRSH�LV�XVHG�WR�GLVSOD\�DQG�UHFRUG�WKH�YROWDJH�VLJQDOV�IURP�WKH�UHFHLYHU�FRLO�

7KHUH�DUH�WZR�W\SHV�RI�UHOD[DWLRQV�LQYROYHG�LQ�WKLV�GHFD\��DQG�D�VDPSOH�FDQ�EH
FKDUDFWHUL]HG�E\�WKHVH�WZR�UHOD[DWLRQ�WLPHV��6SLQ�ODWWLFH�UHOD[DWLRQ� �LV�WKH
UHOD[DWLRQ�WLPH�IRU�WKH�VDPSOH�WR�GHFD\�EDFN�WR�HTXLOLEULXP�LQ�WKH� �GLUHFWLRQ�
7KH�SXOVH�VHTXHQFH�UHTXLUHG�WR�PHDVXUH� �LV�ƉUVW�D� �URWDWLRQ�SXOVH��IROORZHG
E\�D� �SXOVH��7KH�HTXDWLRQ�IRU�LW�LV�

�UHOD[DWLRQ�LV�WKH�WLPH�QHHGHG�IRU�WKH�VSLQV�RI�D�SRSXODWLRQ�WR�GHSKDVH�IURP
HDFK�RWKHU�LQ�WKH� �SODQH��7KH�SXOVH�VHTXHQFH�UHTXLUHG�WR�PHDVXUH� �LV�ƉUVW�D�

�URWDWLRQ�SXOVH��IROORZHG�E\�D�UHSHWLWLRQ�RI� �SXOVHV��7KH�HTXDWLRQ�IRU�LW�LV�



2EMHFWLYHV�IRU�/DE ��
7R�EHFRPH�IDPLOLDU�ZLWK�105�SULQFLSOHV�DQG�WHFKQLTXHV��HK�

0HDVXUH� �� �IRU�D�IHZ�VDPSOHV�OLNH�JO\FHULQ��PLQHUDO�RLO��DQG�ZDWHU



2YHUYLHZ�RI�3URFHGXUH�IRU�WKH�/DE ��
��� *HWWLQJ�VWDUWHG�

7XUQ�RQ�WKH�PDJQHW�DQG�ZDWHU�FRROLQJ��
&+(&.�7+(�7(03(5$785(�2)�7+(�105�0$*1(7�7+528*+287�
7+(�/$%

��� *HW�PD[�VLJQDO�IURP�VDPSOH�E\�DGMXVWLQJ�WKH�KHLJKW�RI�WKH�VDPSOH�LQ�WKH
FRLOV

��� 7XQH�WR�5HVRQDQFH�

��� 0HDVXUH�7�

��� 0HDVXUH�7�



3DUDPHWHU 6HWWLQJ 1RWHV

$�ZLGWK KDOIZD\ ,V�WKLV�D� "

0RGH ,QW $XWRPDWLF�PRGH"

5HSHWLWLRQ�
WLPH

a�����PV
WLPH�WR�OHW�HYHU\WKLQJ�FDOP�GRZQ��
&DQ�RQO\�GR���V

6\QF $

$��%�
SXOVHV

2Q��2ƈ

6\QF�RXW
7R�VFRSH
V�H[WHUQDO�
WULJJHU�LQSXW

VKRRRRRW�,�QHHG�WR�UHYLHZ�
RVFLOORVFRSHV

$�%�2XW 7R�VFRSH
V�FKDQQHO��

'DWD�&ROOHFWLRQ ��

:HHN���>)HE����������@ ��
$OO�GDWD�LV�VWRUHG�XQGHU�WKH� data/lab2/week1/ �GLUHFWRU\�

*HWWLQJ�VWDUWHG

7KH�105�ZDV�WXUQHG�RQ�DW��������7KH�SUHYLRXV�VWXGHQW��:LOVRQ��KDG�IRXQG�WKDW
WKH�WKLQJ�JHWV�UHDOO\�KRW��:H�QHHG�WR�FRRO�WKH�105�ZLWK�WDS�ZDWHU��,�SURFHHGHG
WR�GR�WKDW�IRU�DQ�KRXU��XQWLO�WKH�105�PDJQHW�IHOW�FRRO�WR�WKH�WRXFK�

6LQJOH�3XOVH

105�6HWWLQJV�

2VFLOORVFRSH�VHWWLQJV�



3DUDPHWHU 6HWWLQJ

7ULJJHU ULVH�RI�WKH�VXQF�SXOVH

VZHHS�UDWH �����XV�FP

YHUWLFDO�VFDOH ��9�P

3DUDPHWHU ,PDJH 1RWHV

6WDQGDUG�
SDUDPHWHUV

standard_params.JPG ��
:LWK�WKH�
$�ZLGWK�
WXUQHG�
KDOIZD\��
ZH�VHH�
WKDW��SXOVH�
ZLGWK�KDV�
WLPH������
XV�DQG�
SXOVH�
VWUHQJWK�RI�
�����9

&KDQJLQJ�$�
ZLGWK�WR�RQH�
QRWFK�EHORZ�
WKH�KDOIZD\

A-width to one notch below the 
halfway.JPG �

SXOVH�
VWUHQJWK��
�����
9SXOVH�
ZLGWK�������
XV

A-width to one notch above halfway.JPG �

'DWD�FROOHFWHG��&+���$�%��&+���'HWHFWRU�



&KDQJH�$�
ZLGWK�WR�RQH�
QRWFK�DERYH�
KDOIZD\

SXOVH�
VWUHQJWK�
�����9�DQG�
SXOVH�
ZLGWK������
XV

6ZLWFK�PRGH�
WR�0DQ

Switch mode to Man.JPG �

:KHQ�\RX�
SUHVV�PDQ��
LW�MXVW�
PDQXDOO\�
VHQGV�WKH�
SXOVH��2ƈ�
RWKHUVZLVH�

6HW�WKH�
VFRSHŇV�
VZHHS�UDWH�
WR�PV�FP�
DQG�
UHSHWLWLRQ�
WLPH�WR�
��PV��WKHQ�
FKDQJH�WKH�
YDULDEOH�

10%repetition.jpg �

SXOVH�
VWUHQJWK��
����9�
SXOVH�
ZLGWK�����
XV��SXOVH�
VSDFLQJ��



UHSHWLWLRQ�
WLPH�IURP�
����WR�
���������

�����PV

6HW�WKH�
VFRSHŇV�
VZHHS�UDWH�
WR�PV�FP�
DQG�
UHSHWLWLRQ�
WLPH�WR�
��PV��WKHQ�
FKDQJH�WKH�
YDULDEOH�
UHSHWLWLRQ�
WLPH�IURP�
����WR�
���������

100%repetition.jpg �

SXOVH�
VSDFLQJ��
�����PV��
SXOVH�
VSDFLQJ�

:KDW�LV�YDULDEOH�UHSHWLWLRQ�WLPH"

7KH�3XOVH�6HTXHQFH

3URFHGXUH



��� 'HWHFWRU�RXW��JLYHV�PDJQLWXGH�RI�WKH�),'
��� 0L[HU�RXW��),'���



:HHN���>)HE����������@ ��
GDWD�LV�VWRUHHG�LQ� data/lab2/week1/

7XQLQJ�WR�5HVRQDQFH�>)HE����������@

)RU�HDFK�VDPSOH��ZH�KDYH�WR�WXQH�WR�UHVRQDQFH��%HIRUH�,�VWDUWHG��WKH�IUHTXHQF\
ZDV������0+]��7R�WXQH�WR�UHVRQDQFH��\RX�KDYH�WR�XVH�D� �SXOVH��ZKLFK
FRUUHVSRQGV�WR�D�a����$�ZLGWK�DV�PHQWLRQHG�LQ�WKH�ODE�PDQXDO��5HVRQDQFH�LV
D�SURSHUW\�RI�WKH�VDPSOH��DQG�\RX�QHHG�WR�DGMXVW�WKH�VDPSOH�WR�JHW�PD[�VLJQDO�
0\�SURFHGXUH�IRU�GRLQJ�WKLV�

��� ORDG�LQ�VDPSOH��WKH�PLQHUDO�RLO�
��� +RRN�WKH�RVFLORVFRSH�XS��ZLWK�&+��EHLQJ�WKH�PL[HU�RXW�DQG�&+��EHLQJ�

GHWHFWRU�RXW��'HWHFWRU�RXW�JLYHV�WKH�HQYHORSH�RI�WKH�),'�ZKLOH�PL[HU�RXW�
JLYHV�WKH�DFWXDO�),'�

��� $GMXVW�KHLJKW�ZLWK�R�ULQJ�WR�JHW�PD[�VLJQDO��
��� 7XQH�IUHTXHQF\�ZLWK�WKH�FRDUVH�DQG�ƉQH�DGMXVWPHQWV�VXFK�WKDW�QR�EHDWV�

DUH�VHHQ��83'$7(��VRPHWLPHV�LW
V�EHWWHU�WR�EH�VOLJKWO\�Rƈ�UHVRQDQFH��7KLV�
DOORZV�XV�WR�VHH�WKH�SXOVHV�EHWWHU��

7KLV�LV�ZKDW�UHVRQDQFH�ORRNV�OLNH�



5HVRQDQFH�ORRNV�VPRRWK

6SLQ�/DWWLFH�5HOD[DWLRQ�7LPH�7�

5HGXFH�WKH�),'�WR�URXJKO\�����RI�WKH�ODUJHVW�YDOXH��ZKLFK�,�PHDVXUHG�WR�EH
���P9��,�PHDVXUH����PV��,�PHDVXUHG�

$W�����XV�VSDFLQJ��WKH�YROWDJH�GLƈHUHQFH�LV�����P9

7��0HDVXUHPHQW�

1HHG�WR�DFWXDOO\�LQFUHDVH�WKH�GHOD\�WLPH�WR��PV�WR�VHH�WKH�IXOO�HFKR�



7KLV�LV�ZKDW�D�VSLQ�VFKR�VLJQDO�LV�VXSSRVHG�WR�ORRN�OLNH����:RZ�WKLV�WRRN�PH�D�ZKLOH�WR
JHW��7KLV�LV�GRQH�ZLWK�WKH�PLQHUDO�RLO��%HIRUH��ZKHQ�P\�GHOD\�ZDVQ
W�ORQJ�HQRXJK��WKLV�LV
ZKDW�,�ZDV�VHHLQJ�



+DOI�RI�WKH�HFKRV�DUH�FXW�Rƈ�DQG�,�ZDVQ
W�DFTXLULQJ�WKH�IXOO�VLJQDO�

+HUH��,�FDQ�GR�VRPH�URXJK�PHDVXUHPHQWV�WR�VKRZ�WKDW�WKH�HFKRV�DUH�G\LQJ�Rƈ
H[SRQHQWLDOO\

��PV������P9
�PV�����
�PV�����
�PV�����
��PV�����

2K�QR��7R�VWRUH�GDWD��,
OO�QHHG�WR�ƉUH�XS�WKH�FRPSXWHU��6R�,
OO�GR�WKDW�QH[W�ZHHN�



:HHN���>0DU���������@ ��
$OO�GDWD�LV�VWRUHG�XQGHU�WKH� data/lab2/week3/ �GLUHFWRU\�

3DSHU�'LVFXVVLRQ

,�QHHG�D�PHWKRGV�DQG�UHVXOWV�VHFWLRQ�ZLWK�GLVFXVVLRQ��$QG�WKHQ�GR�GLVFXVVLRQ�WR
WDON�DERXW�XQFHUWDLQWLHV�DQG�UHDVRQ�DERXW�UHVXOWV�

0HDVXULQJ�7��RI�:DWHU

��� 7XQH�WR�UHVRQDQFH��

WDX� �����PV
IUHT� ���������
���UHSHWLWLRQV
UHSHWLWLRQ�WLPH� ���V
ƉOHQDPH��ZDWHUB7��GDW

0HDVXULQJ�7��RI�:DWHU

JUDE�D�VLQJOH�),'�IRU�HDFK�GHOD\�WLPH�

ZDWHUB7�BWDX��������PV��ROG�WKR�
ZDWHUB7�BWDX��������PV
ZDWHUB7�BWDX��������PV
ZDWHUB7�BWDX��������PV
ZDWHUB7�BWDX��������PV
ZDWHUB7�BWDX��������PV
ZDWHUB7�BWDX��������PV
ZDWHUB7�BWDX��������PV
ZDWHUB7�BWDX��������PV
ZDWHUB7�BWDX���������PV

0HDVXULQJ�7��RI�0LQHUDO�2LO

7XQHG�WR�UHVRQDQFH

WDX� �
IUHT� ���������
UHSHWLWLRQ�����PV



7KH�ƉOHV�

PLQHUDOB7�BWDX��������XV������PV�
PLQHUDOB7�BWDX���������XV������PV�
PLQHUDOB7�BWDX���������XV������PV�
PLQHUDOB7�BWDX���������XV
PLQHUDOB7�BWDX��������XV

2K�QRRRR��-XVW�UHDOL]HG�DOO�RI�WKLV�PLQHUDO�RLO�GDWD�LV�XVHOHVV�EHFDXVH�,�GLGQ
W
FDOLEUDWH�P\�SXOVHV��2ND\�VR�WKH�SURFHGXUH�IRU�GRLQJ�WKHVH�FDOLEUDWLRQV�LV�WR
WXQH�WKH� �DQG� �VHSDUDWHO\�RQ�$�DQG�%��5LJKW�QRZ��,
P�GRLQJ�WKH� �SXOVH�RQ�$�
:KLFKHYHU�SXOVH�\RX�DUH�RQ��WULJJHU�RQ�WKDW�WR�VHH�LW�RQ�WKH�VFRSH�

2ND\��VR�WR�UHVWDUWŏ�/HW
V�MXVW�GR�JO\FHULQ�ZHOO�

7XQH�WR�5HVRQDQFH�IRU�*O\FHULQ

7KH�UHVRQDQW�IUHTXHQF\�ZDV�WXQHG�WR�EH�DW�DW����������0+]��7KLV�LV�ZKDW�P\
UHVRQDQFH�ORRNV�OLNH�



)LOHQDPH 3DUDPHWHUV
7��
0HDVXUHG�
>V@

,PDJH

glycerol-
t2-1.DAT

GHOD\�������PV��0�*�RQ��UHSHWLWLRQ�
WLPH�����PV���IUHTXHQF\� �
���������0+]�����SXOVHV

�����

glycerol-
t2-2.DAT

6DPH�H[SHULPHQW�DV�EHIRUH��GHOD\��
�����PV��0�*�RQ��UHSHWLWLRQ�WLPH�
����PV���IUHTXHQF\� ����������
0+]�����SXOVHV

�����

glycerol-
t2-3.DAT

GHOD\�������PV��0�*�Rƈ��UHSHWLWLRQ�
WLPH�����PV��IUHTXHQF\� �����������
���SXOVHV

�����

glycerol-
t2-4

���GHOD\�������PV��0�*�RQ��
UHSHWLWLRQ�WLPH�����PV��IUHTXHQF\� �
�������������SXOVHV

�����

glycerol-
t2-5

GHOD\�������PV���0�*�RQ���UHSHWLWLRQ�
WLPH�����PV���IUHTXHQF\� �
��������������SXOVHV

�����

glycerol-
t2-6

GHOD\�������PV��0�*�RQ��UHSHWLWLRQ�
WLPH�����PV��IUHTXHQF\� �����������
���SXOVHV

�����

glycerol-
t2-7

GHOD\�������PV��0�*�RQ��UHSHWLWLRQ�
WLPH�����PV��IUHTXHQF\� �����������
���SXOVHV

�����

7��PHDVXUHPHQW�IRU�*O\FHULQ

/LVW�RI�H[SHULPHQWV�GRQH�ZLWK�&30*�WR�ƉQG�7��

$QG�H[DPSOH�RI�ZKDW�P\�VSLQ�HFKR�ORRNV�OLNH�IRU�H[SHULPHQW�QXPEHU���RQ�WKH
ƉUVW�OLVW�DERYH�



&+��LV�WKH�VSLQ�HFKR�DQG�&+��LV�WKH�PDJQLWXGH��

,�WULHG�WKH�0�*�RQ�VZLWFK�E\�FRPSDULQJ� glycerol-t2-3 �UHVXOWV�ZLWK
glycerol-t2-1 �DQG� glycerol-t2-2 ��7KH�7��PHDVXUHG�LQ� glycerol-t2-3 �LV
PXFK�ORZHU��7KLV�PDNHV�VHQVH��EHFDXVH�ZKHQ�0�*�LV�RQ��LW�UHGXFHV�WKH�HUURU�

6R�,
P�SUHWW\�FRQIXVHG�E\�WKLV��,W�VHHPV�OLNH�P\�7��FKDQJHV�EDVHG�RQ�GHOD\
WLPH��$W�OHDVW�LW�FKDQJHV�FRQVLVWHQWO\�� glycerol-t2-1 �DQG� glycerol-t2-2 �DUH
WKH�VDPH�H[SHULHPHQW��VDPH�SDUDPHWHUV��DQG�WKHLU�YDOXHV�RI�7��DUH�SUHWW\
VLPLODU�� glycerol-t2-6 �DQG� glycerol-t2-7 �DUH�DOVR�WKH�WKH�VDPH�H[SHULPHQW
DQG�WKHLU�7��YDOXHV�DUH�VLPLODU�WRR��0HDQZKLOH��WKH�7��YDOXHV�PHDVXUHG�ZLWK�D
GHOD\�RI���RU���PV�LV�DOVR�GLƈHUHQW��,I�,�DP�WR�WUXVW�DQ\�RI�WKHVH�PHDVXUHPHQWV��,
ZRXOG�WUXVW�WKH�RQH�ZLWK�WKH��PV�GHOD\�WLPH��7+LV�LV�EHFDXVH�PRUH�WDLPH�KDV
SDVVHG�DQG�KRSHIXOO\�OHVV�LQWHUDFWLRQV�ZLOO�EH�WDNHQ�LQWR�DFFRXQW�



7�� ����PV�RI�WULDO���

7DONHG�WR�'U��5HLQVEHUJ��7KHUH�LV�DQRWKHU�ZD\�ZH�FDQ�ƉQG�7���:H�FDQ�XVH�RQO\
RQH� �SXOVH�EXW�LQFUHDVH�GHOD\�WLPH�XQWLO�\RX�JHW�D�PLQLPXP�VLJQDO��5HPHEHU�WR
WULJJHU�RQ�%��7KH�UHVRQDQW�IUHTXHQF\�LV�VWLOO�DW����������P+]�

��� JO\FHURO�W�����GHOD\������PV
��� JO\FHURO�W�����GHOD\�������PV
��� JO\FHURO�W������GHOD\������PV
��� JO\FHURO�W������GHOD\������PV
��� JO\FHURO�W������GHOD\������PV
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��� JO\FHURO�W������GHOD\������PV

$URXQG�D�GHOD\�RI����PV��,�ZRXOG�VD\�WKDW�WKH�),'�PDJQLWXGH�GURSV�WR�OHVV�WKDQ
D�WKLUG�RI�WKH�RULJLQDO�PDJQLWXGH��6R�,
G�VD\�WKDW�WKH�7��LV�DURXQG����PV��ZLWK
FRUUHVSRQGV�WR�RXU�PHDVXUHPHQW�DERYH�

$�VFDOLQJ�RI� �9�ZDV�XVHG�RQ�WKH�RVFLOORVFRSH��DQG�WKH�RVFLOORVFRSH�ZDV�DEOH�WR
RXWSXW�YROWDJH�UHDGLQJV�RQ�WKH�RUGHU�RI������9��$SSO\LQJ�WKLV�XQFHUWDLQW\�RI�

�9�WR�RXU�ƉW��D�YDULDWLRQ�RI� �PV�ZDV�IRXQG�LQ�WKH�H[SRQHQWLDO�ƉW��6R��WKLV
XQGHUWDLQW\�RI���PV�VKRXOG�EH�DSSOLHG�WR�DOO�RI�RXU�WLPH�FRQVWDQW�PHDVXUHPHQWV�

7��PHDVXUHPHQWV�RI�*O\FHULQ
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5HVRQDQFH�DW�����������0+]��7KLV�ZDV�GRQH�VOLJKWO\�Rƈ�UHVRQDQFH�WR�VHH�D�IHZ
ZLJJOHV��DOWKRXJK�WKH�GLƈHUHQFH�LV�VR�VPDOO�,�GRQ
W�VHH�D�GLƈHUHQFH�
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7KH�ORZHU�WLPHV�DUH�EDVLFDOO\�XVHOHVV��,�QHHG�GDWD�SRLQWV�IURP�ORQJHU�WLPHV��,
P
VR�GXPE��,�VKRXOG�KDYH�ORRNHG�DW�D�ZLGHU�UDQJH�RI�WLPH�YDOXHV��VLJK�

8VLQJ�WKH�GDWD�SRLQWV�IURP����������������PV��,�ƉW�WR�RXU�GLƈHUHQWLDO�HTXDWLRQ�



0DJQHWL]DWLRQ�YV��GHOD\�WLPH�SORW�RI�JO\FHULQ�XVHG�WR�H[WUDFW� �UHOD[DWLRQ�� �LV�IRXQG
WR�EH����PV��'DPQ��,�ZDV�ORRNLQJ�LQ�WKH�ZURQJ�UHJLRQ�IRU�7���,�VKRXOG�KDYH�EHHQ
ORRNLQJ�IRU�PXFK�JUHDWHU�YDOXHV��0D\EH�,�VKRXOG�GR�PRUH�GDWD�SRLQWV�LI�LW
V�QRW�WRR�ODWH�

7KH�VDPH�XQFHUWDLQW\�RI� �PV�DSSOLHV��VLQFH�ZH
UH�VWLOO�GHDOLQJ�ZLWK�WKH
H[SRQHQWLDO�ƉWV�



&RQFOXVLRQV ��

6R��,
P�SUHWW\�VXUH�P\�7��PHDVXUHPHQW�RI�JO\FHULQ�LV�ZURQJ��,�QHHG�PRUH�GDWD
SRLQWV�ZLWK�ORQJHU�GHOD\�WLPHV�WR�JHW�D�PRUH�DFFXUDWH�YDOXH��,�DP�PRUH
FRQƉGHQW�DERXW�P\�7��H[SHULPHQW��MXVW�EHFDXVH�,�GLG�LW�VR�PDQ\�WLPHV��,I�,
ZDVQ
W�VR�GLVWUDFWHG�IRU�WKLV�ODE��LW�ZRXOG�KDYH�EHHQ�JUHDW�WR�FRPSDUH�P\
UHVXOWV�ZLWK�WKH�GLƈHUHQW�PDWHULDOV��,�JXHVV�,�FDQ�VWLOO�FRPSDUH�WKH�7�
PHDVXUHPHQWV�RI�ZDWHU�ZLWK�WKDW�RI�JO\FHULQ�

:KHQ�FRPSDULQJ�ZLWK�WKH�ORQJ� �DQG� �YDOXHV�RI�ZDWHU�ZKLFK�DUH�RQ�WKH�RUGHU
RI�VHFRQGV��ZH�FDQ�VHH�WKDW�WKH�SURWRQV�RQ�JO\FHULQ�KDYH�OHVV�URWDWLRQDO
IUHHGRP�FRPSDUHG�WR�WKRVH�RQ�ZDWHU��7KLV�LV�DV�H[SHFWHG��VLQFH�JO\FHURO�LV�D
ODUJHU�PROHFXOH�WKDQ�ZDWHU�DQG�KDV�WKUHH�K\GUR[LGH�JURXSV�WKDW�FDQ�JUHDWO\�OLPLW
WKH�URWDWLRQV�RI�SURWRQV�FRPSDUHG�WKDW�RI�SURWRQV�RQ�D�VLQJOH�R[\JHQ�LQ�ZDWHU�

7KHUH�DUH�VHYHUDO�VRXUFHV�RI�HUURU�LQ�WKLV�H[SHULPHQW��)LUVW��WKHUH�LV�WKH
XQFHUWDLQW\�LQ�WKH�RVFLOORVFRSH�PHDVXUHPHQWV��7KLV�KDV�EHHQ�WDNHQ�LQWR�DFFRXQW
E\�YDU\LQJ�H[SRQHQWLDO�ƉWV�WR�GHWHUPLQH�WKH�JUHDWHVW�YDULDQFH�LQ�WKH�UHOD[DWLRQ
WLPH�FRQVWDQWV��$QRWKHU�PDMRU�FRQWULEXWRU�LV�WKH�GHSHQGHQFH�RI�UHOD[DWLRQ�WLPHV
RQ�WKH�WHPSHUDWXUH�RI�WKH�VDPSOH��2YHU�WKH�FRXUVH�RI�WKH�H[SHULPHQWV��WKH
VSHFWURPHWHU�LV�KRRNHG�XS�WR�D�WDS�ZDWHU�VRXUFH��ZKLFK�FRROV�WKH�PDJQHWLF�
2FFDVLRQDOO\��WKH�SUHVVXUH�LQ�WKH�WDS�ZDWHU�VRXUFH�ƊXFWXDWHV��ZKLFK�ZLOO�DOVR
FDXVH�WKH�WHPSHUDWXUH�RI�VSHFWURPHWHU�WR�YDU\��,W�FRXOG�EH�SRVVLEOH�WKDW
LUUDGLDWLQJ�D�VDPSOH�UDSLGO\�DQG�FRQWLQXRXVO\�ZLWK�WKH�5)�SXOVHV�PD\�UDLVH�LWV
WHPSHUDWXUH�DV�ZHOO��,Q�WKH�IXWXUH��WKLV�H[SHULPHQW�VKRXOG�EH�UHSHDWHG�DV�TXLFNO\
DV�SRVVLEOH�WR�DYRLG�HUURUV�



$EVWUDFW ��
7KLV�H[SHULPHQW�XWLOL]HV�SXOVHG�QXFOHDU�PDJQHWLF�UHVRQDQFH�WR�GHWHUPLQH
FKDUDFWHULVWLF�VSLQ�UHOD[DWLRQ�SURSHUWLHV�RI�JO\FHULQ��$�TXLFN��RUGHU�RI�
PDJQLWXGH�HVWLPDWH�ZDV�XVHG�WR�PHDVXUH�WKH�6SLQ�/DWWLFH�5HOD[DWLRQ�7LPH�
RI�RXU�VDPSOH�WR�EH� �PV��7KH�6SLQ�6SLQ�5HOD[DWLRQ�7LPH� �ZDV�REVHUYHG
ZLWK�WKH�VSLQ�HFKR�WHFKQLTXH��ZKLFK�ZH�PHDVXUHG�WR�EH� �PV��7KH� �DQG�
�YDOXHV�RI�ZDWHU�LV�VHYHUDO�RUGHUV�RI�PDJQLWXGH�JUHDWHU�� ��WKDQ�RXU

PHDVXUHPHQW��7KLV�LV�H[SHFWHG��VLQFH�WKH�SURWRQV�RQ�JO\FHULQ�KDYH�OHVV
URWDWLRQDO�IUHHGRP�FRPSDUHG�WR�WKRVH�RQ�ZDWHU�GXH�WR�JUHDWHU�VWHULF�KLQGUDQFH
DQG�QXPEHU�RI�QXFOHRSKLOH�VLWHV�
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