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1. Introduction

ClimDex is a Microsoft Excel based program that provides an easy-to-use software package for the calculation of indices of climate extremes for monitoring and detecting climate change.  It was developed by Byron Gleason at the National Climate Data Centre (NCDC) of NOAA, and has been used in CCl/CLIVAR workshops on climate indices from 2001. 

The original objective was to port ClimDex into an environment that does not depend on a particular operating system. It was very natural to use R as our platform, since R is a free and yet very robust and powerful software for statistical analysis and graphics. It runs under both Windows and Unix environments. In 2003 it was discovered that the method used for computing percentile-based temperature indices in ClimDex and other programs resulted in inhomogeneity in the indices series. A fix to the problem requires a bootstrap procedure that makes it almost impossible to implement in an Excel environment. This has made it more urgent to develop this R based package. 
RClimDex (1.0) is designed to provide a user friendly interface to compute indices of climate extremes. It computes all 27 core indices recommended by the CCl/CLIVAR Expert Team for Climate Change Detection Monitoring and Indices (ETCCDMI) as well as some other temperature and precipitation indices with user defined thresholds. The 27 core indices include almost all the indices calculated by ClimDex (Version 1.3). This version of RClimDex has been developed under R 1.84. It should run with R 1.84 or a later version. 
A main objective of constructing climate extremes indices is to use for climate change monitoring and detection studies. This requires that the indices be homogenized. Data homogenization has been planned but is not implemented in this release. Current RClimDex only includes a simple data quality control procedure that was provided in ClimDex. As in ClimDex, we require that data are quality controlled before the indices can be computed. This users’ manual provides step-by-step instructions on 1) The installation of R and setting up the user environment, 2) Quality control of daily climate data, 3) Calculation of the 27 core indices. 

2. Installation and running of R
R is a language and environment for statistical computing and graphics. It is a GNU implementation of the S language developed by John Chambers and colleagues at Bell Laboratories (formerly AT&T, now Lucent Technologies). S-plus provides a commercial implementation of the S language.

2.1 How to install R

RClimDex requires the base package of R and graphic user interface TclTk. The installation of R involves a very simple procedure. 1) Connect to the R project website at http://www.r-project.org, 2) Follow the links to download the most recent version of R for your computer operating system from any mirror site of CRAN. 

For Microsoft Windows (95, 98, 2000, and XP), download the Windows setup program. Run that program and R will be automatically installed in your computer, with a short cut to R on your desktop. The TclTk is included in the default installation of R 1.9.0 or later versions. It may need to be installed separately if you are running an earlier version of R.

For Linux, download proper precompiled binaries and follow the instruction to install R. For other unix systems, you many need to download source code and compile it yourself. 
2.2 How to run R

Under the Windows environment, double click the R icon on your desktop, or launch it through Windows “start” menu. This usually gets you into the R user interface. For some computers, you may need to first setup an environment variable called “HOME”. See R for Windows FAQ (Appendix E) for details if you have any problems.
Under a unix environment, just run R to give you the R console. 

Exit from R by entering q() in the R console under both Windows and unix. Under Windows, you may also click “File” menu and then “Exit”.
3. How to use RClimDex
3.1 Loading of RClimDex

Within the R consol prompt “>”, enter source(“rclimdex.r”). This will load RClimDex into R environment. You may need to include the full path before the filename rclimdex.r. 

Or you may download the most recent version from ETCCDMI web site by entering source (“http://cccma.seos.uvic.ca/ETCCDMI/RClimDex/rclimdex.r”) if your computer is connected to the internet. Under windows, RClimDex can also be loaded from drop down menu. Choose the “File” from the RGui menu, and then select “Source R code”.  This will bring a new pop-up window within which you can select our R source code “rclimdex.r” from the directory where the program was saved or type http://cccma.seos.uvic.ca/ETCCDMI/RClimDex/rclimdex.r to download the latest version from the web site .  
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Once the source code is successfully loaded, the RClimDex main menu will appear.
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3.2. Load Data and Run QC
Data Quality Control is a prerequisite for indices calculations. The RClimDex QC performs the following procedure: 1) Replace all missing values (currently coded as -99.9) into an internal format that R recognizes (i.e. NA, not available), and 2) Replace all unreasonable values into NA. Those values include a) daily precipitation amounts less than zero and b) daily maximum temperature less than daily minimum temperature. In addition, QC also identifies outliers in daily maximum and minimum temperature. The outliers are daily values outside a region defined by the user. Currently, this region is defined as the mean plus or minus n times standard deviation of the value for the day, that is, [mean – n*std, mean+n*std]. Here std represents the standard deviation for the day and n is an input from the user and mean is computed from the climatology of the day.
Select “Load Data and Run QC” from the RClimDex Menu to open a window as shown below. This allows users to select (load) the data file from which indices are to be computed. 
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The filename should be of the form “stationname.txt”. The values in the file should be of the format described in Appendix B. In this menu, we use data from a station whose data are stored in an ASCII file “21946.txt” for the purpose of demonstration. A pop-up window, as shown below, will appear once the data for station 21946 are successfully loaded. 
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Error messages will appear in the R console if this step has not been completed successfully. This is usually caused by the wrong input data format. Please compare your format with our sample data if you see such messages.

Unreasonable values are identified automatically but identification of outliers in temperature data requires input from the user.  
[image: image5.png]Station name ar code:

Citeria(number of Standard Deviation):[3

oK CANCEL




The default value for n is 3 (Criteria in the “Set Parameters for Data QC”) window, but this number may be overwritten by the user.  As a value of 3 may flag a very large number of values, users may wish to start by setting this value to 4.  There is no need to fill in “Station name or code” as this parameter is for a later use. After setting the parameter, click “OK” to continue. 
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In some slower PC’s, this process may take a few minutes. 

Pop-up windows will appear if unreasonable values are found. For instance, when minimum daily temperature is greater than maximum daily temperature, the following message appears. 
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If there are any negative values (other than missing values coded as -99.9) in the daily precipitation amount, the following message will appear.
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If there are outliers, the following window appears.
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A pop-up window appears once the data QC is complete.  At the same time, four Excel files, “21946tempQC.csv”, “21946prcpQC.csv”, “21946tepstdQC.csv”, and “21946indcal.csv” are created in a subdirectory called log. The first two files contain information about unreasonable values for temperature and precipitation. The third file flags all possible outliers in daily temperature with the dates on which those outliers occur. The last file contains the QC’d data and will be used for the indices calculation. Note that, in this file, only missing values and unreasonable values are replaced with NA, flagged possible outliers are NOT changed. For an easy visualization, 4 PDF files containing time series plots (missing values are plotted as red dots) of daily precipitation amount, daily maximum, minimum temperatures and daily temperature range are also stored in log. 
At this point, the user may check the data in the file “21946tepstdQC.csv” to determine if any value marked as an outlier is really an outlier. The file “21946indcal.csv” can be modified using Excel under Windows and any editor under Unix if any action needs to be taken. After the completion of this step, the user may Click OK on the following window to proceed with indices calculation.
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Note that, the indices are computed from the QC’d data. The original input file is not altered in any manner. So if a user chose to modify the original data file to correct some of the problematic values, the Load Data and Run QC procedure needs to be performed again on the improved data set before the changes can be reflected in the indices calculation.
3.3. Indices calculation
RClimDex is capable of computing all 27 core indices listed in Appendix A. Users may, however, compute only those indices they require. 
After selecting “Indices Calculation” from the main menu, a user is asked to set up some parameters for the indices calculation. The “Set Parameter Values” window allows the user to enter the first and last years of the base period for the threshold calculation, the station latitude (Southern Hemisphere is negative) to determine in which hemisphere the station is located, a user defined daily precipitation threshold, P (in mm), to compute the number of days when daily precipitation amounts exceed this threshold (the Rnn indicator), and 4 user defined temperature thresholds. The “User defined Upper Limit of Day High” allows the calculation of the number of days when daily maximum temperature has exceeded this threshold. The “User defined Lower Limit of Day High” allows the calculation of the number of days when daily maximum temperature is below this value. The “User defined Upper Limit of Day Low” allows the calculation of the number of days when daily minimum temperature has exceeded this threshold. The “User defined Lower Limit of Day Low” allows the calculation of the number of days when daily minimum temperature is below this limit. These indices are called SUmm, FDmm, TRmm, IDmm where “mm” corresponds to user defined value. This step includes some data processing, so it will take a few seconds to finish. 
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Once this step is completed, a window will appear to allow the user to select their desired indices for calculation. All indices are selected by default.
Uncheck indices that are not needed, then click “OK” to perform the computation. Depending on the indices selected, this procedure may take a while. 
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A pop-up window will appear once the selected indices are computed. 
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Resulting indices series are stored in a sub-directory called indices in Excel format. The indices files have names “21946_XXX.cvs” where XXX represents the name of the index. Data columns are separated by a comma (“,”). For the purpose of visualization, we plot annual series, along with trends computed by linear least square (solid line) and locally weighted linear regression (dashed line). Statistics of the linear trend fitting are displayed on the plots. These plots are stored in a sub-directory called plots in JPEG format. The filenames for plots follow the same rule except that “cvs” is changed to “jpg”. 

Select “Indices Calculation” from the main menu to compute additional indices for the same station. For additional stations, select “Data QC” and repeat the above process. Select “Exit” if all required calculations are completed.
4. Known bugs

There is a known bug in this and earlier versions of RClimDex. The program will stop running if the first year of the available data is the same as the first year of the base period. This is caused by come computation that requires data beyond the boundary of the base period. The calculation of percentile based temperature indices is an example. One way to avoid this problem is to add an extra record for the day (with values marked as missing just before the beginning of the base period. For example, if base period is 1961-1990 and the data also starts in 1961, one may add “1960 12 31 -99.9 -99.9 -99.9” as the first line for the input data file.

5. Bug report
Please report any bugs/errors to yang.feng@ec.gc.ca with error messages and data being used for the calculation of the indices. This will be helpful in producing a better release in the near future. We would also appreciate your suggestions for further improvement. 

APPENDIX A: List of ETCCDMI core Climate Indices

	ID
	Indicator name
	Definitions
	UNITS

	FD0
	Frost days
	Annual count when TN(daily minimum)<0ºC
	Days

	SU25
	Summer days
	Annual count when TX(daily maximum)>25ºC
	Days

	ID0
	Ice days
	Annual count when TX(daily maximum)<0ºC
	Days

	TR20
	Tropical nights
	Annual count when TN(daily minimum)>20ºC
	Days

	GSL
	Growing season Length
	Annual (1st Jan to 31st Dec in NH, 1st July to 30th June in SH) count between first span of at least 6 days with TG>5ºC and first span after July 1 (January 1 in SH) of 6 days with TG<5ºC
	Days

	TXx
	Max Tmax
	Monthly maximum value of daily maximum temp
	ºC

	TNx
	Max Tmin
	Monthly maximum value of daily minimum temp
	ºC

	TXn
	Min  Tmax
	Monthly minimum value of daily maximum temp
	ºC

	TNn
	Min  Tmin
	Monthly minimum value of daily minimum temp
	ºC

	TN10p
	Cool nights
	Percentage of days when TN<10th percentile
	Days

	TX10p
	Cool days
	Percentage of days when TX<10th percentile
	Days

	TN90p
	Warm nights
	Percentage of days when TN>90th percentile
	Days

	TX90p
	Warm days
	Percentage of days when TX>90th percentile
	Days

	WSDI
	Warm spell duration indicator
	Annual count of days with at least 6 consecutive days when TX>90th percentile
	Days

	CSDI
	Cold spell duration indicator
	Annual count of days with at least 6 consecutive days when TN<10th percentile
	Days

	DTR
	Diurnal temperature range
	Monthly mean difference between TX and TN
	ºC

	RX1day
	Max 1-day precipitation amount
	Monthly maximum 1-day precipitation
	Mm

	Rx5day
	Max 5-day precipitation amount
	Monthly maximum consecutive 5-day precipitation
	Mm

	SDII
	Simple daily intensity index
	Annual total precipitation divided by the number of wet days (defined as PRCP>=1.0mm) in the year
	Mm/day

	R10
	Number of heavy precipitation days
	Annual count of days when PRCP>=10mm
	Days

	R20
	Number of very heavy precipitation days
	Annual count of days when PRCP>=20mm
	Days

	Rnn
	Number of days above nn mm
	Annual count of days when PRCP>=nn mm, nn is user defined threshold
	Days

	CDD
	Consecutive dry days
	Maximum number of consecutive days with RR<1mm
	Days

	CWD
	Consecutive wet days
	Maximum number of consecutive days with RR>=1mm
	Days

	R95p
	Very wet days
	Annual total PRCP when RR>95th percentile
	Mm

	R99p
	Extremely wet days
	Annual total PRCP when RR>99th percentile
	mm

	PRCPTOT
	Annual total wet-day precipitation
	Annual total PRCP in wet days (RR>=1mm)
	mm


APPENDIX B: Input Data Format
All of the data files that are read or written are in list formatted format. The exception is the very first data file that is processed in the “ Quality Control” step. This input data file has several requirements:

1. ASCII text file

2. Columns as following sequences: Year, Month, Day, PRCP, TMAX, TMIN. (NOTE: PRCP units = millimeters and Temperature units= degrees Celsius)

3. The format as described above must be space delimited (e.g. each element separated by one or more spaces).

4. For data records, missing data must be coded as -99.9; data records must be in calendar date order. Missing dates allowed.

Example data Format for the initial data file (e.g. used in the ‘Quality Control’ step):

1901
1
1
-99.9
-3.1
-6.8

1901
1
2
-99.9
-1.3
-3.6

1901
1
3
-99.9
-0.5
-7.9

1901
1
4
-99.9
-1
-9.1

1901
1
7
-99.9
-1.8
-8.4

APPENDIX C: Indices definitions
Definitions for indicators listed in Appendix A.  For practical reasons, in this version of the software, not all indices are calculated on a monthly basis.  Monthly indices are calculated if no more than 3 days are missing in a month, while annual values are calculated if no more than 15 days are missing in a year.  No annual value will be calculated if any one month’s data are missing.  For threshold indices, a threshold is calculated if at least 70% of data are present.  For spell duration indicators (marked with a  *), a spell can continue into the next year and is counted against the year in which the spell ends e.g. a cold spell (CSDI) in the Northern Hemisphere beginning on 31st December 2000 and ending on 6th January 2001 is counted towards the total number of cold spells in 2001.
1. FD0
Let 
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2. SU25
Let 
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3. ID0
Let 
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 be the daily maximum temperature on day 
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4. TR20
Let 
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 be the daily minimum temperature on day
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5. GSL 
Let 
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be the mean temperature on day
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.  Count the number of days between the first occurrence of at least 6 consecutive days with:
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and the first occurrence after 1st July (1st January in SH) of at least 6 consecutive days with:
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6. TXx
Let 
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 be the daily maximum temperatures in month
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.  The maximum daily maximum temperature each month is then:-
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7. TNx
Let 
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8. TXn
Let 
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9. TNn
Let 
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10. Tn10p
Let 
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 be the daily minimum temperature on day 
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 and let 
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be the calendar day 10th percentile centred on a 5-day window (calculated using method from Appendix D).  The percentage of time is determined where:
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11. Tx10p
Let 
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 be the daily maximum temperature on day
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be the calendar day 10th percentile centred on a 5-day window (calculated using method from Appendix D).  The percentage of time is determined where:
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12. Tn90p
Let 
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 be the daily minimum temperature on day 
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be the calendar day 90th percentile centred on a 5-day window (calculated using method from Appendix D).  The percentage of time is determined where:
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13. Tx90p
Let 
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 be the daily maximum temperature on day 
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 and let 
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be the calendar day 90th percentile centred on a 5-day window (calculated using method from Appendix D).  The percentage of time is determined where:
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14. WSDI*
Let 
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 be the daily maximum temperature on day 
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 and let 
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be the calendar day 90th percentile centred on a 5-day window (calculated using method from Appendix D).  Then the number of days per period is summed where, in intervals of at least 6 consecutive days:-
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15. CSDI*
Let 
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 and let 
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be the calendar day 10th percentile centred on a 5-day window (calculated using the method from Appendix D).  Then the number of days per period is summed where, in intervals of at least 6 consecutive days:-
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16. DTR
Let 
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 be the daily maximum and minimum temperature respectively on day 
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17. RX1day
Let 
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be the daily precipitation amount on day 
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18. Rx5day
Let 
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19. SDII
Let 
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be the daily precipitation amount on wet days,
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20. R10
Let 
[image: image103.wmf]ij

RR

be the daily precipitation amount on day 
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21. R20
Let 
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be the daily precipitation amount on day 
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22. Rnn
Let 
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be the daily precipitation amount on day 
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represents any reasonable daily precipitation value then, count the number of days where:
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23. CDD*
Let 
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be the daily precipitation amount on day 
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.  Count the largest number of consecutive days where:
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24. CWD*
Let 
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25. R95pTOT
Let 
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Appendix D : Threshold estimation and base period temperature indices calculation
Empirical quantile estimation:

The quantile of a distribution is defined as 
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where F(x) is the distribution function. Let 
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Hyndman and Fan (1996) suggest a formula to obtain medium un-biased estimate of the quantile by letting
[image: image147.wmf]))

3

/

)

1

(

*

int(

p

n

p

j

+

+

=

 and letting 
[image: image148.wmf]j

p

n

p

-

+

+

=

3

/

)

1

(

*

g

, where int(u) is the largest integer not greater than u. The empirical quantile is set to the smallest or largest value in the sample when j<1 or j> n respectively. That is, quantile estimates corresponding to p<1/(n+1) are set to the smallest value in the sample, and those corresponding to p>n/(n+1) are set to the largest value in the sample.

Bootstrap procedure for the estimation of exceedance rate for the base period:
It is not possible to make an exact estimate of the thresholds due to sampling uncertainty. To provide temporally consistent estimate of exceedance rate throughout the base period and out-of-base period, we adapt the following procedure (Zhang et al. 2004) to estimate exceedance rate for the base period.

a) The 30-year base period is divided into one “out-of-base” year, the year for which exceedance is to be estimated, and a “base-period” consisting the remaining of 29 years from which the thresholds would be estimated.

b) A 30-year block of data is constructed by using the 29 year “base-period” data set and adding an additional year of data from the “base-period" (i.e., one of the years in the “base-period” is repeated). This constructed 30-year block is used to estimate thresholds.

c) The “out-of-base” year is then compared with these thresholds and the exceedance rate for the “out-of-base” year is obtained.

d) Steps (b) and (c) are repeated for an additional 28 times, by repeating each of the remaining 28 in-base years in turn to construct the 30-year block.

e) The final index for the “out-of-base” year is obtained by averaging the 29 estimates obtained from steps (b), (c) and (d).
Reference:
Hyndman, R.J., and Y. Fan, 1996: Sample quantiles in statistical packages. The American Statistician, 50, 361-367.

Zhang, X., G. Hegerl, F.W. Zwiers, and J. Kenyon, 2004: Avoiding inhomogeneity in percentile-based indices of temperature extremes. J. Climate, submitted.
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O O 0O 0O 0O O O

1 Introduction

This FAQ isfor the Windows port of R: it describes features specific to that version. Themain R
FAQ can be found at

http://ww. ci.tuwi en.ac. at/~horni k/ RFR-FAQ htnl .

The information here applies only to recent versions of R for Windows, (1. 9. 0 or later); the current
version is often called something liker w1090 (although not officially).

2 Installation and Usage

2.1 Wherecan | find the latest version?

Go to any CRAN site (see http://cran.r-project.org/mirrors.html for alist), navigate to the
bi n/ wi ndows/ base directory and collect the files you need. There are two versions of the
distribution.

1) rw1090. exe isabout 20Mb. This contains all the components and alows as complete as
installation as you choose.

2) Directory mi ni Rcontainsmi ni R exe and eight filesmi ni R- 2. bi n. You can put m ni R exe and
m ni R- 1. bi n on one floppy and the remaining ni ni R- 2. bi n on afloppy each. Thisisasmall
installation, containing the text and compiled HTML versions of the help files and the An
Introduction to R and Data Import/Export manualsin PDF. There is no support for t cl t k in this
version.

2.2How dol install R for Windows?

Y ou need Windows 95/98/M E/NT4/2000/X P: Windows 3.11+win32s will not work. Y our file
system must allow long file names (asis likely except perhaps for some network-mounted systems).

If you want to build packages from sources, we recommend that you choose an installation path not
containing spaces. (Using a path with spaces in will probably work, but is little-tested.)

To userwl090. exe or ni ni R exe. Just double-click on the icon and follow the instructions. If you

installed R thisway you can uninstall it from the Control Panel or Start Menu (unless you supressed
making agroup for R).
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Choose aworking directory for R. If you installed manually, make a shortcut to r w1090
\ bi n\ Rgui . exe on your desktop or somewhere on the Start menu file tree. Right-click the shortcut,
select Properties... and change the "Start in' field to your working directory.

Y ou may also want to add command-line arguments at the end of the Target field (after any final
double quote), for example- - sdi - - max- mem si ze=200M Y ou can also set environment variables
at the end of the Target field, for exampleR_LI BS=p: / nyR i b.

2.3 Can | customizetheinstallation?

The normal way to customize the installation is by selecting components from the wizards shown.
However, sysadmins might like to install R from scripts, and the following command-line flags are
available for use with either installer.

/ SI LENT
only show the installation progress window and error messages.
/ VERYSI LENT
only show error messages.
/Dl R="x:\di rname"
set the default installation directory
/ GROUP="f ol der name"
set the default Start-menu group name
/ COVPONENTS="comua separated |ist of conponent nanes"
set theinitial list of components. Thisis only useful with r w1090. exe, which has components
mai n,chtnl  htn | atex, manual s, devel andtcl .

It is also possible to save the settings used to afile and later reload those settings using

/ SAVEI NF="fi | ename"
save the settings to the specified file. Don't forget to use quotesiif the filename contains
spaces.

/ LOADI NF="fi | enane"
instructs the installer to load the settings from the specified file after having checked the
command line.

A successful installation has exit code O: unsuccessful ones may give 1, 2, 3, 4 or 5. See the help for
Inno Setup 4 (http://jrsoftware.org/isinfo.php) for details.

24Howdol runit?
Just double-click on the shortcut you prepared at installation.

If you want to set up another project, make a new shortcut or use the existing one and change the
“Start in' field of the Properties.

You may if you prefer run R from the command line of any shell you use, for example an " MS-DOS
window' (Windows 9x/ME), a Command Prompt' (Windows 2000/XP) or a port of a Unix shell

such ast csh or bash. (The command line can be anything you would put in the Target field of a
shortcut, and the starting directory will be the currect working directory of the shell.)

25How do | UNinstall R?

Normally you can do this from the R group on the Start Menu or from the Add/ Renove Programns in
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the Control Panel. If it does not appear there or if you want to remove an old version, run
uni ns000. exe in the top-level installation directory. (There should be a separate uninstall item in
the R group for each installed version of R.)

Uninstalling R only removes files from the initial installation, not (for example) packages you have
installed.

If all elsefails, you can just delete the whole directory in which R was installed.

2.6 What'sthe best way to upgrade?

That's amatter of taste. For most people the best thing to do isto uninstall R (see the previous Q),
install the new version, copy any installed packages to the library folder in the new installation, run
updat e. packages() inthe new R ("Update packages from CRAN' from the Packages menu, if you
prefer) and then delete anything left of the old installation. Different versions of R are quite
deliberately installed in parallel folders so you can keep old versions around if you wish.

2.7 There seemsto bealimit on the memory it uses!

Indeed thereis. It is set by the command-lineflag - - max- mem si ze (see How do | install R for
Windows?) and defaults to the smaller of the amount of physical RAM in the machine and 1Gb. It
can be set to any amount over 16M. (R will not run in less.) Be aware though that Windows has (in
most versions) a maximum amount of user virtual memory of 2Gb, and parts of this can be reserved
by processes but not used. The version of the memory manager used from R 1.9.0 allocates large
objectsin their own memory areas and so is better able to make use of fragmented virtual memory
than that used from 1.2.0 to 1.8.x.

Use?Menory and ?renory. si ze for information about memory usage. The limit can be raised by
calingrmenory. i mit withinarunning R session.

R can be compiled to use a different memory manager which might be better at using large amounts
of memory, but is substantially slower (making R several times slower on some tasks).

If you are running a version of Windows which supports more than 2Gb per process, you can let the
R executables use it by marking their headers suitably. If you have Visua Studio use

edi t bi n / LARGEADDRESSAWARE \ pat h\ t o\ r wxxxx\ bi n\ Rgui . exe
edi t bi n / LARGEADDRESSAWARE \ pat h\'t o\ r wxxxx\ bi n\ Rt er m exe

and check this by

dunpbi n / headers \ pat h\t o\ rwxxxx\ bi n\ Rgui . exe
dunpbi n / headers \pat h\to\rwxxxx\ bi n\ Rt erm exe

You should see alinelike

Application can handl e | arge (>2GB) addresses

2.8 How can | keep workspacesfor different projectsin different directories?

Create a separate shortcut for each project: see Q2.4. All the pathsto filesused by R are relative to
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the starting directory, so setting the "Start in' field automatically hel ps separate projects.

Alternatively, start R by double-clicking on asaved . RDat a file in the directory for the project you
want to use, or drag-and-drop afile with extension . RDat a onto an R shortcut. In either case, the
working directory will be set to that containing thefile.

29Howdol print from R?
It depends what you want to print.

¢ You can print the graphics window from its menu or by using dev. pri nt with suitable
arguments (see its help page: most likely dev. pri nt (wi n. gr aph) will work).

e You can print from the R console or pager by Fil e | Print. (Thiswill print the selection if
there is one, otherwise the whole console or pager contents.)

¢ You can print help files from the pager or HTML browser.

o If you have configured RHOVE\ bi n\ hel pPRI NT. bat and have LaTeX installed you can print
help filesby hel p(fn_name, of f1ine=TRUE).

2.10Can | useR CVD BATCH?
Yes. use R CMD BATCH - - hel p for full details. (Perl used to be required, but isno longer.)

Y ou can set also up abatch file using Rt er m exe. A sample batch file might contain (as one line)

path_to R bin\Rtermexe --no-restore --no-save < % > %.out 2>&1

The purpose of 2>&1 isto redirect warnings and errors to the same file as normal output, and users of
Windows 95/98/ME's default command. com“shell’ will need to omit it. (That program has no means
to redirect st derr, and Rt er m exe sends warnings and errors to the normal output file on such
systems.)

2.11 Can | userw1090 with ESS and (X)emacs?

Y es. Recent versions of ESS (e.g. 5.1.20) come with support for thisversion of R, and thereis
support for interrupting the R process from ESS (by C-¢ C-c).

For help with ESS, please send email to ESS-hel p@stat.ethz.ch, not the R mailing lists.

2.12 What are HOME and working directories?
Several placesin the documentation use these terms.

The working directory is the directory from which Rgui or Rt er mwas launched, unless a shortcut
was used when it is given by the "Start in' field of the shortcut's properties. Y ou can find this from R
code by the call get wd() .

The home directory is set as follows:

If environment variable R_USER s set, its value is used.

Otherwise if environment variable HOVE s set, itsvalue is used.

Otherwise if environment variables HOVEDRI VE and HOVEPATH are set, the value is ${ HOVEDRI VE}
${ HOVEPATH} .

If al of thesefalil, the current working directory is used.
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Y ou can find thisfrom R code by Sys. get env("R_USER") .

2.13 How do | set environment variables?
Environment variables can be set for RGui . exe and Rt er m exe in three different ways.

1. Onthe command line as name=value pairs. For example in the shortcut to RGui you could
have

pat h_to_R\ bi n\ Rgui . exe HOVE=p:/ R _LIBS=p:/nyRib

2. Inanenvironment file. Renvi r on in the working directory or your home directory, for
example containing the line

R LIBS=p:/nyRib

If you have permission to do so, you can also create an environment fileet c\ Renviron. site
and set environmental variablesin that file in the same way. Thisis useful for variables which
should be set for all users and all usages of this R installation. (Their values can be overridden
ina. Renvi ron or on the command line.)

See ?St ar t up for more details of environment files.

3. For al applications via Windows. How you set an environment variable is system specific: in
Windows 9x you can set them in aut oexec. bat or in an MS-DOS window from which you
launch Rgui / Rt er m Under Windows NT/2000/XP you can use the control panel or the
properties of "My Computer'. Under Windows ME you can use the System Configuration
Utility (under Programs, Accessories, System Tools on the Start menu). Y ou may haveto log
out or reboot for such changes to take effect.

The order of precedence for environmental variablesis the order in which these options are listed,
that isthe command line then . Renvi r on then the inherited environment.

2.14 R can't find my file, but | know it isthere!

How did you specify it? Backslashes have to be doubled in R character strings, so for example one
needs " d: \\ rwi090\\ | i brary\\ xgobi \\scri pts\\xgobi.bat".Youcan makelife easier for
yourself by using forward slashes as path separators:. they do work under Windows.

Another possible source of grief is spacesin folder names. We have tried to make R work on paths
with spacesin, but lots of people writing packages for Unix do not bother. So it isworth trying the
alternative short name (something like PROGRA~1; you can get it as the "M S-DOS name' from the

Properties of the file on most versions of Windows, and fromdi r / XinaCommand Pronpt window
on 2000/XP).

2.15 Does R usethe Registry?
Not itself.

Theinstallers set some entries to alow uninstallation. In addition (by default, but this can be de-
selected) they set a Registry key LOCAL_MACHI NE\ Sof t war e\ R- cor e\ R giving the version and install

http://cran.r-project.org/bin/windows/rw-FAQ.html 05/05/2004





R for Windows FAQ Page 7 of 16

path. Again, thisis not used by R itself, but it will be used by the DCOM interface (http://cran.r-
project.org/other-software.html). Finally, afile association for extension . RDat a is set in the

Registry.

Y ou can add the Registry entries by running RSet Reg. exe in the bi n folder, and remove them by
running this with argument / U. Note that the settings are all per machine and not per user, and that
this neither sets up nor removes the file associations.

2.16 Does R support automation (OLE, COM)?
Directly, no.

Thereisa (D)COM server written by Thomas Baier available on CRAN (http://cran.r-

proj ect.org/other-software.html) which works with Rpr oxy. dl | (in the R distribution) and R dI | to
support transfer of datato and from R and remote execution of R commands, as well as embedding
of an R graphics window. An R-Excel interface making use of the DCOM server isincluded in the
distribution. NOTE: Y ou should ensure that the r w1090/ bi n directory isin your path when using
this software, so that the R library DLLs are found.

Another (D)COM server is available from http://www.omegahat.org/, which allows R objectsto be
exported as COM values. That site also has packages RDCOMCl i ent and SW nTypeLi bs which allow
Rtoact asa(D)COM client.

2.17 Theinternet download functionsfail.
for example updat e. packages and the menu items on the Packages menu.

We have had several reports of this, although they do work for us on all of our machines. There are
two known possible fixes.

(a) Usethedternativei nternet 2. dl | by starting R withtheflag - -i nt ernet 2 (see How do |
install R for Windows?) which uses the Internet Explorer internals (and so needs Internet Explorer 4
or later installed). Note that this does not work with proxies that need authentication.

(b) A proxy needsto be set up: see ?downl oad. fi | e. Here are two versions of an example (areal
one, but from a machine that is only available locally) of acommand-linein ashort cut:

/ Rl rw1090/ bi n/ RGui . exe http_proxy=http://user: pass@annet: 80/

/ R rw1090/ bi n/ RGui . exe http_proxy=http://gannet/ http_proxy_user=ask

The second version will prompt the user for the proxy username and password when HTTP
downloads are first used.

2.18 Entering certain characters crashes Rgui.

This used to happen occasionally, and all the occurrences we have solved have been traced to faulty
versionsof msvcert. dl | . We have installed aworkaround that seems to avoid this. A few other
people have discovered this was caused by desktop switcher and keyboard macro programs, for
example "Macro Magic' and "JS Pager'.

If it still happens, try extracting the one to be found in the self-extracting archive
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ftp://ftp.microsoft.com/softlib/mslfiles'msvcrt.exe and put it in the r w1090\ bi n directory. Removing
msvert. dl | from that directory revertsto the standard behaviour. It seems that on some versions of
Windows (but not 2000/XP) you also need to put the r w1090\ bi n directory early in your path.

Thisfix has solved other problems too, for example incorrect results in the date-time functions.
However, you are probably better off re-installing Windows.

2.19 Other strange crashes.

Some users have found that Rgui . exe failsto start, exiting with a"Floating- point invalid operation”
or other low level error. This error may also happen in the middle of a session. In some cases where
we have tracked this down, it was due to bugsin the video driver on the system in question: it makes
changes to the floating point control word which are incompatible with R. (Good practice would
restore the control word to the state it was in when the driver code was called.) For example, one
user reported that the virtual screen manager JSP2 caused this crash.

These errors are essentially impossible for usto fix or work around. The only solution we know of is
for the user to replace the buggy driver that is causing the error.

3 Packages

3.1 Can | install packages (libraries) in thisversion?

Y es, but you will need alot of tools to do so, unless the author or the maintainers of the
bi n/ wi ndows/ contri b section on CRAN have been kind enough to provide a pre-compiled version
for Windows asa. zi p file.

You caninstall pre-compiled packages either from CRAN or from alocal . zi p file by using
instal | . packages: seeits help page. There are menu items on the Packages menu to provide a
point-and-click interface to package installation. The packages for each minor (1.x) version will be
stored in a separate area, so for R 1.9.?thefilesarein bi n/ wi ndows/ contri b/ 1. 9. You cantry
those compiled for earlier versions, at your own risk.

Note that the pre-compiled versions on CRAN are unsupported: see http://cran.r-
proj ect.org/bin/windows/contrib/ReadM e, which also gives the locations of afew other precompiled
packages.

If thereis not a pre-compiled version or that is not up-to-date or you prefer compiling from source,
make sure you installed the necessary files from rw1090. exe. Then read the filer eadne. packages.
Y ou will need to collect and install several toolsto use this: you can download them viathe portal at
http://www.murdoch-sutherland.com/Rtools/. Once you have done so, just run R CVD | NSTALL
pkgnarme. To check the package (including running all the examples on its help pages and in its test
suite, if any) useR CVD check pkgnane: see the "Writing R Extensions' manual.

Note that thisis rather tricky; please do ensure that you have followed the instructions exactly. At
least 90% of the questions asked are because people have not done so.

3.21 don't have permission towritetotherwl090\ | i brary directory.

Y ou can install packages anywhere and use the environment variable R_LI BS (see How do | set
environment variables?) to point to the library location(s).
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Suppose your packages areinstaled in p: \ nyR i b. Then you can EITHER

set the environnment variable R LIBSto p:\nyRib

OR use a package by, e.g.

l'ibrary(nypkg, lib.loc="p:/nyRib")

3.3 The packages| installed do not appear inthe HTML help system.

To update the HTML indices after you have installed a pre-compiled package, run at the R prompt.

> link.htm . hel p()

Thisis done automatically when installing from the Packages menu or by i nst al | . packages(),
and when hel p. start isrun, provided you have write permission in rw1090. If you do not have
sufficient permission, you will get warnings and the packages you install will not appear in the list of
packages or the search system.

3.4 My functions are not found by the HTML help search system.
The following conditions need to hold for functionsin a package you installed.

« the package contains a CONTENTS filein itstop-level directory.
e you updated the indices as described in the answer to Q3.3 after installing the package.

If those hold, thisworks for us. Note that if you were unable to update the indices (for which you
need write permission in ther w1090 directory), only the functionsin packagesinstalled in the main
library will be found.

If the help search system does not work at all, this probably indicates that Java support is either not
installed or not enabled in your browser. The search page contains alink to the appropriate section in
the 'R Installation and Administration’ manual.

3.5 Loading a packagefails.

|'s the package compiled for this version of R? Many of the packages need to be compiled for afairly
recent version.

Y ou can tell the version the package was compiled for by looking at the Bui | t: lineinits

DESCRI PTI ONfile or at the Ver si on tab of itsDLL (if it hasone) inthel i bs directory. (Right-click
on the DLL in Windows Explorer and select Ver si on tab of the Properti es, or usethe

DLL. ver si on functioninside R.)

3.6 Package TclTk does not work.
For packaget cl t k to work (try deno(t kdensity) or demp(tkttest) afterlibrary(tcltk))you

need to have Tcl installed. Thisisan optional part of the installation by r w1090. exe, although it is
selected by default. If the messageis

Tcl / Tk support files were not installed
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the optional files were not installed, and you need to go back to theinstaller and install them. (Note:
packaget cl t k is not part of the ni ni Rinstaller.)

Alternatively, if you have the environment variable MY_TCLTK set to a non-empty value, it is assumed
that you want to use a different Tcl/Tk 8.4.x installation, and that thisis set up correctly (with the
DLLsinyour path and TCL_LI BRARY set). In that case you do not need the Tcl/Tk support files
installed (but they can be). Note that you do need 8.4.x and not 8.3.x. (If you build R from the
sources yourself you can configure it to use 8.3.x.)

3.7 Hyperlinksin Compiled HTML sometimes do not work.

They may well not work between packagesinstalled in different libraries. Thisis solved under Unix
using symbolic links which Windows does not implement.

3.8 updat e. packages() fails

Y ou may not be able to update a package which isin use: Windows “locks' the package's DLL when
it isloaded. So use updat e. packages() (or the menu equivalent) in a new session.

If you putlibrary(foo) inyour. Rprofileyouwill needto start R with - - vani | | a to be ableto
update package f oo. If you set R_DEFAULT_PACKAGES to include f oo, you will need to unset it
temporarily.

4 \Windows Features

4.1 What should | expect to behave differently from the Unix version of R?

¢ R commands can be interrupted by <Esc> in Rgui . exe and <Ctrl-break> or <Ctr|-C> in
Rt er m exe: <Ctrl-C> is used for copying in the GUI version.

o« Command-line editing is always available, but is simpler than the readline-based editing on
Unix. For Rgui . exe, the menu item "Help | Console' will give details. For Rt er m exe seefile
README. rterm

e Using hel p. start () does not automatically send help requests to the browser: use opt i ons
(ht m hel p=TRUE) to turn thison.

e The HTML help system has limitations in supporting cross-library links.

e Pathstofiles(e.g. insource()) can be specified with either "/" or "\\".

e systen() isdlightly different: seeits help page and that of shel I () .

4.2 | hear about some nifty features: please tell me about them!

Y ou have read the README. r w10907? There are file menus on the R console, pager and graphics

windows. Y ou can source and save from those menus, and copy the graphicsto png, j peg, bnp,

postscri pt, PDF or net af i | e. There are right-click menus giving shortcuts to menu items, and
optionally toolbars with buttons giving shortcuts to frequent operations.

If you resize the R console the opt i ons(wi dt h=) isautomatically set to the console width (unless
disabled in the configuration file).

The graphics has a history mechanism. As README. r w1090 says:
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“The History menu allows the recording of plots. When plots have been recorded they
can be reviewed by <PgUp> and <PgDn>, saved and replaced. Recording can be turned
on automatically (the Recording item on the list) or individual plots can be added (Add
or the <INS> key). The whole plot history can be saved to or retrieved from an R
variablein the global environment.

Thereisonly one graphics history shared by all the windows devices.'
The R console and graphics windows have configuration files stored in the RHOMVE\ et ¢ directory
called Rconsol e and Rdevga; you can keep personal copiesin your HOVE directory. They contain
comments which should suffice for you to edit them to your preferences. For more details see ?

Rconsol e. Thereis a Preferences editor invoked from the Edi t menu which can be used to edit the
file Rconsol e.

4.3 Circles appear asovalson screen

The graphics system asks Windows for the number of pixels perinchinthe X and Y directions, and
uses that to size graphics (which in R are in units of inches). Sometimes the answer is a complete
invention, and in any case Windows will not know exactly how the horizontal and vertical size have
been set on a CRT. Y ou can specify correct values either in the call to wi ndows or as options. see ?
wi ndows. (Typically these are of the order of 80.)

On one of our systems, the screen height is reported as 240mm, and the width as 300mm in 1280 x

1024 mode and 320mm in 1280 x 960 and 1600 x 1200 modes. In fact it isa 21" monitor and
400mm x 300mm!

4.4 How do | move focusto a graphicswindow or the console?

Y ou may want to do this from within a function, for example when calling i denti fy or readl i ne.
Use the function bri ngToTop() . With its default argument it brings the active graphics window to
the top and givesit focus. With argument - 1 it brings the console to the top and givesit focus.

Thisworksfor Rgui . exe in MDI and SDI modes, and can be used for graphics windows from
Rt er m exe (although Windows may not always act on it).

5 Workspaces

5.1 My wor kspace gets saved in a strange place: how do | stop this?

Have you changed the working directory?. see Q5.2.

5.2How do | storemy workspacein a different place?

Use the "File | Change Dir..." menu item to select a new working directory: this defaults to the last
directory you loaded afile from. The workspace is saved in the working directory. Y ou can also save

a snapshot of the workspace from the “Save Workspace..." menu item.

From the command line you can change the working directory by the function set wd: seeits help
page.

5.3 Can | load workspaces saved under Unix/GNU-Linux or MacOS?
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Yes. All ports of R use the same format for workspaces, so they are interchangeable (for the same
1.x.?version of R, at least).

6 The R Console and Fonts

6.1 | would like to be ableto use Japanese fonts

for example, in the console and to annotate graphs. Similar comments apply to any non-Western
European language.

We believe thisis possible by setting suitable fonts in the Rconsole and Rdevga configuration files
(see Q4.2). Y ou can specify additional fonts in Rdevga, and use them by

par(font=, font.lab=, font.nmain= font.sub=)

Nineteen fonts are specified (as 1 to 19) by default: you can add to these (up to 13 more) or replace
them.

In addition, the Hershey vector fonts (see ?Her shey, ?Japanese and demp( Japanese) ) can be used
on any graphics device to display Japanese characters.

6.2 | don't see characterswith accents at the R console, for examplein ?text.

Y ou need to specify afont in Rconsole (see Q4.2) that supports Latinl encoding. The default,
Couri er New, doeson our systems, as does Fi xedSys. This may be a problem in other locales,
especially for non-Western European languages.

Support for these characters within Rt er mdepends on the environment (the terminal window and
shell, including locale settings) within which it isrun as well as the font used by the terminal
window.

If you are using anon-Latinl language, you do need to ensure that the fonts you selected support the
language. For example, it was found by one Czech user (under Windows 98) that he had to select

Ti mes New Roman CE or Courier (not Courier New) to get certain Czech characters displayed
correctly.

6.3 When using Rgui the output to the console seemsto be delayed.

Thisis deliberate: the console output is buffered and re-written in chunks to be faster and less
distracting. Y ou can turn buffering off or on from the "Misc' menu or the right-click menu: <Ctrl-W>
toggles the setting.

If you are sourcing R code or writing from afunction, there is another option. A call to the R
function f I ush. consol e() will write out the buffer and so update the console.

6.4 Long linesin the console or pager aretruncated.

They only seem to be truncated: that $ at the end indicates you can scroll the window to see the rest
of the line. Use the horizontal scrollbar or the <CTRL + left/right arrow> keys to scroll horizontally.
(The <left/right arrow> keys work in the pager too.)
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7 Building from Source

7.1 How can | compile R from sour ce?

Get the R sources. Suppose you want to compile R-1.9.0. Start in a directory whose path does not
contain spaces, and run

tar zxvf R-1.9.0.tgz
cd R1.9.0
cd src\gnuw n32

Now read the | NSTALL file and set up all the tools needed. Then you can just use make, sit back and
wait. (A complete build takes about 5 minutes on a 2.4GHz P4 with afast local disc.)

Y ou may need to compile under a case-honouring file system: we found that a sanba-mounted file
system (which maps all file names to lower case) did not work.

7.2Can | useafast BLAS?

Fast BLAS (Basic Linear Algebra Subprograms, http://www.netlib.org/blas/fag.html) routines are
used to speed up numerical linear algebra. There is support in the R sources for the “tuned' BLAS
called ATLAS (http://math-atlas.sourceforge.net). The savings can be appreciable: on a 2.6GHz P4
and a 1000 x 1000 matrix svd took 16.2 sec with the standard BLAS and 7.8 sec with ATLAS.
Because ATLAS istuned to a particular chip we can't use it generally: the optimal routinesfor aPll|
or an Athlon XP are quite different and neither will not run at all on aPII.

BLAS support is supplied by the single DLL R_HOME\ bi n\ Rbl as. dI | , and you can add afast BLAS
just by replacing that. Replacements for some of the more common chips are available on CRAN in
directory bi n/ wi ndows/ cont ri b/ ATLAS.

If you are building R from source, in the file McRul es there are macros USE_ATLAS and ATLAS_PATH.
Set USE_ATLAS = YES and ATLAS_PATH to wherethe ATLAS libraries are located. Y ou will need to
make the libraries yourself: none of the binaries we have seen are compiled for the correct compiler.

Even faster hand-coded routines are available as DLL s from Kazushige Goto for certain CPUs
(Pentium [11 and 4 and Opteron). He does not allow redistribution: they are currently available via
http://www.cs.utexas.edu/users’kgoto/signup_first.html and there is support in the R sources to build
R_HOMVE\ bi n\ Rbl as. dI | to link to one of hisDLLs. On the svd problem they took 6.8 sec.

7.3How do | include compiled C code?
We strongly encourage you to do this via building an R package: see the "Writing R Extensions
manual. In any event you should install the parts of the R system for building R packages (in

rwl090. exe), and get and install the tools (including Perl) and compilers mentioned in the file
readme. packages contained therein. Then you can use

...\bin\R CMD SHLIB foo.c bar.f

tomakefoo.dl | .Use...\bin\R CMD SHLIB - - hel p for further options, or see ?SHLI B.

If you want to use Visual C++, Borland C++ or other compilers, see the appropriate section in
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readme. packages.

7.4 How do | debug codethat | have compiled and dyn.load-ed?

Y ou will need a suitable version of gdb: we normally use that from the Cygwin distribution.
Debugging under Windows is often a fraught process, and sometimes does not work at al. If all you
need is ajust-in-time debugger to catch crashes, consider Dr. M ngw from the mi ngw-uti | s bundle
on http://www.mingw.org (see also http://jrfonseca.dyndns.org/projects/gnu-
win32/software/drmingw/). That will be able to pinpoint the error, most effectively if you build a
version of R with debugging information as described below.

First, build aversion of the R system with debugging information by

make cl ean
make DEBUG=T

and make a debug version of your package by

make pkgcl ean- mypkg
make DEBUG=T pkg- mypkg

Then you can debug by

gdb /pat h/to/ rwl090/ bi n/ Rgui . exe

However, note

o gdb will only be able to find the source code if we run in the location where the source was
compiled (r w1090/ sr c/ gnuwi n32 for the main system, rwi090/ src/ | i brary/ mypkg/ src for
a package), unless told otherwise by the di r ect ory command. It is most convenient to set a
list of code locations viadi rect ory commandsin thefile. gdbi ni t in the directory from
which gdb isrun.

e Itisonly possible to set breakpointsin a DLL after the DLL has been loaded. So away to
examine the function t ukey! i ne in package eda might be

gdb ../../../../bin/Rgui.exe
(gdb) break W nMain

(gdb) run

[ stops with Rdll |oaded ]
(gdb) break R _ReadConsol e
(gdb) continue

[ stops with console running ]
(gdb) continue

Rconsol e> |i brary(eda)

(gdb) break tukeyline

(gdb) cl ear R _ReadConsol e
(gdb) continue

Fortran symbols need an underline appended.

e Windows has little support for signals, so the usual idea of running a program under a
debugger and sending it asignal to interrupt it and drop control back to the debugger does not
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work with am ngwversion of gdb. It does often work with the cygwi n version.

7.5How do | include C++ code?

Y ou need to do two things:

() Write awrapper to export the symbols you want to call from R asextern "C'.

(b) Include the C++ librariesin the link to make the DLL. Suppose X. cc contains your C++ code,

and X_mai n. cc isthe wrapper, asin the examplein "Writing R Extensions'. Then build the DLL by
(gce)

...\bin\R CVD SHLIB X.cc X nain.cc

or (VC++, which requires extension . cpp)

cl /M /c X cpp X_main.cpp
link /dll /out: X dll /export: X main X obj X main.obj

or (Borland C++, which also requires extension . cpp)

bcc32 -u- -WDE X cpp X nmin.cpp

and call the entry point(s) in X_R, such as X_mai n. Construction of static variables will occur when
the DLL isloaded, and destruction when the DLL is unloaded, usually when R terminates.

Note that you will not see the messages from this example in the GUI console: see the next section.

Thisexampleisin package cxx_0. 0-x. tar. gz inthesrc/ contri b/ Devel section on CRAN, and
that can be compiled as a package in the usual way on Windows.

7.6 The output from my C code disappears. Why?
The Rgui . exe console is aWindows application: writing to st dout or st derr will not produce
output in the console. (Thiswill work with Rt er m exe.) Use Rpri ntf or REpri ntf instead. These

are declared in header fileR_ext/Prt Util . h,

Note that output from the console is delayed (see The output to the console seems to be delayed), so
that you will not normally see any output before returning to the R prompt.

7.7 The output from my Fortran code disappears. Why?

Writing to Fortran output writes to afile, not the Rgui console. Use one of the subroutines dbl epr,
i nt pr orreal pr documented in the "Writing R Extensions manual.

Note that output from the console is delayed (see The output to the console seems to be delayed), so
that you will not normally see any output before returning to the R prompt even when using the
xxxpr subroutines.

7.8 The console freezes when my compiled codeisrunning.
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The console, pagers and graphics window al run in the same thread as the R engine. To allow the
consol e etc to respond to Windows events, call R_ProcessEvent s() periodically from your
compiled code. If you want output to be updated on the console, call R_FI ushConsol e() and then
R ProcessEvents().

Last edited 2004 March 14 by Professor B. D. Ripley ri pl ey@t at s. ox. ac. uk
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