
CHAPTER 1

Overview, Installation
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What is R?
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What is an IDE?
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Name Platforms Description

ESS All ESS (http://ess.r-project.org) is a powerful and commonly used interface for
R that integrates the venerable emacs editor with R. There are numerous
conveniences, but some find that it is difficult to learn and has an old-school
feel, which precludes adoption.

Eclipse All The open-source StatET plugin (http://www.walware.de/goto/statet)
turns Eclipse, a Java-based multipurpose IDE, into a full-featured IDE for R.

SciViews All An R API and extension for the Komodo code editor.

JGR All Java-based editor that interfaces with R through the rJava and JRI pack-
ages. The Deducer package adds a suite of data analysis tools.

Tinn-R Windows An extension for the Tinn editor that allows integration with an underlying
R process.

Notepad++ Windows With the NpptoR extension allows the Notepad++ editor to interact with
an R process.

RGui Windows The Windows GUI for R has many of the features of an IDE.

Why RStudio?
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Which Workspace?
.:7@�)�;E�EF3DF76��;F�8A>>AIE�F:;E�BDA57EE�

M )�;E�EF3DF76�;@�F:7�IAD=;@9�6;D75FADK


M !8�BD7E7@F��F:7�	(AC@7:=6�8;>7SE�5A??3@6E�3D7�7J75GF76


M !8�BD7E7@F��F:7�	(52E2�8;>7�;E�>A3676
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Projects
)*FG6;A�BDAH;67E�3�H7DK�GE78G>�QBDA<75FR�873FGD7�F:3F�3>>AIE�3�GE7D�FA�EI;F5:�CG;5=>K
47FI77@�BDA<75FE
��35:�BDA<75F�?3K�:3H7�6;887D7@F�IAD=;@9�6;D75FAD;7E��IAD=EB357E�
3@6�5A>>75F;A@�A8�8;>7E�;@�F:7�Source�5A?BA@7@F
�+:7�5GDD7@F�BDA<75F�@3?7�;E�>;EF76�A@
F:7�83D�D;9:F�A8�F:7�?3;@�3BB>;53F;A@�FAA>43D�;@�3�5A?4A4AJ�F:3F�3>>AIE�A@7�FA�EI;F5:
47FI77@�AB7@�BDA<75FE��AB7@�3@�7J;EF;@9�BDA<75F��AD�5D73F7�3�@7I�BDA<75F


��@7I�BDA<75F�D7CG;D7E�<GEF�3�@3?7�3@6�3�IAD=;@9�6;D75FADK
�+:;E�873FGD7�;E�3�@3FGD3>
8;F�8AD�)*FG6;A��4753GE7�I:7@�;F�DG@E�3E�3�I74�3BB>;53F;A@��F:7D7�;E�3�@776�FA�E7D;3>;L7
3@6�D7EFAD7�E7EE;A@E�6G7�FA�F:7�@3FGD7�A8�I74�5A@@75F;A@E
�*I;F5:;@9�47FI77@�BDA<75FE
;E�3E�73EK�3E�E7>75F;@9�3@�AB7@�BDA<75F
�)*FG6;A�<GEF�E7D;3>;L7E�F:7�A>6�A@7�3@6�D7EFAD7E
F:7�@7I>K�E7>75F76�A@7


�E�A8�ID;F;@9��F:7�QBDA<75FR�873FGD7�;E�@AF�3H3;>34>7�;@�F:7�EF34>7�D7>73E7
��
��

����4GF�;E�;@�F:7�Q63;>K�4G;>6R�H7DE;A@


Which R?
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EB75;8;76� ;@� F:7�'BF;A@E� 6;3>A9� �Q+:7�'BF;A@E��;3>A9R� A@�B397� ��
� �AD� $;@GJ� 3@6
%35�'*�/�GE7DE��A@7�53@�E7F�3@�7@H;DA@?7@F�H3D;34>7��3E�E77@�:7D7�

$ export RSTUDIO_WHICH_R=/usr/local/bin/R

.74	43E76�GE7DE�D73>>K�6A@SF�:3H7�3�5:A;57��3E�F:;E�;E�67F7D?;@76�4K�I:A�5A@8;9GD7E
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Layout of the Components
+:7�)*FG6;A�;@F7D8357�5A@E;EFE�A8�E7H7D3>�?3;@�5A?BA@7@FE�E;FF;@9�47>AI�3�FAB	>7H7>
FAA>43D�3@6�?7@G�43D
��>F:AG9:�F:;E�B>357?7@F�53@�47�36<GEF76��F:7�6783G>F� >3KAGF
GF;>;L7E�8AGD�?3;@�B3@7>E�AD�B3@7E�;@�F:7�8A>>AI;@9�BAE;F;A@E�

M !@�F:7�GBB7D�>78F�;E�3�Source�4DAIE7D�@AF74AA=�8AD�76;F;@9�8;>7E��E77�Q*AGD57��A67
�6;FADR�A@�B397�����AD�H;7I;@9�EA?7�63F3�E7FE
�!@��;9GD7�
	��F:;E�;E�@AF�H;E;4>7�
3E�F:3F�E7EE;A@�:36�@A�8;>7E�AB7@


M !@�F:7�>AI7D�>78F�;E�3�Console�8AD�;@F7D35F;@9�I;F:�3@�)�BDA57EE���:3BF7D���


M !@�F:7�GBB7D�D;9:F�;E�3�@AF74AA=�I;697F�FA�:A>6�3�Workspace�4DAIE7D��Q.AD=EB357
�DAIE7DR�A@�B397�����3@6�History�4DAIE7D��Q�A??3@6� ;EFADKR�A@�B397����


M !@�F:7�>AI7D�D;9:F�;E�3�@AF74AA=�FA�:A>6�F34E�8AD�;@F7D35F;@9�I;F:�F:7�Files��Q+:7
�;>7� �DAIE7DR� A@� B397� �
��� Plots� �Q+:7� �DAIE7DR� A@� B397� ����� Packages
�Q(35=397�%3;@F7@3@57R�A@�B397������3@6�Help�EKEF7?�5A?BA@7@FE��Q+:7� 7>B
(397�-;7I7DR�A@�B397����


+:7�Console�B3@7�;E�EA?7I:3F�BD;H;>7976��;F�;E�3>I3KE�H;E;4>7��3@6�;F�:3E�3�F;F>7�43D
�+:7
AF:7D�5A?BA@7@FE�GF;>;L7�@AF74AA=�I;697FE��3@6�F:7�B397�F34E�E7DH7�3E�3�F;F>7�43D
�+:7E7
B397E�:3H7�B397	EB75;8;5�FAA>43DE��B7D:3BE�?AD7�F:3@�A@7�PI:;5:�;@�F:7�53E7�A8�F:7
Source�5A?BA@7@F�3D7�3>EA�5A@F7JF	EB75;8;5


+:7�GE7D�?3K�5:3@97�F:7�6783G>F�3>>A53F;A@�A8�EB357�8AD�735:�A8�F:7�B3@7E
�+:7D7�;E�3
E3E:�3BB73D;@9�;@�F:7�?;66>7�A8�F:7�;@F7D8357�47FI77@�F:7�>78F�3@6�D;9:F�E;67E�F:3F�3>>AIE
F:7�GE7D�FA�36<GEF�F:7�:AD;LA@F3>�3>>A53F;A@�A8�EB357
��GDF:7D?AD7��735:�E;67�F:7@�:3E
3@AF:7D�E3E:�FA�3>>A53F7�F:7�H7DF;53>�EB357�47FI77@�;FE�FIA�B3@7E
��E�I7>>��F:7�F;F>7�43D
A8�735:�B3@7�:3E�;5A@E�FA�E:367�3�5A?BA@7@F��?3J;?;L7�3�5A?BA@7@F�H7DF;53>>K��AD
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Keyboard Shortcuts
'@7�53@�73E;>K�EI;F5:�47FI77@�5A?BA@7@FE�GE;@9�F:7�?AGE7
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*23=6���
	�!6J3@2C5�D9@CE4FED�7@C�?2G:82E:@?�36EH66?�>2;@C�4@>A@?6?ED

Description Windows & Linux Mac

Move cursor to Source Editor Ctrl+1 Ctrl+1

Move cursor to Console Ctrl+2 Ctrl+2

Show workspace Ctrl+3 Ctrl+3

Show data Ctrl+4 Ctrl+4

Show history Ctrl+5 Ctrl+5

Show files Ctrl+6 Ctrl+6

Show plots Ctrl+7 Ctrl+7

Show packages Ctrl+8 Ctrl+8

Show help Ctrl+9 Ctrl+9

The Options Dialog
)*FG6;A�BD787D7@57E�3D7�36<GEF76�F:DAG9:�F:7�Options�6;3>A9�
�+:7D7�3D7�8AGD�B3@7>E�8AD
F:;E�6;3>A9�FA�36<GEF��97@7D3>�BDAB7DF;7E��76;F;@9�BDAB7DF;7E���;9GD7��	����3BB73D3@57
BDAB7DF;7E�3@6�B3@7�>3KAGF���;9GD7�
	��


+:7�B3@7�>3KAGF�3>>AIE�F:7�GE7D�FA�67F7D?;@7�I:;5:�B3@7E�9A�;@�I:;5:�5AD@7DE��3@6�
8AD�F:7�EGBB>7?7@F3>�5A?BA@7@FE��@AF�F:7��A@EA>7�AD�*AGD57�76;FAD���I:;5:�5A?BA	
@7@FE�3D7�D7@67D76�;@�I:;5:�@AF74AA=
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Installing RStudio
!@EF3>>;@9�)*FG6;A�;E�GEG3>>K�3�EFD3;9:F8ADI3D6�BDA57EE
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HHH	CDEF5:@	@C8

5@H?=@25
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�E�)*FG6;A�67B7@6E�A@�EA?7�A8�F:7�>3F7EF�873FGD7E�A8�?3@K�?AH;@9�B3DFE��EG5:�3E��.+�
F:7D7�53@�47�;EEG7E�I;F:�5A?B;>;@9�8DA?�F:7�EAGD57
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DFA�
A@CE	CDEF5:@	@C8
��3D7�3@�7J57>>7@F�B>357�FA�8;@6�EB75;8;5�3@EI7DE�FA�3@K�;EEG7E


Logging
)*FG6;A�5D73F7E�E75D7F�8;>7E�8AD�;FE7>8�FA�EFAD7�;@8AD?3F;A@��;@5>G6;@9�>A9	
9;@9�;@8AD?3F;A@
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	CDEF5:@�56D<E@A
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!@�F:7�3BB>;53F;A@SE�?7@G�43D��F:7�Help > Diagnostics�;F7?�53@�47�GE76
FA�8;@6�F:7�>A9�8;>7E


Updating RStudio
,B63F;@9�)*FG6;A�;E�3>EA�EFD3;9:F8ADI3D6


+A�E77�;8�3@�GB63F7�;E�3H3;>34>7��F:7�Help > Check for Updates�?7@G�;F7?�I;>>�AB7@�3
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CHAPTER 2

Case Study: Data Cleaning

&AI�F:3F�I7�=@AI�:AI�FA�EF3DF�)*FG6;A��>7FSE�6;H7�;@
�.7S>>�479;@�I;F:�3�4>AI	4K	4>AI
355AG@F�A8�3�E3?B>7�63F3�3@3>KE;E�8AD�I:;5:�I7�D736�;@�EA?7�63F3��5>73@�;F�GB��F:7@
8AD?3F�;F�8AD�8GDF:7D�EFG6K
�+:7�BA;@F�A8�F:7�7J7D5;E7�;E�FA�E:AI�:AI�?3@K�A8�)*FG6;ASE
873FGD7E�53@�47�GE76�6GD;@9�F:7�BDA57EE�FA�EB776�F:7�F3E=�3>A@9
�.7�I;>>�BAEFBA@7�8AD
@AI�3@�7J3?B>7�A8�F:7�Q67H7>AB?7@FR�3EB75F�A8�)*FG6;A


+:7�63F3�E7F�I7� >AA=�3F�:7D7�5A?7E� 8DA?�3�5A>>739G7��3@6�5A@F3;@E� D75AD6E� 8DA?�3
BEK5:A>A9K�7JB7D;?7@F�A@�3�5A>A@K�A8�@3=76�?A>7�D3FE
�+:7�7JB7D;?7@F7D�;E�;@F7D7EF76
;@�4AF:�F:7�47:3H;AD�A8�735:�@3=76�?A>7�D3F�;@�F;?7�3@6�F:7�EA5;3>�3EB75F�A8�F:7�5A>A@K
3E�3�I:A>7


�35:�D3F�I73DE�3@�)�!��5:;B�F:3F�3>>AIE�F:7�D7E73D5:7D�FA�FD35=�;FE�?AF;A@
�+:7�7J	
B7D;?7@F�5A@E;EFE�A8�
��5:3?47DE��4G44>7E��;@�3�>;@73D�3DD3@97?7@F�E7B3D3F76�4K�
�
FG47E
��35:�FG47�:3E�3�93F7�I;F:�3�E7@EAD
�.:7@�3�?A>7�D3F�B3EE7E�F:DAG9:�F:7�FG47�
F:7�F;?7�3@6�93F7�3D7�D75AD676
�,@8ADFG@3F7>K��93F7E�53@�47�?;EE76��3@6�F:7�D75AD6;@9
67H;57�53@�7DDA@7AGE>K�D7B>;53F7�H3>G7E��EA�F:7�D3I�63F3�?GEF�47�5>73@76�GB


+:;E�63F3�5A?7E�FA�GE�;@�D;5:	F7JF�8AD?3F��CE7�
�+:;E�CG3E;�F7JF	43E76�8AD?3F�;E�3�4;F
G@GEG3>�8AD�63F3�FD3@E87D�4GF�BD7EG?34>K�;E�GE76�4K�F:7�D75AD6;@9�3BB3D3FGE
�.7�I;>>
E77�F:3F�F:;E�8AD?3F�:3E�EA?7�;6;AEK@5D3E;7E�F:3F�I;>>�D7CG;D7�GE�FA�IAD=�3�>;FF>7�:3D67D
F:3@�I7�?;9:F�@AD?3>>K�6A� FA� D736�63F3� ;@FA�3@�)*FG6;A�E7EE;A@��4GF�6A@SF�IADDK�
)*FG6;A�;E�GB�FA�F:7�F3E=


'GD�8;DEF�EF7B�;E�FA�5ABK�F:7�8;>7�;@FA�3�6;D75FADK�@3?76�NMR
�.7�3D7�B7D8AD?;@9�F:;E
3@3>KE;E�GE;@9�F:7�67E=FAB�H7DE;A@��EA�I7�E;?B>K�5ABK�8;>7E�F:7�GEG3>�I3K�38F7D�?3=;@9
3�@7I�6;D75FADK
� 36�I7�477@�IAD=;@9�F:DAG9:�3�E7DH7D��I7�5AG>6�:3H7�GB>A3676�F:7
8;>7� ;@FA�3�@7I�6;D75FADK�GE;@9� 8;DEF� F:7�New Folder� FAA>43D�4GFFA@�� F:7@� F:7�Upload
FAA>43D�4GFFA@�A8�F:7�Files�5A?BA@7@F
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Using Projects
+A�AD93@;L7�AGD�IAD=��I7�E7F�GB�3�@7I�BDA<75F
�)*FG6;A�3>>AIE�GE�FA�5A?B3DF?7@F3>;L7
AGD�IAD=�;@FA�BDA<75FE�F:3F�:3H7�E7B3D3F7�9>A43>�IAD=EB357E�3@6�3EEA5;3F76�8;>7E
�.7
73E;>K�@3H;93F7�47FI77@�BDA<75FE�GE;@9�3�E7>75FAD� �3�5A?4A4AJ�� ;@� F:7�?3;@�FAA>43D
>A53F76� ;@� F:7�GBB7D	D;9:F� 5AD@7D
�+:7� E3?7� E7>75FAD� :3E� 3@�ABF;A@� FA� 5D73F7� 3� New
Project...��I:;5:�I7�5:AAE7
�+A�5D73F7�3�@7I�BDA<75F��A@7�8;>>E�;@�3�BDA<75F�@3?7�3@6
>A53F;A@


.:7@�F:7�BDA<75F�;E�5D73F76��F:7�IAD=;@9�6;D75FADK�;E�E7F
�+:7�F;F>7�43D�A8�F:7�Console
B3@7>�;E�GB63F76��3E�3D7�F:7�5A@F7@FE�A8�F:7�Files�5A?BA@7@F��I:;5:�>;EFE�F:7�8;>7E�3@6
EG46;D75FAD;7E�;@�3�9;H7@�6;D75FADK
�+:7�Files�5A?BA@7@F�D7E;67E�;@�3�@AF74AA=��I:;5:
4K� 6783G>F� ;E� B>3576� ;@� F:7� GBB7D	D;9:F� 5AD@7D
� !8� ;F� ;E@SF� E:AI;@9�� E7>75F� ;FE� F34
� !@
�;9GD7��	
��I7�E77�F:3F�AGD�IAD=;@9�6;D75FADK�5A@F3;@E�AGD�63F3�8;>7�3@6�3�4AA==77B;@9
8;>7�F:3F�)*FG6;A�5D73F76


�:8FC6�
��	�*96��:=6D�3C@HD6C�D9@HD�7:=6D�25565�H96?�2�?6H�AC@;64E�:D�4C62E65

+:7�Files�4DAIE7D�B3@7>�;E�FKB;53>�A8�)*FG6;ASE�5A?BA@7@FE
�!@�366;F;A@�FA�F:7�?3;@
3BB>;53F;A@�FAA>43D��?AEF�5A?BA@7@FE�5A?7�I;F:�F:7;D�AI@�FAA>43D
�!@�F:;E�53E7��F:7
FAA>43D� :3E� 4GFFA@E� FA� 366� 3�@7I� 8A>67D�� 67>7F7� E7>75F76� 8;>7E�� 7F5
� !@� 366;F;A@�� F:7
Files�5A?BA@7@F�366E�3�E75A@6�FAA>43D�FA�835;>;F3F7�F:7�E7>75F;A@�A8�8;>7E�3@6�@3H;93F;A@
I;F:;@�6;D75FAD;7E


Reading in a Data File
�>;5=;@9�A@�F:7�63F3�8;>7�@3?7�;@�F:7�8;>7�4DAIE7D�AB7@E�GB�3�EKEF7?�F7JF�76;FAD���;9	
GD7��	����3>>AI;@9�GE�FA�76;F�F:7�8;>7
��AD�?3@K�F7JF	43E76�8;>7E��F:7�8;>7�I;>>�AB7@�;@
)*FG6;ASE�EAGD57	5A67�76;FAD
� AI7H7D��F:7�35FG3>�76;FAD�7?B>AK76�67B7@6E�A@�F:7
7JF7@E;A@�3@6�%!%��FKB7�A8�F:7�8;>7
��AD�CE7�8;>7E��F:7�G@67D>K;@9�AB7D3F;@9�EKEF7?SE
76;FAD�;E�GE76��I:;5:�8AD�%35�'*�/�;E�textedit
�.7�53@�E77�F:3F�F:7�63F3�3BB73DE�FA
:3H7�A@7�>;@7�B7D�D75AD6��I;F:�F:7�H3>G7E�E7B3D3F76�4K�E7?;5A>A@E
�+:7�8;7>6E�3D7�)�!��
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63F7��F;?7��3@6�93F7�@G?47D
�+:;E�;E�43E;53>>K�5A??3	E7B3D3F76	H3>G7���*-��63F3�I;F:
3�@A@EF3@63D6�E7B3D3FAD


 AI7H7D��3>F:AG9:�I7�D3D7>K�E77�CE7�8;>7E��I7�=@AI�F:7�textedit�BDA9D3?�I;>>�>;=7>K
D7@67D�F:7?�GE;@9�F:7�?3D=GB�8AD�8AD?3FF;@9��EA�B7D:3BE�F:7D7�3D7�EA?7�?3D=GB�5A?	
?3@6E�F:3F�@776E�FA�47�D7?AH76
�+A�;@H7EF;93F7��I7�?3=7�3�5ABK�A8�F:7�63F3�8;>7��4GF
EFAD7�;F�;@EF736�I;F:�3�EIE�7JF7@E;A@
�+:7�Files�5A?BA@7@F�?3=7E�;F�73EK�FA�B7D8AD?
43E;5�8;>7�AB7D3F;A@E�EG5:�3E�F:;E
�+A�?3=7�3�5ABK�A8�3�8;>7��A@7�E7>75FE�F:7�5:75=4AJ
@7JF�FA�F:7�8;>7�3@6�;@HA=7E�F:7�More > Copy…�?7@G�;F7?��3E�E77@�;@��;9GD7��	�


�:8FC6�
��	��@AJ:?8�7:=6D�:?�E96��:=6D�3C@HD6CPE96�4@>>2?5�24ED�@?�E96�4964<65�7:=6

.7�5:3@97�F:7�7JF7@E;A@�FA�EIE�3@6�AGD�8;>7�>;EF�;E�GB63F76
�+:7�6;EB>3K76�5A@F7@FE�A8
F:7�6;D75FADK�?3K�3>EA�47�D78D7E:76�4K�5>;5=;@9�F:7�F7D?;@GE�A@�F:7�B3F:�;@6;53F76�4K
F:7�>;@=E�FA�F:7�D;9:F�A8�F:7�:AGE7�;5A@�;@�F:7�E75A@63DK�FAA>43D��AD�F:7�5GDH76�3DDAI
;5A@�A@�F:7�83D�D;9:F�A8�F:7�5A?BA@7@FSE�?3;@�FAA>43D
�&AI��5>;5=;@9�A@�F:7�EIE�8;>7
AB7@E�F:7�8;>7�;@�)*FG6;ASE�EAGD57	5A67�76;FAD�3E�3�F7JF�8;>7���;9GD7��	��


�:8FC6�
�
	�*96�CE7�7:=6�:D�@A6?65�:?�2?�65:E@C�AC@G:565�3J�E96�DJDE6>��?@E�3J�()EF5:@
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+:7�76;FADSE�EF3FGE�43D�E:AIE�GE�F:7�>;@7�3@6�BAE;F;A@�A8�F:7�5GDEAD�3@6��A@�F:7�83D�D;9:F�
F:3F�I7�3D7�>AA=;@9�3F�3�F7JF�8;>7
�.7�53@�@AI�E77�F:3F�F:7D7�;E�;@6776�3�:7367D��3@6��;8
I7�E5DA>>�6AI@��3�8AAF7D��ID3BB;@9�AGD�63F3
�.7�:;9:>;9:F�F:7�:7367D�3@6�F:7@�GE7�F:7
�7>7F7�=7K�FA�D7?AH7�F:;E�5A@F7@F�8DA?�F:7�8;>7
�.7�F:7@�E5DA>>�FA�F:7�4AFFA?�A8�F:7�8;>7
3@6�D7?AH7�3�FD3;>;@9�4D357
��8F7DI3D6E��I7�5>;5=�F:7�*3H7�FAA>43D�4GFFA@��F:7�GBB7D	
>78F�FAA>43D�4GFFA@��I:;5:�;E�9D3K76�AGF�;@�F:7�8;9GD7��3E�@A�5:3@97E�:3H7�477@�?367�


.7�@AI�I;E:�FA�D736�;@�F:7�8;>7�GE;@9�read.csv
�)*FG6;A�BDAH;67E�3@�Import Dataset
FAA>43D�4GFFA@�G@67D�F:7�Workspace�5A?BA@7@F��I:;5:�BDAH;67E�3@�;@F7D8357�F:3F�I;>>
:3@6>7�?AEF�4DG�63F3��EG5:�3E�F:3F�7JBADF76�8DA?�3�EBD736E:77F
�!@�F:;E�7J3?B>7�F:AG9:�
I7�:3H7�3�87I�;6;AEK@5D3E;7E�F:3F�BD7H7@F�;FE�GE7
��+:;E�;E�3�67>;47D3F7�5:A;57�FA�E:AI
A88�EA?7�A8�)*FG6;ASE�AF:7D�873FGD7E
�

*A�I7�:736�A@�AH7D�FA�F:7�Console�5A?BA@7@F�FA�6A�F:7�IAD=
�.;F:�F:7�6783G>F�B3@7>
3DD3@97?7@F�F:7�5A@EA>7�;E�>A53F76�A@�F:7�>78F�E;67��GEG3>>K�;@�F:7�>AI7D	>78F�B3@7>
�!@
)��A@7�53@SF�3HA;6�F:7�5A@EA>7��3@6�)*FG6;ASE�E:AG>6�>AA=�H7DK�83?;>;3D


Tab Key Completion
�F�F:7�5A@EA>7�I7�5D73F7�F:7�5A??3@6�FA�53>>�F:7�8G@5F;A@�6;D75F>K
�+:;E�D7CG;D7E�GE�FA
EB75;8K�3�87I�A8�;FE�3D9G?7@FE��3E�I7�:3H7�3�6;887D7@F�E7B3D3FAD��3@�A66�5:3D35F7D�7H7DK
AF:7D�>;@7��3@6�@A�:7367D
�.7�I;>>�GE7�F:7�F34�5A?B>7F;A@�873FGD7�FA�3EE;EF�GE�;@�8;>>;@9
;@�F:7E7�H3>G7E
�+:;E�873FGD7�BDAH;67E�5A?B>7F;A@�53@6;63F7E�8AD�?3@K�6;887D7@F�E7FF;@9E�
3>>AI;@9�GE�;@�F:;E�53E7�FA�D753>>�CG;5=>K�F:7�@3?7E�8AD�>7EE7D	GE76�3D9G?7@FE


�:8FC6�
��	�()EF5:@�D�4@56�65:E@C�D9@H:?8�24EF2=�4@?E6?ED�@7�@FC�52E2�7:=6��H6�?665�E@�56=6E6�E96�CE7
7@C>2EE:?8�367@C6�C625:?8�:?
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�;DEF��I7�FKB7�read.csv�;@�F:7�5A@EA>7
�+:7@�I7�BD7EE�F:7�+34�=7K�FA�4D;@9�GB�F:7�F34
5A?B>7F;A@�6;3>A9���;9GD7��	���8AD�F:;E�8G@5F;A@


�:8FC6�
��	�*23�<6J�4@>A=6E:@?�5:2=@8�D9@H:?8�D>2==�D?:AA6E�23@FE�E96�C625	4DG�7F?4E:@?�7C@>�E96
7F?4E:@?SD�96=A�A286

)*FG6;ASE�F34�5A?B>7F;A@�6;3>A9�8AD�3�8G@5F;A@�@;57>K�6;EB>3KE�;FE�3D9G?7@FE�3@6�3�E:ADF
67E5D;BF;A@��9>73@76�8DA?�;FE�:7>B�B397��I:7@�3H3;>34>7�
�!@�F:;E�7J3?B>7�I7�E77�F:7
sep�3D9G?7@F�;E�I:3F�I7�@776�FA�EB75;8K�3�E7?;5A>A@�8AD�3�E7B3D3FAD��F:7�header�3D9G	
?7@F�FA�EB75;8K�3�@A@	6783G>F�:7367D��3@6�comment.char�FA�E=;B�F:7�>;@7E�EF3DF;@9�I;F:
3�435=E>3E:


+:7�8;>7�@3?7�;E�F:7�8;DEF�3D9G?7@F
��AD�8;>7�@3?7E��;@6;53F76�4K�CGAF7E���F34�5A?B>7F;A@
I;>>�8;>>�;@�F:7�8;>7�@3?7��AD��;8�?AD7�F:3@�A@7�53@6;63F7�;E�BAEE;4>7��BDAH;67�3�BABGB
��;9GD7��	���FA�8;>>�;@�F:7�8;>7
� 7D7�I7�FKB7�3�>78F�B3D7@F:7E7E�3@6�6AG4>7�CGAF7��3@6
)*FG6;A�BDAH;67E�F:7�?3F5:;@9�H3>G7E


�:8FC6�
��	�*23�<6J�4@>A=6E:@?�7@C�DEC:?8D��2�=:DE�@7�7:=6D�:D�AC6D6?E65
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.7�BD7EE�F:7�+34�=7K�393;@�FA�E7>75F�F:7�BDABAE76�5A?B>7F;A@�H3>G7�GE;@9�AGD�?A6;8;76
F7JF�8;>7��@AF�F:7�AD;9;@3>
�.7�F:7@�366�3�5A??3�3@6�393;@�BD7EE�F:7�+34�=7K
�.:7@
F:7�BDA?BF�;E�;@�3�8G@5F;A@�4A6K��F:7�F34�5A?B>7F;A@�I;>>�BDA?BF�8AD�8G@5F;A@�3D9G	
?7@FE
��8F7D�7@F7D;@9�AGD�H3>G7E��I7�:3H7�F:;E�5A??3@6�FA�;EEG7��E77�3>EA��;9GD7��	���

> x <- read.csv("CopyOfDegas8_13_2010_12_1AM.txt", sep=";",
+ header=FALSE, comment.char="\\")

�:8FC6�
��	��@>>2?5�E@�C625�E96�Q4DGR�7:=6�9@=5:?8�E96�52E2�H:E9:?�E96�()EF5:@�4@?D@=6

+:7�435=E>3E:�3D9G?7@F�8AD�command.char�;E�6AG4>76��F:7D74K�7E53B;@9
;F
��3;>;@9� FA�6A� F:;E�� F:7�B3DE7D�I;>>�GE7� F:7�435=E>3E:� FA� 7E53B7� F:7
?3F5:;@9�CGAF7��97FF;@9�F:7�B3DE7D�5A@8GE76��3E�@A�?3F5:;@9�CGAF7�I;>>
47�8AG@6
�(D7EE;@9�F:7��E53B7�=7K�I;>>�4D73=�F:7�5A??3@6�>;@7�EA�F:3F
;F�53@�47�8;J76


Workspace Component
+:7�Workspace�5A?BA@7@F�>;EFE�F:7�A4<75FE�;@�F:7�BDA<75FSE�9>A43>�IAD=EB357
�!@�F:7
6783G>F�B3@7>� >3KAGF�� F:;E�5A?BA@7@F� ;E� ;@�F:7�GBB7D	D;9:F�@AF74AA=�3>A@9�I;F:�F:7
Files�5A?BA@7@F
�!8�F:;E�B3@7>�;E@SF�D3;E76��I7�E;?B>K�5>;5=�A@�;FE�F34��AD�B7D8AD?�3
=7K4A3D6�E:ADF5GF��FA�6A�EA
��8F7D�F:7�63F3�;E�D736�;@��F:;E�5A?BA@7@F�;E�GB63F76�FA
D78>75F�F:7�@7I�A4<75F��;@�F:;E�53E7�A@7�@3?76�x���;9GD7��	��
�+:7�3EEA5;3F76�;5A@�8AD
x�E:AIE�;F�FA�47�D75F3@9G>3D�63F3
��>;5=;@9�A@�xSE�DAI�;@HA=7E�F:7�View�8G@5F;A@�A@�xP
;@�F:;E�53E7��AB7@;@9�F:7�63F3�H;7I7D���;9GD7��	��


�:8FC6�
��	�-@C<DA246�3C@HD6C�D9@H:?8�2�52E2�@3;64E�I
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�:8FC6�
��	��2E2�G:6H6C�H:?5@H�D9@H:?8�?@?�65:E23=6�5:DA=2J�@7�E96�I�52E2�7C2>6

+:7�63F3�H;7I7D�E:AIE�GE�F:3F�I7�:3H7�3@�G@@757EE3DK�8;8F:�5A>G?@�A8�NA�H3>G7E��3@6
F:3F�AGD�H3D;34>7�@3?7E�@776�;?BDAH7?7@F
��>F:AG9:�F:7�63F3�H;7I7D�A8�)*FG6;A�6A7E
@AF�K7F�EGBBADF�76;F;@9��)�:3E�?3@K�I3KE�FA�?3@;BG>3F7�D75F3@9G>3D�63F3�3F�F:7�5A?	
?3@6�>;@7
��AD�AGD�FIA�F3E=E�I7�;EEG7�F:7�8A>>AI;@9�

> x <- x[ , - 5]
> names(x) <- c("RFID", "date", "time", "gate")

+:7�H;7I�A8�x�;@�F:7�5A67	76;FAD�@AF74AA=�6A7E�@AF�GB63F7�8DA?�5:3@97E�3F�F:7�5A?	
?3@6�>;@7��D3F:7D��;F�;E�3�E@3BE:AF
�+:7�Workspace�5A?BA@7@F�6A7E�D78>75F�F:7�5GDD7@F
EF3F7�A8�F:7�H3D;34>7��3@6�D75>;5=;@9�A@�F:3F�I;>>�D78D7E:�F:7�H;7I


Using the Right Class to Store Data
+:7�63F3�;E�F;?7	E7D;7E�63F3��4GF�F:7�63F7�3@6�F;?7�3D7�D736�;@�3@6�EFAD76�4K�read.csv
3E�835FADE��@AF�F;?7E
�)�:3E�?3@K�6;887D7@F�5>3EE7E�8AD�IAD=;@9�I;F:�F;?7	E7D;7E�63F3
�!@
F:;E�53E7�EFG6K�I7�I;>>�>AA=�3F�FIA
�+:7�POSIXct�5>3EE�D75AD6E�F;?7�4K�F:7�@G?47D�A8
E75A@6E�E;@57�F:7�479;@@;@9�A8�
����3@6�;E�GE78G>�8AD�EFAD;@9�F;?7E�;@�3�63F3�8D3?7��EG5:
3E�x
�.7�I;>>�GE7�F:7�5A7D5;A@�8G@5F;A@�as.POSIXct�8AD�F:;E�F3E=
��E�F:;E�8G@5F;A@�;E@SF
B3DF�A8�AGD�63;>K�D7B7DFA;D7��I7�53>>�GB�;FE�:7>B�B397
�'B7@;@9�3�:7>B�B397�53@�47�6A@7
;@�F:7�EF3@63D6�I3K��?as.POSIXct���;9GD7��	
��


 7>B�B397E�3D7�6;EB>3K76�;@�F:7�Help�5A?BA@7@F��>A53F76�4K�6783G>F�;@�F:7�>AI7D	D;9:F
@AF74AA=
�)*FG6;ASE�:7>B�4DAIE7D�3>EA�:3E�3�E73D5:�4AJ�A@�F:7�GBB7D�D;9:F�A8�;FE�?3;@
FAA>43D�FA�>A53F7�3�:7>B�B397��AD�F:7�B397�53@�47�AB7@76�I;F:�F34�5A?B>7F;A@�3@6�F:7
�
�=7K
��G7�FA�;FE�I74	F75:@A>A9K�DAAFE��)*FG6;A�73E;>K�>7H7D397E�)SE� +%$�:7>B�EKE	
F7?
�(397E�3BB73D�;@�F:7�Help�5A?BA@7@F�I;F:�35F;H7�>;@=E
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�8F7D�5A@EG>F;@9�F:7�:7>B�B397��I7�E77�F:3F�F:7�format�3D9G?7@F�;E�@77676
�+:;E�EB75	
;8;53F;A@�;E�67E5D;476�7>E7I:7D7��;@�F:7�:7>B�B397�8AD�F:7�strptime�8G@5F;A@
��>;5=;@9�A@
F:7�BDAH;676�>;@=�AB7@E�F:3F�B397��3>>AI;@9�GE�FA�8;9GD7�AGF�F:3F�F:7�EB75;8;53F;A@�@77676
FA�?3=7�AGD�8G@5F;A@�53>>�;E�

> x$datetime  <- paste(x$date, x$time)
> x$time <- as.POSIXct(x$datetime, format="%m/%d/%Y %H:%M:%S")

Data Cleaning
�F�F:;E�BA;@F�I7�:3H7�3�63F3�8D3?7��x��EFAD;@9�3>>�F:7�;@8AD?3F;A@�I7�:3H7�34AGF�F:7
5A>A@K�A8�?A>7�D3FE
� AI7H7D��F:7�63F3�E7F�@776E�FA�47�5>73@76�GB��3E�F:7D7�3D7�EA?7
D7B73F76�A4E7DH3F;A@E
�.7�6A�F:;E�A@�3�B7D	D3F�43E;E
�)�:3E�E7H7D3>�I3KE�FA�;?B>7?7@F
F:7�EB>;F	3BB>K	5A?4;@7�;6;A?��3E�;F�;E�A@7�A8�F:7�?AEF�GE78G>�B3FF7D@E�8AD�)�GE7DE
�+:7
plyr� B35=397� ;E�I;67>K� GE76�� 4GF� 8AD� F:;E� F3E=�I7� GE7� 8G@5F;A@E� 8DA?� 43E7� )
� +:7
split�8G@5F;A@�53@�47�GE76�FA�6;H;67�F:7�63F3�4K�F:7�9DAGB;@9�H3D;34>7�RFID��D7FGD@;@9
3�>;EF�I:AE7�5A?BA@7@FE�3D7�F:7�D75AD6E�8AD�F:7�;@6;H;6G3>�?A>7�D3FE�

> l <- split(x, x$RFID)

+:7�>;EF��l��:3E�3�6;887D7@F�5A?BA@7@F�8AD�735:�?A>7�D3F
�.7�53@�5:75=�FA�E77�;8�3@K�FIA
DAIE�8AD�3�?A>7�D3F�3D7�;67@F;53>��GE;@9�)SE�5A@H7@;7@F�duplicated�?7F:A6
�!@�366;F;A@�
I7�366�3�4;F�A8�F;?7�FA�FA�735:�F;?7�H3>G7��EA�F:3F�F;?7E�D75AD676�I;F:�F:7�E3?7�E75A@6
3D7�6;EF;@9G;E:76
�)�:3E�E7H7D3>�6;887D7@F�?73@E� FA�3BB>K�3� 8G@5F;A@�FA�B;757E�A8�3@
A4<75F
��7>AI�I7�GE7�lapply�FA�3BB>K�3�8G@5F;A@�FA�735:�5A?BA@7@F�A8�F:7�>;EF�l��D7	
FGD@;@9�3�@7I�>;EF�l1�I;F:�F:7�?A6;8;76�63F3�

�:8FC6�
���	��6=A�A286�7@C�E96�&%) .4E�7F?4E:@?
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> l1 <- lapply(l, function(x) {
+  trimmed <- x[duplicated(x),]
+  nr <- nrow(trimmed)
+  trimmed$time <- trimmed$time + seq_len(nr)/nr*(1/1000)
+  trimmed
+ })

+:7�63F3�;E�D75AD676�4K�93F7��4GF�F:7�35FG3>�;F7?�A8�;@F7D7EF�;E�F:7�4G44>7��5:3?47D��F:7
?A>7�D3F�;E�;@�3F�3�9;H7@�F;?7
�+:;E�;@8AD?3F;A@�3>>AIE�GE�FA�5A@E;67D�:AI�EA5;3>�3@
3@;?3>�;E�4K�>AA=;@9�3F�F:7�F;?7�E:3D76�I;F:�AF:7DE
�.7�@776�FA�676G57�F:;E�;@8AD?3F;A@
8DA?�F:7�63F3


.7�6A�EA�4K�3EEG?;@9�F:3F�;8�F:7�?A>7�D3F�;E�;@�4G44>7����E3K��3@6�I7�D75AD6�93F7���
F:7@�F:7�?A>7�D3F�?AH76�FA�4G44>7��
�'D��;8�F:7�D75AD6;@9�I3E�93F7����F:7@�F:7�?A>7�D3F
?AH76�FA�4G44>7��
��+:7D7�3D7�
��4G44>7E�3@6�
��93F7E��EA�93F7�:�;E�47FI77@�4G44>7E�:
3@6�:��
��+A�5D73F7�F:7�4G44>7�5AG@F��I7�3EEG?7�F:7�?A>7�D3F�?AH7E�;??76;3F7>K�FA
F:7�4G44>7�38F7D�5DAEE;@9�3�93F7
�+:;E�;9@AD7E�F:7�BAEE;4;>;FK�A8�F:7�?A>7�D3F�5:3@9;@9
;FE�?;@6�3@6�@7H7D�35FG3>>K�9A;@9�FA�F:7�@7JF�4G44>7
�.7�I;>>�GE7�3�for�>AAB�FA�6A�F:;E
5A?BGF3F;A@


Using the Code Editor to Write R Scripts
+:7�35FG3>�5A??3@6�I7�@776�8AD�F:;E�5A?BGF3F;A@�;E�3�4;F�>A@9�FA�FKB7�;@�5ADD75F>K�3F
F:7�5A??3@6�>;@7
�.7�I;>>�;@EF736�GE7�3�E5D;BF�8;>7�EA�I7�53@�8D77>K�76;F�AGD�5A??3@6E

)*FG6;A�?3=7E�;F�73EK�FA�7H3>G3F7�>;@7E�8DA?�3�E5D;BF�8;>7�;@�F:7�5A@EA>7
�!@�366;F;A@�
I;F:� F:7�3;6�A8� EK@F3J�:;9:>;9:F;@9�3@6�3GFA?3F;5�5A67� 8AD?3FF;@9��I7�53@�CG;5=>K
;67@F;8K�5A??A@�7DDADE�478AD7�7H3>G3F;A@


+:7�QAB7@�3�@7I�R Script�8;>7R�35F;A@�;E�BDAJ;76�;@�E7H7D3>�B>357E��F:DAG9:�F:7�>78F?AEF
FAA>43D�4GFFA@�;@�F:7�3BB>;53F;A@�FAA>43D��F:DAG9:�F:7�File > New > R Script�?7@G
;F7?��AD�F:DAG9:�3�=7K4A3D6�E:ADF5GF
� AI7H7D�;@HA=76��A@57�6A@7��3�@7I�G@F;F>76�8;>7
3BB73DE� ;@�F:7�5A67	76;FAD�@AF74AA=
�!@�F:;E�@7I�8;>7�I7�FKB7�;@�AGD�5A??3@6E��3E
E:AI@�;@��;9GD7��	


�+:7�8;9GD7�3>EA�E:AIE�:AI�F:7�5A67�76;FAD�5A?BA@7@F�;E�GE76
;@�?3@K�I3KE��FA�>AA=�3F�D3I�63F3�E7FE��H;7I�D75F3@9G>3D�63F3�A4<75FE�8DA?�F:7�IAD=	
EB357��3@6�76;F�)�5A??3@6EP3@6�7H7@�?AD7�I3KE�3D7�BAEE;4>7


.;F:�F:7�5A??3@6E�FKB76�;@��I7�3D7�D736K�FA�7J75GF7�F:7?
�)*FG6;A�3>>AIE�E7H7D3>
H3D;3F;A@E�A@�:AI�FA�E7@6�F:7�5A@F7@FE�A8�3�8;>7�FA�F:7�5A@EA>7
�!@�F:;E�53E7��I7�E;?B>K
5>;5=�A@�F:7�Source�FAA>43D�4GFFA@�3F�F:7�83D�D;9:F�A8�F:7�B3@7>SE�FAA>43D�FA�source�;@�F:7
35F;H7�6A5G?7@F
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Using Add-On Packages
�35:�5A?BA@7@F�A8�F:7�l2�>;EF�5A@F3;@E�D75AD6E�8AD�3�?A>7�D3F
�+:7�=7K�H3D;34>7E�3D7�F:7
F;?7E��EFAD76�3E�POSIXct�H3>G7E�3@6�bubble
�!F�I;>>�47�?AD7�5A@H7@;7@F�FA�GE7�3@AF:7D
A8�)SE�63F7	F;?7�5>3EE7E�FA�D7BD7E7@F�F:7�63F3��3E�F:7@�?3@K�67E;D34>7�?7F:A6E�I;>>�5A?7
3>A@9�8AD�8D77
�'GD�63F3�;E�3@�;DD79G>3D�F;?7�E7D;7E��3E�F;?7�;E�?3D=76�4K�?A>7�D3F�7H7@FE�
@AF�D79G>3D�;@F7DH3>E�A@�F:7�5>A5=
�+:7�zoo�B35=397�;E�67E;9@76�8AD�EG5:�63F3��3E�A@7
@776E�A@>K�AD67D76�A4E7DH3F;A@E�8AD�F:7�F;?7�;@67J


+A�5A@H7DF�AGD�63F3�;@FA�zoo�A4<75FE��I7�8;DEF�@776�FA�>A36�F:7�B35=397
�)*FG6;A�?3=7E
IAD=;@9�I;F:�B35=397E�73EK�F:DAG9:�F:7�Packages�5A?BA@7@F��I:;5:�8AD�GE�3BB73DE�;@
F:7�@AF74AA=�:7>6�;@�F:7�>AI7D	D;9:F�B3@7>
�'@57�F:7�5A?BA@7@F�;E�D3;E76��>A36;@9�AD
G@>A36;@9�3�B35=397�;E�3E�E;?B>7�3E�5:75=;@9�F:7�B35=397SE�355A?B3@K;@9�5:75=4AJ
FA�;@6;53F7�F:7�67E;D76�EF3F7���;9GD7��	
����I:7D7�3�5:75=�;@6;53F7E�F:7�B35=397�;E�>A3676


'GD�)�;@EF3>>3F;A@�:36�F:7�zoo�B35=397�BD7H;AGE>K�;@EF3>>76
�.7D7�F:3F�@AF�F:7�53E7��I7
5AG>6�:3H7�CG;5=>K�;@EF3>>76�F:7�B35=397�8DA?��)�&��3>A@9�I;F:�3@K�67B7@67@5;7E�
GE;@9�F:7�6;3>A9�D3;E76�4K�5>;5=;@9�F:7�>78F?AEF�Install Packages�FAA>43D�4GFFA@�;@�F:7
B3@7>SE�FAA>43D


�:8FC6�
���	�+D:?8�E96�D@FC46�4@56�65:E@C�7@C�>F=E:=:?6�4@>>2?5D
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�:8FC6�
��
	�*96�&24<286D�4@>A@?6?E�2==@HD�J@F�E@�D6=64E�A24<286D�E@�=@25�@C�F?=@25�2?5�AC@G:56D
=:?<D�E@�E96:C�5@4F>6?E2E:@?

+A�5D73F7�3�zoo�A4<75F��I7�53>>�;FE�E3?7	@3?76�5A@EFDG5FAD
�+:7�8;DEF�3D9G?7@F�;E�F:7
63F3��F:7�E75A@6�F:7�H3>G7�FA�AD67D�4K
�.7�F:7@�?7D97�F:7�63F3�;@FA�A@7�zoo�A4<75F

 7D7��I7�3>EA�GE7�F:7�na.locf�8G@5F;A@�FA�53DDK�F:7�>3EF�4G44>7�8ADI3D6�FA�D7B>357�3@
NA�I:7@�F:7�63F3�;E�?7D976�

> l3  <- sapply(l2, function(x) zoo(x$bubble, x$time), simplify=FALSE)
> x  <- na.locf(do.call(merge, l3), na.rm=FALSE)

Graphics
'@7�A8�F:7�D73EA@E�I7�GE76�3�zoo�A4<75F�;E�;FE�5A@H7@;7@F�plot�?7F:A6
�.7�479;@�4K
?3=;@9�F;?7�E7D;7E�B>AFE�A8�F:7�8;DEF�8;H7�?A>7�D3FE�A@�F:7�E3?7�9D3B:;5
�.7�8AD97F�F:7
EB75;8;5�3D9G?7@FE��EA�393;@�>7F�F34�5A?B>7F;A@���;9GD7��	
���>736�GE�FA�F:7�5ADD75F�:7>B
B397
� !@� F:;E� 53E7�I7� FKB7�plot�� 3@6� F:7� 8G@5F;A@�5A?B>7F;A@� E:AIE�GE� F:7�H3D;AGE
plot�?7F:A6E�3H3;>34>7
�*5DA>>;@9�F:DAG9:��I7�8;@6�plot.zoo


�:8FC6�
���	�+D:?8�E23�<6J�4@>A=6E:@?�E@�7:?5�2C8F>6?ED�E@�E96�A=@E�>6E9@5�@7�K@@�@3;64ED
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.7�E77�F:7�plot.type�3D9G?7@F�8AD�F:;E�B>AF�?7F:A6�4GF�6A@SF�D753>>�F:7�H3>G7E�FA�EB75;8K
F:7�9D3B:;5�I7�67E;D7
�.7�GE7�F:7��
�=7K�FA�53>>�GB�366;F;A@3>�:7>B�;@�F:7�:7>B�4DAIE7D
3@6�D736�F:3F�F:7�67E;D76�3D9G?7@F�H3>G7�;E�"single"


�8F7D�I7�;EEG7�F:7�5A??3@6�

> plot(x[, 1:5], plot.type="single")

F:7�Plots�5A?BA@7@F�;E�D3;E76��E:AI;@9�F:7�B>AF


Command History
&AF;@9�F:3F�F:7�;@6;H;6G3>�B3F:E�3D7�:3D6�FA�6;EF;@9G;E:�A@57�F:7KSH7�5DAEE76��I7�I3@F
FA�366�5A>ADE�FA�F:7�9D3B:;5
�+:7�col�3D9G?7@F�;E�GE76�8AD�F:;E
�)3F:7D�F:3@�D7FKB7�F:7
BD7H;AGE�5A??3@6��I7�53@�76;F�;F
�)*FG6;A�=77BE�3�D75AD6�A8�BD7H;AGE�5A??3@6E
�+:7
GB�3@6�6AI@�3DDAI�E:ADF5GFE�53@�47�GE76�FA�E5DA>>�F:DAG9:�AGD�5A??3@6�:;EFADK
��AD
?AD7�5A?B>;53F76�GE397��I7�53@�GE7�F:7�History�5A?BA@7@F��I:;5:�3>>AIE�GE�FA�4DAIE7
F:7�B3EF�5A??3@6E�3@6�D7;EEG7�F:7?
�.7�GE7�F:7�GB�3DDAI�8AD�F:;E�53E7��F:7@�?A6;8K
F:7�col�3D9G?7@F�FA�3�E;?B>7�H3>G7�A8�1:5��BDA6G5;@9��;9GD7��	
�


�:8FC6�
���	�*96�&=@ED�4@>A@?6?E�D9@H:?8�2�E:>6�D6C:6D�A=@E�@7�E96�7:CDE�7:G6�42D6D
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+:7�6783G>F�B>AFE�3D7�A@�F:7�E?3>>�E;67
�'8F7@�F:;E�;E�3>>�F:3F�;E�@77676��4GF�;@�F:;E�53E7
I7�I;E:�;F�FA�47�4;997D
�+:7�Zoom�FAA>43D�4GFFA@�A8�F:7�Plots�5A?BA@7@FSE�FAA>43D�I;>>
AB7@�F:7�9D3B:�;@�3�>3D97D�I;@6AI


All Finished, for Now
�F�F:;E�BA;@F��I;F:�F:7�:7>B�A8�)*FG6;A��I7�:3H7�5A?B>7F76�F:7�63F3�BD7B3D3F;A@�@77676
8AD�EG4E7CG7@F�3@3>KE;E
�.7�:3H7�3�zoo�A4<75F�:A>6;@9�3>>�F:7�63F3��x��3@6�3�>;EF�A8�zoo
A4<75FE��l3��EFAD;@9�63F3�8AD�;@6;H;6G3>�D3FE
�!@�F:7�BDA57EE�A8�F:;E���	?;@GF7�3@3>KE;E�
I7�FAA=�36H3@F397�A8�3>>�A8�)*FG6;ASE�=7K�5A?BA@7@FE��F:7�Files�4DAIE7D��F34�5A?	
B>7F;A@��F:7�F7JF�76;FAD��F:7�Help�4DAIE7D��F:7�D75F3@9G>3D�63F3�H;7I7D��F:7�Console��F:7
Source�5A67�76;FAD��F:7�Packages�4DAIE7D��3@6�F:7�Plots�H;7I7D
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