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p�Ft ��Q� �OwQ�tv Q�mx� data OQwt QO xm OQ�O OwHw R�v �Qo�O ��ymode xD�r� ��k�vt w �rDNt

�OQ� s�v CQ��a �� ���D R� u�wD�t

�OyO�t u�Wv �Q �W l� QY�va O�OaD �
length� pw� �

�O�vm xHwD Q� R ��yp�Ft x� uwvm �
� x �	 


� mode�x�

�

 �numeric�
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i
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�
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�
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�
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�O� wW�t wQ� wQ Q� R s�e�B �� xvQow OwW xDWwv nQR� hwQL �� O��� ��tDL TRUE xS�w xm O�W�� xDW�O xHwD
R� V�� Q�U l� QO xm O�y�wN� Qo � �t� �O�
�t QwDUO l� Q�U Qy QO OW x	Lqt �q�k xm Qw�u�ty �xHwD
�� CQwY u�� Q�e QO 	OvwW �OH Qo�Om� R� ��� Ctqa �� 	Q�U l� C�QwDUO O��� x�ov
 	OQ�o Q�Qk QwDUO l�

�OW O�y�wN xH�wt ��N
Error� object �true� not found

�OwW�t xO�O u�Wv ��NA CQwY x� xOW Owkit ��yxO�O OQwt QO mode C�YwYN
�Q u
 	OW��v OOa Q�Okt Qo � �OyO�t u�Wv �Inf w Inf �� C� wv x� �Q �� pFt 	u�at�v �OOa Q�O�kt R u�� R
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� x

�

 �This is a test��

� x �	 �This is a test��

� x

�

 �This is a test��

pN�O QO Qo � uwvm � �CU� quotes wO CQwY x� pY�L 	O�vm pta quotes wO �� w l� �� xJ xm O�vm xHwD
quotes l� R� Qo � �t� 	OQ�Ov OwHw �rmWt quotes wO R� xO�iDU� CQwY QO 	CW�O OwHw hQwDU�B
 xDWQ

�O���tv xO�iDU� �n� R� O��� w O�
�t V�B ��N 	OwW xO�iDU�
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� x
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 �Ali�s apple�

� x �	 �Alin�s apple�
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l� R� V�� xm O�W�� p��t xJv�vJ w Ovm�t A�J �Q �W l� �ki print	� ���D xm O�W�� xDW�O xHwD ��vt�
�O�vm xHwD Q� R p�Ft x� �Owtv xO�iDU� cat	� ���D R� O��� OOQo A�J �W

� x �	 
�
�
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 � � � � � � � � 
�

Z� waD Q�U �� w �N CtQi u�� QDj�kO CQ��a x� �OQwNv sy x� ��� ��H xm CU� u�� ��Q� ��n� CtUk
�O�vm pta Q� R CQwY x� O��� OvwW A�J �OH Q�U wO QO O�Oa� w �x�� CtUk xm O�y�wN� Qo � Ovm�t
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�
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 � � � � � � � � 
�



� R �U� wvxt�vQ� u�� R �� ���vW� � pYi

R u�
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xO�iDU� u
 R� R�v Q�DWwv u�� QO xm CU� xOW xO�O Q�Qk �yp�Ft QO xO�iDU� ��Q� xO�t
 xO�O �O�OaD R u�� R QO
xO�iDU� �� �Q �yu
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�Ci�� R QO Q� R QwDUO R�
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 x�Qty ��yxO�O u�wD�t Q� R QwDUO �� 	OW xO�iDU� package l� R� Qo � ��vt�
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�Owtv x	Lqt Q� R QwDUO �UwD �Q gstat xDU� QO GQOvt ��yxO�O CUQyi u�wD�t uwvm �
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�Owtv x	Lqt Q� R

� data�meuse�alt�
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�OyO�t u�Wv �Q V��Ri� u�R�t OOa u�twU w xr��vO xtD�N OOa u�twO 	xr��vO �wQW OOa u�rw� 	���D u�� QO
�CWwv u�wD�t u�vJsy
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�CU� xOW s�UkD �w�Ut CtUk � x� � �D � u�� xrY�i �Hv�� QO
combine ���D c	� x� �OQw
 QO xr��vO l� CQwY x� w O�O Q�Qk sy Q�vm �Q Q	v OQwt O�Oa� u�wD�t c	� ���D ��
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QY�va Q�QmD O�OaD u
 u�twoQ
 u�twO w Q�OQ� u
 u�twoQ
 u�rw� xm OQ�O OwHw rep	� u�wva CLD �Qo�O ���D
�O�vm xHwD Q� R p�Ft x� �CU� pw� u�twoQ
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u�� QO �CU� pw� u�twoQ
 Q�OQ� QY�va O�OaD �� Q��Q� u
 QY�va O�OaD xm OW�� Q�OQ� Ov�wD�t R�v swO u�twoQ

�O�vm xHwD Q� R p�Ft x� uwvm � �Ovm�t u�at �Q pw� u�twoQ
 QY�va Q�QmD O�OaD 	swO u�twoQ
 Q�OQ� QYva QyCr�L
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�yxO�O R� �iO�YD ��yxr��vO O�H�� 
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R u�� R �OOQo�t QmP xQ�� u�� QO �QYDNt KQW u��Q��v� �CU� O�rwD p��k �Q�t
 ��y�� RwD �UwD xr��vO �wv u��
rfunc	n� CQwY x� ���wD u�� �twta pmW �CU� p�tDL� �r�oJ w sQH ���wD R� ��x	Lqt p��k O�OaD pt�W
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�O�Oa� O�OaD n �yu
 QO �CU� xOW PN� �iO�YD ��vat x� random xS�w R� r hQL xm CU� p�� p�� � � � �
�O�vm xHwD Q� R p�Ft x� �OyO�t u�Wv �Q ���D ��yQDt�Q�B Q�O�kt p�� p�� � hwQL �OwW O�rwDCU� Q�Qk xm CU�

� rnorm�
�
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�CU� xOW O�rwD 
l� Q��at h�QLv� w QiY u�ov��t� OQ�Ov�DU� p�tQv �iO�YD OOa l� �Hv�� QO

�yxO�O uDWwv w uOv�wN �	�

OwNC�ty� �Dkw�r�t u��XNq�� �CU� u
 QO �yxO�O GwQN w OwQw Q�Ri�sQv Qy �U�U� ��yVN� R� �m�
syt u�� KQW Q�m xt�O� QO �OOQo xQ�NP p��i l� �wQ �� w OwW xOv�wN p��i l� R� �yxO�O xm OyO�t u�Wv �Q

�Ot
 Oy�wN

p��i R� �yxO�O uOv�wN �����

�Owtv xO�iDU� VwQ wO R� u�wD�t Q�m u�� ��Q� �Ov�wN�t p��i �wQ R� �Q 
text� �vDt ��yxO�O R u�� R

read�table uOv�wN QwDUO �
�
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�

QO w c w��QO QO �qFt w OW�� data�txt �r��i s�v Qo � �CU� read�table	� ���D xO�iDU� OQwt QwDUO u�rw�
�Ovm�t pta Q� R CQwY x� uOv�wN QwDUO x�ov
 	OW�� xOW xQ�NP test s�v x� ��xWwB

� mydata �	 read�table��c��test�data�txt��

pt�a sDU�U QO xm �DQwY QO 	CU� xOW XNWt ��� �� p��i TQO
 �� w Q�Ut xm O�W�� xDW�O xHwD
nn� wO R� O��� O�vm xO�iDU� �n� O�tv R� O�y�wN� xJ�vJ �OOQo�t xO�iDU� �n� O�tv R� Q�m u�� ��Q�windows

�OwW�t �U� wvR�� Q�N� CQwYx� q�� p�Ft uwvm � �OQm xO�iDU� �
� mydata �	 read�table��c�nntestnndata�txt��
Qw�x� �CU� s�v ��Q�O u
 Q�eDt Qy xm OwW�t p�mWDmydata s�v x� �yxO�O R� �rwOHl� jwi QwDUO ��QH� ��
mydata�V�� mydata�V�� ��yCQwY x� �yu
 x� �UQDUO w OwW�t xO�t�v V�� V�� � � � ZQiV�B
QwDUO �OW���t mydata�� ��� mydata�� ��� � � � w mydata��V���� mydata��V���� � � � �� w � � �

�Owtv xO�iDU� u
 R� OQwt �UL u�wD�t xm CU� �Q��DN� C��YwYN pt�W read�table
�CU� xOW xQ�NP data�txt Q� R CQwY x� �r��i �O�vm xHwD Q� R p�Ft x� uwvm �
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�
� 
�� B� Jimmy

�
� ��� B� Patrick

�OwW�t xOv�wN�Qi R u�� R QO q�L
� mydata �	 read�table��c��test�data�txt�� skip��� sep����� header�T�

� mydata
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 w Ovm�t Qw�a CU� C�L��wD �w� Qt xm p��i pw� Q�U xU R� skip u�twoQ
 read�table	� ���D QO
�T� �Hv�� QO w CU� �k�vt �wv R� xm header u�twoQ
 xQNq�� w O��tv�t hPL �Q �yxO�O u�� pwoQ� w sep
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uOv�wN x� QO�k ���yvD x� R u�� R �CU� xOW xQ�NP Excel Q�Ri�sQv QO �q�k �yxO�O R� �Q��U� Q��L p�L QO
xU ���yxO�O u�vJ uOv�wN ��Q� �CU�v 
��xlsx �� w ��xls ��yOvwUB �va�� Excel ��yp��i s�kDUt

�OQ�O OwHw pL x�Q

�vDt p��i� �yv
 read�table	� ���D ��TBU 	Owtv xQ�NP ��txt CtQi x� Excel QO �Q �yxO�O u�wD�t 
�
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O�rm uDW�O xov �� O�v�wD�t �tW �OwW�t xOwWo Select �les s�v x� ��xQHvB ���D u�� ��QH� �� �OyO CUOx�
��yp��i s�v w TQO
 x�ov
 �O�vm l�rm �Q Open O�rm TBU w xOwtv ��NDv� �Q OwN Q	v OQwt ��yp��i Ctrl
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 �Q xi��w u�� 	OW�� txt �yv
 OvwUB xm

� choose��les��lters � Filters�c��txt�� �All��� 
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 w p��i s�v 	uW�Dwm pN�O 	p��i u�twoQ
 �wrH xm
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� write�csv��x� �le����csv��
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�� w xOwtv ��NDv� x�wNrO x� sU� l� O�v�wD�t u��Q��v� �OQ�Ov OwHw u
 ��Q� �tU� �t� CU� RData
POT�RData xH�Dv OW�� POT Q	v OQwt sU� Qo � �qFt �O�vm xi��� �Q u
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�O�vm

� vals �	 c�
��������

�
��
���������

� my�max �� max�vals�

� which�val �	 which�vals �� my�max�

� cat�c��Max ��� my�max� �Val��� which�val� ��n���
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�� uwDU 	
�� Q�U xOvyOu�Wv

�O�vm xHwD Q� R p�Ft x� �CU� ���D �Q��DN� ��yu�twoQ


� x �	 rnorm�
�� ��� ��
�



�	�� 
�vWwOv�wUwt ��

� y �	 rnorm�
�� �� ��

� X �	 cbind�x� y�

� apply�X� �� mean�

x y

��������� ���
����

� apply�X� �� sd�

x y

��
������ 
���
�
��
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�CU� G�QNDU� p��k hrDNt ��yVwQ x� CUQyi l� QY�va
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�Q�Pos�v �Q �yu
 u�wD�t OW��v x�wNrO s�v ��Q�O �� w OvW�� s�v Ok�i Q	v OQwt ��yxO�O ��yuwDU w �yQ�U Qo �
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�O�vm

� x �	 matrix�
��� ��

dimnames�x� �	 list�rows � c��a���b��� cols � c��c���d���
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	Ca�U ��DQD x� xm OUQ�t u�tR x� C� wv u
 �B QO w �r�N ��H l�TBU �OyO�t CUOx� �Q Ov�xOW �OH
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�Q �yQDm �Q�m R� xDWQ l� xrLQt u� QN
 QO �Ov�xOW �OH sy R� ��� Ctqa �� xm OyO�t CUOx� �Q x�v�F w xk�kO
�OwW�t xDWwv 	OyO�t u�Wv �Q �rLt u�tR xm

� Sys�time��

�

 ���
�����
� 
������� IRDT�

�OOQo�t xO�iDU� xDWQ Q� R ���D R� Sys�time	� ���D R� M� Q�D G�QNDU� ��Q�

� substr�as�character�Sys�time����
�
��

�

 ���
�����
��

�Owtv xO�iDU� Sys�Date	� ���D R� u�wD�t RwQ M� Q�D �ki u�Wv ��Q� xD�r�

� Sys�Date��

�

 ���
�����
��

u�tR w M� Q�D �
 C��U�Lt �����

Q�OQ� l� ���D u�� Qo�O CQ��a x� �OOQo�t xO�iDU� as�Date ���D R� u�tR w M� Q�D �W uDN�U ��Q�
�year�month�day� CQwYx� xDWQ l� u
 u�twoQ
 u�rw� �Ovm�t p�O�D �N� Q�D Q�OQ� l� x� �Q �QDm �Q�m
�year�month�day CQwYx� jwi xDWQ 	OW�� Q	v QO u�tR w M� Q�D Qo � �CU� ����������
� Ovv�t
�Q u�tR w M� Q�D p�O�D xm CU� format xOW xDio ���D u�twoQ
 u�twO �CU� hour�minutes�seconds�

�Ovm�t u��� Cw�iDt ��yxDWQ CQwYx�
�Owtv s�UkD Q� R OQ�wt x� u�wD�t �Q C��U�Lt u�� �O�O s�Hv� �irDNt C��U�Lt u�wD�t u�tR w M� Q�D ��

� time � number

� time � number

� time � time

� time� �logical operation� time�

�O�vm xHwD Q� R p�Ft OvJ x� uwvm �
� as�Date�������
��
��� format � ��Y��m��d��

�

 ������
��
��

�OwW x�Qty RwQ w x�t 	p�U ��yCtqa �� O��� ��� OYQO Ctqa xm O�W�� xDW�O xHwD
� as�Date������������ ��m��d��y��

�

 �
����������

�CU� �tkQ Q�yJ p�U ��Q� Y Ctqa w CU� �tkQ wO p�U ��Q� y Ctqa OwW�t xOy�Wt xm Qw�u�ty
R� M� Q�D QO Qo � �t� �CU� u�ty Ctqa sy CtQi QO OwW�t xO�iDU� ��� xOvvm �OH R� M� Q�D QO Qo � ��vt�

�Ovm�t �wQ�B Ctqa u�ty R� sy CtQi OOQo�t xO�iDU� ��� xOvvm �OH Ctqa
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�as�Date������oct
��� format � ��Y�b�d��

�

 ������
��
��

	p�U u�� uwJ ��vt� �CU� 
x�t s�v pw� hQL xU� hwQL �UL Q� x�t s�v xOvyOu�Wv b �Q�YDN� Ctqa
�CU� xOWv O�k �Dtqa R�v CtQi QO 	OQ�Ov OwHw ��xOvvm �OH RwQ w x�t

QO Windows pt�a sDU�U Control Panel QO xm Ovm�t Q�m �Dkw �yv
 Q��	v w CtQi u�� �xHwD
Standard and QO�m QO 	Regional Options xv�� R QO 	Regional and Language OptionsVN�
�Owtv O�y�wN Ci�� QO NA s�e�B CQwYu�� Q�e QO �OW�� xOW GQO �U�rov� u�� R 	u�� R x�aH QO 	formats

� as�Date��October 
�� ������ format � ��B �d� �Y��

�

 ������
��
��

CtQi QO ��� xOvvm �OHCtqa u�vJty �CU� hwQL�UL Q� x�t pt�m s�v xOvyOu�Wv B�Q�YDN�Ctqa
�CU� xOt


� x �	 seq�Date�from � as�Date�������
��
���� to � as�Date�������
�������

� by � �� days��

� x

�

 ������
��
�� ������
���
� ������
����� ������
����� ������
�����

� x � 
�

�

 ������
����� ������
���
� ������

���� ������

���� ������

����

� x � as�Date�c��������
�
��� ���������
��� ������������� ������
������

� ��������������

Time di�erences in days

�

 ��� �� ��� 
��
 ���

� x � as�Date�������
���
��

�

 FALSE FALSE TRUE TRUE TRUE

�CU� Q� R CQwYx� CtUk u�� QO p�Ft u� QN
 xQNq�� w

� format�Sys�Date��� ��a �b �d��

�

 �Fri Apr ���

�CU� u
 hQL xU �UL Q� 	RwQ s�v xOvyOu�Wv a �Q�YDN� Ctqa

� as�Date�format�Sys�Date��� ��a �b �d��� ��a �b �d��

�

 ���
��������

�O�vm xHwD Q� R OQwt x� �O�O s�Hv� C��rta u�wD�t u
 �� uwvm �

� as�Date�format�Sys�Date��� ��a �b �d��� ��a �b �d�� � �

�

 ���
�����
��
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Excel QO u�tR w M� Q�D �
�
�
�

Excel QO RwQ u�rw� M� Q�D �OOQo�t �UQQ� �OwOL �D Excel Q�Ri�sQv w R QO u�tR w M� Q�D ���DQ�VN� u�� QO
OwHw �UQDUO u
 R� p�k M� Q�D x� �qta u��Q��v� �CU�v �D�OwHwt M� Q�D u�� R� p�k w CU� ���������� Q��Q�

�O�vm xHwD Q� R p�Ft x� �CU�v O�k u�� Ov� QOR �t� �OQ�Ov

� as�Date�����
� origin��
����
������

�

 �
����������

�OwW�t xOwRi� �rY� M� Q�D x� xm CU� ���yRwQ O�OaD ���
� OOa
�Owtv O�y�wN xOy�Wt �Q u
 R� �DtUk TBU w OwW�t xOv�wN �OwQw p��i �OD�� �O�vm xHwD Q� R p�Ft x� uwvm �

� � STEP 
� SETUP � Source File

� link� �D���R��les

Date�txt�

� � STEP �� READ DATA

� my�data �	 read�table�link�

� sep � ���� dec����� skip � 
�

� row�names � NULL� header � FALSE�

� col�names � c��char�date�� �T�anom�� �Enso�f���

� head�my�data�

char�date T�anom Enso�f

� ��������� ���� �

� ��������� ����� �

� ��������� ����� �


 
�������� ���� �

� ��������� ���� �

� ���������� ���
 �

R� �DtUk TBU �O�vm xHwD �yO�m xr��vO x� q�L �CU� Excel CtQi x� �yxO�O M� Q�D xm OwW�t x	Lqt
�O�vm xOy�Wt �Q �HwQN

� STEP ��Convert character date to Date� then get month value

r�date �	 as�Date�my�data�char�date� ��m��d��Y��

r�mo �	 months�r�date�

� new data�frame � add r�mo vector

my�data�
 �	 data�frame�my�data� r�date�

head�my�data�
�
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char�date T�anom Enso�f r�date
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�

R sDU�U x� xDi�� p�O�D uwDU r�date �va� QN
 uwDU w CU� Excel M� Q�D x� �w� Qt chart�date uwDU
�CU�

R u�� R �� �U
wvxt�vQ� �	�

�Owtv �QH� w CWwv u
 QO �Q ��xO�U C�QwDUO u�wD�t xm CU� u�� OwN x��Wt ��yQ�Ri�sQv Q� R u�� R �QDQ�
�U� wvxt�vQ� xmCU� ��xS� w C��YwYN ��Q�O �t� 	CU� QDDUt u
 QO �U� wvxt�vQ� u�� Rl� ��y�oS� w �va�

�OR�U�t QDu�U
 XYNDtQ�e O�Qi� ��Q� �Q
�CU�v C u�� R u�t�Qi x� Cy��W �� xm CU� �rQDvm Q�DN�U ��Q�O R �yu�� R Q��U Ovv�t

�QW �����

C�QwDUO 	OwWv Q�QkQ� �QW u�� Qo � w OOQo Q�QkQ� ��QW xm OwW �QH� O��� QwDUO l� �Dkw �k�wt R� ��xQ�B QO
�O�vm xHwD �QW QwDUO �twta pmW x� �OW Oy�wN �QH� �Qo�O

if �logical exp��

	

then do this

g else f
do this

g
�OwW�t A�J T hQL w OwW�t GwR s�UkD xOv�t�k�� 	OW�� GwR x Q�eDt Q�Okt Qo � Q� R p�Ft QO

� x �	 �

if �x �� � �� �� print��T��

�

 �T�

KQW �OwW�t xO�O u�Wv ifelse	� ���D CQwY x� xm Owtv xO�iDU� �y�Dwm �rw �Q�m QwDUO R� u�wD�t �Hv�� QO
�CU� Q� R CQwY x� ���D �rm

ifelse�test� yes� no�

��yu�twoQ

�CU� �k�vt CQ��a l� �test
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�OwW�t �QH� yes x�ov
 	Ow� CUQO �k�vt CQ��a Qo � �yes
�OOQo�t �QH� no x�ov
 	Ow� CUQO�v �k�vt CQ��a Qo � �no

�O�vm xHwD Q� R p�Ft x� uwvm �
� x �	 c������

� sqrt�ifelse�x �� �� x� NA��

�

 
��
� 
���� ����� NA NA

xkrL �����

�CU� Q� R KQW x� u
 �rm QwDUO �OwW�t Q�QmD Q�� u�OvJ xm CU� �D��rta ��Q� xkrL
for �i in start��nish� f
execute task

g
xkrL xm CU� swrat p�k R� Qo�O CQ��a x� �CU� XNWt xkrL ��yDv� OwW�t x	Lqt xm Qw�u�ty xD�r�

�OwW�t Q�QmD Q�� OvJ Q	v OQwt
R� p�k O��� u
 QO xO�iDU� OQwt ��yQ�eDt �Pr �OvwW�t T�Ov� ��Q�O pwtat hqN Q� �yx��Q
 	xkrL QO �xHwD
�a��wD R� Q�m u�� ��Q� �OwW�t xH�wt ��N �� xt�vQ� xvQow OvwW Q�Okt ��Q�O �� w XNWt �wLv x� xkrL �wQW
OQ� Q�m x� Q� R ��yp�Ft QO �OwW�t xO�iDU� c	� �� w matrix	� 	
�k�vt w QDm �Q�m 	�OOa� vector	� Ovv�t

�OwW CkO �yv

�O�vm xHwD Q� R p�Ft x� uwvm �

� y �	 vector�mode � �numeric��

� for �i in 
�
�� f
� y�i
 �	 ig
� y

�

 
 � � � � � � � � 
�

�CWwv R�v Q� R ��yCQwYx� u�wD�t �Q jwi p�Ft
� y �	 c��

� for�i in 
�
�� f
� y�i
 �	 ig
� y

�

 
 � � � � � � � � 
�

� y �	 c��

� for�i in 
�
�� f
� y�i
 �	 i

� print�y�i
�

� g
�
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�

� y �	 c��

� for�i in 
�
�� print�y�i
 �	 i�

�
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 �
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 �

�

 �

�

 �

�

 �
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 �

�

 �
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 �

�

 
�

OQmrta xmCU� �r�Ft�r�t u�� xm 	O�O Oy�wN ��N xt�vQ� 	OW�� print	y�i��i� QwDUO Qo � �QN
 CQwY QO
�CU�v u�Um� �H xty QO �� w ��� ��UDv� Qorta wO

�� �k�w QO �Oa� ��ys�o CQwY u�� QO 	OW�� QDoQR� u
 ���yDv� Q�Okt R� Ov�wD�t xkrL xOvQ�tW �wQW Q�Okt
�O�vm xHwD Q� R p�Ft x� �CU�

� y �	 c��

� for�i in 
���� print�y�i
 �	 i�

�
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�

 �

�
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�

 �

�

 �

�

 �

u�wD�tCr�L u�� QO �Owtv xO�iDU� m�n Qt�Qo R� u�wD�tv Qo�O Ow�v � Q��Q�V��Ri� ��ys�o Qo � xm CU� K��w
�O�vm xHwD Q� R p�Ft x� �CiQo ltm seq	� ���D R�

� y �	 c��

� for�i in seq�
�������� print�y�i
 �	 i�

�

 


�
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�

 �

�

 ���
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 �

�

 ���

�

 �

�ivt s�o O��� 	Ow� QDoQR� u
 ���yDv� Q�Okt R� xkrL xOvQ�tW �wQW Q�Okt Qo � seq	� ���D R� xO�iDU� CQwY QO
�O�vm xHwD Q� R p�Ft x� �OQ�Ov OwHw ��QiV�B Cr�L u�� QO �Q� R Owtv u��� ��L� QY �Q

� y �	 c��

� for�i in seq���
������� print�y�i
 �	 i�

�
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 ���
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�O�vm xHwD Q� R p�Ft x� �CW�O wD QO wD ��yxkrL u�wD�t
� z �	 matrix��� ��

for�i in 
��� f
� for�j in 
��� z�i�j
 �	 i�jg
� z

��

 ���
 ���
 ���


�
�
 � � � �

���
 � � � �

Q�QmD O�OaD xm CU�v uWwQ p�k R� �va� �CU�v XNWt �yv
 ��yDv� p�k R� xm CW�O ���yxkrL u�wD�t �t�
�OwW�t xO�iDU� repeat w while QwDUO wO R� Q�m u�� ��Q� �CU� �D OvJ xkrL

Qo � �CU� f	x� � � �Q�H xrO�at xW� Q uDi�� ��Q� �QwyWt VwQ xm O� Q�o� Q	v QO �Q uDw�v VwQ uwvm �
x� xm O�vm ZQi �OW Oy�wN �Qoty xrO�at xW� Q CtU x� Q� R Q�QmD x�ov
 	OW�� f	x� ���D jDWt f �	x�

u��Q��v� 	OW�� x�rw� TOL
xn � xn�� � f	xn���

f �	xn���

�CU� Qwr�D �� QkD Q� �vD�t xO�� u��

f	xn� � f	xn��� � 	xn � xn���f
�	xn���

�O� Q�o� Q	v QO �Q Q� R ���D p�Ft u�wvax� uwvm �

f	x� � �x� � �x� � 
�x� ���
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�CU� Q� R CQwYx� �DWoR�� xrO�at x�ov


xn � xn�� � �x
� � �x� � 
�x� ���
��x� � �
x� 
�

�CU� Q� R ��yO�m CQwYx� while QwDUO �� xOW xDio xrO�at pL uwvm �

� x �	 ���

� f �	 � � x
� � � � x
� � �� � x � 
��
� tolerance �	 
e��

� n �	 �

� while �abs�f� � tolerance� f
� f�prime �	 
� � x
� � 
� � x � ��
� x �	 x � f � f�prime

� f �	 � � x
� � � � x
� � �� � x � 
��
� n �	 n � 


� g
� cat��number of iterations���n���n��

�CU� Q� R CQwYx� pY�L jwi ��yO�m ��QH� ��

number of iterations� 
�

� x

�

 ���
�
�
�

jwi p�Ft QO �OyO�t xt�O� OwN Q�QmD x� xkrL 	CU� CUQO RDv�QB pN�O �k�vt CQ��a �D while QwDUO QO
�CU� xDiQo CQwY Q�QmD x�DQt ��

�OOQo�t �QH� repeat QwDUO �� p�Ft u�ty uwvm �

� x �	 ���

� tolerance �	 
e��

� n �	 �

� repeat f
� f �	 � � x
� � � � x
� � �� � x � 
��
� if �abs�f� � tolerance � break

� f�prime �	 
� � x
� � 
� � x � ��
� x �	 x � f � f�prime

� n �	 n � 


� g
� cat��number of iterations���n���n��

�CU� Q� R CQwYx� pY�L jwi ��yO�m ��QH� ��

number of iterations� 
�

� x

�

 ���
�
�
�
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x�ov
 	OOQo CUQO�v if pN�O �k�vt CQ��a �D OwW�t Q�QmD QOkv
 repeat u�tQi ��yOqwm 
 pN�O C�QwDUO
�CU� �� Q��Q� Q�QmD O�OaD OwW�t x	Lqt xm Qw�u�ty �OOQo�t GQ�N xkrL R� pQDvm break u�tQi ��

�CU� repeat QwDUO R� �Qo�O p�Ft xm O�vm xHwD Q� R p�Ft x� uwvm � �p�Ft

� i �	 �

� repeat f
� if �i � 
��

� break

� if �i � � �� i � �� f
� i �	 i � 


� next

� g
� print�i�

� i �	 i � 


� g
x� w Ovm�tv �QH� �Q u
 u�t�Qi x�k� OUQ� u
 x� xkrL Qo � xm OQ�O OwHw next s�v x� �QwDUO Q�N� xkrL QO
��yO�m pY�L �OOQo�t R�e
 ��OOHt xkrL VOQo w OOQo�t R�� 	CU� repeat QwDUO �Hv�� QO xm xkrL ��OD��

�CU� Q� R CQwYx� q��

��� 	

��� �

��� 


��� �

��� �

��� �

��� �

��� �

��� �	

x��Q
 ��Q�m Q��U� C�Y�N R� w Owtv �Q�OOwN xkrL w �QW uOQ� Q�mx� R� O��� 	OQ�O u�mt� xm �Hv
 �D �t�
CUO� �Q �� �D � u�� GwR O�Oa� Q� R p�Ft �OW���t xkrL �awv ut
Dt OwN C�Y�N u�� �Owtv xO�iDU�

�OyO�t

� x �	 c�
�
��

� y �	 x�x �� � �� �


� y

�

 � � � � 
�
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apply	X� Margin� CQwY x� QwDUO xwLv �Ovm�t sm Q��U� �Q xkrL R� xO�iDU� swRr �apply� Q�	v �a��wD
OvDUy c	���� wO Qy �� w 	�� �yuwDU 		�� �yQ�U Margin w CU� T� QD�t X u
 QO �CU� Function�
Ovv�wD�t �yv
 xm Cio O��� ���wD OQwt QO �OwW�t p�ta� �yxO�O �wQ xm CU� �a��D �� w pta Function w

�OvW�� Q� Q�m xOW h� QaD �� w xDN�UV�B
� x �	 rnorm�
�������
�

� y �	 rnorm�
������

� X �	 cbind�x�y�

� apply�X� �� mean�

x y

��������� ����
���
� apply�X� �� sd�

x y

���������� 
���������

apply ���wD xO�wv�N �


�
�

x� �a��D R� �Q�QmD C��rta R� �QU l� s�Hv� ��Q� xkrL p�ta� R� R�yQB ��Q� OW x	Lqt q�� QO xm Qw�u�ty
��DOvH xm �O�O OwHw trees s�v x� ��xO�O R u�� R ��yxO�O CUQyi QO p�Ft ��Q� �OW xO�iDU� apply	� s�v

�CU� 
�OW���t Q�U �� u
 pm � Q� R CQwY x� u
 pw�
� head�trees���

��� CU� Q��Q� pY�L xm

Girth Height Volume

� ��� �	 �	��


 ��� �� �	��

� ��� �� �	�



 �	�� �
 ���


� �	�� �� ����

� �	�� �� ����

� ���	 �� ����

�OOQo x�U�Lt Volume w Height 	Girth ��yuwDU R� l� Qy u�ov��t xm CU� Q�Qk uwvm �
� apply�trees���mean�

�CU� Q� R CQwYx� pY�L u��Q��v� �OwW xDiQo u�ov��t �yuwDU R� xm OwQ�t Q�mx� u�� ��Q� � OOa
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Girth Height Volume

���

��� ���					 �	���	��

�O�vm xHwD Q� R QwDUO x� �O�O s�Hv� R�v sapply	� ���D �� u�wD�t �Q Q�m u�ty uwvm �

� sapply�trees�mean�

OQ�wt� CiQo Q�mx� ���y�H QO u�wD�t �Q sapply	� ���D �t� �OOQo�t pY�L p�k xH�Dv u�ty u
 ��QH� ��
x� �Ovm�t 	�O�
�t simple xtrm pw� R� s� QDxO�U �Q xr�Ut u��Q��v� �OQ�Ov OQ� Q�m apply	� ���D xm 
QDxO�J�B

�O�vm xHwD Q� R p�Ft
Qw�x� �Q p� QwDm �i ���D R u�� R xD�r� �OyO�t s�Hv� �Q p� QwDm �i x�U�Lt pta xm OwW�t xDN�U ���D l� �OD��

�OQ�O xDN�U V�B
fact �	 function�x� f
f �	 


if �x � �� return �
�

for �i in ��x� f
f �	 f�i g
f g

�O�vm xHwD Q� R QwDUO x� �OOQo x�U�Lt � �D � O�Oa� p� QwDm �i xm CU� Q�Qk uwvm �
� sapply�����fact�

��� CU� Q��Q� pY�L

��� � � 
 � 

 �
	

CU�r �� CUQyi CQwYx� xm OwQ�t Q�mx� ����W� ��Q� w OQ�O OwHw �Qo�O ���D apply	� ���D xO�wv�N R�
l� �OD�� �O�vm xHwD Q� R p�Ft x� uwvm � �OwW�t xO�t�v lapply	� ���D u�� �OvDUy 	�O�
�t list xtrm pw� R� l�

�OwW�t xDN�U Q� R ��yO�m �UwD xO�U CU�r
� a �	 c��a���b���c���d��

� b �	 c�
�������������
�

� c �	 c�T�T�F�

� list�object �	 list�a�b�c�

� list�object

��� CU� Q��Q� pY�L

�����

��� �a� �b� �c� �d�



�	�� 
�vWwOv�wUwt ��

��
��

��� � 
 � 
 
 � 
 �

�����

��� TRUE TRUE FALSE

�OOQo p�ta� CU�r QY�va �wQ pw� ���D xm CU� Q�Qk uwvm �

� lapply�list�object�length�

��� CU� Q��Q� pY�L

�����

��� 


��
��

��� �

�����

��� �

�O�vm xHwD Q� R OQwt x� QY�va R� l� Qy Tqm uOQw
 CUOx� ��Q� ��

� lapply�list�object�class�

��� CU� Q��Q� pY�L

�����

��� �character�

��
��

��� �numeric�

�����

��� �logical�



�	 R �U� wvxt�vQ� u�� R �� ���vW� � pYi

�Q sapply	� ���D ��wH u�ty 	O�vm p�ta� trees ��yxO�O u�ov��t �wQ �Q lapply	� ���D Qo � uwvm �
�O�vm xHwD Q� R OQwt x� �OOQo�t Qy�� u
 QO CU�r CQwY �yDvt OyO�t

� lapply�trees�mean�

��� CU� Q��Q� pY�L

�Girth

��� ���

���

�Height

��� ��

�Volume

��� �	���	��

OwHw R�v �Ov�xwQo u
 QO xm OwQ�t Q�mx� pw�OH ��Q� w OQ�O OwHw �Qo�O ���D apply	� ���D xO�wv�N R�
�O�vm xHwD Q� R p�Ft x� uwvm � �OwW�t xO�t�v tapply	� ���D u�� �OQ�O

xO�OV��tv Q� R QO 
h�OQ 
� xO�O u�� R� �DtUk xm OwW�t xO�t�v mtcars xm OQ�O OwHw ��xO�O R u�� R QO
�CU� h�OQ �� �yxO�O pm �OwW�t

� data�mtcars�

� attach�mtcars�

� head�mtcars���

mpg cyl disp hp drat wt qsec vs am gear carb

Mazda RX� �
�� � 
���� 

� ���� ����� 
���� � 
 � �

Mazda RX� Wag �
�� � 
���� 

� ���� ����� 
���� � 
 � �

Datsun �
� ���� � 
���� �� ���� ����� 
���
 
 
 � 


Hornet � Drive �
�� � ����� 

� ���� ���
� 
���� 
 � � 


Hornet Sportabout 
��� � ����� 
�� ��
� ����� 
���� � � � �

Valiant 
��
 � ����� 
�� ���� ����� ����� 
 � � 


Duster ��� 
��� � ����� ��� ���
 ����� 
���� � � � �

Merc ���D ���� � 
���� �� ���� ��
�� ����� 
 � � �

XNWt cyl uwDU wCU� ur�o Qy QO p��t �UL Q� �ywQOwN hQYt xOvyOu�Wv mpg uwDU 	q�� pwOH QO
��Q�� QOvr�U 
 w � 	
 ��ywQOwN CNwU hQYt �UwDt CU� Q�Qk uwvm � �CU� wQOwN QOvr�U O�OaD xOvvm

�OOQo x�U�Lt 
�yh�OQ s�tD
� tapply�mpg�cyl�mean�

� � �

�������� 
������� 
��
����
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with ���D 



�
�

tapply Q�	v �a��wD �wQ xOW xDio ���D �� O�v�wD�t �tW �Ovm�t pta �yxO�O ��Lt QO RC�Q��a �wQ ���D u��
	OvW�� xDU� l� R� �DtUk Q�O�wJQ�J ��yxO�O Qo � �O�vm pta OvQ�Ov xO�O ZQiV�B u�twoQ
 xm plot �� w

�R� CUDQ��a ���D �rm CQwY �Ov�wN�Qi with ���D pN�O ��t�kDUt �Q xOW xDio xO�O u�wD�t

with�data� function�� � � ��

�O�vm xHwD Q� R p�Ft x� uwvm �
� library�MASS�

� data�bacteria�

� with�bacteria� tapply��y���n��� trt� sum��

�OwW�t pY�L xH�Dv q�� ��yO�m ��QH� ��
placebo drug drug�


� 
� 
�

�
�wD �����

Q� R KQW x� ���D l� uDWwv �twta QwDUO �OyO�t s�Hv� �Q �Y�N xi��w xm CU� xt�vQ� R� VN� l� ���D
�CU�

functionName �	 function�arg
� arg�� � � � � f
do thisg

�OyO�t u�Wv �Q EQwe�F�i x�
k xm CU� �a��D Q� R p�Ft
� hypot �	 function�a� b� sqrt�a
� � b
��

� hypot�����

�

 �

�CU� xHwD QwNQO Q� R OQ�wt jwi xt�vQ� QO

�OwW�t xDN�U �� 
 O�Oa� �� a� b �Dkwt ��yQ�eDt �

�O�
�t CUO� � OOa sqrt	a�� � b��� x�U�Lt �� �

�OwW�t hPL a� b Ckwt h� QaD 	OW s�tD x�U�Lt �Dkw �

�Ovm�t x�U�Lt �Q �yxO�O Q��at h�QLv� w u�ov��t xm O� Q�o� Q	v QO �Q Q� R ���D �p�Ft

� mystats �	 function�x�

� f
� mymean �	 mean�x�

� mysd �	 sd�x�

� c�mean�mymean�sd�mysd�
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� g
�OOQo�t xH�Dv Q� R Q�O�kt OwW xO�O jwi ���D x� Q� R ��yxO�O Qo �

� my�data �	 c�
���������

� mystats�my�data�

mean sd

��						 ��������

�OwW�t xDiQo Q�mx� R u�� R QO list	� ���D R� xO�iDU� �� ���D u�ty

� mystats �	 function �x�

� f
� myinput �	 x

� mymean �	 mean�x�

� mysd �	 sd�x�

� list�data � myinput� mean � mymean� sd � mysd�

� g
�OOQo�t xH�Dv Q� R Q�O�kt OwW xO�O jwi ���D x� Q� R ��yxO�O Qo �

� my�data �	 c�
���������

� mystats�my�data�

�data

��� � 
 � 
 �

�mean

��� �

�sd

��� ��������

xOW xDWwv �DWoR�� CQwYx� xm O�vm xHwD p� QwDm �i ���D x� �CW�O R�v �DWoR�� ��yxt�vQ� u�wD�t R u�� R QO
�CU�

� Fact �	 function�n� if �n �� 
� 
 else n � Fact�n � 
�
� Fact���

�

 
��
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�Q��DN� w �Q��H� u�twoQ� �
�
�
�

l� s�Om w �Q��H� u�twoQ
 s�Om xm Ovm�t u�at ���D h� QaD 	OwW�t xOv�wN�Qi R u�� R QO ���D l� �Dkw
CU� �Q��DN� k u�twoQ
 w OyO�t ��N ���D OW��v Qo � w CU� �Q��H� x u�twoQ
 Q� R p�Ft QO �CU� �Q��DN�

�OQ�O �Q �ZQiV�B Q�Okt w
� power �	 function�x� k��� f
� x
k

� g
� power���

�

 ��

� power��

Error in power�� � element 
 is empty�

the part of the args list of �
� being evaluated was�

�x� k�

�Owtv u�at �Q �Dw�iDt Q�Okt k u�twoQ
 ��Q� u�wD�t �t�
� power�����

�

 
��

�� � �� u�twoQ� 

�
�
�

O�y�wN�t O�vm ZQi �OwW xO�iDU� Qo�O ���D x� ���D l� ��yu�twoQ
 p�kDv� ��Q� Ov�wD�t x�kv xU u�twoQ

�Ovm sUQ xup �D � R� �Q Twv�U ���D xm O�U� wv� �mJwm ���D

� plotsin �	 function�xup���pi�����
� f
� x �� seq��� xup� l�
���

� plot�x� sin�x�� type��l������

� g
� plotsin�col��red��

xm u
 uwO� OQ�PB�t �Q 
 Q��U w xlab 	lwd 	col Q�	v� plot ���D QO u�wD�t xm �Q �v�twoQ
 Qy plotsin ���D
�O�vm XNWt plotsin ���D QO �Q u
 xm O�W�� Qw�Ht

�yu�twoQ� s�v �
�
�
�

p�Ft x� �r�t u�� QD�U�vt lQO ��Q� �OvW�� ��xS�w O�rm �� w s�v ��Q�O Ovv�wD�t ���D l� ��yu�twoQ
 �qwY�
�O�vm xHwD Q� R

� sumsq �	 function�a� xv�x� yv�y�

� f yf �� exp��a�xv�
� sum��yv�yf�
�� g
�
� keyword
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�t� OvDUy y w x ��ys�v ��Q�O ��DQD x� ���D swU w swo ��yu�twoQ
 O�vm�t xOy�Wt jwi ���D QO xm Qw�u�ty
R�v u�twoQ
 wO u�� Qo � xm CU� �QwQ� xDmv u�� QmP xD�r� �CU� yv w xv Ovv�t �va� 	OQ�Ov s�v a u�twoQ

��Q�O �i��� u�mt� u�� �t� �CW�Ov OwHw E�L u�� R� �rmWt w OQm�t Q�m q�� ���D OvOw� a u�twoQ
 Ovv�t

�OwW�t x�U�Lt sumsq	������ ���D Q�Okt uwvm � �OwW�t xDN�OQB u
 x� Q� R QO xm CU� �OQ� Q�m

� sumsq �	 function�a�xv�x�yv�y�

� f yf �� exp��a�xv�
� sum��yv�yf�
�� g
� sumsq�
�����

�

 ��������

xm OwQ�t Q�	Dv� w OwW�t Zwa y w x Q�O�kt ��H �va� OwW�t x�U�Lt sumsq	������ ���D Q�Okt uwvm �
�CU� xOW Zwa y w x Q�O�kt ��H uwJ 	Ovm jQi p�k xaiO x� C�Uv ���D xH�Dv

� sumsq �	 function�a�xv�x�yv�y�

� f yf �� exp��a�xv�
� sum��yv�yf�
�� g
� sumsq�
�����

�

 �������

�OQ�o�t CQwY R�v y w x uDiQo Q�Qk pLt Z� waD w OwW�t xO�iDU� swU w swO ��yu�twoQ
 s�v R� uwvm � �t�
� sumsq �	 function�a�xv�x�yv�y�

� f yf �� exp��a�xv�
� sum��yv�yf�
�� g
� sumsq�
� y��� x���

�

 ��������

�CU� sumsq	������ Ovv�t ��wH y w x ��yu�twoQ
 uDiQo Q�Qk pLt ��H��H seQx� xm OOQo�t x	Lqt
uwO� �t� �CU�v QF�wt ���D xH�Dv QO �yv
 QN��D w sOkD �yu�twoQ
 s�v uOQ� Q�mx� �� xm CiQo xH�Dv u�wD�t u��Q��v�
Oy�wN Cw�iDt xH�Dv u
 C��aQ sOa CQwY QO w CU� C�ty� R��L �yv
 uDiQo Q�Qk ��DQD �yu�twoQ
 s�v QmP

�Ovvm�t pta xOa�k u�ty �� R u�� R QO xDN�UV�B �� w ��xv�N��Dm ���wD s�tD �Ow�

�rLt ��yQ�eDt 	
�
�
�

�Q u
 CL�QY x� xm u�� Qot 	CU� �rLt Q�eDt u
 O���tv �wUvt �Q �Q�Okt �Q�eDt x� Qo � ���D pN�O QO
u� Ro��HVt�vsy Q�eDt �wQ VQ�Okt ���D R� GQ�N 	�rLt Q�eDt Qo�O CQ��a x� �O�vmh� QaD ����� �v�yH
�OW�� ��UDv� l� ���D QwDUO u� QN
 xm u
 Qot OwQ�t u�� R� u
 Q�Okt O��� xtD�N ���D Qo � ��vt� �OwW�tv

�Q�F��D ���D ��QH� �OOQo�t � Q��Q� x Q�Okt ���D pN�O QO �OQ�o�t QiY Q�Okt x Q�eDt �OD�� 	Q� R p�Ft QO
�OQ�Po�tv 
�vwQ��� �v�yH Q�eDt QO

� x �	 �

� functionx �	 function�� f
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� x �	 �

� g
� functionx��

� x

�

 �

�OwW�t h� QaD �v�yH CQwY x� q�� p�Ft uwvm �
� x �	 �

� functionx �	 function�� f
� x ��	 �

� g
� functionx��

� x

�

 �

�O�vm xHwD Q� R p�Ft x� 	���D l� �DL 	OW�� �W Qy Ov�wD�t ���D u�twoQ


� test �	 function�n� fun�

� f
� u �	 runif�n�

� fun�u�

� g
� test���sin�

�

 ��������� ��������� ���������

Q� Q�m xOW h� QaD ���DwO Qorta l� CN�U �
�
�
�

xO�iDU� �anything� Ovv�t ���Ctqa R� Q�m u�� ��Q� �CN�U �Q Q	v OQwt ���DwO Qorta u�wD�t R u�� R QO
�p�Ft ��Q� �OQ�o Q�Qk uW�Dwm pN�O QO u
 s�v O��� 	Qorta h� QaD QO ��vt� �OwW�t

��anything�� �	 function�x�y� f� � � g
�O�vm xHwD setdi�	� w union	� ���wD OQmrta x� 	Q� R p�Ft �wQW R� p�k

� x �	 c�
�����

� y �	 c���
�����

� union�x�y�

�

 
 � � � �

� setdi��x�y�

�

 �

� setdi��y�x�

�

 � �

�Ovm�t x�U�Lt uQ�kDt CQwY x� �Q xawtHt wO hqDN� xm OwW�t xDN�U �Qorta uwvm �
� ��sdf�� �	 function�a�b� f
� sdfxy �	 setdi��x�y�

� sdfyx �	 setdi��y�x�
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� union�sdfxy�sdfyx�

� g
� x �sdf� y

�

 � � �

Qy Q�m xwLv Q� R p�Ft 	�
�DWoR�� VwQ w �	Q�QmD VwQ �CU� swUQt OQm� wQ wO �qwtat C��U�Lt ��Q� �p�Ft
�OyO�t u�Wv z�� ��Q� �Q p�tQv p�tDL� OOa x�U�Lt Q� R pwtQi �OyO�t u�Wv �Q wO

�	z� �
�

�
�

�p
��

�X
n��

	���nz�n��
n��n	�n� ��

�CU� Q� R MQW x� u
 ��yOm xm OwW�t p��vO Q�QmD VwQ pw�
� Phi
 �	 function�z� f
� sum � z

� nfac � 


� for �n in 
���� f
� nfac � n � nfac
� sum � sum � ��
�
n � z 
 �� � n � 
� � � �nfac � �
n � �� � n � 
��g
� ��� � sum � sqrt�� � pi�
� g
� Phi
�
����

�

 ��������


�OwW�t x	Lqt Q� R QO �DWoR�� VwQ x� q�� xr�Ut
� Phi� �	 function�z�

� f
� n�p
 � 
� mult � �z
���

� term � z� sum � term

� for �n in 
���� f
� n�p
 � n�p
 � �

� term � term � mult � n
� sum � sum � term � n�p


� g
� ��� � sum � sqrt�� � pi�
� g
� Phi��
����

�

 ��������


u� u�wN�Qi w xOW xDWwv ���D xQ�NP �
�
�
�

u�wD�t x�ov
 �OW pY�L u�v�t�� u
 �DUQO R� w O�OQo pt�m w OW xDWwv Q� Q�m xOWh� QaD ���D xm u�� R�TB
��Q� uwvm � �Owtv xQ�NP �Oa� ��yxO�iDU� ��Q� Q	v OQwt pLt QO x�wNrO �t�v �� p��i R l� u�wvax� u

�Ov�wN�Qi �Q Q	v OQwt ���D TBU w OQm �QH� �Q source	�p��i R Q�Ut w s�v�� QwDUO O��� �OD�� �yv
 R� xO�iDU�

�CU� xHwD p��k xDmv wO �Hv�� QO
��� iteration ��� recursion
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��ys�v �� ���D u�OvJ p��i Rl� QO xm CU� umtt uwJ OW��v u�Um� ���D s�v w p��i R s�v xm u�� pw� �
�OwW xQ�NP uwo �vwo

xO�iDU� source QwDUO R� O��� �yp��i R R� l� Qy ��R� x� �OW O�H�� �RHt p��i Rl� ���D Qy ��Q� Qo � �
�Ov�wN�Qi �Q Cw�iDt ���wD TBU w OwW

x� �r��i QO �qFt xm CU� xOW xDWwv Q��at h�QLv� w u�ov��t x�U�Lt ��Q� �a��D �O�vm xHwD Q� R p�Ft x� uwvm �
�CU� xO�OQo xQ�NP mean�sd s�v

mean�sd �	 function �x� na�rm � TRUE�

f
if �na�rm� x �	 x��is�na�x�


n �	 length�x�

if �n � �� f
cat��small number of data�� ��n��

return�c�Mean � NA� SD � NA��

g
xbar �	 sum�x��n

sd �	 sqrt�sum��x � xbar�
����n � 
��

c�Mean � xbar� SD � sd�

g
�OOQo �QH� Q� R QwYx� source	� ���D O��� q�L

� source��D���R��les��mean�sd�R��

�OwW�t xO�O ���D x� Q��at h�QLv� w u�ov��t x�U�Lt ��Q� Q	v OQwt ��yxO�O TBU

� x �	 c�
�����

� mean�sd�x�

�CU� Q� R CQwYx� x�U�Lt pY�L

Mean SD
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���DWoR�
 �U�wvxt�vQ
 �����

��Q� w OvR� �OY �Q VOwN Ov�wD�t �DWoR�� xt�vQ� �OW���t ���wD QO ���v�wD l�vmD 	�U� wvxt�vQ� �wv u��
�CU� O�it 	OvQ�O �DWoR�� CrYN xm ���ysD� Qwor�

xHwD �CU� n� � n� 		n� ���� �Q� R 	OW�� �DWoR�� ���wQ j�O�Yt R� �m� Ov�wD�t l� p� QwDm �i �p�Ft
��yO�m x� uwvm � �O�O CUOx� �Q ���D ��yOQwNR�� R� ��xQ�B u�wD�t cat QwDUO R� xO�iDU� �� xm O�W�� xDW�O

�O�vm xHwD Q� R
��� Recursive programming
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� nfact �	 function�n� f
� � calculate n factorial

� if �n �� 
� f
� cat��called nfact�
��n��

� return�
�

� g else f
� cat��called nfact��� n� ���n�� sep � ���

� return�n�nfact�n�
��
� g
� g
� nfact���

�OOQo�t pY�L Q� R xH�Dv q�� xt�vQ� ��QH� ��
called nfact���

called nfact���

called nfact���

called nfact���

called nfact���

called nfact�
�

�

 ���

VwQ R� xO�iDU� �� Q�m u�� �OOQo ���U�vW XNWt xR�� l� QO pw� O�Oa� xm CU� Q�Qk �Hv�� QO �p�Ft
�CU� Q� R CQwYx� Q�m sD� Qwor� �OQ�o�t CQwY �DWoR�� �U� wvxt�vQ�

�CU� p�� pw� swrat OOa u� QDoQR� �O�vm �wQW �� �� � � � � n CU�r �� 
�

�OOQo�t hPL VOwN �RH x� OvDUy p R� �� Q
t xm �QY�va s�tD 
�

�O�yO V��Ri� CU� QDoQR� �Q�H p R� xm CU�r QO xOv�t�k�� OOa u� QDmJwm x� �Q p Q�Okt 
�

�OOQo�t R�� swO s�o x� xt�vQ� xvQow O����t xtD�N xt�vQ� 	Ow� pn R� QDoQR� p Qo � 
!

�O�vm xHwD xt�vQ� ��yO�m x� uwvm �
� primesieve �	 function�sieved� unsieved� f
� � �nds primes using the Sieve of Eratosthenes

� � sieved� sorted vector of sieved numbers

� � unsieved� sorted vector of unsieved numbers

� � cat��sieved�� sieved� ��n��

� � cat��unsieved�� unsieved� ��n��

� p �	 unsieved�



� n �	 unsieved�length�unsieved�


� if �p
� � n� f
� return�c�sieved� unsieved��

� g else f
� unsieved �	 unsieved�unsieved � sieved �	 c�sieved� p�

� return�primesieve�sieved� unsieved��
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� g
� g
� primesieve�c��� ������

�OOQo�t pY�L Q� R xH�Dv q�� xt�vQ� ��QH� ��

��� 
 � � � �� �� �� �� 
� 
� �� �� 
� 
� 
� �� �� �� ��

�
	� �� �� �� �� �� �� �	� �	� �	� �	� ��� �
� ��� ��� ��� �
� ��� ��� ���

���� ��� ��� ��� ��� ��� ��� ��� ���

p�Uv�Qi
O CqO�at w p�QoDv� �jDWt x�U�Lt ��	�

QO xm Qw�u�ty �O�O s�Hv� �Q p�Uv�Qi�O CqO�at w p�QoDv� 	jDWt Ovv�t ���� Q C��rta u�wD�t R u�� R QO
p�Uv�Qi�O CqO�at ��Q� w OwW�t s�Hv� R xDUy QO 
p�QoDv� w jDWt� �yv
 R� ��xQ�B x�U�Lt Ot
 Oy�wN xr��vO

�CU� �Q�Ri�sQv xDU� l� �Q�PoQ�� x� R��v

jDWt ������

xO�iDU� D	� s�v x� �a��D R� Q�m u�� ��Q� �OQw
 CUOx� �r�rLD CQwYx� �Q xO�U ���wD jDWt u�wD�t R QO
xm CU� �Q�eDt swO u�twoQ
 w OwW xDiQo jDWt R� CU� Q�Qk xm CU� �DQ��a u
 pw� u�twoQ
 xm OwW�t

�O�vm xHDw Q� R ��yp�Ft x� uwvm � �OOQo�t s�Hv� u
 x� C�Uv �Q�ojDWt

� D�expression���x
��� �x��
� � �� � x
��

� D�expression�log�x��� �x��


�x

� D�expression�a�exp��b � x��� �x��
��a � �exp��b � x� � b��

� D�expression�a��
�b�exp��c � x���� �x��
a � �b � �exp��c � x� � c����
 � b � exp��c � x��
�

� trig�exp �	 expression�sin�cos�x � y
����

� D�trig�exp� �x��

��cos�cos�x � y
��� � sin�x � y
���
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p�QoDv� ������

R u�� R xU OwHw ���D u�� QO �OwW�t xO�iDU� integrate	� ���D R� �OOa CQwYx� p�QoDv� x�U�Lt ��Q�
�q�� OL �twU w p�QoDv� u���B OL swO �OwW xDiQo p�QoDv� u
 R� CU� Q�Qk xm CU� �a��D pw� �CU� �QwQ�

�O�vm xHwD Q� R ��yp�Ft x� uwvm � �CU� p�QoDv�
� f �	 function�x� fx
��
g
� integrate�f� lower��� upper�
�


������� with absolute error � 
��e�
�

� g �	 function�x� f
��
�x
��g
� integrate�g� �Inf� Inf�

��
�
��� with absolute error � ���e�
�

��ys�v uDW�Po xm u�� swO �CU� Q� Q�m Q��DN� QO ���D s�v xm u�� pw� �CU� �QwQ� xDmv OvJ QmP �Hv�� QO
O��� I �va� u
 pw� hQL ��tDL w CU� C��yv�� �vat x� Inf xm u�� swU �CU� �Q��DN� upper w lower

�OwW�t O�H�� ��N xvQow OwW xDWwv nQR�
� h �	 function�x� f
��pi��
�x
���g
� integrate�h� �Inf� Inf�


 with absolute error � 
��e�
�

xv�oOvJ p�QoDv� �


��
�

p�QoDv� x� p�Ft ��Q� �OwW xO�iDU� QQmt CQwYx� integrate	� ���D R� O��� �OOa xv�oOvJ p�QoDv� x�U�Lt ��Q�
�O�vm xHwD Q� R xv�owOZ �

�

Z �

�

x�y dy dx

�O�vm xHwD Q� R ��yO�m x� q�� p�QoDv� �OOa x�U�Lt ��Q�
� � Iterated Integral

� integrate�function�x� f
� sapply�x� function�x� f
� integrate�function�y� x
��y� 
� ���value
� g�
� g� �� ��

��� with absolute error � 
��e�
�

p�Uv�Qi�O xrO�at ������

QO �OwW xDN�OQB p�Uv�Qi�O CqO�at pL x� �yv
 QOCU� sRq xm s� wW�t xH�wt �r��Ut �� �UOvyt w swra QO
Ov�wD�t xmCU�C�r��k u�� ��Q�O xm OW���t OwHwt deSolve s�v �� �Q�Ri�sQv xDU�l� R �U� wvxt�vQ� u�� R
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x� �R��v Qo�O w Owtv pL �Q xr�Ut l� �DL�Qx� u�wD�t u
 ltmx� w OR�OQB� p�Uv�Qi�O CqO�at ��wv� pL x�
u�� QO �Ow� Oy�wNv 	OwW�t �vqw� w CNU Q��U� �yv
 �� Q�m �y�o xm CqO�at pL ��ysD� Qwor� R� xO�iDU�
�rwtat p�Uv�Qi�O xrO�at l� pL x� R��v u
 QO xm �
 �UOvyt �� ��DQt xr�Ut l� �iQat x� �OD�� CtUk

�OOQo�t K� QWD R u�� R R� xO�iDU� �� u
 pL �ovwoJ �r�Ft x��Q� �� TBU w OwW�t CN�OQB 	OW���t
xR�H� w xOW x��aD u
 C�R�wt x� w p�v�m xQ�vm QO xm O�R
 u�� QH �� R� QQU l� R� CUDQ��a �Q�vm R� QQU l�
�wv u�� �OwW GQ�N u
 �wQ R� �
 R� �Q�Okt 	CU� R� QQU G�D R� QDq�� �
 ��iDQ� xm �akwt QO �D OyO�t
OQwt � � � w �y�q�U h�QLv� pQDvm QO 	�QyW �
 �Qw
�tH ��ysDU�U QO �i��� �
 h�QLv� QO �yR� QQU

�OvQ�O �v�w�Qi xO�iDU�
C���Qi �Q�vm ��yR� QQU �wQQ� �
 u�� QH p�iwQB xrO�at uOQw
 CUOx� ��Q� ���
 p�U QO De Marchi

�CiQo Q	v QO �Q Q� R

�OW�� �QwWvt w �r��DUt p�v�m 
�

�CU� C��F ��kt wO u�� XwYNt �SQv� w xOw� x�Dwm pw� ��Q�O �Q�vm R� QQU 
�

GQ�N O�R
 CQwYx� �
 w xDiQo CQwY pt�m �yO�wy xm xOw� R�D x�r R� QQU l� pO�at �Q�vm R� QQU 
�
�OwW�t

�CU� l� �� �w�Ut �SQv� K�LYD �� Q� 
!

De Marchi xm ��xrO�at w OOQo x��aD OvD w s�qt 	sm Q��U� ��W �� p�v�m l� �wQQ� Ov�wD�t �Q�vm R� QQU
�� p�Uv�Qi�O xrO�at l� CQwYx� w OQ�O Q��Da� xOW QmP p�v�m xU R� l� Qy ��Q� xDi�� CUO u�O� C��yv QO

�OwW�t u��� Q� R x���Q
dy

dx
�



�

CM

B

s
	E � y�	y �W ��

�y � �E
q�� x���Q QO xm

�OvW���t �YNWt Q�Okt ��Q�O w xOw� R� QQU ��iDQ� w p�v�m ZQa �W w B
R�v u
 Q�Okt 	OW���t XNWt R� QQU ��OD�� QO u�� QH ��iDQ� xmv�� x� xHwD �� w xOw� XwYNt �SQv� �E

�CU� swrat
XNWt R�v u
 Q�Okt w OwW�t u��� OwQi OOa�ULQ� ��x���Q CQwYx� w OQ�O s�v u�� QH COW�� Q� �CM

�OW���t
j� Q� u�� x� w xOW u��aD jwi p�Uv�Qi�O xrO�at pL �� w xOw� pwyHt xm OW���t R� QQU �wQQ� �
 ��iDQ� �y

�O�
�t CUOx� �Q�vm R� QQU �wQQ� �
 p�iwQB
p�v�m l� �wQQ� xOW x��aD 	����
 pw� �� �Q�vm R� QQU l� x� �w� Qt xm Q� R ��yQDt�Q�B 	p�Ft u�wvax�

�O� Q�o� Q	v QO �Q OvW���t sm Q��U� ��W �� �r��DUt

Cm � ����� B � � E � ��
��� W � ����
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�OwW�t pta Q� R ��ys�o CQwYx� R QO p�Uv�Qi�O xrO�at pL ��Q�
parms �	 c�Cm� B� E� W�

CQwYx� "OOQo �iQat p�Uv�Qi�O xrO�at u
 QO xm OwW h� QaD 
function� ���D l� CUtRq Oa� xrLQt QO
�Q� R

func �	 function�x� y� parms� f
dy �	 �������Cm�B�����E�y���y�W�
������y���E��
�
���
list�c�dy��

g
�CU� xOW xDiQo Q�mx� u�twoQ
 xU 	jwi x���Q h� QaD QO

�va� "OOQo�t XNWt 	CU� R� QQU �wQ �
 ��iDQ� u�ty xm y Q�Okt u
 ��R�x� xm CU� �rY�wi pw� 	x
	p�Uv�Qi�O CqO�at pL �OOa ��yVwQ QO �OwW�t XNWt y Q�Okt 	R� QQU ��OD�� R� x xrY�i ��R�x�

�Owtv xO�iDU� Q� R QwDUO R� u�wD�t x h� QaD ��Q� �OQ�o�t s�Hv� xm CU� ���y�Ov�Vt u�ty x Q�Okt
x �	 seq��������� ��
�

�OwW�t XNWt u
 Q�Okt 	p�Uv�Qi�O xrO�at pL �� w CU� xr�Ut pwyHt w xOW xO�t�v Cr�L Q�eDt 	y
�OvW���t p�Uv�Qi�O xrO�at ��yQDt�Q�B u�ty 	parms

Q��Nx� u�� xm xOW xOv�OQoQ� list CQwYx� q�� QO xOW h� QaD ���D xH�Dv 	OwW�t xOy�Wt xm xvwov�ty
xrO�at l� xm Q	v OQwt xrO�at pL ��Q� p�L �OW���t Package QO p�Uv�Qi�O CqO�at pL ZQiV�B
u�wD�t ode	� ���D R� xO�iDU� �� deSolve s�v �� �Q�Ri�sQv xDU� �v�wN�Qi R� TB 	OW���t �rwtat p�Uv�Qi�O

�Owtv xQ�NP out s�v �� �Q�eDt QO data frame �r�k QO w xOwtv pL �Q xrO�at
� library�deSolve�

� Cm �	 �����

� B �	 �

� E �	 ������

� W �	 ����

� y �	 c�y������

� x �	 seq��� ������ ��
�

� parms �	 c�Cm� B� E� W�

� func �	 function�x� y� parms� f
� dy �	 �������Cm�B�����E�y���y�W�
������y���E��
�
���
� list�c�dy��

g
� out �	 as�data�frame�ode�y� times�x� func� parms��

� head�out�

�CU� Q� R CQwYx� q�� ��yO�m ��QH� pY�L

time y
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���Q�Ri�sQv ��yxDU� ��	�

R x��B �� w ��xDUy x� xm CU� �v�w�Qi ���Q�Ri�sQv ��yxDU� uDW�O R u�� R syt Q��U� ��y�oS� w R� �m�
�OOa xm OQ�O OwHw �Q�Ri�sQv xDU� ���� R� V�� xm Cio O��� R�Dtt xir�wt u�� x� xHwD ��Q� �OvwW�t jrLt
CU� u�o��Q CQwYx� hwYwt ��yxDU� s�tD xmCU� u�� O��Ri��tC� Rt u�� x� xm ��xDmv �CU� xHwD QwNQO

�OvwW�t R�v RwQx� ��vt� �OvDUy ��R�� uDt ��Q�O w
XwYN QO �i�m K��wD �t� �CU� xOW xQ�W� ���yxDU� x� j� Q�iD x� O�W�� xOQm xHwD pYi u�� pqN QO Qo �

�OwW�t xDN�OQB syt u�� x� uwvm � xm 	CU� xOWv GQO �yv
 C���RH Q��U w ���DQ� 	�Yv 	uOQw
 CUOx�
�OvwW�t�Yv OwNx� OwN R�v �Q�Ri�sQvxDU� �O�OaD �k�w QO 	OOQo�t�Yv �tW QDw�Bt�m �wQ R Q�Ri�sQv �Dkw
�Q Packages �wvt 	xLiY �q�� Q�R�� Q�wv CtUk QO R QO xm OQ�O C�ty� QOkv
 �Q�Ri�sQv ��yxDU� EL�

�OwW�t x	Lqt Q� R CQwYx� �yxv� Ro R� �DUQyi 	OwW l�rm wvt u�� �wQ Qo � �O�vm�t xOy�Wt
Local package � � �

Set CRAN mirror

Select repositories � � �
Install package�s� � � �
Update package�s�

Install package�s� from local zip �les � � �
��DQD �UL Q� �tW x� �Q R QO xOW �Q�PoQ�� ��yxDU� CUQyi 	O�vR� �Q Local package � � � xv� Ro Qo �
�yv
 �Yv Q�Ut u�WDUQyi Q� xwqa xm Owtv xO�iDU� R�v Q� R ���D R� u�wD�t �vt� �OyO�t u�Wv ���ir� hwQL

�OyO�t CUOx� R�v �Q
� library��

The R u
 K��wD xm OQ�O OwHw base s�v l� xm OwW�t x	Lqt 	O�vm x�ov CkO x� xDio CUQyi x� Qo �
Qy �yxDU� x�k� �t� �OQ�O OwHw �UQDUO u
 ��yxO�O w ���wD s�tD x� CQwY u�� QO �OW���t Base Package
��� Packages

�OvW���t �yxO�O w ���wD pt�W xm OvDUy �
�yxv�N��Dm ��Q�Ri�sQv ��yxDU� R� Qw�vt ���
��� core ��� open source



�� R �U� wvxt�vQ� u�� R �� ���vW� � pYi

�UQDUO �Q�PoQ�� seQx� xmCU� u�� QO x��B ��yxDU� �� �yv
 Cw�iD w OvW���tXNWt w �RHt s�v ��Q�O s�Om
�OwW xO�iDU� O��� library	xDU� s�v� ���D R� Q�N� OQ�wt x� �UQDUO ��Q� �CU�v QU�t �yv
 ��yxO�O w ���wD x�

�O�vm xLwD Q� R p�Ft x� �Owtv xO�iDU� u�wD�t R�v library	� ���D ��H� require	� ���D R� xD�r�

� library�MASS�

OOQo�t ��k ���DQ� O� wW GQ�N R R� Qo � �CU� QU�tMASS xDU� ��yxO�O w ���wD x� �UQDUO Oa� x� u�� R�
�OOQo Q�QkQ� xOW xDio ���DQ� library	� ���D R� xO�iDU� �� O��� xQ�� wO w

��yxDU� R��v �UL Q� Q�m w OvwW�tv �Q�PoQ�� u
 QO ZQiV�B CQwYx� R ��yxDU� s�tD xm CU� K��w
u�� p�YiD �t� �OR�U�t Q�QkQ� R�v �Q sRq ���DQ� CU� Q�m CQwY QO w Ovm�t �Q�PoQ�� w xOwtv ��NDv� �Q OwN

�OQ�o�t CQwY xvwoJ pL�Qt
�O�vm A��D �Q package xtrm w Q	v OQwt xDU� s�v 	u
 x��W �� google Ovv�t wHDUH QwDwt l� QO �OD�� 
�
��CRAN � Package e���� CQ��a wHDUH R�TB 	O� Q�o Q	v QO e���� package p�Ft u�wvax�
xOwWo xDU� u�� XDNt ��xLiY �O�vm l�rm u
 �wQ �O�vm�t x	Lqt �Q 
R Q�o �Qi �v�o��� xm�W�
xOQWi p��i Windows binary� xv� Ro p��kt QO 	xLiY u�� Downloads� CtUk QO �OwW�t
l� xLiY u�� QO xD�r� �OQ�O Q�Qk �tW QDw�Bt�m �wQ xOQWi p��i uwvm � �O�vm download �Q e�����zip

�Owtv download R�v �Q u
 u�wD�t xm OQ�O OwHw Q	v OQwt xDU� ��Q� ���tvy�Q CyH pdf p��i
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�OwW xDWwv Q� R CQwYx� Q�N� OQwt

layout�matrix�c���
�� byrow�T� ncol����

x�L�v QO �q�k xm Q�Owtv u�rw� �va� �Ow� Oy�wN Tma CQwY x� 	V��tv xLiY QO �yQ�Owtv uDiQo Q�Qk ��DQD
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CU� Q� R

� m �	 matrix�c�
�������� byrow�F�
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�yZQa �t� �OvDUy u�Um� ZQa ��Q�O �yuwDU s�tD w u�Um� ��iDQ� ��Q�O �yQ�U s�tD 	ZQiV�B CQwYx�
�O�B �UQDUO �yv
 x� xm ���yQ�U ��iDQ� Ov�wD�t heights u�twoQ
 �Owtv Zwa u�wD�t �Q �L�wv ��yuwDU w
TQDUO p��k ��yZQa ��Q� �r�k u�twoQ
 x��Wt width u�twoQ
 u�vJty �Ovm QDoQR� �D�Uv x� �Q Ovm�t

�Ovm�t pta

� m �	 matrix�
��� �� ��

� layout�m� widths�c�
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� layout�show���
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�� p�Ft

� layout�matrix�c�
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���������

� plot�rnorm�
���� type��l��

� hist�rnorm�
����

� qqnorm�runif�
����

�OwW�t xH�Dv ��%� pmW jwi C�QwDUO ��QH� ��

�yQ�Owtv u�mt u��aD �� xLiY s�UkD �
�
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 u�wvax� mfcol w mfrow C�QwDUO �UwD u�wD�t OW x	Lqt xm Qw�u�ty
uDiQo Q�Qk pLt �wQ �Q �QDW�� pQDvm xm CUy R�v �Qo�O u�mt� �t� �Owtv s�UQD Q�Owtv xLiY l� �wQ
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�w�Ut�v �Ov�s�UkD �� �Q�t� Q�Owtv OvJ V��tv ��	�� pmW

�OW���t par	� QO �g u�twoQ
 u
 w Ovm�t p�ta� Q�Owtv
�OwW xO�iDU� Q� R CtQi R� �g u�twoQ
 QO O��� 	Q�Owtv pLt s�	vD ��Q�

c�x�left� x�right� y�left� y�right�

�O�vm xHwD Q� R p�Ft x� uwvm � �OvQ�O Q�Qk l� w QiY Q�O�kt u�� QwmPt ��yxir�wt R� l� Qy 	u
 QO xm

� Add boxplots to a scatterplot

par��g�c�������������� new�TRUE�

plot�mtcars�wt� mtcars�mpg� xlab��Miles Per Gallon��

ylab��Car Weight��

par��g�c������������
�� new�TRUE�

boxplot�mtcars�wt� horizontal�TRUE� axes�FALSE�

par��g�c������
��������new�TRUE�

boxplot�mtcars�mpg� axes�FALSE�

mtext��Enhanced Scatterplot�� side��� outer�TRUE� line����

�OOQo�t pY�L �!%� pmW jwi xt�vQ� ��QH� ��



�	�� 
�vWwOv�wUwt ��

2 3 4 5

10
15

20
25

30

Miles Per Gallon

C
ar

 W
ei

gh
t

Enhanced Scatterplot

�g QwDUO 
UwD Q�Owtv OvJ V��tv ����� pmW

OL�w xLiY QO �r�k Q�Owtv �wQ Q
 O�OH Q�Owtv s�UQD �����

�Qo�O ��yQ�Owtv �rai Q�Owtv �wQ u�wD�t ���D Q�yJ �� �CU� xOW s�UQD Q�Owtvl� plot	� ���D �� O�vm ZQi
�Owtv xi��� u
 x� �Q

plot�� � draw a graph

points�� � adds points

lines�� � adds lines

abline�a�b� � Draws a line of slope a and intercept b

abline�h�� � adds horizontal lines

abline�v�� � adds vertical lines

curve�� � adds curves

�HQ�N ��ys��vD �
	





plot	x�y� col��� p�Ft ��Q� �OyO�t u�Wv �Q �yQ�Owtv R� QD�� RH w QDW�� ��yQDt�Q�B 	Q� R CUQyi

�OQm u��aD �Q Q�Owtv �w�N Ct�N� u�wD�t QDt�Q�B u�� �� �lwd

w OOa Ov�wD�t QDt�Q�B u�� Q�Okt �OQm u��aD �Q �Q Q�Owtv QO xO�iDU� OQwt �w�N �wv u�wD�t QDt�Q�B u�� �� �lty
lty��dashed� p�Ft ��Q� �OW�� QDm �Q�m ��

p�Ft ��Q� �OW�� QDm �Q�m �� w OOa Ov�wD�t QDt�Q�B u�� Q�Okt �OQm u��aD Q�Owtv nvQ u�wD�t QDt�Q�B u�� �� �col
u� w�va nvQ Q��eD ��Q� 	col�sub w col�main R� u�wvaQ� R w u�wva nvQ Q��eD ��Q� �col � �red�

�OwW�t xO�iDU� col�axis R� �yQwLt nvQ Q��eD ��Q� xQNq�� w col�lab R� �yQwLt
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�Ovm�t u�at �Q Q�Owtv ��yxDWwv �srk QDt�Q�B u�� �OOa Q�Okt �font

�OwW p�O�D �� Qt x� xQ��O xv�Wv �qFt �Owtv u�at �Q Q�Owtv ��yxv�Wv u�wD�t �pch QDt�Q�B �� �pch

nvQ w font�main �� u
 xR�Ov� w Cvwi �OQm XNWt �Q Q�Owtv �rY� u�wva u�wD�t QDt�Q�B u�� �� �main

�OOQo�t V��Q� w col�main �� u


�� u
 nvQ w font�sub �� u
 xR�Ov� w Cvwi �OQm XNWt �Q Q�Owtv �aQi u�wva u�wD�t QDt�Q�B u�� �� �sub
�OOQo�t V��Q� w col�sub

K�U ���wD R� ��xQ�B QO xD�r� �OQmXNWt �Q C�YDNt ��yQwLt �t�U� u�wD�t QDt�Q�B u�� �� �xlab� ylab
�OwW�t s�Hv� OwNx�OwN pta u�� 	q��

Q�m u�� ��Q� �Owtv u��aD �Q y w x ��yQwLt QFm �OL w pk�OL Q�O�kt u�wD�t QDt�Q�B u�� �� �xlim� ylim

Q�Okt low u
 QO xm 	Owtv xO�iDU� ylim�c	low�high� w xlim�c	low�high� C�QwDUO R� u�wD�t
�OyO�t u�Wv �Q QFm �OL Q�Okt high w pk�OL

R� O�vm nQR� �Q u�wva xR�Ov� O�y�wN� Qo � �Owtv QDoQR� �Q Q�Owtv uwDt w �yxv�Wv u�wD�t QDt�Q�B u�� �� �cex
cex�lab R� �yQwLt �t�U� uOwtv QDoQR� ��Q� �O�vm xO�iDU� cex�sub R� u�wvaQ� R ��Q� w cex�main

�CiQo ltm u�wD�t
��xv�Wv �� w uDt 	x�kv Qy xm �Qw�x� OvwW s�	vD �Q�OQ� CQwYx� Ovv�wD�t �m�i�Qo ��yQDt�Q�B R� ��xQ�B

�Owtv pta u�wD�t R�v xv�o �OH CQwYx� �t� �OOQo�t Q�OQ� QY�va pt�W

Q�Owtv l� ��yQDt�Q�B s��vD 

	





	nvQ 	�N �wv 	�w�N Ct�N� Q�	v ���yQDt�Q�B ��Q�O Ov�wD�t Q�Owtvl� �OW xOy�Wt uwvm �D xm Qw�u�ty
QwDUO u�ty ��Q� �ki 	OwW xOQw
 s�UQD QwDUO OwN QO �m�i�Qo ��yQDt�Q�B Qo � uwvm � �OW�� � � � w xR�Ov� 	Cvwi
��yQ�Owtv s�tD �wQ �yQDt�Q�B u�� 	OwW xOQw
 par	� ���D QO �m�i�Qo ��yQDt�Q�B Qo � �t� �CU� p�ta� p��k
CQwYx� �yQDt�Q�B s�UQD QwDUOl� pN�O �� w OUQ� �Oa� par	� ���D x� �� xmv�� Qot �OOQo�t p�ta� R�v �Oa�

�O�vm xHwD Q� R ��yp�Ft x� �r�t QDy� lQO ��Q� �OOQo Z� waD �rLt
� plot�x�y�cex�lab��� main��size of title��cex�main���cex�axis���

�OQ�O Q�Qk plot	� ���D pN�O pmW ��yQDt�Q�B xm OwW�t xOy�Wt jwi OQwt QO

� par�cex�lab���cex�main���cex�axis���

� plot�x�y�main��size of title��

�CU� Q� R CQwYx� �rLt Z� waD
� par�cex�lab���cex�main���cex�axis���

� plot�x�y�main��size of title��

�� Plotting character
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� plot�x�y�cex�lab��� main��size of title��cex�main�
�cex�axis�
�

�O�vm xHwD Q� R p�Ft QO par	� ���D �r�H ��yZ� waD x� uwvm �

� � Set a graphical parameter using par��

� �par�� � view current settings

� opar �	 par�� � make a copy of current settings

� par�col�lab� �red�� � red x and y labels

� hist�mtcars�mpg� � create a plot with these new settings

� par�opar� � restore original settings

C�mv x� u��Q��v� �Ovm�t ��i�� �yQ�Owtv V��Q� w QO �O�� R Vkv par	� ���D OW xOy�Wt uwvm �D xm Qw�u�ty
�tW �CU� �R�QO Iv�� � w �vyB Iv�� � ��Q�O ���� QkD pmW l� x�L�v xR�Ov� �OwW�t xDN�OQB ��� u�� QO �Qo�O

�O�vR� lLt x� R QO �Q Qt� u�� O�v�wD�t
� par���n��

�

 ����
��� ��������

�CU� Q� R CQwYx� u
 �rm CQwY �k�w QO �Ovm�t u�at �Q Q�Owtv �W�wL mar u�twoQ


� par�mar�c�bottom� left� top� right��

�Owtv �QH� �Q Q� R QwDUO O��� 	u
 ZQiV�B Q�O�kt uOQw
 CUOx� ��Q�
� par��mar��

�

 ��
 ��
 ��
 ��


xR�Ov� x� �yv
 OL�w �CU� c	�� 
� 
� ������ �� w c	���� 
��� 
��� ���� CQwYx� u�twoQ
 Q�Okt u��Q��v�
�Ovm�t XNWt �Q �UJQ� CQwYx� x�W�L �w�N mtext	� ���D R� xO�iDU� �� Q� R Om �CU� uDt �N

plot�
�
�� ann�FALSE� type��n�� xaxt��n�� yaxt��n��

for�j in 
��� for�i in ��
�� mtext�as�character�i��side�j�line�i�

�OOQo�t pY�L ��%� pmW q�� Om ��QH� R�
�UL Q� w OwW�t s�Hv� mai u�twoQ
 R� xO�iDU� �� w CU� OwHwt �yQ�Owtv �W�wL u��aD ��Q� �Qo�O x�Q

�Owtv �QH� �Q Q� R QwDUO O��� 	u
 ZQiV�B Q�O�kt uOQw
 CUOx� ��Q� �OW���t Iv��
� par��mai��

�

 
��� ���� ���� ����

�yv
 QO xm 	CU� q�� w AJ 	u���B hQ� x� jraDt Q�O�kt u� QDoQR� mai w mar �va� q�� u�twoQ
 wO Qy QO
�OOQo�t pY�L Iv�� ��� O�Oa� O�vm ��UL �Q wO u�� C�Uv Qo � �OQ�o�t Q�Qk �yQwLt w Q�Owtv u� w�va

� par��mai���par��mar��

�

 ��� ��� ��� ���

pmW x�W�L u� w�va �w�N �UL Q� w CU� Q�Okt xU ��Q�O xm CU� �Q�OQ� par	� ���D QO mgp u�twoQ

�CU� c	������ u
 ZQiV�B �Ovm�t u�at u
 O�Oa� �D �Q �yQ�Owtv u�wva xrY�i w OW���t



�� Q�Owtv sUQ � pYi

0
1
2
3
4

0123

0
1
2
3

0 1

�UJQ� CQwYx� x�W�L �w	N V��tv ����� pmW

� par��mgp��
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�OW���t �Q�O �Q CU�Q w q�� 	AJ 	u���B QYva Q�yJ xm CU� �Q�OQ� oma	outer margin area� u�twoQ

�CU� c	�������� u
 ZQiV�B w OyO�tCUOx� uDt �w�N�UL Q� �Q �HQ�N x�W�L xR�Ov� u�twoQ
 u��
� par��oma��

�

 � � � �

�O�vm xHwD �#%� pmW x� Q�Owtv l� �HQ�N x�W�L uOW QDXNWt ��Q�

u���B K�U ���wD R� ��xQ�B �
	





���wD �UwD Q�m u�� �O�vm xi��� u
 x� �Q OQ�wt R� �
a� xm O�y�wN�t TBU 	O�vm�t O�H�� Q�Owtv l� �tW
�CU� Q�PBu�mt� u���B K�U

�w�N uOwRi�

Q�OQ� ��kv lines	� ���D �OwW�t xO�iDU� OwHwt Q�Owtv x� �w�N uOwRi� ��Q� abline	� w lines	� ���wD
�Ovm�t s�UQD �Q u�at ��O�t R� ZQa w ��W �� CU�Q �w�N abline	� ���D �Ovm�t pYw sy x� �Q �OwQw

�O�vm xHwD Q� R p�Ft x�
� plot�c�������c�������

� lines�c������ c������ col��red��

� abline�a�
� b��� lty��� � adds the line y � a � bx
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mar = c(5.1,4.1,4.1,2.1)

Outer Margin Area

oma = c(2,2,2,2)

Q�Owtv �HQ�N x�W�L V��tv ����� pmW

� abline�v�
� lty��� col��blue�� lwd���

�N h QDt�Q�B �� w �Owta �N v QDt�Q�B �� abline	� ���D QO �O�
�t CUO� Q� R Q�Owtv jwi C�QwDUO ��QH� ��
�OOQo�t sUQ �ki�

C�QwDUO x� p�Ft u�wva x� �OwQ�t Q�mx��N xQ�B w u�m�B s�UQD ��Q���DQD x� segments	� w arrows	� ���wD
�OwW�t xi��� Q� R C�QwDUO p�k

� arrows�

� c��������

� c�
�
�
��

� c�������
��

� c�
���
���
����

� length � ��
�

���D Ovv�t ���D u�� �OwW�t xO�iDU� grid	� ���D R� Q�m u�� ��Q� �OwRi� ��tvy�Q �w�N u�wD�t �yQ�Owtv x�
�yu�twoQ
 u�� Qt�Qo �OW���t 
� � � w u�J�N 	QB�N� �N �wv 	Ct�N� 	nvQ ��yu�twoQ
 ��Q�O plot	�
��DQD x� �Q �tvy�Q �w�N Ow�v w Ow� xm OQ�O OwHw ny w nx u�twoQ
 wO grid	� ���D �CU� plot	� ���D Ovv�t
sUQ y �� w x ��yCyH QO �w�N 	OOQo NA �w�Ut �yv
 R� l� Qy Qo � �Ovvm�t u�at y w x ��yQwLt QO
�w�N x� x QwLt CyH QO w O�y�wN�t �tvy�Q �w�N y QwLt CyH QO xm O�vm ZQi uwvm � �OOQo�tv

�Owtv pta Q� R CQwYx� O��� x�ov
 	O� Q�Ov R��v �tvy�Q

grid�nx�NA� ny�NULL�

�� Grid lines
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xm O�W�� p��t Qo � �t� 	OvwW�t sUQ �w� Qt ��yQwLt ��yl�D O�OaD x� y w x CyH wO QO �tvy�Q �w�N
Q��eD Q	v OQwt Q�Owtv QO �U�vD x� �Q �yl�D xm CU� u�� VwQ u�rw� O�yO Vy�m �� w V��Ri� �Q �yv
 O�OaD
Q� R ��yp�Ft x� uwvm � �OW���t abline	h�numeric� v�numeric� ���D R� xO�iDU� swO VwQ �t� �O�yO

�O�vm xHwD
� x �	 c�
�������
��

� y �	 c�����

�
�����

� plot�x�y�

� grid��

ZQiV�B Q�e CQwYx� �tvy�Q �w�N uwvm � �OOQo�t O�H�� ��%� xQ�tW Q�Owtv jwi ��yO�m ��QH� ��
�OOQo�t p�ta� 
�WQ�iU�

� x �	 c�
�������
��

� y �	 c�����

�
�����

� plot�x�y�

� abline�h�seq�
�������v�seq�
�
�������lty���col��gray����

�OOQo�t O�H�� �(%� xQ�tW Q�Owtv jwi ��yO�m ��QH� ��

�yxv�Wv w ��kv uOwRi�

pmW� �r�k Q�Owtv x� �Q ���kv Q� R ��yO�m �O��Ri��t OwHwt Q�Owtv x� �Q �i��� xv�Wv w ��kv points	� ���D
�Ovm�t xi��� 
��%�

� points�rnorm���� rnorm���� pch��� col��blue��
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u�m�B OvJ V��tv ����� pmW

� points�rnorm���� rnorm���� pch��� cex��� lwd���

� points�rnorm���� rnorm���� pch��K�� col��green��

�OyO�t u�Wv �Q O�O Q�Qk xO�iDU� OQwt u�wD�t xm ���yxv�Wv R� �DUQyi Q� R xt�vQ�
� plot���
�� ��
�� type��n�� xlab���� ylab����

� k �	 �


� for �i in c�������� f
� for �j in ���� f
� k �� k�


� points�i� j� pch�k� cex���g
� g

�OOQo�t O�H�� ��%� pmW q�� xt�vQ� ��QH� ��

uDt w u�wva uOwRi�

�Ov��tv�t xi��� �Q�vwDt 
s�UQD x�L�v QO�ki� OwHwt Q�Owtv x� text	� wmtext	� 	legend	� 	title	� ���wD
�Ovm�t xi��� �r�k Q�Owtv x� �Q 
��%� pmW� �vwDt Q� R ��yO�m

� title�main��My title�� sub��My subtitle��

� text����� �some text��

� text�
�
� �Angular text�� srt����
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� sample�
��� 
�� replace � T�

�

 � � � � � � 
 � � �

�w�Ut�v Cq�tDL� �� T�D l� Q�� �� ��DQB
� sample�
��� 
�� c�����������
����������������� replace � T�

�

 � � 
 
 
 � 
 
 � �

�Q�Po��H uwO� w hO�YD x� xQyt � uwvm � �OQ�O OwHw OQR xQyt � w ��
 xQyt 
 	RtQk xQyt 
 ��xU�m QO
�O�vm ��NDv�



�	�� 
�vWwOv�wUwt �	�

� urn �	 c�rep��red�� ��� rep��blue�� ��� rep��yellow�� ���

� sample�urn� �� replace � F�

�

 �red� �yellow� �blue� �red� �red� �red�

p�tDL� �
�D l� ��yQDt�Q�B OQw�Q
 �����

���yVwQ R� �Owtv OQw
Q� �Q p�tDL� ���D l� ��yQDt�Q�B u�wD�t hrDNt ��yVwQ x� O�v�O�t xm Qw�u�ty
�Owtv xQ�W� �yv
 x� w OQ� s�v u�wD�t ����tvDUQO QFm �OL VwQ w �yQw�DWo VwQ Ovv�t

���tvDUQO QFm �OLVwQ x� �Q p�tDL� ���D ��yQDt�Q�B xm OQ�O OwHwMASS u�wvaCLD ��xDU�R u�� R QO
pw� 	CU� �QwQ� u�twoQ
 wO ��Q�O xm CU� OwHwt �tdistr	� s�v x� �a��D xDU� u�� QO �Ovm�t OQw
Q�
�OQ�o Q�Qk uW�Dwm pN�O QO O��� xm Q	v OQwt p�tDL� ���D swO w O��� VR�Q� �a��D �yv
 Q� CU� Q�Qk xm ���yxO�O
�� uwvm � �OwW�t O�rwD 
XNWt ��yQDt�Q�B ��� �t�o �� RwD �� �iO�YD O�Oa� �QU l� �OD�� �Hv�� QO �p�Ft
�OOQo�t OQw
Q� 	CU�xDi�� VR�Q� QwmPt ��yxO�O Q� xm �t�o p�tDL� ���D ��yQDt�Q�B ��OOHt �t�o p�tDL� ���D ZQi

library��MASS��

set�seed�
�

random �	 rgamma�������������

para �	 �tdistr�random��gamma��� print�para�

para �	 unlist�para�

x �	 seq�
�
����
�

y �	 dgamma�x���������

plot�x�y�type��l��

lines�x�dgamma�x�para�

�para��
��lty���

legend����������legend�c��exact�� �ML��� lty�c�
���� bg��gray����

�OwW�t pY�L �&%� pmW q�� xt�vQ� ��QH� ��

�Q�t� ��yVwQ �����

�OOQo�t O�m �D �yu
 u� QDQwyWt �wQ �Hv�� QO �CU� ZQi uwtR
 w �Q�t
 ��yVwQ u�� R�t R u�� R

t xiQ� wO w l� uwtR� �
�
�
�

�OwW�t uwtR
 t p�tDL� �r�oJ ���D �� �Hv�� QO �yZQi �CU� t�test	� uwtR
 �wv u�� ��Q� �rY� ���D

t�test�x� y � NULL� alternative � c��two�sided�� �less�� �greater��� mu � ��

paired � FALSE� var�equal � FALSE� conf�level � �����

�u
 QO xm
�CU� OwHwt xO�U uwtR
 l� x�ov
 	OwWv xO�O y Qo � �OvDUy �OOa ��yQ�OQ� �x�y

	�two�sided� u
 ZQiV�B �OOQo�t u��� �yQDm �Q�m R� ��xDWQ �UwD u� Ro��H ZQi �alternative
	� Maximum Likelihood



�	� p�tDL� w Q�t� 	 pYi

2 4 6 8 10

0.
0

0.
1

0.
2

0.
3

x

y

exact
ML

xOW OQw�Q� ��yQDt�Q�B �� xO�O �QU l� Q� �t�o ���D VR�Q� V��tv ����	 pmW

�O�vm xO�iDU� �Q�oQ�mx� ��Q� R�v u
 pw� hwQL R� O�v�wD�t �tW ��less� w �greater�
OwHw xvwtv wO Qo � 	Ovm�t u��� �Q �yu�ov��t hqDN� ��� OyO�t u�Wv �Q u�ov��t CUQO Q�Okt xm �OOa �mu

�CU� QiY Q��Q� ZQiV�B �
OW�� xDW�O
�O�W�� xDW�O ���DwO uwtR
 O�y�wN� Qo � CU� �k�vt xv�Wv �paired

�CU� 
F� u
 ZQiV�B w OvQ��Q� sy �� �yTv�� Q�w OW�� 
T� CUQO Qo � �CU� �k�vt Q�eDt �var�equal
u� Ro��H ZQi �UL Q� u�ov��t ��xrY�i OQw
Q� ��Q� 
)��ZQiV�B� u�v�t�� K�U �conf�level

�O�vm uwtR
 �Q mu��� QiY ZQi trees ��yxO�O QO �� p�Ft

� data�trees�

� t�test�trees�Height� mu � ���

One Sample t�test

data� trees�Height

t � ������� df � ��� p�value � 
�
��e���

alternative hypothesis� true mean is not equal to ��

�� percent con�dence interval�

������� �������

sample estimates�

mean of x

��

�OwW�t OQ QiY ZQi u��Q��v�
�yu
 hQYt R� ��
 xmCU� u�� p�wU uwvm � �OOQo�t xi��� wQOwNCNwU x� �vOwRi�l� O�vm ZQi �� p�Ft
�Ovm�tv xO�iDU� u
 R� Qo�O �wQOwN VW w Ovm�t xO�iDU� u
 R� wQOwN VW Q�m u�� ��Q� �OwW�t xDU�m



�	�� 
�vWwOv�wUwt ���

�CU� Q� R CQwYx� xm 	CU� xOW �Q�oxR�Ov� 
ur�o Q� p��t� mpg Q�eDt

Car � � � 
 � �

mpg w� additive �
�� �
�� ���� ���� ���� ����

mpg w�o additive ���
 ���� ���� ���� ���� ����

� add �	 c������ 
���� ����� ����� ����� �����

� noadd �	 c������ 
���� ����� ���
� �
��� �����

� t�test�add� noadd� paired�T� alt � �greater��

Paired t�test

data� add and noadd

t � ������� df � �� p�value � �����
��

alternative hypothesis� true di�erence in means is greater than �

�� percent con�dence interval�

�����
��� Inf

sample estimates�

mean of the di�erences

����

�OwtR
 ks�test ���D �� �Q �Q�OQ� �xO�O l� u�wD�t

� x �	 runif�
���

� out �	 ks�test�x� �pnorm��

� out

One�sample Kolmogorov�Smirnov test

data� x

D � ������� p�value � ���e�
�

alternative hypothesis� two�sided

�Owtv xO�iDU� k�s uwtR
 R� u�wD�t R�v OvW�� xOW PN� �� RwD l� R� �Q�OQ� �xO�O wO Qo �

� x
 �	 rnorm�
���

� x� �	 rnorm�
���

� ks�test�x
� x��

Two�sample Kolmogorov�Smirnov test

data� x
 and x�

D � ����� p�value � ������

alternative hypothesis� two�sided

Q� R G��Dv w OwW ��DQB Q�� ��� T�D l� xm O�vm ZQi �O���tQi xHwD �N �� Qt uwtR
 R� p�Ft l� x� uwvm �
�OOQo pY�L



��� p�tDL� w Q�t� 	 pYi

T�D xHw � � � 
 � �

�v�w�Qi 
� 
� �� 
� �� 
�

R� Q�m u�� ��Q� �CU� �
�
T�D xHw Qy uOt
 p�tDL� �va� �CU� hQ� �� T�D u�� xm CU� u�� p�wU uwvm �

�O�vm xHwD Q� R ��yO�m x� �OwW�t xO�iDU� �N �� Qt uwtR


� counts �	 c���� ��� ��� ��� ��� �
�

� probs �	 rep�
��� ��

� chisq�test�counts� p � probs�

Chi�squared test for given probabilities

data� counts

X�squared � ����� df � �� p�value � ��

��

�CU� u
 R� QDoQR� ������ �va� p�tDL� Q�Okt x�ov
 	 OW�� OYQO � jwi uwtR
 uOw� Q�O�vat K�U Qo �
�OwW�tv OQ uOw� hQ��� ZQi u��Q��v�



sQ�yJ pYi

uw�UQoQ ��ypOt

�a��wD uOv�wN�Qi j� Q� R� �ypOt u�� ��twta �CU� �Q�t
 ��ypOt VR�Q� ��Q� �O�� R ��yu�DwQ ��Q�O R u�� R
�CU� Q� R CQwY x� VR�Q� �Q�t
 pOt l� �rm pmW �Ovvm�t pta lm� glm� � � � pFt

respose � expression

��N uw�UQoQ ��ypOt �	�

pwtQi ��yC�OwHwt �����

�OyO�t VR�Q� Q� R CQwY x� �Q ��N pOt l� R u�� R

y � �� � ��x� � � � �� �pxp � 


���r�e 
 �va� ��N xrtH �OyO�t u�Wv �Q uw�UQoQ ���Q� w ��O�t R� ZQa � � 	��� ��� � � � � �p� xm
�CU� 	�� Tv�� Q�w w QiY u�ov��t �� p�tQv �� RwD ��Q�O

�Owtv xO�iDU� Q� R pwtQi w lm	� ���D R� xO�iDU� �� u�wD�t 	Q�eDt wO �� uw�UQoQ ��Q�

���



��	 uw�UQoQ ��ypOt � pYi

y � x
�x�

�CU� y � �� � ��x� � ��x� � 
 pwtQi xrRvt x� jwi CQ��a xm
R� ZQa O�U� wv� Q� R CQwY x� �Q jwi x���Q �t� �OwW�t ��O�t R� ZQa pt�W R u�� R 	ZQiV�B Qw� x�

�OOQo�t hPL ��O�t

y � �
�x
�x�

��yp�Ft x� �OvDUy ��N uw�UQoQ QO �Y�N �v�at ��Q�O ��������� ��yQorta xm O�W�� xDW�O xHwD
�O�vm xHwD Q� R

y � x
�x��x
�x�

�CU� y � �� � ��x� � ��x� � ���x�x� � 
 pwtQi xrRvt x� jwi CQ��a xm
�Ovm�t O�H�� ��DQD x� �Q �� wOwO w xv�o� ��yxrtH � Qorta R� xO�iDU�

y � �x
�x��x
�x��
�

�CU� Q� R x���Q pO�at q�� pwtQi

y � x
�x��x��x
�x��x��x��x
�x�

R� ZQa �� OW x	Lqt �q�k xm Qw�u�ty �Ovm�t hPL uw�UQoQ xrO�at R� �Q �DqtH �� w xrtH � Qorta
�O�vm xHwD Q� R p�Ft x� �Owtv hPL �Q ��O�t

y � �x
�x��x
�x��
� � x��x�

�CU� Q� R x���Q pO�at q�� pwtQi

y � x
�x��x��x
�x��x
�x�

�O�vm xHwD Q� R p�Ft x� �Ovm�t Q�QmD Q�eDt ��Q� �Q ��� Q� I ���D

y � I�x
�x��

Q��eD pOt QO x� Q�eDt O�y�wN� Qo � ��vt� �CU� y � �� � �	x� � x�� � 
 pwtQi xrRvt x� jwi CQ��a xm
�O��xOQm x��DW� O�vm pta Q� R CQwY x� Qo � �OwW �Q� wO QO �qFt �Ovm

y � x
���x�

�Owtv pta O��� Q� R CQwY x� �r�t uOW CUQO ��Q�

y � x
�I���x��

�CU� Q� R KQW x� R u�� R QO u
 pwtQi x�ov
 	OW�� y � �� � ��x � ��x
� CQwYx� Q	v OQwt pOt Qo �

y � poly�x� ��

�Q� R CQwYx� xv w

y � x�x�
�



�	�� 
�vWwOv�wUwt ���

�R�UpOt �
�wD �����

w VR�Q� ��Q� �O�� R ���wD �OQ�O �yQ�eDt u�� ��N ���wQ u��� ��Q� �a�Uw OQ� Q�m ��N uw�UQoQ ��ypOt
KQW x� �yu
 ��yu�twoQ
 R� ��xQ�B xm CU� lm	� Q�m u�� ��Q� �rY� ���D �OQ�O OwHw ��N uw�UQoQ p�rLD

�CU� Q� R
lm�formula� data� weights� subset� na�action�

�O�vm xHwD Q� R ��yxO�O x�
gene� gene�

����� ����


���
� �����

���

 �����

���
� ���



����� ����


����� ����


����� �����

����
 �����

����� ����

����� �����

����� ���
�

���� ����

��
� ����

���� ����

���� ����

��
� ���


��
� ���


���� ����

x� �w� Qt uwtR
 w �oDU�ty �� Q� �OD�� xm �CU� xOW xQ�NP gen�reg�txt s�v x� �r��i QO jwi ��yxO�O
�Ovm�t �UQQ� �Q �yu
 x� �w� Qt OQ�wt xOv�wN �Q u
 Q� R ��yO�m �Owtv O�y�wN x	Lqt �Q u


� x �� read�table��F��R��les�data�gen�reg�txt��header�T�

� cor�test�x�gene
� x�gene��

Pearson�s product�moment correlation

data� x�gene
 and x�gene�



��� uw�UQoQ ��ypOt � pYi

t � ���
��� df � 
�� p�value � 
����e���

alternative hypothesis� true correlation is not equal to �

�� percent con�dence interval�

�����
��� ���������

sample estimates�

cor

���������

Q� R pwtQi �� uw�UQoQ pOt uwvm �

gene� � �� � �� � gene� � 


�OOQo�t p�ta� �yxO�O �wQ
� x �	 read�table��F��R��les�data�gen�reg�txt�� header�T�

� m�reg �	 lm�gene��gene
� data�x�

� m�reg

Call�

lm�formula � gene� � gene
� data � x�

Coe cients�

�Intercept� gene


�������
 �������

�CWwv R�v sy Q� R CQwYx� u�wD�t �Q q�� ��yO�m
� x �	 read�table��F��R��les�data�gen�reg�txt�� header�T�

� m�reg �	 lm�x�gene��x�gene
�

� m�reg

Call�

lm�formula � x�gene� � x�gene
�

Coe cients�

�Intercept� gene


�������
 �������

�O�vm xHwD Q� R pwOH x� uw�UQoQ x� �w� Qt ��y�HwQN uDi�� ��Q�
Expression Description

coef	obj� regression coe cients

resid	obj� residuals

�tted	obj� �tted values

summary	obj� analysis summary

predict	obj�newdata�ndat� predict for new data

deviance	obj� residual sum of squares



�	�� 
�vWwOv�wUwt ���

�CU� m�reg u�ty obj R� Qw	vt jwi p�Ft QO
�O�Wm �Q xDi�� VR�Q� �N w Owtv sUQ �Q Vvm �QB Q�Owtv u�wD�t uwvm �

� plot�x�gene
� x�gene��

� lines�x�gene
� �tted�m�reg��

xO�iDU� R�v Q� R C�QwDUO R� u�wD�t xDi�� VR�Q��N sUQ ��Q� �OwW�t pY�L �%! pmW Q� R ��yO�m ��QH� ��
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−
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0.
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1.
0

x$gene1

x$
ge

ne
2

xDi�� VR�Q� 
N w Vv�m �QB Q�Owtv l� V��tv ���� pmW

�Owtv
� plot�x�gene
� x�gene��

� abline�m�reg�

R�v �Q �yxOv�t�k�� 	xDi�� VR�Q� �N w �� QHD ��kv Q� xwqa xm O�vm�t x	Lqt �Q �%! pmW Q� R QO uwvm �
�Owtv sUQ u�wD�t

� plot�x�gene
� x�gene��

� lines�x�gene
� �tted�m�reg��

� segments�x�gene
� �tted�m�reg�� x�gene
� x�gene�� lty���

���N 	t Q�O�kt Q�	v xDi�� VR�Q� pOt R� �i��� C�aq�� R� ��xQ�B uOQw
 CUO� ��Q� summary	� ���D
�O�vm xHwD Q� R p�Ft x� �CU� O�it �yQDt�Q�B u�� �oDU�ty w OQ�Ov�DU�

� summary�m�reg�

Call�

lm�formula � x�gene� � x�gene
�

Residuals�

Min 
Q Median �Q Max

�����
� ����
�� ������� ��
��� ������
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0

0.
5

1.
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x$gene1

x$
ge

ne
2

�yxOv�t�k�� w uw�UQoQ Q�Owtv l� V��tv ���� pmW

Coe cients�

Estimate Std� Error t value Pr��jtj�
�Intercept� �������
 ������� ������ ����


x�gene
 ������� ��
���� ���

 
���e��� ���

!

Signif� codes� � ����� ����
 ���� ���
 ��� ���� ��� ��
 � � 


Residual standard error� ���

 on 
� degrees of freedom

Multiple R�squared� ������ Adjusted R�squared� ������

F�statistic� ����
 on 
 and 
� DF� p�value� 
����e���

�Owtv x�U�Lt �Q uw�UQoQ xrO�at ���Q� ��xrY�i OQw
Q� u�wD�t con�nt	� ���D ��

� coef�m�reg�

�Intercept� gene


����������� ����������

� con�nt�m�reg�

���� �����

�Intercept� ����
����� ��������
�

gene
 ������
�� 
���������

R�v �O�Qiv� CQwYx� �Q �yv
 u�wD�t xm Ovm�t xQ�NP OwN QO �Q �D�aq�� 	Q�OQ� CQwYx� summary	� ���D
�O�vm xHwD Q� R OQ�wt x� uwvm � �Owtv xO�iDU� Qo�O ��yCtUk QO �yv
 R� w O�O u�Wv

summary�model���


�residuals

summary�model���




�	�� 
�vWwOv�wUwt ���

�coe cients

summary�model���


�sigma

summary�model���


�r�squared

summary�model���


�adj�r�squared

summary�model��
�


�fstatistic

�OQ�o�t Q�Qk m�reg pOt xS�w ��H x� �va� �CU� m�reg pOt s�v �Hv�� QO O�vm�t xOy�Wt xm Qw�v�ty
with ���D R� u�wD�t 	OyO�t CUOx� summary	� ���D xm �D�YNWt w uw�UQoQ �N uOQw
 CUOx� ��Q�

�O�vm xHwD Q� R p�Ft x� �Owtv xO�iDU� R�v
� with�trees� fm�reg �	 lm�Girth�Volume�
� summary�m�reg�g�
sy xDi�� VR�Q� �N w ��kv s�UQD OQwt QO �DL �OwW�t pY�L p�k VwQ G��Dv u�ty q�� ��yO�m ��QH� ��

�O�vm xHwD Q� R ��yO�m x� �Owtv xO�iDU� with ���D R� u�wD�t

� with�trees� fplot�Girth�Volume�
� abline�lm�Girth�Volume��g�
Cw�iD xm OOQo swrat �D OwW xOQw
 �L��wD xOW p�OaD u��aD�� Q� �va� R�

adj x� �H�Q xmCU� sRq �Hv�� QO
�t� �CU� xHwD QwNQO �oDU�ty QO u��aD �� Q� Q�Okt �q�� u�R�t O�v�O�t xm Qw�v�ty �CU�J R� �� u

�Owtv xU��kt sy �� �Q �ypOt u�wD�tv u��Q��v� �Ovm�t Q��eD �yxO�O O�OaD u�vJty w �yQ�eDt O�OaD �� Q�Okt u��

�CU� Q� R CQwYx� R� h� QaD �CU� xOW O�yvW�B xOW p�OaD u��aD �� Q� Q�Okt �Pr

R� � ��
Pn

i��	yi � !yi��Pn

i��	yi � "y��
� �� SSe

SSt
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OQ�O uwo �vwo ��wv� �yPe�m u�� �CU� �tD� Q�or �� w ��N Qo�O QwLt w CU� �r�tDL� T��kt ��Q�O �yQwLt
xt�v Pe�m �� O���v �Q �yPe�m u�� xm O�W�� xDW�O xHwD �OQ� s�v p�t�o w p�tQv nwr w p�tQv ��yPe�m R� u�wD�t xm
�CU� xO�OQo xO�iDU� xDWPo pwYi ���wD w C�QwDUO 	C�aq�� x�rm R� �ys�UQD u�� QO �Owtv �*r $N �tD� Q�o

���
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p�t�o p�tDL� Pe�m �����

Qt� �O�� QO �O�vm�t x	Lqt �Q xOW xOy�Wt ��yxO�O Q� xDi�� VR�Q� �� RwD w p�t�o p�tDL� Pe�m �Hv�� QO
�CU� Q� R CQwYx� Q	v OQwt ��yOm

� GumbelPlot�R

�

� Code for plotting annual peak "ow series on

� extreme�value �Gumbel� paper�

� � This code illustrates how to customize graph axes� and

� also how to use superscripts in axis labels�

�

� RDM ���� Oct ��

� Specify Greata Creek peak "ows for 
��
 � 
���

Q � c�
���������������
����
�����������
�����������
��������

graphlab � �Greata Creek 
��
�
����

� Generate plotting positions

n � length�Q�

r � n � 
 � rank�Q� � highest Q has rank r � 


T � �n � 
��r

� Set up x axis tick positions and labels

Ttick � c�
���
�
��
�
�
�
�������������������
��

�
��
��
��
��
��
��
��
�������

����������������������������
���

xtlab � c�
���
�
��
�
�
�
�����NA�NA���NA�NA�NA�NA�
��NA�NA�NA�NA�
��

NA�NA�NA�NA����NA����NA�NA�NA����NA�NA�NA�NA�
���

y � �log��log�
 � 
�T��

ytick � �log��log�
 � 
�Ttick��

xmin � min�min�y��min�ytick��

xmax � max�ytick�

� Plot peak "ow series with Gumbel axis

plot� y� Q� ylab � expression� �Peak Flow ���m
��s
�
���� � �
xaxt � �n�� xlab � �T �yr���

xlim � c�xmin�xmax��

pch � �
� bg � �red��

main � paste� �Annual Peak Flows��� graphlab ��

par�cex � �����

axis�
� at � ytick� labels � as�character�xtlab��

� Draw a best��t line through the data

abline� lm�Q y�� lty�
� col � �blue� �

� Draw grid lines

abline�v � ytick� lty � ��

abline�h � c�����
�
������ lty � ��

par�cex � 
�

�OOQo�t pY�L �%� pmW jwi ��yO�m ��QH� ��
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�v�w�Qi�COt�COW Pe�m s�UQD �����

xm CU� K��w xD�r� �OwW�t xO�iDU� 
�yQ��oQ� �oOvQ�� �v�w�Qi�COt�COW ��y�vLvt sUQ ��Q� Pe�m u��
�CU� Q� R CQwYx� u
 ��yO�m �CU� �tD� Q�or pmW QwLt l� �Q� R �CU� �N CQwYx� �y�vLvt pmW

� Graph paper for IDF analysis

�

� This code illustrates how to customize graph axes and

� how to produce grid lines�

�

� RD Moore �����Jan���

�

par�cex�
�las�
�

ytick � c�
�����������������
��������������������������
���

��������������������������������
����

yticklab � as�character�ytick�

xgrid � c�����������
��
�����������������
���
���������������

��������������������������������
����
����
����
����

xtick � c���
��
�����������
�����������
����

xticklab � c������
����
���������������������������
��������

x � �

y � 
�

plot� x� y� type��n��

xaxt��n��yaxt��n��

log��xy��

xlim�c���
�����

ylim�c�
�
�����

ylab � �INTENSITY �mm�hr���

xlab � �Minutes DURATION Hours��

par�cex������

axis�
� xtick� xticklab�

par�cex�����

axis��� ytick� yticklab�

abline�v�xgrid�

abline�h � ytick�

par�cex�
�

�OOQo�t pY�L �%� pmW jwi ��yO�m ��QH� ��



��	 �YYND w �vi Q�Owtv OvJ s�UQD � pYi

0.
0

0.
5

1.
0

1.
5

2.
0

Annual Peak Flows, Greata Creek 1971−1980

T (yr)

P
ea

k 
F

lo
w

 (
m

3 s
1 )

1.001 1.1 1.5 2 5 10 15 30 50 100

xDi�� VR�Q� �� RwD w p�t�o Pe�m V��tv ���� pmW

Minutes              DURATION              Hours

IN
T

E
N

S
IT

Y
 (

m
m

/h
r)

5 10 15 30 60 2 6 12 24

1

2

3

4
5
6
7
8
910

20

30

40
50
60
70
80
90100

200

300

400
500
600
700
800
9001000

�v�w�Qi�COt�COW Pe�m V��tv ���� pmW



�	�� 
�vWwOv�wUwt ���

��x�W�L �
�wD �
 x�Qty uw�UQoQ s�UQD �����

R�v Q�eDt wO ��x�W�L ���wD xm O�y�wN� Qo � �t� �CU�v �Q�wWO Q�m uw�UQoQ �N �� x�Qty Vvm �QB Q�Owtv sUQ
�CU� Q� R CQwYx� u
 ��yO�m �O�
�t OwHw� ��r�H �Q�Owtv 	OOQo sUQ OwHwt pmW �wQ

�� Create a scatterplot with marginal histograms ��

x �	 pmin��� pmax���� rnorm������

y �	 pmin��� pmax���� rnorm������

xhist �	 hist�x� breaks�seq�min�x��max�x��length�

� �plot�FALSE�

yhist �	 hist�y� breaks�seq�min�y��max�y��length�

�� plot�FALSE�

top �	 max�c�xhist�counts� yhist�counts��

xrange �	 c�min�x��max�x��

yrange �	 c�min�y��max�y��

nf �	 layout�matrix�c�����
��������byrow�TRUE�� c���
�� c�
���� TRUE�

layout�show�nf�

par�mar � c�����
�
��

plot�x� y� xlim�xrange� ylim�yrange� xlab���� ylab����col��� cex�
���

par�mar � c�����
�
��

grid�col���

abline�lm�y�x�
�� col��brown��lwd���

barplot�xhist�counts� axes�FALSE� ylim�c��� top�� space��� col��red��

par�mar � c�����
�
��

barplot�yhist�counts� axes�FALSE� xlim�c��� top�� space��� horiz�TRUE�

col��blue��

�OOQo�t pY�L �%� pmW jwi ��yO�m ��QH� ��

wD QO wD ��yQ�Owtv s�UQD �����

�CU� Q� R CQwYx� u
 ��yO�m �Owtv GQO Qo�O �Q�Owtv pN�O QO �Q Q�Owtv l� u�wD�t CtUk u�� QO
� Nested graphics

library�e
��
�

n �	 
���

x �	 rnorm�n�

qqnorm�x� main�paste��kurtosis ��� round�kurtosis�x�� digits����

��gaussian����

qqline�x� col��red��

op �	 par��g�c���������������� new�TRUE�

hist�x� probability�T�

col��light blue�� xlab���� ylab���� main���� axes�F�

lines�density�x�� col��red�� lwd���

box��

xOW xO�iDU� e���� xDU� R� Q�Owtv u�� sUQ ��Q� ��vt� �OOQo�t pY�L !%� pmW jwi ��yO�m ��QH� ��
�CU�v OwHwt R u�� R OwN QO kurtosis	� �oO�Wm ���D �Q� R �CU�
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Q�Owtv l� QO �yZQa QwLt wO s�UQD �����

�O�vm xHwD Q� R p�Ft x� OQwt u�� ��Q� �OwW�t �O�B R��v Q�Owtv l� QO y QwLt wO sUQ x� Cq�L R� ��xQ�B QO
� specify the data

x �	 c�
�
��� y �	 x� z �	 
��x

� create extra margin room on the right for an axis

par�mar�c��� �� �� �� � ��
�

� plot x vs� y

plot�x� y�type��b�� pch��
� col��red��

yaxt��n�� lty��� xlab���� ylab����

� add x vs� 
�x

lines�x� z� type��b�� pch���� col��blue�� lty���

� draw an axis on the left

axis��� at�x�labels�x� col�axis��red�� las���

� draw an axis on the right� with smaller text and ticks

axis��� at�z�labels�round�z�digits����

col�axis��blue�� las��� cex�axis����� tck����
�

� add a title for the right axis

mtext��y�
�x�� side��� line��� cex�lab�
�las��� col��blue��

� add a main title and bottom and left axis labels

title��An Example of Creative Axes�� xlab��X values�� ylab��Y�X��

�O�
�t CUOx� �%� pmW jwi ��yO�m ��QH� ��
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�yZQa QwLt wO �� Q�Owtv l� V��tv ���� pmW
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Q�Owtv l� QO CQ�QL xHQO wO s�UQD �����

C��yvQ�i �UL Q� �Qo�O w O�Qo �Dv�U Q� �m� 	OW�� �yZQa QwLt wO ��Q�O xm CW�O �Q�Owtv u�wD�t
�O�vm xHwD Q� R p�Ft x� OQwt u�� ��Q� �OvDUy

x �	
��

y �	 runif��� �� 
���

par�mar�c��� �� �� ���

plot�x� y� type��n�� xlim�c����� ����� ylim�c��
�� 

���

axes�FALSE� ann�FALSE�

axis��� at�seq��� 
��� ����

mtext��Temperature �Centigrade��� side��� line���

axis�
� at�
��� labels�c��Treatment 
�� �Treatment ����

axis��� at�seq��� 
��� ���� labels�seq��� 
��� ������� � ���
mtext��Temperature �Fahrenheit��� side��� line���

box��

segments�x� �� x� 
��� lwd���� col��dark grey��

segments�x� �� x� 
��� lwd�
�� col��white��

segments�x� �� x� y� lwd�
�� col��light grey��

�O�
�t CUOx� #%� pmW jwi ��yO�m ��QH� ��
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uw�UQoQ xLiY s�UQD �����

xrO�at Qo � uwvm � �OW�� s�kDUt �N CQwYx� Ov�wD�t y� x u�� uw�UQoQ x���Q OW xOy�Wt �q�k xm Qw�u�ty
QO uwvm � �CU� xLiY l� pmW x� �Q�Owtv u
 V��tv 	OW�� y � a�x� � a�x� � b CQwYx� uw�UQoQ
uw�UQoQ s�UQD u�� QO �CU� xOW s�Hv� xLiY s�UQD R QO trees xO�O OQwt QO uw�UQoQ ��Q� Q� R ��yO�m

�CU� xOW s�Hv� Height w Girth ��yQ�eDt �UL Q� Volume
library�scatterplot�d�

data�trees�

s�d �	 scatterplot�d�trees� type��h�� highlight��d�TRUE�

angle���� scale�y����� pch�
�� main��scatterplot�d��

� Now adding some points to the �scatterplot�d�

s�d�points�d�seq�
�������� seq����������� seq����
���
���

col��blue�� type��h�� pch�
��

� Now adding a regression plane to the �scatterplot�d�

attach�trees�

my�lm �� lm�Volume � Girth � Height�

s�d�plane�d�my�lm�

�O�
�t CUOx� &%� pmW jwi ��yO�m ��QH� ��

scatterplot3d
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