
7KH�&RUDO�5HHI�(DUO\�:DUQLQJ�6\VWHP�7KH�&RUDO�5HHI�(DUO\�:DUQLQJ�6\VWHP�
�&5(:6��&5(:6�

$�0DULQH�([SHUW�6\VWHP�IRU�1HDU�5HDO$�0DULQH�([SHUW�6\VWHP�IRU�1HDU�5HDO��7LPH7LPH
0RQLWRULQJ�RI�&RQGLWLRQV�&RQGXFLYH�WR�0RQLWRULQJ�RI�&RQGLWLRQV�&RQGXFLYH�WR�
&RUDO�&RUDO�%OHDFKLQJ��DQG�2WKHU�%LRORJLFDO�(YHQWV%OHDFKLQJ��DQG�2WKHU�%LRORJLFDO�(YHQWV

-LP�-LP�+HQGHH��3K�'�+HQGHH��3K�'�
$WODQWLF�2FHDQRJUDSKLF�DQG�0HWHRURORJLFDO�/DERUDWRU\$WODQWLF�2FHDQRJUDSKLF�DQG�0HWHRURORJLFDO�/DERUDWRU\
1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ1DWLRQDO�2FHDQLF�DQG�$WPRVSKHULF�$GPLQLVWUDWLRQ
����������5LFNHQEDFNHU�5LFNHQEDFNHU�&DXVHZD\&DXVHZD\
0LDPL��)ORULGD��������0LDPL��)ORULGD������������������
(PDLO���(PDLO���MLPMLP�KHQGHH#�KHQGHH#QRDDQRDD��JRYJRY



$�WUXH�LQWHUDJHQF\��LQWHUQDWLRQDO�FROODERUDWLYH�HIIRUW�$�WUXH�LQWHUDJHQF\��LQWHUQDWLRQDO�FROODERUDWLYH�HIIRUW�

• Ocean and Atmospheric Research
• National Environmental Satellite, Data, and

Information Service
• National Undersea Research Program
• The Florida Keys National Marine Sanctuary
• National Ocean Service
• National Data Buoy Center

The Florida Institute of Oceanography

More Marine Laboratory



&5(:6�ZDV�GHYHORSHG�DV�D�YDOXH&5(:6�ZDV�GHYHORSHG�DV�D�YDOXH��DGGHG�DGGHG�
VRIWZDUH�SURGXFW�IRU�WKH�6($.(<6�QHWZRUN�VRIWZDUH�SURGXFW�IRU�WKH�6($.(<6�QHWZRUN�
�)ORULGD�.H\V���ZKLFK�ZDV�GHYHORSHG�E\�E\��)ORULGD�.H\V���ZKLFK�ZDV�GHYHORSHG�E\�E\�
-RKQ�2JGHQ��-DPHV�3RUWHU��1HG�6PLWK��$OLQD�-RKQ�2JGHQ��-DPHV�3RUWHU��1HG�6PLWK��$OLQD�
6]PDQW��:DOW�-DDS�DQG�'DYH�)RUFXFFL�LQ�WKH�6]PDQW��:DOW�-DDS�DQG�'DYH�)RUFXFFL�LQ�WKH�
HDUO\�����V�HDUO\�����V�

&5(:6�PRQLWRUV�GDWD�TXDOLW\��EXW�DOVR�&5(:6�PRQLWRUV�GDWD�TXDOLW\��EXW�DOVR�
PRQLWRUV�FRQGLWLRQV�FRQGXFLYH�WR�FRUDO�PRQLWRUV�FRQGLWLRQV�FRQGXFLYH�WR�FRUDO�
EOHDFKLQJ�DQG�RWKHU�HYHQWV�RI�LQWHUHVW�WR�EOHDFKLQJ�DQG�RWKHU�HYHQWV�RI�LQWHUHVW�WR�
UHVHDUFKHUV�UHVHDUFKHUV�



&5(:6�LV�FXUUHQWO\�GHSOR\HG�LQ�WKH�)ORULGD�.H\V�&5(:6�LV�FXUUHQWO\�GHSOR\HG�LQ�WKH�)ORULGD�.H\V�
DQG�WKH�*UHDW�%DUULHU�DQG�WKH�*UHDW�%DUULHU�5HHI��EXW���5HHI��EXW���



���QHZ�VWDWLRQV�DUH�FXUUHQWO\�EHLQJ�DGGHG����QHZ�VWDWLRQV�DUH�FXUUHQWO\�EHLQJ�DGGHG�
QHDU�/HH�6WRFNLQJ�,VODQG��%DKDPDV��QHDU�/HH�6WRFNLQJ�,VODQG��%DKDPDV��

DQG���DQG���



���DW�6W��-RKQ��86�9LUJLQ�,VODQGV�1DWLRQDO����DW�6W��-RKQ��86�9LUJLQ�,VODQGV�1DWLRQDO�
3DUN��DQG���3DUN��DQG���



���DW�$PHULFDQ�6DPRD����DW�$PHULFDQ�6DPRD�



([LVWLQJ�3ODWIRUP�7\SHV([LVWLQJ�3ODWIRUP�7\SHV



0HWHRURORJLFDO�GDWD�W\SHV�0HWHRURORJLFDO�GDWD�W\SHV�
�$,06�DQG�6($.(<6���$,06�DQG�6($.(<6��

�%DURPHWULF�SUHVVXUH
�:LQG�6SHHG
�:LQG�*XVW
�:LQG�'LUHFWLRQ
�$LU�7HPSHUDWXUH



2FHDQRJUDSKLF�GDWD�W\SHV�2FHDQRJUDSKLF�GDWD�W\SHV�

�3KRWRV\QWKHWLFDOO\�$FWLYH�5DGLDWLRQ��$,06��6($.(<6�
�6HD�WHPSHUDWXUH��$,06��6($.(<6�
�6DOLQLW\��6($.(<6�
�7LGH��6($.(<6�
�)OXRURPHWU\���6($.(<6�
�7UDQVPLVVRPHWU\��6($.(<6�



&5(:6�GHULYHV�LWV�LQSXW�IURP�GDWD�ILOHV�UHWULHYHG�LQ�QHDU�UHDO&5(:6�GHULYHV�LWV�LQSXW�IURP�GDWD�ILOHV�UHWULHYHG�LQ�QHDU�UHDO��
WLPH�IURP�UHPRWH�VWDWLRQV���+HUH�LV�DQ�H[DPSOH�IURP�6RPEUHUR�WLPH�IURP�UHPRWH�VWDWLRQV���+HUH�LV�DQ�H[DPSOH�IURP�6RPEUHUR�
.H\��QHDU�0DUDWKRQ��LQ�WKH�)ORULGD�.H\V�.H\��QHDU�0DUDWKRQ��LQ�WKH�)ORULGD�.H\V�

Sombrero Key SEAKEYS/C-MAN Report--Meteorology (NOAA/NDBC)

Date     Time Baro WD WSp    WGu   DewP  AirT  SeaTemp

02/24/99 0900  1017    8   16.3   18.2  13.7  17.0  23.4  
02/24/99 0800  1016  340   13.3   14.1  13.4  18.1  23.3  
02/24/99 0700  1017  329   11.7   13.1  13.7  18.3  23.3  
02/24/99 0600  1017  334   11.3   12.0  13.3  18.3  23.3  
02/24/99 0500  1018  341    9.5   10.7  13.3  18.3  22.8  
02/24/99 0400  1018  337   10.2   10.9  13.0  18.1  23.0  
02/24/99 0300  1018  343   13.8   14.8  12.9  18.1  23.1  
02/24/99 0200  1018  346   13.7   14.7  13.1  18.1  23.3  
02/24/99 0100  1018  336   12.1   13.4  12.7  18.1  23.5  
02/24/99 0000  1017  337   14.1   16.1  12.5  18.0  23.6 



([SHUW�6\VWHPV�XVH�3URGXFWLRQ�5XOHV([SHUW�6\VWHPV�XVH�3URGXFWLRQ�5XOHV

■■ ,I�WKHQ�VWDWHPHQWV�UHSUHVHQW�NQRZOHGJH,I�WKHQ�VWDWHPHQWV�UHSUHVHQW�NQRZOHGJH
■■ 'RPDLQ�H[SHUWV¶�KHXULVWLFV�HQFDSVXODWHG�LQ�'RPDLQ�H[SHUWV¶�KHXULVWLFV�HQFDSVXODWHG�LQ�
SURGXFWLRQ�UXOHVSURGXFWLRQ�UXOHV

■■ :KHQ�FRQGLWLRQV�DUH�PHW��PRVW�LPSRUWDQW�UXOHV�DUH�:KHQ�FRQGLWLRQV�DUH�PHW��PRVW�LPSRUWDQW�UXOHV�DUH�
ILUHG�ILUVW��FRQFHSW�RI�³VDOLHQFH´�ILUHG�ILUVW��FRQFHSW�RI�³VDOLHQFH´�

■■ 'HFLVLRQ�WDEOHV�XVHG�IRU�PDQ\�SURGXFWLRQ�UXOHV'HFLVLRQ�WDEOHV�XVHG�IRU�PDQ\�SURGXFWLRQ�UXOHV



(IIHFWLYHQHVV�RI�&5(:6�YLWDOO\�(IIHFWLYHQHVV�RI�&5(:6�YLWDOO\�
GHSHQGHQW�XSRQ�ILHOG�WHDP�GHSHQGHQW�XSRQ�ILHOG�WHDP�

■■ )LHOG�PDLQWHQDQFH)LHOG�PDLQWHQDQFH
±± +LJK�ERDW�PDLQWHQDQFH+LJK�ERDW�PDLQWHQDQFH
±± ,QVWUXPHQWV�WR�VZDS,QVWUXPHQWV�WR�VZDS��RXW�IRU�EDG�RQHVRXW�IRU�EDG�RQHV
±± 7URXEOH7URXEOH��VKRRWLQJ�LQ�WKH�ILHOGVKRRWLQJ�LQ�WKH�ILHOG

■■ 3HUVRQQHO�DUH�H[SHULHQFHG�GLYHUV�DQG�UXJJHG�3HUVRQQHO�DUH�H[SHULHQFHG�GLYHUV�DQG�UXJJHG�
LQGLYLGXDOVLQGLYLGXDOV

■■ )HHGEDFN�RQ�ELRORJLFDO�HYHQW��)HHGEDFN�RQ�ELRORJLFDO�HYHQW��H�J��H�J�� FRUDO�FRUDO�
EOHDFKLQJ�EOHDFKLQJ�



&RUDO�%OHDFKLQJ�0RGHOV�8VLQJ�&RUDO�%OHDFKLQJ�0RGHOV�8VLQJ�
&5(:6&5(:6

Complex pattern matching, which occurs in RAM 
using the Rete Algorithm, is one of the great 
strengths of expert systems.

CREWS can model specific environmental 
conditions (i.e., meteorological and oceanographic 
patterns), for purposes of coral bleaching, as they 
occur:



•  Very high sea temperature only.

•  Very high sea temperature, and very low winds during midday.

•  Very high sea temperature, very low winds, and very low tide during 
midday.

•  Very high sea temperature, high illumination (through PAR) and high 
water clarity (through transmissometry) during midday.

•  Very high sea temperature, high illumination, high water clarity and 
very low tide during midday.

•  Very high sea temperature, high illumination, high water clarity, very 
low tide and very low winds during midday.

•  Very low salinity or very high salinity.

•  High or low salinity, high illumination, high water clarity, very low tide 
and very low winds during midday.

•  Very high or very low salinity, high illumination, high water clarity, very 
low tide and very low winds during midday.



+RZ�GR�\RX�PDWFK�GDWD�W\SHV�+RZ�GR�\RX�PDWFK�GDWD�W\SHV�
WKURXJKRXW�WKH�GD\"WKURXJKRXW�WKH�GD\"

If you want to match low wind speeds with high 
temperatures, do you average the whole day’s worth then 
match them, or do you average certain periods of a day, then 
match them?  What if you want to match something that 
happens all  morning (say low wind speeds)  with something 
that happens around noon (say high temperature)?  And 
what if you want to match a low, low tide to high temperature 
at noon and the low wind speeds all morning?

And besides, what is “low” and doesn’t it matter what time of 
year it is, anyway?



Subjective Data Ranges:

ul unbelievably low av average
dl drastically low sh somewhat high
vl very low hi high
lo low vh very high
sl somewhat low dh drastically high

uh unbelievably high

Subjective Periods of the Day:

Abbrev Period GMT Time Local (5 hours) Local (4 hours)
---------------------------------------------------------------------------------------------------------
(Large Groupings)
all all-day 0300 - 0300 2200 - 2200 2300 - 2300
dayl daylight-hours 0900 - 2400 0400 - 1900 0500 - 2000
nite night-hours 0000 - 0900 1900 - 0400 2000 - 0500

dayb dawn-morning 0900 - 1500 0400 - 1000 0500 - 1100
aftn afternoon 1800 - 2400 1300 - 1900 1400 - 2000

(Basic Periods)
midn midnight 0300 - 0600 2200 - 0100 2300 - 0200
pdaw pre-dawn 0600 - 0900 0100 - 0400 0200 - 0500

dawn dawn 0900 - 1200 0400 - 0700 0500 - 0700
morn morning 1200 - 1500 0700 - 1000 0800 - 1100
midd mid-day 1500 - 1800 1000 - 1300 1100 - 1400
psun pre-sunset 1800 - 2100 1300 - 1600 1400 - 1700
suns sunset 2100 - 2400 1600 - 1900 1700 - 2000

even evening 0000 - 0300 1900 - 2200 2000 - 2300

'DWD�*URXSLQJ�LQ�&5(:6'DWD�*URXSLQJ�LQ�&5(:6

See 3D decision table...



$V�VSHFLILHG�HQYLURQPHQWDO�FRQGLWLRQV�DUH�PHW��$V�VSHFLILHG�HQYLURQPHQWDO�FRQGLWLRQV�DUH�PHW��
FRUDO�EOHDFKLQJ�³DOHUWV´�DUH�SRVWHG�WR�WKH�FRUDO�EOHDFKLQJ�³DOHUWV´�DUH�SRVWHG�WR�WKH�
:RUOG:RUOG��:LGH�:HE�DQG�HPDLOHG�WR�FRUDO�EOHDFKLQJ�:LGH�:HE�DQG�HPDLOHG�WR�FRUDO�EOHDFKLQJ�
UHVHDUFKHUV�DQG�VDQFWXDU\�PDQDJHPHQW�UHVHDUFKHUV�DQG�VDQFWXDU\�PDQDJHPHQW�

6($.(<6�6($.(<6�
KWWS���ZZZ�FRUDO�KWWS���ZZZ�FRUDO�QRDDQRDD��JRYJRY��VIHUSPVIHUSP��VHDNH\VVHDNH\V��HVHV

$,06�$,06�
KWWS���ZZZ�FRUDO�KWWS���ZZZ�FRUDO�QRDDQRDD��JRYJRY��JEUJEU��HVHV



~~~~ Coral Bleaching Alert for Sombrero Key, 08/12/1998 ~~~~

Rule-T4 (9)
Conditions possibly favorable for bleaching night-hours on 08/12/1998,

because FIO sea temperature was very high (about 31.2). 

Rule-TWT1 (48)
Conditions favorable for bleaching on 08/11/1998, because

FIO sea temperature was very high (about 31.2) during mid-day, 
wind speed was very low (about 5.9), during mid-day, 
and tide was very low (about -4.40) during mid-day.

Rule-T5 (6)
Conditions possibly favorable for bleaching afternoon on 08/11/1998,

because FIO sea temperature was very high (about 31.5). 

Rule-T8 (3)
Conditions possibly favorable for bleaching evening on 08/11/1998,

because FIO sea temperature was very high (about 31.0). 

Rule-T8 (3)
Conditions possibly favorable for bleaching morning on 08/11/1998,

because FIO sea temperature was very high (about 31.0). 

Rule-T5 (6)
Conditions possibly favorable for bleaching afternoon on 08/10/1998,

because FIO sea temperature was very high (about 31.3). 

... [etc.] ...

~~~~~~~
High temperature points:                    138
High temperature, low wind points:          0
High temperature, low wind, low tide points: 48
Number of rules triggered: 18



&5(:6�IRU�WKH&5(:6�IRU�WKH
*UHDW�%DUULHU�5HHI*UHDW�%DUULHU�5HHI

■■ 9HU\�UHOLDEOH�GDWD�RXWSXW�IURP�+DUG\��9HU\�UHOLDEOH�GDWD�RXWSXW�IURP�+DUG\��'DYLHV��'DYLHV��
&OHYHODQG�%D\��$JLQFRXUW&OHYHODQG�%D\��$JLQFRXUW DQG�0\UPLGRQ�5HHIVDQG�0\UPLGRQ�5HHIV

■■ *RRG�3$5��OLJKW���VHD�WHPSHUDWXUH��DQG�ZLQG�*RRG�3$5��OLJKW���VHD�WHPSHUDWXUH��DQG�ZLQG�
GDWD��EXW�QR�WLGDO�LQIRUPDWLRQGDWD��EXW�QR�WLGDO�LQIRUPDWLRQ

■■ 'DWD�DUH�DXWRPDWLFDOO\�XSORDGHG�WR�FRUDO�'DWD�DUH�DXWRPDWLFDOO\�XSORDGHG�WR�FRUDO�
ZRUNVWDWLRQ�DW�$20/�HYHU\�GD\ZRUNVWDWLRQ�DW�$20/�HYHU\�GD\

■■ &5(:6�HIIHFWLYHO\�SDUVHG�GDWD�DQG�SURGXFHG�&5(:6�HIIHFWLYHO\�SDUVHG�GDWD�DQG�SURGXFHG�
FRUDO�EOHDFKLQJ�DOHUWV�GXULQJ�)HEUXDU\��FRUDO�EOHDFKLQJ�DOHUWV�GXULQJ�)HEUXDU\������������
DQG������IRUDQG������IRU 0\UPLGRQ�5HHI0\UPLGRQ�5HHI



~~~~ Coral Bleaching Alert for Myrmidon Reef  02/15/1998 ~~~~

Rule-TWP2 (24)
Conditions favorable for bleaching on 02/15/1998, because
in situ sea temperature was very high (about 29.9) during mid 
day, and PAR was high (about 1663) during mid-day.

Rule-TWP1 (24)
Conditions favorable for bleaching on 02/12/1998, because
in situ sea temperature was very high (about 29.8) during mid-
day, wind speed was very low (about 3.0), during mid-day, 
and PAR was high (about 1864) during mid-day.

[ etc. ]

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

High temperature only points:                          0
High temperature, low wind points:                     24
High temperature, low wind, low tide points:           0
High temperature, low wind, high PAR points:                    120
High temperature, high PAR points:                     48
High temperature, low wind, high PAR, low tide points: 0

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
Total points triggered:                      192
Number of rules triggered:                   9



(IIHFWLYHQHVV�RI�&5(:6�YLWDOO\�(IIHFWLYHQHVV�RI�&5(:6�YLWDOO\�
GHSHQGHQW�XSRQ�ILHOG�WHDP�GHSHQGHQW�XSRQ�ILHOG�WHDP�

■■ )LHOG�PDLQWHQDQFH)LHOG�PDLQWHQDQFH
±± +LJK�ERDW�PDLQWHQDQFH+LJK�ERDW�PDLQWHQDQFH
±± ,QVWUXPHQWV�WR�VZDS,QVWUXPHQWV�WR�VZDS��RXW�IRU�EDG�RQHVRXW�IRU�EDG�RQHV
±± 7URXEOH7URXEOH��VKRRWLQJ�LQ�WKH�ILHOGVKRRWLQJ�LQ�WKH�ILHOG

■■ 3HUVRQQHO�DUH�H[SHULHQFHG�GLYHUV�DQG�UXJJHG�3HUVRQQHO�DUH�H[SHULHQFHG�GLYHUV�DQG�UXJJHG�
LQGLYLGXDOVLQGLYLGXDOV

■■ )HHGEDFN�RQ�ELRORJLFDO�HYHQW��)HHGEDFN�RQ�ELRORJLFDO�HYHQW��H�J��H�J�� FRUDO�FRUDO�
EOHDFKLQJ�EOHDFKLQJ�



Solution:  Remote Video!

If instruments are very reliable, field maintenance is rarely necessary,
and is expensive when it is.  Remote video could tell us when corals
begin to bleach.

Obvious problems:

a) Fouling of lens might be a big problem; hence, maintenance might 
be necessary anyway.

b) Data transmission is expensive and difficult.
c) Local sports fans might steal the $15K camera!



6DWHOOLWH�GDWD�DQG�&5(:66DWHOOLWH�GDWD�DQG�&5(:6

■■ 'DWD�IURP�VDWHOOLWH�FDQ�GLUHFWO\�EH�SURFHVVHG�E\�'DWD�IURP�VDWHOOLWH�FDQ�GLUHFWO\�EH�SURFHVVHG�E\�

&5(:6��WRR��MXVW�DV�IRU�&5(:6��WRR��MXVW�DV�IRU�LQ�VLWXLQ�VLWX LQVWUXPHQWVLQVWUXPHQWV

■■ 'DWD�VWUHDPV�IURP�'DWD�VWUHDPV�IURP�LQ�VLWXLQ�VLWX WHPSHUDWXUH�VHQVRU�DQG�WHPSHUDWXUH�VHQVRU�DQG�

VDWHOOLWH�VHQVRU�FDQ�EH�PHUJHG�IRU�&5(:6�VDWHOOLWH�VHQVRU�FDQ�EH�PHUJHG�IRU�&5(:6�

SURFHVVLQJ��VHH�SURFHVVLQJ��VHH�QH[W�QH[W�

■■ &5(:6�FDQ�UHSRUW�RQ�GLIIHUHQFHV�LQ�PHDVXUHPHQWV��&5(:6�FDQ�UHSRUW�RQ�GLIIHUHQFHV�LQ�PHDVXUHPHQWV��

DQG�FDQ�PDNH�UHFRPPHQGDWLRQV��EDVHG�RQ�H[SHUWV¶�DQG�FDQ�PDNH�UHFRPPHQGDWLRQV��EDVHG�RQ�H[SHUWV¶�

SURGXFWLRQ�UXOHVSURGXFWLRQ�UXOHV



([DPSOH�RXWSXW�IURP�/RQJ�.H\�VWDWLRQ¶V�
WHPSHUDWXUH�FRPSDULVRQ�SURGXFWLRQ�UXOH:

Rule-T1 (sea temp difference)
Day 149 (dawn)
~~~~~~~~~~~~~~~~~~~
FIO sea temperature was about 21.1 (somewhat-low)
NDBC sea temperature was about 31.0 (high)
Difference: FIO - NDBC was -9.9



%ORRP�GHWHFWLRQ�SURGXFWLRQ�UXOH�
DW�/RQJ�.H\��SURWRW\SH��

Rule Flu-Wind-PAR-1 (high fluoro, low wind, high PAR)
Day 146
~~~~~~~~~~~~~~~~~~~
Fluorometry was about 0.082 (very-high mid-day)
Wind Speed was about 4.4 (low mid-day)
Wind Direction was from NE-ENE direction (mid-day)
PAR was about  969 (high mid-day)

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
7KLV�W\SH�RI�DOJRULWKP�PD\�HYHQWXDOO\�EH�
XVHIXO�LQ�KDUPIXO�DOJDO�EORRP�DQG�RU�EORRP
FRQGLWLRQV�GHWHFWLRQ.



aaaa�6RPEUHUR�.H\�&RQFK�/DUYDO�'ULIW�$OHUW�IRU������������aaaa

5XOH��'DZQ�PRUQLQJ����SRLQWV�
:LQGV�ZHUH�DSSUR[LPDWHO\�HDVWHUO\�DW����GHJUHHV�
GXULQJ�GDZQ�PRUQLQJ�KRXUV�RQ�GD\������������

5XOH��'DZQ�PRUQLQJ����SRLQWV�
:LQGV�ZHUH�DSSUR[LPDWHO\�HDVWHUO\�DW����GHJUHHV�
GXULQJ�GDZQ�PRUQLQJ�KRXUV�RQ�GD\������������

5XOH��$IWHUQRRQ����SRLQWV�
:LQGV�ZHUH�DSSUR[LPDWHO\�HDVWHUO\�DW����GHJUHHV�
GXULQJ�GDZQ�PRUQLQJ�KRXUV�RQ�GD\������������

5XOH��$IWHUQRRQ����SRLQWV�
:LQGV�ZHUH�DSSUR[LPDWHO\�HDVWHUO\�DW����GHJUHHV�
GXULQJ�GDZQ�PRUQLQJ�KRXUV�RQ�GD\������������

5XOH��'DZQ�PRUQLQJ����SRLQWV�
:LQGV�ZHUH�DSSUR[LPDWHO\�HDVWHUO\�DW����GHJUHHV�
GXULQJ�GDZQ�PRUQLQJ�KRXUV�RQ�GD\������������

aaaaaaa
(DVWHUO\�ZLQG�FRXQW�SRLQWV��������
1XPEHU�RI�UXOHV�WULJJHUHG��������



:KDW�GRHV�DOO�WKLV�PHDQ":KDW�GRHV�DOO�WKLV�PHDQ"

■■ ([SHUW�V\VWHPV�FDQ�DXWRPDWLFDOO\�GR�D�ORW�RI�([SHUW�V\VWHPV�FDQ�DXWRPDWLFDOO\�GR�D�ORW�RI�
ZRUN�WKH�H[SHUWV�FDQ�ZRUN�WKH�H[SHUWV�FDQ�

■■ &5(:6�FDQ�V\QWKHVL]H�&5(:6�FDQ�V\QWKHVL]H�NQRZOHGJHNQRZOHGJH IURP�GDWD�IURP�GDWD�
■■ &5(:6�FDQ�ZRUN�ZLWK�&5(:6�FDQ�ZRUN�ZLWK�LQ�VLWXLQ�VLWX LQVWUXPHQWV��RU�LQVWUXPHQWV��RU�
VDWHOOLWH�LQVWUXPHQWV��RU�ERWK�VDWHOOLWH�LQVWUXPHQWV��RU�ERWK�

■■ &5(:6�FDQ�VHQG�DOHUWV�ZKHQ�SUHVFULEHG�&5(:6�FDQ�VHQG�DOHUWV�ZKHQ�SUHVFULEHG�
FRQGLWLRQV�DUH�PHW�FRQGLWLRQV�DUH�PHW�



3ODQV�IRU�WKH�IXWXUH3ODQV�IRU�WKH�IXWXUH

■■ 'HSOR\�&5(:6�IRU�WKH�%DKDPDV��WKH�86�9LUJLQ�'HSOR\�&5(:6�IRU�WKH�%DKDPDV��WKH�86�9LUJLQ�
,VODQGV��3XHUWR�5LFR��DQG�$PHULFDQ�6DPRD,VODQGV��3XHUWR�5LFR��DQG�$PHULFDQ�6DPRD

■■ $GG�QHZ�LQVWUXPHQWV���89$GG�QHZ�LQVWUXPHQWV���89��%��S&2%��S&2���QXWULHQWV��HWF����QXWULHQWV��HWF�

■■ 5HFRQILJXUH�IRU�DGGLWLRQDO�HYHQW�DOHUWV�EHVLGHV�FRUDO�5HFRQILJXUH�IRU�DGGLWLRQDO�HYHQW�DOHUWV�EHVLGHV�FRUDO�
EOHDFKLQJ��H�J���ILVK�RU�LQYHUWHEUDWH�PLJUDWLRQV��EOHDFKLQJ��H�J���ILVK�RU�LQYHUWHEUDWH�PLJUDWLRQV��
ODUYDO�VXUYLYDO��KDUPIXO�DOJDO�EORRPV��HWF��ODUYDO�VXUYLYDO��KDUPIXO�DOJDO�EORRPV��HWF��
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