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NAME

bc - An arbitrary precision calculator language
SYNTAX

bc [ -hlwsqgv ] [long-options] [file ...]
VERSION

This man page documents GNU bc version 1.06.
DESCRIPTION

bc is a language that supports arbitrary precision numbers with interaoteution of statements.
There are some similarities in the syntax to the C programming langfagtandard math library is
awailable by command line optionf requested, the math library is defined before processingjlas.
bc starts by processing code from all the files listed on the command line in the orderAfséedll
files have keen processetic reads from the standard input. All code xe@ited as it is read(If a file
contains a command to halt the procedsowill never read from the standard input.)

This version ofbc contains seeral extensions beyond traditionat implementations and the POSIX
draft standard. Command line options can cause théseséons to print a warning or to be rejected.
This document describes the language accepted by this proc&zsemsions will be identified as

such.
OPTIONS
-h, --help
Print the usage and exit.
-i, --interactve
Force interactie node.
-l, --mathlib
Define the standard math library.
-w, --warn
Give warnings for extensions to POSb¥.
-s, --standard
Process exactly the POSbB¢ language.
-q, --quiet
Do not print the normal GNU bc welcome.
-v, --version
Print the version number and copyright and quit.
NUMBERS

The most basic element bt is the number Numbers are arbitrary precision numbers. This precision
is both in the integer part and the fractional padt.numbers are represented internally in decimal and
all computation is done in decima(This version truncates results from divide and multiply opera-
tions.) Thereare two atributes of numbers, the length and the scale. The length is the total number of
significant decimal digits in a number and the scale is the total number of decimal digits after the deci-
mal point. For example:

.000001 has a length of 6 and scale of 6.

1935.000 has a length of 7 and a scale of 3.

VARIABLES
Numbers are stored in twypes of variables, simple variables and arradyeth simple variables and
array variables are named. Namegibewith a letter followed by annumber of letters, digits and
underscores. Aletters must be lower case. (Full alpha-numeric names arders®n. In POSIbc
all names are a single lower case léttdhetype of \ariable is clear by the context because all array
variable names will be followed by brackets ([]).

There are four speciabviables,scale, ibase, obas@ndlast. scaledefines haw some operations use
digits after the decimal pointThe default value o$caleis 0. ibase and obasedefine the coversion
base for input and output numbers. The default for both input and output is balssti@n ten-
sion) is a @riable that has the value of the last printed numbkese will be discussed in further detail
where appropriate All of these variables may he \alues assigned to them as well as used in
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expressions.

COMMENTS
Comments irbc start with the characters and end with the charactets Comments may start gn
where and appear as a single space in the input. (This causes comments to delimit other input items.
For example, a comment can not be found in the middle cdriable name.) Comments includeyan
newlines (end of line) between the start and the end of the comment.

To apport the use of scripts fuc, a sngle line comment has been added asxaension. Asingle
line comment starts atfcharacter and continues to the next end of the life end of line character
is not part of the comment and is processed normally.

EXPRESSIONS
The numbers are manipulated by expressions and statements. Since the language was designed to be
interactve, satements and expressions axeceted as soon as possiblEhere is no "main" program.
Instead, code isxecuted as it is encountered. (Functions, discussed in detajl daedefined when
encountered.)

A simple expression is just a constapt. corverts constants into internal decimal numbers using the
current input base, specified by thaiableibase (There is an exception in functionsihe legd val-

ues ofibaseare 2 through 16. Assigning a value outside this ranggasewill result in a value of 2

or 16. Input numbers may contain the characters 0-9 and (Aldte: Theg must be capitalsLower
case letters are variable names.) Single digit numberyslhare the value of the digit gerdless of

the value ofbase (i.e. A = 10.) For multi-digit numberspc changes all input digits greater or equal to
ibase to the value dibasel. Thismakes the numbefFF always be the largest 3 digit number of the
input base.

Full expressions are similar to myaother high leel languages. Sindhere is only one kind of num-
ber, there are no rules for mixing types. Instead, there are rules on the scafressons. Esry
expression has a scale. This is dedifrom the scale of original numbers, the operation performed and
in mary cases, the value of thenablescale Legd values of the &riablescaleare 0 to the maximum
number representable by a C integer.

In the following descriptions of ¢ expressions, "expr" refers to a complete expression aad "v
refers to a simple or an arragnable. Asimple variable is just a
name
and an array variable is specified as
namégexpr]
Unless specifically mentioned the scale of the result is the maximum scale xptbes@ons ivolved.

-expr Theresult is the ngation of the expression.

++var Thevariable is incremented by one and thevnalue is the result of the expression.

--var Thevariable is decremented by one and the melue is the result of the expression.

var ++ The result of the expression is the value of the variable and then the variable is incremented

by one.

var-- The result of thexpression is the value of the variable and then the variable is decremented
by one.

expr + expr

The result of the expression is the sum of the éxpressions.

expr - expr
The result of the expression is the difference of theeypressions.

expr * expr
The result of the expression is the product of treexpressions.

expr / expr
The result of the expression is the quotient of the éxpressions. Thecale of the result is
the value of the variabkcale

expr % expr
The result of thepression is the "remainder" and it is computed in the followiag Wo
compute a%b, first a/b is computedstmledigits. Thatresult is used to compute a-(a/b)*b to
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the scale of the maximum afalerscale(b) and scale(a)f scaleis set to zero and both
expressions are integers this expression is the integer remainder function.

expr ~ expr
The result of the expression is thalue of the first raised to the second. The secapdks-
sion must be an inger (If the second expression is not an g&ea warning is generated and
the expression is truncated to get an integérer) Thescale of the result iscaleif the expo-
nent is ngative. If the exponent is posit the scale of the result is the minimum of the scale
of the first expression times thalue of the exponent and the maximunscdleand the scale
of the first epression. (e.gscale(a’b) = min(scale(a)*b, mas€ale,scale(a))).) Ishould be
noted that expr"0 will &ays return the value of 1.

(expr) This alters the standard precedence to forcevdteagion of the expression.

var = expr
The variable is assigned the value of the expression.

var <op>= expr
This is eqwiaent to "var = var <op> expr" with the exception that the "var" partakiated
only once. This can maka dfference if "var" is an array.

Relational expressions are a special kind of expression thatsaévaluate to 0 or 1, O if the relation

is false and 1 if the relation is true. These may appealyihegd expression. (POSIXc requires that
relational &pressions are used only in if, while, and for statements and that only one relational test may
be done in them.) The relational operators are

exprl < expr2
The result is 1 if exprl is strictly less than expr2.

exprl <= expr2
The result is 1 if exprl is less than or equal to expr2.

exprl > expr2
The result is 1 if exprl is strictly greater than expr2.

exprl >= expr2
The result is 1 if exprl is greater than or equal to expr2.

exprl == expr2
The result is 1 if exprl is equal to expr2.

exprl = expr2
The result is 1 if exprl is not equal to expr2.

Boolean operations are als@gé (POSIXbc does NO haveboolean operations). The result of all
boolean operations are 0 and 1 (falsé and true) as in relationadpgessions. Théoolean operators
are:

lexpr  Theresultis 1 if expris 0.

expr && expr
The result is 1 if both expressions are non-zero.

expr || expr

The result is 1 if either expression is non-zero.
The expression precedence is as follows: (lowest to highest)

|| operatarleft associatie

&& operator, left associatie

I operator nonassociatie

Relational operators, left associati

Assignment operatpright associatie

+ and - operators, left associai

*, [ and % operators, left associati

" operator right associatie

unary - operatgmonassociatie

++ and -- operators, nonassoaiati

This precedence was chosen so that POSIX comgi@aptograms will run correctlyThis will cause
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the use of the relational and logical operators tetame unusual beki@r when used with assign-
ment pressions. Considéne expression:
a=3<5

Most C programmers would assume this would assign the result of "3 < 54l(tieely to the ariable
"a". Whatthis does irbc is assign the value 3 to thaniable "a" and then compare 3 to 5. It is best to
use parenthesis when using relational and logical operators with the assignment operators.

There are a fg@ more special expressions that are provideddn These hee © do with user defined
functions and standard functionshey all appear asriamdparametery’. Seethe section on functions
for user defined functions. The standard functions are:

length ( expression )
The value of the length function is the number of significant digits in the expression.

read () The read function (an extension) will read a number from the standard ingant/less of
where the function occursBeware, this can cause problems with the mixing of data and pro-
gram in the standard inpufhe best use for this function is in a previously written program
that needs input from the useut never alows program code to be input from the uséhe
value of the read function is the number read from the standard input using the caluent v
of the variablébasefor the cowersion base.

scale ( expression )
The value of the scale function is the number of digits after the decimal point irpttes-e
sion.

sqrt ( expression )
The \alue of the sqrt function is the square root of thgression. Ifthe expression is ge
ative, a un time error is generated.

STATEMENTS
Statements (as in most algebraic languages) provide the sequencipresson eauation. Inbc
statements arexecuted "as soon as possibleEkecution happens when a newline in encountered and
there is one or more complete statemeltge to this immediatexecution, newlines are very impor
tant inbc. In fact, both a semicolon and a newline are used as statement sepakatargroperly
placed newline will cause a syntax err@ecause nelines are statement separators, it is possible to
hide a newline by using the backslash charactéie sequence "\<nl>", where <nl> is themine
appears tdoc as whitespace instead of anli@e. A statement list is a series of statements separated by
semicolons and mdines. Thefollowing is a list ofbc statements and what thdo: (Things enclosed
in brackets ([]) are optional parts of the statement.)

expression

This statement does one ofathings. Ifthe expression starts with "<variable> <assignment>

.", it is considered to be an assignment statement. If the expression is not an assignment
statement, the expression i@leated and printed to the output. After the number is printed, a
newline is printed. For example, "a=1" is an assignment statement and "(a=1)" ix@es
sion that has an embedded assignment. All numbers that are printed are printed in the base
specified by the ariableobase The legd values forobaseare 2 through BC_BSE_MAX.
(See the section LIMITS.For bases 2 through 16, the usual method of writing numbers is
used. Br bases greater than 1 uses a multi-character digit method of printing the num-
bers where each higher base digit is printed as a base 10 nurhikeemulti-character digits
are separated by spaces. Each digit contains the number of characters required to represent
the base ten value of "obase-1". Since numbers are of arbitrary precision, some numbers may
not be printable on a single output linEhese long numbers will be split across lines using
the "\" as the last character on a line. The maximum number of characters printed per line is
70. Dueto the interactie nature ofbc, printing a number causes the sidéeef of assigning
the printed value to the speciarniablelast. This allavs the user to reeer the last alue
printed without having to retype the expression that printed the nurAlssigning tolast is
legd and will overwrite the last printed alue with the assignedalue. Thenewly assigned
value will remain until the next number is printed or another value is assignast.tgSome
installations may alle the use of a single period (.) which is not part of a number as a short
hand notation for folast.)
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string  Thestring is printed to the output. Strings start with a double quote character and contain all
characters until the next double quote charaddircharacters are taliterally, including ay
newline. Nonewline character is printed after the string.

print list
The print statement (an extension)\pdes another method of output. The "list" is a list of
strings andgressions separated by commas. Each string or expression is printed in the order
of the list. No terminating newline is printed. Expressions astuated and their value is
printed and assigned to thariablelast. Strings in the print statement are printed to the output
and may contain special characters. Special characters start with the backslash character (\).
The special characters recognized bayare "a" (alert or bell), "b" (backspace), "f* (form
feed), "n" (navline), "r" (carriage return), "q" (double quote), "t" (tab), and "\" (backslash).

Any other character following the backslash will be ignored.

{ statement_list }
This is the compound statement. It allows multiple statements to be grouped together for
execution.

if (expression ) statementélgestatement2]
The if statementwaluates the xpression andxecutes statementl or statement2 depending on
the value of thegression. Ifthe &pression is non-zero, statementl xgceited. |[f state-
ment2 is present and the value of the expression is 0, then statemem@iisce (Theelse
clause is an extension.)

while ( expression ) statement
The while statement willxecute the statement while thgpeession is non-zero. Ivauates
the expression before eacteeution of the statementTermination of the loop is caused by a
zero expression value or theeeution of a break statement.

for ([expressionl] ; [expression2] ; [expression3] ) statement

The for statement controls repeatedogition of the statement. Expressionl isleated
before the loop. Expression2 igaluated before eachxecution of the statement. If it is non-
zero, the statement ivauated. Ifit is zero, the loop is terminatedifter each ®ecution of
the statementxpression3 iswaluated before the rgaluation of epression2. lexpressionl
or expression3 are missing, nothing isleated at the point tyewould be gauated. If
expression2 is missing, it is the same as substituting the value Ixgoession2. (The
optional &pressions are an extension. PO®KXrequires all threex@ressions.) Théollow-
ing is equvalent code for the for statement:
expressionl;
while (expression2) {

statement;

expression3;

}

break This statement causes a forcedt ef the most recent enclosing while statement or for state-
ment.

continue
The continue statement (artension) causethe most recent enclosing for statement to start
the next iteration.

halt The halt statement (axtension) is anxecuted statement that causes blogorocessor to quit
only when it is gecuted. Br example, "if (0 == 1) halt" will not caudec to terminate
because the halt is noteeuted.

return Return the value 0 from a function. (See the section on functions.)

return ( expression)
Return the value of the expression from a functi@ee the section on functions.) As an
extension, the parenthesis are not required.

PSEUDO STRTEMENTS
These statements are not statements in the traditional sEimgeare not eecuted statementsTheir
function is performed at "compile" time.
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limits  Print the local limits enforced by the local versiorbof This is an extension.
quit When the quit statement is read, tieprocessor is terminated,gadless of where the quit
statement is foundiFor example, "if (0 == 1) quit" will causbec to terminate.
warranty
Print a longer warranty notice. This is an extension.
FUNCTIONS

Functions provide a method of defining a computation that carxdmeited later Functions inbc
always compute aalue and return it to the calleFunction definitions are "dynamic” in the sense that
a function is undefined until a definition is encountered in the inphat definition is then used until
another definition function for the same name is encountered. Thelefmition then replaces the
older definition. A function is defined as follows:

definename( parameterg { newline

auto_list statement_ligt

A function call is just an expression of the fonmarhéparametery'.

Paameters are numbers or arrays (&temsion). Inthe function definition, zero or more parameters

are defined by listing their names separated by comiambers are only call by value parameters.
Arrays are only call by ariable. Arraysare specified in the parameter definition by the notation
"namdg]”. In the function call, actual parameters are fupressions for number parametefBhe

same notation is used for passing arrays as for defining array paraméersamed array is passed by
variable to the function. Since function definitions are dynamic, parameter numbers and types are
checled when a function is calleddAny mismatch in number or types of parameters will cause a run-
time error A runtime error will also occur for the call to an undefined function.

The auto_listis an optional list of variables that are for "local" uSéhe syntax of the auto list (if
present) isduto name ... ;". (The semicolon is optionalfrachnameis the name of an aut@siable.

Arrays may be specified by using the same notation as used in parameters. These varalies ha
values pushed onto a stack at the start of the function. The variables are then initialized to zero and
used throughout thexecution of the function. At functionxd, these variables are popped so that the
original value (at the time of the function call) of theseiables are restored. The parameters are
really auto variables that are initialized to a value provided in the function call. Artitdbbes are dif-

ferent than traditional localaviables because if function A calls function B, B may access functon A
auto variables by just using the same name, unless function B has called themriabtesy Dudo

the fact that auto variables and parameters are pushed onto &stagports recurge functions.

The function body is a list dfc statements. Agjn, statements are separated by semicolonsver ne
lines. Returrstatements cause the termination of a function and the returnatiiea vlhereare two
versions of the return statement. The first forredrn”, returns the &lue 0 to the callingx@ression.
The second form,rétur n ( expression)”, computes the value of the expression and returns &hag v
to the calling gpression. Theres an implied feturn (0)" at the end of eery function. This allows a
function to terminate and return 0 without an explicit return statement.

Functions also change the usage of twgableibase All constants in the function body will be con-
verted using the value dbaseat the time of the function call. Changeshasewill be ignored during
the eecution of the function except for the standard functiged, which will always use the current
value ofibasefor corversion of numbers.

As an extension, the format of the definition has been slightlye@laXhestandard requires the open-
ing brace be on the same line as define keyword and all other parts must be on following lines.
This wersion ofbc will allow any number of newlines before and after the opening brace of the func-
tion. For example, the following definitions areyé
define d (n) { return (2*n); }
define d (n)
{ r eturn (2*n); }

MATH LIBRARY

If bc is invoked with the-l option, a math library is preloaded and the default scale is set tdi2@.
math functions will calculate their results to the scale set at the time of their call. The math library
defines the following functions:

s (X) The sine of x, x is in radians.
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c(X)  The cosine of x, x is in radians.

a(x)  The arctangent of X, arctangent returns radians.
I(X) The natural logarithm of x.

e ()  The exponential function of raising e to the value x.
j(n,X)  The bessel function of integer order n of x.

EXAMPLES
In /bin/sh, the following will assign the value of "pi" to the shell varigdile
pi=$(echo "scale=10; 4*a(1)" | bc -I)

The following is the definition of thexponential function used in the math librarhis function is
written in POSIXbc.
scale = 20

/* Uses the fact that e"x = (e"(x/2))"2
When x is small enough, we use the series:
exX=1+x+x2/2! +x3/3! + ...
*/

define e(x) {
auto a, d, e fimv,z

/* Check the sign of x. */
if (x<0) {

m=1
X = -X

}

/* Precondition x. */
z = scale;
scale = 4 + z + .44*x;
while (x > 1) {
f+=1;
X I=2;
}

/* Initialize the variables. */
v 1+x

a = x

d 1

for (i=2; 1; i++) {
e=(@*>x)/ (d *=i )
if (e==0){
if (f>0) while (f--) VvV = Vvt
scale =z
if (m) return (1/v);
return (v/1);

The following is code that uses theended features difc to implement a simple program for calculat-
ing checkbook balances. This program is best kept in a file so that it can be ugdthmaamwithout
having to retype it atvery use.

scale=2

print "\nCheck book program\n"

print" Remember, deposits are negative transactions.\n"
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print" Exit by a 0 transaction.\n\n"

print "Initial balance? "; bal = read()
bal /=1
print "\n"
while (1) {
“"current balance ="; bal
"transaction? "; trans = read()
if (trans == 0) break;

bal -= trans
bal /=1

}

quit

The following is the definition of the recwsifactorial function.
define f (x) {
if (x <=1) return (1);
return (f(x-1) * x);

READLINE AND LIBEDIT OPTIONS
GNU bc can be compiled (via a configure option) to use the Gé#dline input editor library or the
BSD libedit library. This allows the user to do editing of lines before sending thebt.tdt also
allows for a history of previous lines typeWhen this option is selectellg has one more speciahn-
able. Thisspecial ariable,history is the number of lines of history retainelor readline, a value of
-1 means that an unlimited number of history lines are retaietting the value dfistory to a posi-
tive rumber restricts the number of history lines to the numhengiThevalue of 0 disables the his-
tory feature. The default value is 10@rfnore information, read the user manuals for the GdHd-
line, history and BSDlibedit libraries. Onecan not enable botieadline andlibedit at the same time.

DIFFERENCES
This version ofbc was implemented from the POSIX P1003.2/D11 draft and contaivesadaliffer-
ences and extensions relatio the draft and traditional implementation$.is not implemented in the
traditional way usingic(1). This version is a single process which parses and runs a byte code transla-
tion of the program. There is an "undocumented" option (-c) that causes the program to output the byte
code to the standard output instead of runningft tvas mainly used for debugging the parser and pre-
paring the math library.

A major source of differences is extensions, where a featusgeisdeed to add more functionality and
additions, where nmefeatures are added. The following is the list of differences and extensions.

LANG This version does not conform to the POSIX standard in the processing of the LANGnen
ment variable and all environment variables starting with LC .

names Taditional and POSIbc have sngle letter names for functions, variables and arraysey
have been extended to be multi-character names that start with a letter and may contain letters,
numbers and the underscore character.

Strings Stringsare not allowed to contain NUL characte®OSIX says all characters must be
included in strings.

last POSIXbc does not hee alast variable. Someaémplementations obc use the period (.) in a
similar way.

comparisons
POSIX bc allows comparisons only in the if statement, the while statement, and the second
expression of the for statemenlso, only one relational operation is allowed in each of those
statements.

if statement, else clause
POSIXbc does not hee an dse clause.

for statement
POSIXbc requires all expressions to be present in the for statement.
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&&, ||, !
POSIXbc does not hee the logical operators.
read function
POSIXbc does not hee a ead function.
print statement
POSIXbc does not hee a pint statement .
continue statement
POSIXbc does not hee a ontinue statement.
return statement
POSIXbc requires parentheses around the return expression.
array parameters
POSIXbc does not (currently) support array parameters in full. The POSIX grammasallo
for arrays in function definitions,ub does not provide a method to specify an array as an
actual parameter(This is most lilely an aersight in the gramm3@r Traditional implementa-
tions ofbc have mly call by value array parameters.
function format
POSIX bc requires the opening brace on the same line addfiee key word and theauto
statement on the next line.
=+, =-, =* =/, =%, ="
POSIXbc does not require these "old style" assignment operators to be defimedersion
may allav these "old style" assignments. Use the limits statement to see if the installed v
sion supports themif it does support the "old style" assignment operators, the statement "a =-
1" will decrementa by 1 instead of settingto the value -1.
spaces in numbers
Other implementations difc allow spaces in numberg-or example, "x=1 3" would assign the
value 13 to the variable x. The same statement would cause a syntax error in this version of
bc.
errors andecution
This implementation varies from other implementations in terms of what code will be
executed when syntax and other errors are found in the program. If a syntax error is found in
a function definition, error recery tries to find the kginning of a statement and continue to
parse the functionOnce a syntax error is found in the function, the function will not be
callable and becomes undefineBlyntax errors in the interaeé exeution code will iwvali-
date the currentxecution block. The xecution block is terminated by an end of line that
appears after a complete sequence of statemEatexample,
a=1
b=2
has two execution blocks and
{a=1
b=2}
has one xecution block. Any runtime error will terminate thexecution of the currentecution block.
A runtime warning will not terminate the curremeeution block.
Interrupts
During an interactie ®ssion, the SIGINT signal (usually generated by the control-C character
from the terminal) will causexecution of the currentx@cution block to be interruptedit
will display a "runtime" error indicating which function was interrupted. After all runtime
structures hae been cleaned up, a message will be printed to notify the useidlimready
for more input. All previously defined functions remain defined and the value of all non-auto
variables are the value at the point of interruptidédl. auto variables and function parameters
are remwoed during the clean up process. During a non-intevacgssion, the SIGINT signal
will terminate the entire run difc.
LIMITS

The following are the limits currently in place for this processar Some of them may ha been
changed by an installation. Use the limits statement to see the actual values.
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BC_BASE_MAX
The maximum output base is currently set at 999. The maximum input base is 16.

BC_DIM_MAX
This is currently an arbitrary limit of 65535 as disfitded. Your installation may be ddrent.

BC_SCALE_MAX
The number of digits after the decimal point is limited to INT_MAX digits. Also, the number
of digits before the decimal point is limited to INT_MAX digits.

BC_STRING_MAX
The limit on the number of characters in a string is INT_MAX characters.

exponent
The value of the exponent in the raise operation (") is limited to LONG_MAX.

variable names
The current limit on the number of unique names is 32767 for each of sianjables, arrays
and functions.

ENVIRONMENT VARIABLES
The following environment variables are processetidy

POSIXLY_CORRECT
This is the same as theoption.

BC_ENV_ARGS
This is another mechanism to get argumentsctoThe format is the same as the command
line aguments. Thesarguments are processed first, sg files listed in the environentar-
ments are processed beforey @ammand line argument files. This alle the user to set up
"standard" options and files to be processedey énvocation ofbc. The files in the eriron-
ment variables wuld typically contain function definitions for functions the usents
defined gery timebcis run.

BC_LINE_LENGTH
This should be an inger specifing the number of characters in an output line for numbers.
This includes the backslash and newline characters for long numbers.

DIAGNOSTICS
If any file on the command line can not be operedyill report that the file is unailable and termi-
nate. Alsothere are compile and run time diagnostics that should be self-explanatory.

BUGS
Error recwery is not very good yet.

Email bug reports tdbug-bc@gnu.org Be aure to include the wordbic” somewnhere in the ‘Sub-
ject:” field.

AUTHOR
Philip A. Nelson
philnelson@acm.org
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NAME
dc - an arbitrary precision calculator

SYNOPSIS
dc [-V] [--version] [-h] [--help]
[-e scriptexpression] [--expression=scriptexpression]
[-f scriptfile] [--file=scriptfile]
[file ...]

DESCRIPTION
Dcis a reverse-polish desk calculator which supports unlimited precision arithmetidso allows you
to define and call macrofNormally dc reads from the standard input; iffacommand arguments are
given to it, they are filenames, andc reads and»acutes the contents of the files before reading from
standard input. All normal output is to standard output; all error output is to standard error.

A revase-polish calculator stores numbers on a stack. Entering a number pushes it on thrisitack.
metic operations pop argument$tbfe stack and push the results.

To enter a number inlc, type the digits with an optional decimal point. Exponential notation is not
supported. @ enter a ngaive rumber begn the number with'*’’. **-’’ cannot be used for this, as it

is a binary operator for subtraction insteda enter two numbers in succession, separate them with
spaces or nédines. Thesdave m meaning as commands.

OPTIONS
Dc may be iroked with the following command-line options:

-V

--version
Print out the version afcthat is being run and a copyright notice, then exit.

-h

--help Print a usage message briefly summarizing these command-line options ang-tbpdsting
address, then exit.

-e script

--expression=script
Add the commands iscriptto the set of commands to be run while processing the input.
-f script-file

--file=script-file
Add the commands contained in the fitzipt-fileto the set of commands to be run while pro-
cessing the input.

If any command-line parameters remain after processing thecath@se parameters are interpreted as
the names of input files to be processAdile name of refers to the standard input stream. The stan-
dard input will processed if no file names are specified.

Printing Commands

p Prints the value on the top of the stack, without altering the staclewline is printed after
the value.
n Prints the value on the top of the stack, popping it off, and does not print a newline after.

Pops of the value on top of the stack. If it it a string, it is simply printed without a trailing
newline. Otherwisét is a numberand the integer portion of its absolute value is printed out
as a "base (UCHAR_MAX+1)" byte stream. Assuming that (UCHAR_MAX+1) is 256 (as it
is on most machines with 8-bit bytes), the sequem@K Ok1l/ [ 1*]sx dO>x
[256"aPd0<x]dsxx sxLKkcould also accomplish this function, except for the side-effect of
clobbering the x register.

f Prints the entire contents of the stack without alteringhéimg. Thisis a good command to
use if you are lost or want to figure out what the effect of some command has been.
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Arithmetic
+ Pops tw values of the stack, adds them, and pushes the re$ul. precision of the result is
determined only by the values of the arguments, and is enough to be exact.

- Pops two values, subtracts the first one popped from the second one popped, and pushes the
result.

* Pops tvo values, multiplies them, and pushes the reslitte number of fraction digits in the
result depends on the current precisiatug and the number of fraction digits in the tsgu-
ments.

/ Pops tw values, divides the second one popped from the first one popped, and pushes the
result. Thenumber of fraction digits is specified by the precision value.

% Pops tvo values, computes the remainder of thesithn that the/ command would do, and
pushes that. The value computed is the same as that computed by the s8dudced*- .

Pops tvo values, diides the second one popped from the first one popped. The quotient is
pushed first, and the remainder is pushed.n€henumber of fraction digits used in thevdi

sion is specified by the precisioalve. (Thesequenc&dSn Inld/ LnLd% could also accom-

plish this function, with slightly different error checking.)

Pops tvo values and exponentiates, using the first value popped aspibeeat and the sec-
ond popped as the base. The fraction part of the exponent is ignored. The prediston v
specifies the number of fraction digits in the result.

Pops three values and computes a modujporeentiation. Thdirst value popped is used as
the reduction modulus; thisaslue must be a non-zero numbard should be an inger The
second popped is used as the exponent; this value must be agaivenaimber and ary
fractional part of this exponent will be ignoredihe third value popped is the base which gets
exponentiated, which should be an e For small integers this is lik the sequence
Sm"Lm%, but, unlike”, this command will work with arbitrarily large exponents.

% Pops one value, computes its square root, and pushesTti@precision value specifies the
number of fraction digits in the result.

Most arithmetic operations are affected by tpeetision \alue’, which you can set with the com-
mand. Thedefault precision @lue is zero, which means that all arithmetic except for addition and sub-
traction produces integer results.

Stack Control

c Clears the stack, rendering it empty.
d Duplicates the value on the top of the stack, pushing anothgrofdp Thus," 4d*p” com-
putes 4 squared and prints it.
r Reverses the order of (swaps) the toptvalues on the stack.
Registers

Dc provides at least 256 memory registers, each named by a single chavactean store a number
or a string in a register and retréeit later.

sr Pop the value 6the top of the stack and store it into register
Ir Copy the value in registarand push it onto the stack. This does not alter the contents of
Each register also contains its own stack. The current register value is the top of thesrdgister’

Sr Pop the value 6the top of the (main) stack and push it onto the stackgidtezr. The pre-
vious value of the register becomes inaccessible.

Lr Pop the value éfthe top of rgisterr’s sack and push it onto the main stack. Theviones
value in register’s sack, if ary, is now accessible via thbr command.

Parameters
Dc has three parameters that control its operation: the precision, the input radix, and the output radix.
The precision specifies the number of fraction digits to keep in the result of most arithmetic operations.
The input radix controls the interpretation of numbers typed in; all numbers typed in use this radix.
The output radix is used for printing numbers.

The input and output radices are separate parameters; you catherakunequal, which can be useful
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or confusing. The input radix must be between 2 and 16 inelu$he output radix must be at least 2.
The precision must be zero or great€he precision is alays measured in decimal digitsgeedless
of the current input or output radix.

[ Pops the value bthe top of the stack and uses it to set the input radix.
(o] Pops the value bthe top of the stack and uses it to set the output radix.
k Pops the value bthe top of the stack and uses it to set the precision.

I Pushes the current input radix on the stack.

@] Pushes the current output radix on the stack.

K Pushes the current precision on the stack.

Strings
Dc can operate on strings as well as on numbé&he only things you can do with strings are print
them and gecute them as macros (which means that the contents of the string are procdssedras
mands). Allregisters and the stack can hold strings, @ndiways knows whether grgiven object is a
string or a numberSome commands such as arithmetic operations demand numbers as arguments and
print errors if gven grings. Otherrommands can accept either a number or a stringxéongle, the
command can accept either and prints the object according to its type.

[characterg
Makes a string containingharacters (contained between balancgédnd] characters), and
pushes it on the stacleor example,[foo]P prints the charactefeo (with no newline).

a The top-of-stack is popped. If it was a numltkeen the low-order byte of this number is con-
verted into a string and pushed onto the staOkherwise the top-of-stack was a string, and
the first character of that string is pushed back.

X Pops a alue of the stack andxecutes it as a macro. Normally it should be a string; if it is a
number it is Smply pushed back onto the stackor example,[1p]x executes the macrép
which pushed on the stack and prinison a separate line.

Macros are most often stored irgisters;[1p]sa stores a macro to prirkt into registera, and lax
invokes this macro.

>r Pops tvo values of the stack and compares them assuming &éhe numbers, xecuting the
contents of rgisterr as a macro if the original top-of-stack is greafgnus,1 2>a will invoke
registera’s contents an@ 1>a will not.

I>r Similar but irvokes the macro if the original top-of-stack is not greater than (less than or equal
to) what was the second-to-top.

<r Similar but irvokes the macro if the original top-of-stack is less.

I<r Similar but irvokes the macro if the original top-of-stack is not less than (greater than or equal
to) what was the second-to-top.

=r Similar but irvokes the macro if the te numbers popped are equal.

I=r Similar but irvokes the macro if the te numbers popped are not equal.

? Reads a line from the terminal andeutes it. This command allows a macro to request input
from the user.

q exts from a macro and also from the macro whicloked it. If called from the top ke, or
from a macro which was called directly from the topelethe g command will causec to
exit.

Q Pops a @lue of the stack and uses it as a count oElke of macro gecution to be xited.

Thus,3Q exts three lgels. TheQ command will neer causedcto exit.

Status Inquiry
Z Pops a value bthe stack, calculates the number of digits it has (or number of characters, if it
is a string) and pushes that number.

X Pops a value bthe stack, calculates the number of fraction digits it has, and pushes that num-
ber For a string, the value pushed is 0.
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z Pushes the current stack depth: the number of objects on the stack befaeeutiereof the
z command.

Miscellaneous

BUGS

14

! Will run the rest of the line as a system commaxdte that parsing of the !<, !=, and !> com-
mands tak& precedence, so if youamt to run a command starting with <, =, or > you will
need to add a space after the !.

# Will interpret the rest of the line as a comment.

ir Will pop the top tw values of of the stack.The old second-to-top value will be stored in the
arrayr, indexed by the old top-of-stack value.

ir Pops the top-of-stack and uses it as anxrdé the arrayr. The selected value is then
pushed onto the stack.

Note that each stacked instance of a register has its own array associatedMitis it.0:a 0Sa 2 0:a
La O;ap will print 1, because the 2 was stored in an instance of 0:a that was later popped.

Email bug reports tbug-dc@gnu.org
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