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Chapter 1

The base package

base-package The R Base Package

Description

Base R functions

Details

This package contains the basic functions which let R function as a language: arithmetic, in-
put/output, basic programming support, etc. Its contents are available through inheritance from
any environment.

For a complete list of functions, use 1ibrary (help="base").

.Device Lists of Open/Active Graphics Devices

Description

A pairlist of the names of open graphics devices is stored in .Devices. The name of the active
device (see dev.cur) is stored in .Device. Both are symbols and so appear in the base name
space.

Value

.Device is a length-one character vector.

.Devices is a pairlist of length-one character vectors. The first entry is always "null
device™", and there are as many entries as the maximal number of graphics devices which have
been simultaneously active. If a device has been removed, its entry will be "" until the device
number is reused.



.Machine

.Machine

Numerical Characteristics of the Machine

Description

.Machine is a variable holding information on the numerical characteristics of the machine R is
running on, such as the largest double or integer and the machine’s precision.

Usage

.Machine

Details

The algorithm is based on Cody’s (1988) subroutine MACHAR.

Note that on most platforms smaller positive values than .Machine$double.xmin can occur.
On a typical R platform the smallest positive double is about 5e—324.

Value

A list with components (for simplicity, the prefix ‘double’ is omitted in the explanations)

double.

double.

double.

double.

double.
double.

double.

eps the smallest positive floating-point number x suchthat 1 + x != 1. Itequals
base”ulp.digits if either base is 2 or rounding is 0; otherwise, it is
(base®ulp.digits) / 2.

neg.eps
a small positive floating-point number x such that 1 - x != 1. It equals
base”neg.ulp.digits if base is 2 or round is 0; otherwise, it is
(base”neg.ulp.digits) / 2. Asneg.ulp.digits is bounded be-
low by — (digits + 3),neg.eps may not be the smallest number that can
alter 1 by subtraction.

xmin the smallest non-vanishing normalized floating-point power of the radix, i.e.,
base”min.exp.

xmax the largest finite floating-point number. Typically, it is equal to (1 -
neg.eps) * base’max.exp, but on some machines it is only the second,
or perhaps third, largest number, being too small by 1 or 2 units in the last digit
of the significand.

base the radix for the floating-point representation

digits
the number of base digits in the floating-point significand

rounding

the rounding action.

0 if floating-point addition chops;

1 if floating-point addition rounds, but not in the IEEE style;

2 if floating-point addition rounds in the IEEE style;

3 if floating-point addition chops, and there is partial underflow;
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4 if floating-point addition rounds, but not in the IEEE style, and there is partial
underflow;

5 if floating-point addition rounds in the IEEE style, and there is partial under-
flow

double.guard the number of guard digits for multiplication with truncating arithmetic. It is 1
if floating-point arithmetic truncates and more than digits base base digits
participate in the post-normalization shift of the floating-point significand in
multiplication, and O otherwise.

double.ulp.digits
the largest negative integer i such that 1 + base”i != 1, except that it is
bounded below by — (digits + 3).

double.neg.ulp.digits
the largest negative integer i such that 1 - base”i != 1, except that it is
bounded below by — (digits + 3).

double.exponent
the number of bits (decimal places if base is 10) reserved for the representation
of the exponent (including the bias or sign) of a floating-point number

double.min.exp
the largest in magnitude negative integer i such that base ~ 1 is positive and

normalized.
double.max.exp

the smallest positive power of base that overflows.
integer.max the largest integer which can be represented.

sizeof.long the number of bytes in a C long type.

sizeof.longlong
the number of bytes in a C long long type. Will be zero if there is no such
type.

sizeof.longdouble
the number of bytes ina C 1long double type. Will be zero if there is no such
type.

sizeof.pointer
the number of bytes in a C SEXP type.

References
Cody, W. J. (1988) MACHAR: A subroutine to dynamically determine machine parameters. Trans-
actions on Mathematical Software, 14, 4, 303-311.

See Also

.Plat form for details of the platform.

Examples

.Machine
## or for a neat printout
noquote (unlist (format (.Machine)))
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.Platform Platform Specific Variables

Description
.Platform is a list with some details of the platform under which R was built. This provides
means to write OS-portable R code.

Usage
.Platform

Value

A list with at least the following components:

OS.type

file.sep

dynlib.ext

GUI

endian

pkgType

path.sep

r_arch

character string, giving the Operating System (family) of the computer. One of
"unix" or "windows".

character string, giving the file separator used on your platform: " /" on both
Unix-alikes and on Windows (but not on the now abandoned port to Classic
MacOS).

character string, giving the file name extension of dynamically loadable
libraries, e.g., ".d11" on Windows and ".so" or ".s1" on Unix-alikes.
(Note for MacOS X users: these are shared objects as loaded by dyn.load
and not dylibs.)

character string, giving the type of GUI in use, or "unknown" if no GUI can
be assumed. Possible values are for Unix-alikes the values given via the ‘~g’
command-line flag ("X11", "Tk", "none" and perhaps others under alterna-
tive front-ends or embedded R), "AQUA™ (running under R . app on MacOS X),
"Rgui" and "RTerm" (Windows).

character string, "big" or "1ittle", giving the endianness of the processor
in use. This is relevant when it is necessary to know the order to read/write bytes
of e.g. an integer or double from/to a connection: see readBin.

character string, the preferred setting for options ("pkgType™). Values
"source", "mac.binary" and "win.binary" are currently in use.

character string, giving the path separator, used on your platform, e.g., " : " on
Unix-alikes and " ; " on Windows. Used to separate paths in variables such as
PATH and TEXINPUTS.

character string, possibly "". The name of the architecture-specific directories
used in this build of R.
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See Also

R.version and Sys.info give more details about the OS. In particular,
R.version$platform is the canonical name of the platform under which R was com-
piled.

.Machine for details of the arithmetic used, and system for invoking platform-specific system
commands.

Examples

## Note: this can be done in a system-independent way
## by file.info () $isdir
if(.Platform$0S.type == "unix") {
system.test <- function(...) { system(paste("test", ...)) == 0 }
dir.exists <- function (dir)
sapply(dir, function(d)system.test ("-d", d))

dir.exists(c(R.home (), "/tmp", "~", "/NO"))# > T T T F
}
.Script Scripting Language Interface
Description

Run a script through its interpreter with given arguments.

Usage

.Script (interpreter, script, args, ...)

Arguments

interpreter acharacter string naming the interpreter for the script.

script a character string with the base file name of the script, which must be lo-
cated in the ‘interpreter’ subdirectory of ‘R_SHARE_DIR’ (normally
‘R_HOME/share’).

args a character string giving the arguments to pass to the script.

further arguments to be passed to sy stem when invoking the interpreter on the
script.
Note

This function is for R internal use only.

Examples

## not useful on Windows, where the help is zipped.
.Script ("perl", "massage-Examples.pl",
paste ("tools", system.file("R-ex", package = "tools")))
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abbreviate Abbreviate Strings

Description

Abbreviate strings to at least minlength characters, such that they remain unique (if they were).

Usage
abbreviate (names.arg, minlength = 4, use.classes = TRUE,
dot = FALSE, method = c("left.kept", "both.sides"))
Arguments
names.arg a character vector of names to be abbreviated, or an object to be coerced to a
character vector by as.character.
minlength the minimum length of the abbreviations.

use.classes logical (currently ignored by R).

dot logical: should a dot (" . ") be appended?
method a string specifying the method used with default "1eft .kept", see ‘Details’
below.
Details
The algorithm (method = "left.kept") used is similar to that of S. For a single string it

works as follows. First all spaces at the beginning of the string are stripped. Then (if necessary)
any other spaces are stripped. Next, lower case vowels are removed (starting at the right) followed
by lower case consonants. Finally if the abbreviation is still longer than minlength upper case
letters are stripped.

Characters are always stripped from the end of the word first. If an element of names . arg contains
more than one word (words are separated by space) then at least one letter from each word will be
retained.

Missing (NA) values are unaltered.

If use.classes is FALSE then the only distinction is to be between letters and space. This has
NOT been implemented.

Value

A character vector containing abbreviations for the strings in its first argument. Duplicates in
the original names.arg will be given identical abbreviations. If any non-duplicated elements
have the same minlength abbreviations then, if method = "both.sides" the basic inter-
nal abbreviate () algorithm is applied to the characterwise reversed strings; if there are still
duplicated abbreviations, minlength is incremented by one and new abbreviations are found for
those elements only. This process is repeated until all unique elements of names . arg have unique
abbreviations.
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The character version of names . arg is attached to the returned value as a names argument: no
other attributes are retained.

Warning

This is really only suitable for English, and does not work correctly with non-ASCII characters in
multibyte locales. It will warn if used with non-ASCII characters.

See Also

substr.

Examples

x <= c("abcd", "efgh", "abce")
abbreviate (x, 2)

(st.abb <- abbreviate(state.name, 2))
table (nchar (st.abb))# out of 50, 3 need 4 letters

## method="both.sides" helps: no 4-letters, and only 4 3-letters:
st.ab2 <- abbreviate(state.name, 2, method="both")

table (nchar (st.ab2))

## Compare the two methods:

cbind(st.abb, st.ab2)

agrep Approximate String Matching (Fuzzy Matching)

Description

Searches for approximate matches to pattern (the first argument) within the string x (the second
argument) using the Levenshtein edit distance.

Usage

agrep (pattern, x, ignore.case = FALSE, value = FALSE,
max.distance = 0.1)

Arguments
pattern a non-empty character string to be matched (not a regular expression!). Coerced
by as.character to a string if possible.

X character vector where matches are sought. Coerced by as.character toa
character vector if possible.

ignore.case if FALSE, the pattern matching is case sensitive and if TRUE, case is ignored
during matching.



value

max.distance

Details

agrep

if FALSE, a vector containing the (integer) indices of the matches determined is
returned and if TRUE, a vector containing the matching elements themselves is
returned.

Maximum distance allowed for a match. Expressed either as integer, or as a
fraction of the pattern length (will be replaced by the smallest integer not less
than the corresponding fraction), or a list with possible components

all: maximal (overall) distance

insertions: maximum number/fraction of insertions

deletions: maximum number/fraction of deletions

substitutions: maximum number/fraction of substitutions

If all is missing, it is set to 10%, the other components default to al1l. The
component names can be abbreviated.

The Levenshtein edit distance is used as measure of approximateness: it is the total number of
insertions, deletions and substitutions required to transform one string into another. Note that this
is currently done at byte-level, and so is not wholly appropriate for multibyte encodings such as

UTF-8.

The function is a simple interface to the apse library developed by Jarkko Hietaniemi (also used
in the Perl String:: Approx module).

Value

Either a vector giving the indices of the elements that yielded a match, or, if value is TRUE, the
matched elements (after coercion, preserving names but no other attributes).

Author(s)

David Meyer, based on C code by Jarkko Hietaniemi; modifications by Kurt Hornik.

See Also

grep

Examples

agrep ("lasy",
agrep ("lasy",
agrep ("laysy",
agrep ("laysy",
agrep ("laysy",

"l lazy 2")

"l lazy 2", max = list(sub = 0))

c("l lazy", "1", "1 LAZY"), max = 2)

c("l lazy", "1", "1 LAZY"), max = 2, value = TRUE)

c("1l lazy", "1", "1 LAZY"), max = 2, ignore.case = TRUE)
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all Are All Values True?

Description

Given a set of logical vectors, are all of the values true?

Usage

all(..., na.rm = FALSE)

Arguments
zero or more logical vectors. Other objects are coerced to logical, ignoring any
class.
na.rm logical. If true NA values are removed before the result is computed.
Details
This is a generic function: methods can be defined for it directly or via the Summary group generic.
For this to work properly, the arguments ... should be unnamed, and dispatch is on the first
argument.
Value

The value is a logical vector of length one.

Let x denote the concatenation of all the logical vectors in . .. (after coercion), after removing
NAs if requested by na.rm = TRUE.

The value returned is TRUE if all of the values in x are TRUE (including if there are no values), and
FALSE if at least one of the values in x is FALSE. Otherwise the value is NA (which can only occur

if na.rm = FALSE and ... contains no FALSE values and at least one NA value).

S4 methods
This is part of the S4 Summary group generic. Methods for it must use the signature x, ...,
na.rm.

Note

That all (logical (0)) istrue is a useful convention: it ensures that
all(all(x), all(y)) == all(x,y)

even if x has length zero.
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References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

any, the ‘complement’ of al1, and stopifnot (x) whichisanall (%) ‘insurance’.

Examples
range (x <- sort (round(stats::rnorm(10) - 1.2, 1)))
if(all(x < 0)) cat("all x values are negative\n")

all(logical(0)) # true, as all zero of the elements are true.

all.equal Test if Two Objects are (Nearly) Equal

Description

all.equal (x,y) is a utility to compare R objects x and y testing ‘near equality’. If they
are different, comparison is still made to some extent, and a report of the differences is returned.
Don’tuse all.equal directly in if expressions—either use 1sTRUE (all.equal (....))
or identical if appropriate.

Usage

all.equal (target, current, ...)
## S3 method for class 'numeric':
all.equal (target, current,

tolerance = .MachineS$double.eps ©~ 0.5,
scale = NULL, check.attributes = TRUE, ...)

attr.all.equal (target, current,

check.attributes = TRUE, check.names = TRUE, ...)
Arguments
target R object.
current other R object, to be compared with target.
Further arguments for different methods, notably the following two, for numer-
ical comparison:
tolerance numeric > 0. Differences smaller than tolerance are not considered.

scale numeric scalar > 0 (or NULL). See ‘Details’.
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check.attributes
logical indicating if the attributes (.) of target and current should
be compared as well.

check.names logical indicating if the names (.) of target and current should be com-
pared as well (and separately from the attributes).

Details

There are several methods available, most of which are dispatched by the default method, see
methods ("all.equal"). all.equal.list and all.equal.language provide com-
parison of recursive objects.

Numerical comparisons for scale = NULL (the default) are done by first computing the mean
absolute difference of the two numerical vectors. If this is smaller than tolerance or not finite,
absolute differences are used, otherwise relative differences scaled by the mean absolute difference.

If scale is positive, absolute comparisons are made after scaling (dividing) by scale.

For complex arguments, the modulus Mod of the difference is used: all.equal.numeric is
called so arguments tolerance and scale are available.

attr.all.equal isused for comparing attributes, returning NULL or a character vec-
tor.

Value

Either TRUE or a vector of mode "character" describing the differences between target and
current.

References

Chambers, J. M. (1998) Programming with Data. A Guide to the S Language. Springer (for =).

See Also

identical, isTRUE, ==, and all for exact equality testing.

Examples

all.equal (pi, 355/113)
# not precise enough (default tol) > relative error

d45 <- pix(1/4 + 1:10)

stopifnot (

all.equal (tan(d45), rep(1,10))) # TRUE, but

all (tan (d45) == rep(1l,10)) # FALSE, since not exactly
(

all.equal (tan(d45), rep(l,10), tol=0) # to see difference
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all.names

all.names

Find All Names in an Expression

Description

Return a character vector containing all the names which occur in an expression or call.

Usage
all.names (expr, functions = TRUE, max.names = -1L, unique = FALSE)
all.vars (expr, functions = FALSE, max.names = —-1L, unique = TRUE)
Arguments
expr an expression or call from which the names are to be extracted.
functions a logical value indicating whether function names should be included in the

max.names

unique

Details

result.

the maximum number of names to be returned. —1 indicates no limit (other than
vector size limits).

a logical value which indicates whether duplicate names should be removed
from the value.

These functions differ only in the default values for their arguments.

Value

A character vector with the extracted names.

Examples

all.names (expression(sin(x+y)))
all.vars (expression (sin (x+y)))
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any Are Some Values True?

Description

Given a set of logical vectors, is at least one of the values true?

Usage

any (..., na.rm = FALSE)

Arguments
zero or more logical vectors. Other objects are coerced to logical, ignoring any
class.
na.rm logical. If true NA values are removed before the result is computed.
Details
This is a generic function: methods can be defined for it directly or via the Summary group generic.
For this to work properly, the arguments ... should be unnamed, and dispatch is on the first
argument.
Value

The value is a logical vector of length one.

Let x denote the concatenation of all the logical vectors in . .. (after coercion), after removing
NAs if requested by na.rm = TRUE.

The value returned is TRUE if at least one of the values in x is TRUE, and FALSE if all of the values
in x are FALSE (including if there are no values). Otherwise the value is NA (which can only occur

if na.rm = FALSE and ... contains no TRUE values and at least one NA value).

S4 methods
This is part of the S4 Summary group generic. Methods for it must use the signature x, ...,
na.rm.

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

all, the ‘complement’ of any.
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Examples
range (x <- sort (round(stats::rnorm(10) - 1.2,1)))
if(any(x < 0)) cat("x contains negative values\n")
aperm Array Transposition
Description

Transpose an array by permuting its dimensions and optionally resizing it.

Usage
aperm(a, perm, resize = TRUE)
Arguments
a the array to be transposed.
perm the subscript permutation vector, which must be a permutation of the integers
1:n, where n is the number of dimensions of a. The default is to reverse the
order of the dimensions.
resize a flag indicating whether the vector should be resized as well as having its ele-
ments reordered (default TRUE).
Value

A transposed version of array a, with subscripts permuted as indicated by the array perm. If
resize is TRUE, the array is reshaped as well as having its elements permuted, the dimnames
are also permuted; if resize = FALSE then the returned object has the same dimensions as a,
and the dimnames are dropped. In each case other attributes are copied from a.

The function t provides a faster and more convenient way of transposing matrices.

Author(s)

Jonathan Rougier, (J.C.Rougier@durham.ac.uk) did the faster C implementation.

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

t, to transpose matrices.
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Examples

# interchange the first two subscripts on a 3-way array x
X <- array(l:24, 2:4)

xt <- aperm(x, c(2,1,3))
stopifnot (t (xt[,,2]) == xI[,,2],
t(xt([,,3]) == x[,,3],
t(xt(,,4]) == x[,,4])
append Vector Merging
Description

Add elements to a vector.

Usage

append (x, values, after = length(x))

Arguments

X the vector to be modified.

values to be included in the modified vector.

after a subscript, after which the values are to be appended.
Value

A vector containing the values in x with the elements of values appended after the specified
element of x.

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

Examples

append(1:5, 0:1, after=3)
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apply Apply Functions Over Array Margins

Description

Returns a vector or array or list of values obtained by applying a function to margins of an array.

Usage
apply (X, MARGIN, FUN, ...)
Arguments
X the array to be used.
MARGIN a vector giving the subscripts which the function will be applied over. 1 indicates
rows, 2 indicates columns, ¢ (1, 2) indicates rows and columns.
FUN the function to be applied: see ‘Details’. In the case of functions like +, $+%,
etc., the function name must be backquoted or quoted.
optional arguments to FUN.
Details

If X is not an array but has a dimension attribute, apply attempts to coerce it to an array via
as.matrix if it is two-dimensional (e.g., data frames) or via as.array.

FUN is found by a call to match. fun and typically is either a function or a symbol (e.g. a back-
quoted name) or a character string specifying a function to be searched for from the environment of
the call to apply.

Value

If each call to FUN returns a vector of length n, then apply returns an array of dimension c (n,
dim(X) [MARGIN]) if n > 1. If n equals 1, apply returns a vector if MARGIN has length 1
and an array of dimension dim (X) [MARGIN] otherwise. If n is 0, the result has length O but not
necessarily the ‘correct’ dimension.

If the calls to FUN return vectors of different lengths, apply returns a list of length
prod (dim (X) [MARGIN]) with dim set to MARGIN if this has length greater than one.

In all cases the result is coerced by as . vector to one of the basic vector types before the dimen-
sions are set, so that (for example) factor results will be coerced to a character array.

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.
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See Also

lapply, tapply, and convenience functions sweep and aggregate.

Examples

## Compute row and column sums for a matrix:

x <— cbind(x1l = 3, x2 = c(4:1, 2:5))

dimnames (x) [[1]] <- letters[1:8]

apply(x, 2, mean, trim = .2)

col.sums <- apply(x, 2, sum)

row.sums <- apply(x, 1, sum)

rbind (cbind(x, Rtot = row.sums), Ctot = c(col.sums, sum(col.sums)))

stopifnot ( apply(x, 2, is.vector))

## Sort the columns of a matrix
apply(x, 2, sort)

##- function with extra args:
cave <- function(x, cl, c2) c(mean(x[cl]), mean(x[c2]))
apply(x,1, cave, cl="x1", c2=c("x1","x2"))

ma <- matrix(c(l:4, 1, 6:8), nrow = 2)

ma

apply (ma, 1, table) #--> a list of length 2

apply(ma, 1, stats::quantile)# 5 x n matrix with rownames

stopifnot (dim(ma) == dim(apply(ma, 1:2, sum)))

## Example with different lengths for each call

z <- array(l:24, dim=2:4)

zseq <- apply(z, 1:2, function(x) seg(length=max (x)))
zseq ## a 2 x 3 matrix

typeof (zseq) ## list

dim(zseq) ## 2 3

zseql[l,]

apply(z, 3, function(x) seg(length=max(x)))

# a list without a dim attribute

17

args Argument List of a Function

Description

Displays the argument names and corresponding default values of a function or primitive.

Usage

args (name)
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Arguments
name a function (a closure or a primitive). If name is a character string then the
function with that name is found and used.
Details

This function is mainly used interactively. For programming, use formals instead.

Value

A function with identical formal argument list but an empty body if given a closure.

A function with the documented usage for a primitive: note that in almost all cases primitives do
not make use of named arguments and match by position rather than name. (rep and seq.int
are exceptions.)

NULL in case of a non-function.

References
Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

formals, help.

Examples

args (c)
args (graphics::plot.default)

Arithmetic Arithmetic Operators

Description

These binary operators perform arithmetic on numeric or complex vectors (or objects which can be
coerced to them).

o o0 > N X

. o°

o KKK KK
~

=
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Arguments
X, Yy numeric or complex vectors or objects which can be coerced to such, or other
objects for which methods have been written.
Details

The binary arithmetic operators are generic functions: methods can be written for them individually
or via the Ops group generic function. (See Ops for how dispatch is computed.)

If applied to arrays the result will be an array if this is sensible (for example it will not if the
recycling rule has been invoked).

Logical vectors will be coerced to integer or numeric vectors, FALSE having value zero and TRUE
having value one.

1 ~ yandy »~ 0arel, always. x ~ y should also give the proper limit result when either
argument is infinite (i.e., +— Inf).

Objects such as arrays or time-series can be operated on this way provided they are conformable.

For real arguments, $% can be subject to catastrophic loss of accuracy if x is much larger than v,
and a warning is given if this is detected.

Value

These operators return vectors containing the result of the element by element operations. The
elements of shorter vectors are recycled as necessary (with a warning when they are recycled
only fractionally). The operators are + for addition, — for subtraction, » for multiplication, / for
division and ~ for exponentiation.

%% indicates x mod y and %/% indicates integer division. It is guaranteed that x == (x
$% y) + v * ( x %/% y ) (up to rounding error) unless == (0 where the result is

NA_integer_ or NaN (depending on the typeof of the arguments). See http://en.
wikipedia.org/wiki/Modulo_operation for the rationale.

If either argument is complex the result will be complex, and if one or both arguments are numeric,
the result will be numeric. If both arguments are integer, the result of / and * is numeric and of the
other operators integer (with overflow returned as NA with a warning).

The rules for determining the attributes of the result are rather complicated. Most attributes are
taken from the longer argument, the first if they are of the same length. Names will be copied from
the first if it is the same length as the answer, otherwise from the second if that is. For time series,
these operations are allowed only if the series are compatible, when the class and tsp attribute
of whichever is a time series (the same, if both are) are used. For arrays (and an array result) the
dimensions and dimnames are taken from first argument if it is an array, otherwise the second.

S4 methods

These operators are members of the S4 Arith group generic, and so methods can be written for
them individually as well as for the group generic (or the Ops group generic), with arguments
c(el, e2).


http://en.wikipedia.org/wiki/Modulo_operation
http://en.wikipedia.org/wiki/Modulo_operation
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References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

sqrt for miscellaneous and Special for special mathematical functions.
Syntax for operator precedence.

% * % for matrix multiplication.

Examples

<- =-1:12

+ 1

* x + 3

2 #-- is periodic
% 5

oe

XX DX X
o°
S~ o°

array Multi-way Arrays

Description

Creates or tests for arrays.

Usage

array(data = NA, dim = length(data), dimnames = NULL)
as.array (x)
is.array (x)

Arguments
data a vector (including a list) giving data to fill the array.
dim the dim attribute for the array to be created, that is a vector of length one or more
giving the maximal indices in each dimension.
dimnames the names for the dimensions. This is a list with one component for each di-

mension, either NULL or a character vector of the length given by dim for that
dimension. The list can be names, and the names will be used as names for the
dimensions.

x an R object.
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Value

array returns an array with the extents specified in dim and naming information in dimnames.
The values in data are taken to be those in the array with the leftmost subscript moving fastest.
If there are too few elements in data to fill the array, then the elements in data are recycled. If
data has length zero, NA of an appropriate type is used for atomic vectors (0 for raw vectors) and
NULL for lists.

as.array () coerces its argument to be an array by attaching a dim attribute to it. It also at-
taches dimnames if x has names. The sole purpose of this is to make it possible to access the
dim[names] attribute at a later time.

is.array returns TRUE or FALSE depending on whether its argument is an array (i.e., hasa dim
attribute of positive length) or not. It is generic: you can write methods to handle specific classes of
objects, see InternalMethods.

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

aperm,matrix, dim, dimnames.

Examples

dim(as.array(letters))
array(1:3, c(2,4)) # recycle 1:3 "2 2/3 times"

# (11 [,2] [,3] [,4]
#01,1 1 3 2 1
#12,] 2 1 3 2
as.data.frame Coerce to a Data Frame
Description

Functions to check if an object is a data frame, or coerce it if possible.

Usage

as.data.frame (x, row.names = NULL, optional = FALSE, ...)
## S3 method for class 'character':
as.data.frame(x, ...,
stringsAsFactors = default.stringsAsFactors())
## S3 method for class 'matrix':
as.data.frame (x, row.names = NULL, optional = FALSE, .
stringsAsFactors = default.stringsAsFactors())

is.data.frame (x)
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as.data.frame

Arguments
x any R object.
row.names NULL or a character vector giving the row names for the data frame. Missing
values are not allowed.
optional logical. If TRUE, setting row names and converting column names (to syntactic

names) is optional.

additional arguments to be passed to or from methods.
stringsAsFactors
logical: should the character vector be converted to a factor?

Details

as.data.frame is a generic function with many methods, and users and packages can supply
further methods.

If a list is supplied, each element is converted to a column in the data frame. Similarly, each column
of a matrix is converted separately. This can be overridden if the object has a class which has a
method for as.data.frame: two examples are matrices of class "model .matrix" (which
are included as a single column) and list objects of class "POSIX1t" which are coerced to class
"POSIXct".

Arrays can be converted to data frames. One-dimensional arrays are treated like vectors and two-
dimensional arrays like matrices. Arrays with more than two dimensions are converted to matrices
by ‘flattening’ all dimensions after the first and creating suitable column labels.

Character variables are converted to factor columns unless protected by I.

If a data frame is supplied, all classes preceding "data.frame" are stripped, and the row names
are changed if that argument is supplied.

If row.names = NULL, row names are constructed from the names or dimnames of x, otherwise
are the integer sequence starting at one. Few of the methods check for duplicated row names. Names
are removed from vector columns unless I.

Value

as.data.frame returns a data frame, normally with all row names "" if optional = TRUE.

is.data.frame returns TRUE if its argument is a data frame (that is, has "data.frame"
amongst its classes) and FALSE otherwise.

References

Chambers, J. M. (1992) Data for models. Chapter 3 of Statistical Models in S eds J. M. Chambers
and T. J. Hastie, Wadsworth & Brooks/Cole.

See Also

data.frame, as.data.frame.table for the table method (which has additional argu-
ments if called directly).
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as.environment Coerce to an Environment Object

Description

Converts a number or a character string to the corresponding environment on the search path.

Usage

as.environment (object)

Arguments
object the object to convert. If it is already an environment, just return it. If it is a
number, return the environment corresponding to that position on the search list.
If it is a character string, match the string to the names on the search list.
Value

The corresponding environment object.

Author(s)
John Chambers

See Also

environment for creation and manipulation, search.

Examples

as.environment (1) ## the global environment

identical (globalenv (), as.environment (1)) ## is TRUE
try(as.environment ("package:stats")) ## stats need not be loaded
as.function Convert Object to Function
Description

as.function is a generic function which is used to convert objects to functions.

as.function.default works on a list x, which should contain the concatenation of a formal
argument list and an expression or an object of mode "call" which will become the function
body. The function will be defined in a specified environment, by default that of the caller.
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Usage

as.function(x, ...)

## Default S3 method:

as.function(x, envir = parent.frame(), ...)
Arguments
X object to convert, a list for the default method.

additional arguments, depending on object

envir environment in which the function should be defined

Value

The desired function.

Note

For ancient historical reasons, envir = NULL uses the global environment rather than the base
environment. Please use envir = globalenv () instead if this is what you want, as the special
handling of NULL may change in a future release.

Author(s)

Peter Dalgaard

See Also

function; alist which is handy for the construction of argument lists, etc.

Examples
as.function(alist (a=,b=2,a+b))
as.function(alist (a=,b=2,a+b)) (3)
as.POSIXx* Date-time Conversion Functions

Description

Functions to manipulate objects of classes "POSIX1t" and "POSIXct" representing calendar
dates and times.
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Usage
as.POSIXct(x, tz = "")
as.POSIX1lt (x, tz = "")

## S3 method for class 'POSIX1t':

as.double(x, ...)
Arguments
X An object to be converted.
tz A timezone specification to be used for the conversion, if one is required.

System-specific, but "" is the current timezone, and "GMT" is UTC (Coor-
dinated Universal Time, in French).

further arguments to be passed to or from other methods.

Details

The as.POSIX« functions convert an object to one of the two classes used to represent date/times
(calendar dates plus time to the nearest second). They can convert a wide variety of objects, includ-
ing objects of the other class and of classes "Date", "date" (from package date or survival),
"chron" and "dates" (from package chron) to these classes. Dates without times are treated
as being at midnight UTC.

They can also convert character strings of the formats "2001-02-03" and "2001/02/03"
optionally followed by white space and a time in the format "14:52" or "14:52:03". (For-
mats such as "01/02/03" are ambiguous but can be converted via a format specification by
strptime.) Fractional seconds are allowed.

Logical NAs can be converted to either of the classes, but no other logical vectors can be.
The as.double method converts "POSIX1t" objects to "POSIXct".
If you are given a numeric time as the number of seconds since an epoch, see the examples.

Where OSes describe their valid timezones can be obscure. The help for tzset (or _tzset on
Windows) can be helpful, but it can also be inaccurate. There is a cumbersome POSIX specifica-
tion (listed under environment variable TZ at http: //www.opengroup.org/onlinepubs/
009695399 /basedefs/xbd_chap08.html), which is often at least partially supported, but
there may be other more user-friendly ways to specify timezones. For most Unix-alikes (includ-
ing MacOS X)) this can be an optional colon prepended to the path to a file (by default under
‘/usr/share/zoneinfo’ or ‘/usr/lib/zoneinfo’ (or even ‘/usr/share/lib/zoneinfo’ on Solaris)), for
example ‘ESTS5EDT’ or ‘GB’ or ‘Europe/Paris’. See http://www.twinsun.com/tz/
tz-1link.htm for more details and references.

Value

as.POSIXct and as.POSIX1t return an object of the appropriate class. If tz was specified,
as .POSIX1t will give an appropriate "t zone" attribute.


http://www.opengroup.org/onlinepubs/009695399/basedefs/xbd_chap08.html
http://www.opengroup.org/onlinepubs/009695399/basedefs/xbd_chap08.html
http://www.twinsun.com/tz/tz-link.htm
http://www.twinsun.com/tz/tz-link.htm
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Note

If you want to extract specific aspects of a time (such as the day of the week) just convert it to
class "POSIX1t" and extract the relevant component(s) of the list, or if you want a character
representation (such as a named day of the week) use format .POSIX1t or format .POSIXct.

If a timezone is needed and that specified is invalid on your system, what happens is system-specific
but it will probably be ignored.

See Also
DateTimeClasses for details of the classes; st rpt ime for conversion to and from character repre-
sentations.

Examples
(z <— Sys.time()) # the current datetime, as class "POSIXct"
unclass (z) # a large integer
floor (unclass (z) /86400) # the number of days since 1970-01-01
(z <- as.POSIX1t (Sys.time())) # the current datetime, as class "POSIX1t"
unlist (unclass(z)) # a list shown as a named vector

## suppose we have a time in seconds since 1960-01-01 00:00:00 GMT
z <—= 1472562988

# two ways to convert this

ISOdatetime (1960,1,1,0,0,0) + z # late August 2006

strptime ("1960-01-01", "%Y-%m—-%d", tz="GMT") + =z

as.POSIX1lt (Sys.time(), "GMT") # the current time in GMT
## Not run:
## These may not be correct names on your system

as.POSIX1lt (Sys.time (), "ESTSEDT") # the current time in New York
as.POSIX1t (Sys.time (), "EST" ) # ditto, ignoring DST
as.POSIX1lt (Sys.time (), "HST") # the current time in Hawaii

( ()

as.POSIX1lt (Sys.time
## End (Not run)

, "Australia/Darwin")

AsIs Inhibit Interpretation/Conversion of Objects

Description

Change the class of an object to indicate that it should be treated ‘as is’.

Usage

I(x)

Arguments

X an object
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Details
Function I has two main uses.

* In function data.frame. Protecting an object by enclosing it in I () in a call to
data.frame inhibits the conversion of character vectors to factors and the dropping of
names, and ensures that matrices are inserted as single columns. I can also be used to
protect objects which are to be added to a data frame, or converted to a data frame via
as.data.frame.

It achieves this by prepending the class "AsIs" to the object’s classes. Class "AsIs" hasa
few of its own methods, including for [, as.data.frame, print and format.

* In function formula. There it is used to inhibit the interpretation of operators such as "+",
" "« and "~" as formula operators, so they are used as arithmetical operators. This is
interpreted as a symbol by terms. formula.

Value

A copy of the object with class "AsIs" prepended to the class(es).

References

Chambers, J. M. (1992) Linear models. Chapter 4 of Statistical Models in S eds J. M. Chambers
and T. J. Hastie, Wadsworth & Brooks/Cole.

See Also

data.frame, formula

assign Assign a Value to a Name

Description

Assign a value to a name in an environment.

Usage
assign(x, value, pos = -1, envir = as.environment (pos),
inherits = FALSE, immediate = TRUE)
Arguments
X a variable name (given as a quoted string in the function call).
value a value to be assigned to x.
pos where to do the assignment. By default, assigns into the current environment.
See the details for other possibilities.
envir the environment to use. See the details section.
inherits should the enclosing frames of the environment be inspected?

immediate an ignored compatibility feature.
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Details

The pos argument can specify the environment in which to assign the object in any of several
ways: as an integer (the position in the search list); as the character string name of an element
in the search list; or as an environment (including using sys . frame to access the currently
active function calls). The envir argument is an alternative way to specify an environment, but is
primarily there for back compatibility.

assign does not dispatch assignment methods, so it cannot be used to set elements of vectors,
names, attributes, etc.

Note that assignment to an attached list or data frame changes the attached copy and not the original
object: see attach.

Value

This function is invoked for its side effect, which is assigning value to the variable x. If no envir
is specified, then the assignment takes place in the currently active environment.

If inherits is TRUE, enclosing environments of the supplied environment are searched until the
variable x is encountered. The value is then assigned in the environment in which the variable
is encountered (provided that the binding is not locked: see lockBinding: if it is, an error is
signaled). If the symbol is not encountered then assignment takes place in the user’s workspace (the
global environment).

If inherits is FALSE, assignment takes place in the initial frame of envir, unless an existing
binding is locked or there is no existing binding and the environment is locked.

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

<-,get,exists, environment.

Examples

for(i in 1:6) { #-- Create objects 'r.1', 'r.2', ... 'r.6' —-
nam <- paste("r",i, sep=".")
assign(nam, 1:1)

}

ls (pattern = ""r..s$")
##-— Global assignment within a function:
myf <- function(x) {
innerf <- function(x) assign("Global.res", x"2, envir = .GlobalEnv)

innerf (x+1)

}
myf (3)
Global.res # 16

a <- 1:4
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assign("af[ll", 2)
a[l] == 2 #FALSE
get ("a[l]") == 2 #TRUE
assignOps Assignment Operators
Description

Assign a value to a name.

Usage

x <- value
X <<- value
value —> x
value ->> x

x = value
Arguments
X a variable name (possibly quoted).
value a value to be assigned to x.
Details

There are three different assignment operators: two of them have leftwards and rightwards forms.

The operators <— and = assign into the environment in which they are evaluated. The operator<—
can be used anywhere, whereas the operator = is only allowed at the top level (e.g., in the com-
plete expression typed at the command prompt) or as one of the subexpressions in a braced list of
expressions.

The operators <<- and —>> cause a search to made through the environment for an existing defi-
nition of the variable being assigned. If such a variable is found (and its binding is not locked) then
its value is redefined, otherwise assignment takes place in the global environment. Note that their
semantics differ from that in the S language, but are useful in conjunction with the scoping rules of
R. See ‘“The R Language Definition’ manual for further details and examples.

In all the assignment operator expressions, x can be a name or an expression defining a part of an
object to be replaced (e.g., z[ [1]]). A syntactic name does not need to be quoted, though it can
be (preferably by backticks).

The leftwards forms of assignment <— = <<- group right to left, the other from left to right.

Value

value. Thusonecanuse a <- b <- ¢ <- 6.
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References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

Chamber, J. M. (1998) Programming with Data. A Guide to the S Language. Springer (for =).

See Also

assign, environment.

attach Attach Set of R Objects to Search Path

Description

The database is attached to the R search path. This means that the database is searched by R when
evaluating a variable, so objects in the database can be accessed by simply giving their names.

Usage
attach (what, pos = 2, name = deparse (substitute (what)),
warn.conflicts = TRUE)
Arguments
what ‘database’. This can be a data.frame ora list ora R data file created with
save or NULL or an environment. See also ‘Details’.
pos integer specifying position in search () where to attach.
name name to use for the attached database.

warn.conflicts
logical. If TRUE, warnings are printed about conflicts from attaching the
database, unless that database contains an object .conflicts.OK. A conflict
is a function masking a function, or a non-function masking a non-function.

Details

When evaluating a variable or function name R searches for that name in the databases listed by
search. The first name of the appropriate type is used.

By attaching a data frame (or list) to the search path it is possible to refer to the variables in the
data frame by their names alone, rather than as components of the data frame (e.g. in the example
below, height rather than womenS$height).

By default the database is attached in position 2 in the search path, immediately after the user’s
workspace and before all previously loaded packages and previously attached databases. This can
be altered to attach later in the search path with the pos option, but you cannot attach at pos=1.

The database is not actually attached. Rather, a new environment is created on the search path and
the elements of a list (including columns of a data frame) or objects in a save file or an environment
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are copied into the new environment. If you use <<— or assign to assign to an attached database,
you only alter the attached copy, not the original object. (Normal assignment will place a modified
version in the user’s workspace: see the examples.) For this reason at tach can lead to confusion.

One useful ‘trick’ is to use what = NULL (or equivalently a length-zero list) to create a new
environment on the search path into which objects can be assigned by assign or load or
Sys.source.

Names starting "package : " are reserved for 1 ibrary and should not be used by end users. The
name given for the attached environment will be used by search and can be used as the argument
to as.environment.

There are hooks to attach user-defined table objects of class "UserDefinedDatabase",
supported by the Omegahat package RObjectTables. See http://www.omegahat.org/
RObjectTables/.

Value

The environment is returned invisibly with a "name" attribute.

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

library, detach, search, objects, environment, with.

Examples

require (utils)

summary (womenS$height) # refers to variable 'height' in the data frame
attach (women)
summary (height) # The same variable now available by name
height <- height=*2.54 # Don't do this. It creates a new variable

# in the user's workspace
find ("height")

summary (height) # The new variable in the workspace
rm (height)
summary (height) # The original variable.

height <<- heightx25.4 # Change the copy in the attached environment
find ("height")

summary (height) # The changed copy

detach ("women")

summary (women$height) # unchanged

## Not run:

## create an environment on the search path and populate it
sys.source ("myfuns.R", envir=attach (NULL, name="myfuns"))
## End(Not run)


http://www.omegahat.org/RObjectTables/
http://www.omegahat.org/RObjectTables/
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attr Object Attributes

Description

Get or set specific attributes of an object.

Usage

attr(x, which, exact = FALSE)
attr(x, which) <- wvalue

Arguments
x an object whose attributes are to be accessed.
which a non-empty character string specifying which attribute is to be accessed.
exact logical: should which be matched exactly?
value an object, the new value of the attribute, or NULL to remove the attribute.
Details

These functions provide access to a single attribute of an object. The replacement form causes the

named attribute to take the value specified (or create a new attribute with the value given).

The extraction function first looks for an exact match to which amongst the at-
tributes of x, then (unless exact = TRUE) a unique partial match. (Setting

options (warnPartialMatchAttr=TRUE) causes partial matches to give warnings.)

The replacement function only uses exact matches.

Note that some attributes (namely class, comment, dim, dimnames, names, row.names
and t sp) are treated specially and have restrictions on the values which can be set. (Note that this
is not true of 1evels which should be set for factors via the 1evels replacement function.)

The extractor function allows (and does not match) empty and missing values of which: the re-
placement function does not.

Value

For the extractor, the value of the attribute matched, or NULL if no exact match is found and no or
more than one partial match is found.

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

attributes
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Examples

# create a 2 by 5 matrix

x <= 1:10
attr (x,"dim") <- c(2, 5)
attributes Object Attribute Lists
Description

These functions access an object’s attributes. The first form below returns the object’s attribute
list. The replacement forms uses the list on the right-hand side of the assignment as the object’s
attributes (if appropriate).

Usage

attributes (obj)
attributes (obj) <- value
mostattributes (obj) <- wvalue

Arguments

obj an object

value an appropriate named list of attributes, or NULL.
Details

Unlike attr it is possible to set attributes on a NULL object: it will first be coerced to an empty
list.

Note that some attributes (namely class, comment, dim, dimnames, names, row.names
and t sp) are treated specially and have restrictions on the values which can be set. (Note that this
is not true of 1evels which should be set for factors via the levels replacement function.)

Attributes are not stored internally as a list and should be thought of as a set and not a vector. They
must have unique names (and NA is taken as "NA", not a missing value).

Assigning attributes first removes all attributes, then sets any dim attribute and then the remain-
ing attributes in the order given: this ensures that setting a dim attribute always precedes the
dimnames attribute.

The mostattributes assignment takes special care for the dim, names and dimnames at-
tributes, and assigns them only when valid whereas an attributes assignment would give an
error if any are not.

The names of a pairlist are not stored as attributes, but are reported as if they were (and can be set
by the replacement method for attributes).
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References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

See Also

attr.

Examples

x <- cbind(a=1:3, pi=pi) # simple matrix w/ dimnames
attributes (x)

## strip an object's attributes:
attributes (x) <- NULL
x # now just a vector of length 6

mostattributes (x) <- list (mycomment = "really special", dim = 3:2,
dimnames = 1list (LETTERS[1:3], letters[l1:5]), names = paste(l:6))
X # dim(), but not {dim}names
autoload On-demand Loading of Packages
Description

autoload creates a promise-to-evaluate autoloader and stores it with name name in
.AutoloadEnv environment. When R attempts to evaluate name, autoloader is run, the
package is loaded and name is re-evaluated in the new package’s environment. The result is that R
behaves as if £i1le was loaded but it does not occupy memory.

.Autoloaded contains the names of the packages for which autoloading has been promised.

Usage

autoload (name, package, reset = FALSE, ...)
autoloader (name, package, ...)

.AutoloadEnv
.Autoloaded
Arguments
name string giving the name of an object.
package string giving the name of a package containing the object.
reset logical: for internal use by autoloader.

other arguments to 1library.
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This function is invoked for its side-effect. It has no return value.

See Also

delayedAssign, library

Examples

require (stats)

autoload("interpSpline", "splines")

search ()

1s ("Autoloads")

.Autoloaded

x <—- sort(stats::rnorm(1l2))

y <— x"2

is <- interpSpline(x,y)
search () ## now has splines
detach ("package:splines")

search ()

is2 <- interpSpline (x,y+x)
search () ## and again
detach ("package:splines")

backsolve

Solve an Upper or Lower Triangular System

Description

Solves a system of linear equations where the coefficient matrix is upper or lower triangular.

Usage

backsolve (r, x, k=ncol(r), upper.tri=TRUE, transpose=FALSE)
forwardsolve(l, x, k=ncol(l), upper.tri=FALSE, transpose=FALSE)

Arguments

r,1l

X
k

upper.tri

transpose

an upper (or lower) triangular matrix giving the coefficients for the system to be
solved. Values below (above) the diagonal are ignored.

a matrix whose columns give the right-hand sides for the equations.
The number of columns of r and rows of x to use.

logical; if TRUE (default), the upper triangular part of r is used. Otherwise, the
lower one.

logical; if TRUE, solve 7’ x y = xz for g, i.e.,, £t (r) $*% y == X.
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Value

The solution of the triangular system. The result will be a vector if x is a vector and a matrix if x is
a matrix.

References

Becker, R. A., Chambers, J. M. and Wilks, A. R. (1988) The New S Language. Wadsworth &
Brooks/Cole.

Dongarra, J. J., Bunch,J. R., Moler, C. B. and Stewart, G. W. (1978) LINPACK Users Guide.
Philadelphia: SIAM Publications.
See Also

chol, gr, solve.

Examples

## upper triangular matrix 'r':
r <- rbind(c(1,2,3),

c(0,1,1),

c(0,0,2))
(y <- backsolve(r, x <- c(8,4,2)) ) # -1 3 1
r $x% y # == x = (8,4,2)

backsolve (r, x, transpose = TRUE) # 8 -12 -5

base-deprecated Deprecated Functions in Base package

Description

These functions are provided for compatibility with older versions of R only, and may be defunct
as soon as the next release.

Usage

Sys.putenv(...)

Arguments

named arguments with values coercible to a character string.

Details

The original help page for these functions is often available at help ("oldName-—
deprecated") (note the quotes). Functions in packages other than the base package are listed
in help ("pkg-deprecated").

Sys.putenv is a deprecated synonym for Sys.setenv.
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See Also

Deprecated, base-defunct

basename Manipulate File Paths

Description

basename removes all of the path up to the last path separator (if any).

dirname returns the part of the path up to (but excluding) the last path separator, or " . " if there
is no path separator.

Usage

basename (path)
dirname (path)

Arguments

path character vector, containing path names.

Details

For dirname tilde expansion is done: see the description of path.expand.

Trailing file separators are removed before dissecting the path, and for di rname any trailing file
separators are removed from the result.

Value
A character vector of the same length as path. A zero-length input will give a zero-length output
with no error.

See Also

file.path, path.expand.

Examples

basename (file.path ("", "pl", "p2", "p3", c("filel", "file2")))
dirname (file.path ("", "pl", "p2", "p3","filename"))
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Bessel Bessel Functions

Description

Bessel Functions of integer and fractional order, of first and second kind, J,, and Y,,, and Modified
Bessel functions (of first and third kind), I,, and K.

gammaCody is the (I') function from the Specfun package and originally used in the Bessel code.

Usage

besselI (x, nu, expon.scaled FALSE)
besselK(x, nu, expon.scaled = FALSE)
besselJ (x, nu)

besselY (x, nu)

gammaCody (x)

Arguments
X numeric, > 0.
nu numeric; The order (maybe fractional!) of the corresponding Bessel function.

expon.scaled logical; if TRUE, the results are exponentially scaled in order to avoid overflow
(1) or underflow (K,), respectively.

Details

The underlying C code stems from Netlib (http://www.netlib.org/specfun/r[ijky]
besl).

If expon.scaled = TRUE, e *[, (), or e” K, (x) are returned.

gammaCody may be somewhat faster but less precise and/or robust than R’s standard gamma. It is
here for experimental purpose mainly, and may be defunct very soon.

For v < 0, formulae 9.1.2 and 9.6.2 from the reference below are applied (which is probably
suboptimal), unless for be sse1K which is symmetric in nu.

Value
Numeric vector of the same length of x with the (scaled, if expon.scale=TRUE) values of the
corresponding Bessel function.

Author(s)

Original Fortran code: W. J. Cody, Argonne National Laboratory
Translation to C and adaption to R: Martin Maechler (maechler @stat.math.ethz.ch.)


http://www.netlib.org/specfun/r[ijky]besl
http://www.netlib.org/specfun/r[ijky]besl
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References

Abramowitz, M. and Stegun, 1. A. (1972) Handbook of Mathematical Functions. Dover, New York;
Chapter 9: Bessel Functions of Integer Order.

See Also

Other special mathematical functions, such as gamma, I'(x), and beta, B(z).
Examples

require (graphics)

nus <- c(0:5, 10, 20)

x <- seq(0, 4, len = 501)

plot (x, x, ylim = c(0, 6), ylab = "", type = "n",
main = "Bessel Functions I_nu(x)")
for(nu in nus) lines(x, besselI(x, nu=nu), col = nu+2)
legend (0, 6, legend = paste("nu=", nus), col = nus+2, lwd = 1)

x <- seq(0, 40, len=801); yl <- c(-.8, .8)

plot(x, x, ylim = yl, ylab = "", type = "n"
main = "Bessel Functions J_nu(x)")
for(nu in nus) lines(x, besselJ(x, nu=nu), col = nu+2)

legend(32,-.18, legend = paste("nu=", nus), col = nus+2, lwd = 1)

## Negative nu's

xx <— 2:7

nu <- seq(-10, 9, len = 2001)
op <- par(lab = c(l6, 5, 7))

matplot (nu, t (outer (xx, nu, bessell)), type = "1", ylim = c(-50, 200),
main = expression(paste("Bessel ", I[nu](x), " for fixed ", x,
", as ", f(nu))),
xlab = expression(nu))
abline (v=0, col = "light gray", lty = 3)
legend (5, 200, legend = paste("x=", xx), col=seq(xx), lty=seq(xx))
par (op)

x0 <- 27 (-20:10)
plot (x0, x07-8, log="xy", ylab="",type="n",

main = "Bessel Functions J_nu(x) near 0\n log - log scale")
for(nu in sort (c(nus, nus+.5)))

lines (x0, besseld(x0, nu=nu), col = nu+2)
legend (3, 1e50, legend = paste("nu=", paste(nus, nus+.5, sep=",")),

col = nus + 2, lwd = 1)

plot (x0, x07-8, log="xy", ylab="", type="n",

main = "Bessel Functions K_nu(x) near 0\n log - log scale")
for (nu in sort (c(nus, nus+.5)))
lines (x0, besselK(x0, nu=nu), col = nu+2)

legend (3, 1e50, legend = paste("nu=", paste(nus, nus+.5, sep=",")),
col = nus + 2, lwd = 1)
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x <- x[x > 0]
plot (x, x, ylim=c(le-18, 1lell), log = "y", ylab = "", type = "n",
main = "Bessel Functions K _nu(x)")
for(nu in nus) lines(x, besselK(x, nu=nu), col = nu+2)
legend (0, le-5, legend=paste("nu=", nus), col = nus+2, lwd = 1)
yl <- c(-1.6, .6)
plot(x, x, ylim = yl, ylab = "", type = "n",
main = "Bessel Functions Y_nu(x)")
for (nu in nus) {
xx <— X[xX > .6*xnu]
lines (xx, besselY (xx, nu=nu), col = nu+2)
}
legend (25, -.5, legend = paste("nu=", nus), col = nus+2, lwd = 1)
## negative nu in bessel_Y -- was bogous for a long time
curve (besselY (x, -0.1), 0, 10, ylim = c(-3,1), ylab = "'")
for(nu in c(seq(-0.2, -2, by = -0.1)))
curve (besselY (x, nu), add = TRUE)
title (expression (besselY (x, nu) * " "ok
{nu == 1list(-0.1, -0.2, ..., =2)1}))
bindenv Binding and Environment Adjustments
Description
These functions represent an experimental interface for adjustments to environments and bindings
within environments. They allow for locking environments as well as individual bindings, and for
linking a variable to a function.
Usage
lockEnvironment (env, bindings = FALSE)
environmentIsLocked (env)
lockBinding (sym, env)
unlockBinding (sym, env)
bindingIsLocked (sym, env)
makeActiveBinding (sym, fun, env)
bindingIsActive (sym, env)
Arguments
env an environment.
bindings logical specifying whether bindings should be locked.
sym a name object or character string

fun a function taking zero or one arguments
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Details

The function lockEnvironment locks its environment argument, which must be a normal en-
vironment (not base). (Locking the base environment and name space may be supported later.)
Locking the environment prevents adding or removing variable bindings from the environment.
Changing the value of a variable is still possible unless the binding has been locked. The name
space environments of packages with name spaces are locked when loaded.

lockBinding locks individual bindings in the specified environment. The value of a locked
binding cannot be changed. Locked bindings may be removed from an environment unless the
environment is locked.

makeActiveBindinginstalls fun so that getting the value of sym calls fun with no arguments,
and assigning to sym calls fun with one argument, the value to be assigned. This allows the
implementation of things like C variables linked to R variables and variables linked to databases. It
may also be useful for making thread-safe versions of some system globals.

Author(s)

Luke Tierney

Examples

# locking environments

e <- new.env ()
assign("x", 1, envir = e)
get ("x", envir = e)
lockEnvironment (e)
get ("x", envir = e)

assign("x", 2, envir = e)
try(assign("y", 2, envir = e)) # error

# locking bindings

e <- new.env ()

assign("x", 1, envir = e)

get ("x", envir = e)

lockBinding ("x", e)

try(assign("x", 2, envir = e)) # error
unlockBinding ("x", e)

assign("x", 2, envir = e)

get ("x", envir = e)

# active bindings
f <= local( {
x <-=1
function (v) {
if (missing(v))

cat ("get\n")
else {

cat ("set\n")

X <<—- v
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})

makeActiveBinding ("fred", £, .GlobalEnv)
bindingIsActive ("fred", .GlobalEnv)

fred

fred <- 2

fred

body

body Access to and Manipulation of the Body of a Function

Description

Get or set the body of a function.

Usage
body (fun = sys.function(sys.parent()))
body (fun, envir = environment (fun)) <- value
Arguments
fun a function object, or see ‘Details’.
envir environment in which the function should be defined.
value an expression or a list of R expressions.
Details

For the first form, fun can be a character string naming the function to be manipulated, which is
searched for from the parent environment. If it is not specified, the function calling body is used.

Value

body returns the body of the function specified.

The replacement form sets the body of a function to the expression/list on the right hand side, and

(potentially) resets the environment of the function.

See Also

alist, args, function.

Examples

body (body)
f <- function(x) x"5

body (f) <- expression (57x)

## or equivalently Dbody(f) <- list (quote(5°x))
£(3) # = 125

body (£)
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bquote Partial substitution in expressions

Description

An analogue of the LISP backquote macro. bquote quotes its argument except that terms wrapped
in . () are evaluated in the specified where environment.

Usage

bguote (expr, where = parent.frame())

Arguments
expr A language object.
where An environment.
Value

A language object.

See Also

quote, substitute

Examples

require (graphics)

a <- 2

bguote (a == a)

quote (a == a)

bquote (a == . (a))

substitute(a == A, list (A = a))

plot(1:10, a%x(1:10), main = bquote(a == . (a)))
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browser Environment Browser

Description

Interrupt the execution of an expression and allow the inspection of the environment where
browser was called from.

Usage

browser ()

Details

A call to browser can be included in the body of a function. When reached, this causes a pause
in the execution of the current expression and allows access to the R interpreter.

At the browser prompt the user can enter commands or R expressions. The commands are

c (or just return) exit the browser and continue execution at the next statement.
cont synonym for c.

n enter the step-through debugger. This changes the meaning of c: see the documentation for
debug.

where print a stack trace of all active function calls.

Q exit the browser and the current evaluation and return to the top-level prompt.

(Leading and trailing whitespace is ignored, except for return).

Anything else entered at the browser prompt is interpreted as an R expression to be evaluated in
the calling environment: in particular typing an object name will cause the object to be printed, and
1s () lists the objects in the calling frame. (If you want to look at an object with a name such as n,
print 