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The Basic Libraries

This document contains documentation on version 1.5 of the basic libraries of the A programmers
Mjginer BETA System. It is a programmer’s guide. The purpose is to provide the 9uide
necessary information to the users of the libraries. The facilities are documented by

means of the BETA interfaces and examples of how to use the facilities.

This document includes the documentation on the following libraries of the Mjglner
BETA System:

* Dbetaenv. bet contains the most basic library of the Mjginer BETA System. It
contains patterns describing character, integer, streams, exceptions, etc. as well
as control patterns and input/output patterns. Most (if not all) BETA programs
will use bet aenv, either directly or indirectly.

* nmath. bet contains an interface to standard real functionsin BETA. The library
contains patterns for mathematical functions. trigonometric, hyperbolic, expo-
nential and logarithmic, floating point manipulation, power, miscellaneous con-
stants.

* nunberi o. bet contains patterns to be used for reading numbers from any input
stream, and for writing any number to any output stream. The patterns are able
to read and write all numeric types of the BETA language.

 formatio. bet containstwo patterns for making formatted input and output on
any stream.

* random bet contains an elaborate random generator system, containing random
generators with many different statistical properties.

* regexp. bet contains facilities for working with regular expressions in text
strings.

* file.bet containsthe general interfaceinto files, residing on some file system.

* directory. bet contains the general interface into directories on hierarchical
file system.

* uni xFi | e. bet containsthe UNIX specific file system interface.

* unixDirectory. bet contains the interface into the hierarchical UNIX file sys-
tem directories.

» systentEnv defines the experimental concurrency system for BETA. Syste-
mEnv contain five closely related libraries. basi csyst emenv. bet, syste-
menv. bet , dpc. bet, ti nehandl er. bet, and i ost at e. bet .

* repStream bet contains the definition of a specia type of repetitions that has
stream-like operations.

* external.bet contains the various facilities for enabling BETA programs to
interface to external languages, like C and Pascal.



Chapter 1 The betaenv
Library

When programming in BETA, the basic BETA environment bet aenv is utilized. This
chapter describes how to use the facilitiesin bet aenv.

Bet aenv contains several attributes that are used in any BETA program. That is, each
BETA program must have bet aenv initsorigin path.

The patterns in betaenv are divided into severa different categories such as
character patterns, integer patterns, boolean patterns, control patterns, input/output
patterns, stream and exception patterns.

The first section of this chapter describes how bet aenv is used in general, while the
subsequent sections concern the individual patterns.

Backward compatability

This version of betaenv contains a few important changes, which are not backward
compatible. The most important are:

The text attribute findCh has been renamed to findAll.

The text attributes copyAppend and copyPrepend have been removed. To gain
the same effect, you can write:
"...'->(t.copy).append

or
."->(t.copy). prepend

To ease the process of porting your code, we have included a small fragment called
betaenvold.bet containing these obsolite facilities.



Using the betaenv Library

1.1 Using the betaenv Library

The basic structure of bet aenv is realized by means of the Mjaginer BETA fragment
system. It isasfollows:

BODY ' bet aenvbody’
--- betaenv: descriptor ---
(# ...
(* Alot of useful patterns *)

i.héProgram @<SLOT program descri ptor>>;
<<SLOT lib: attributes>>

do i.h.eProgram

#)
The program slot must be filled by the user program and can have the following program slot
form:

ORIG N ' ~bet a/ basi clib/vl. 5/ betaenv'

--- program descriptor ---

(#

do 'This is a snmall BETA program -> puttext
#)

Theli b slot makes it possible to add attributes to bet aenv. An example of thisisthe lib slot
following which might be in afile called st ack. bet :

ORIA@ N ' ~bet a/ basi cli b/v1. 5/ bet aenv'
--- lib: attributes ---

st ack:

(# push: (# e: @nteger enter e do ... #);
pop: (# e: @nteger do ... exit e #);
enpty: ..

#

The stack can then be used as follows;

ORI G N ' ~bet a/ basi cli b/v1. 5/ betaenv';
| NCLUDE ' st ack'
--- program descriptor ---
(# s: @Gtack
do 7 -> s.push;
S. pop -> putint;
#)
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Simple types

Restrictions

Arithmetical
operators

Logical operators

1.2 Basic Patterns

Bet aenv contains definitions of the basic patterns char, i nt eger, real , bool ean,
true and f al se that are predefined in the BETA language (i.e. built-in data types).
These patterns are self-assignable. This means an i nt eger object can be assigned to
another i nt eger object, achar object can be assigned to another char object etc.

For efficiency reasons, the usage of the basic patternschar, i nt eger, r eal , bool ean,
true and f al se is somewhat restricted, compared with all other patterns in the sys-
tem. These restrictions are:

e They cannot be used as superpatterns to other patterns. E.g. subl nt eger:

integer(# ... #) isillegal.

» Dynamic references to instances of these basic types cannot be obtained. E.g.
var[] -> ... isillegal if var isan instance of one of these basic patterns.

» Dynamic references to basic patterns cannot be declared. E.g. var: i nteger
isillegal.

True object oriented patterns for integers, characters, reals and booleans are also part
of the system (see later). However, using those patterns impose an execution over-
head compared with the basic patterns.

The Integer Pattern

Besides the arithmetical operations. +, -, *, di v, and nod and the relational opera-
tions. =, <>, >, >=, < and <=, the M n, Max and Abs patterns are defined for integers.
The patterns Maxl nt and M ni nt returns the largest (respectively smallest) integer on
the machine.

(#1,j,k: @nteger
do 3 ->i;
"? '"->puttext; getint->j; (* read an integer from keyboard *)
((i,j) -> Max, j+5) -> Mn -> k;
"k is '-> puttext; k -> putint; newine;
(if k-1
/1 5 then ...
/1 17 then ...
if)
#)

The Boolean Pattern

In the current implementation, t r ue and f al se return respectively the values 1 and 0.
The unary operator not and the binary operators and, xor, and or can be applied to
bool eans.

Booleans are used in the traditional way:

(# aBool ean, anot her Bool ean: @ool ean;
a: @nteger

do ...
(i f aBool ean then

el se. h
(a>7) and (a<l17) -> anot herBool ean
if)
#)
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The Real Pattern

The arithmetical operations: +, -, *, di v (or /), and the relational operations: =, <>, >,
>=, < and <= are defined for reals. The patterns MaxReal and M nReal (defined in
mat h. bet ) returns the largest (respectively smallest) real on the machine.

The following example shows how to use reals. The pattern put real is described
later.

(# x,y: @eal;

do ...
1.23 -> x;
"Print the nunmber 1.23:"' -> putline;
y -> putreal;

new i ne;

X ->Y;

(if x=y then 'x and y are equal!' -> putline if);
"3.0*7.0 ="' -> puttext;

3.0 * 7.0 -> putreal;

new i ne;

"(-4.0)*(-3.0) ="' -> puttext;
-4.0 * (-3.0) -> putreal;
new i ne;

'(-4.0)/8.0 ="' -> puttext;
-4.0 div 8.0 -> putreal;
new i ne;

#)

The Char Pattern

The char pattern enables the manipulation of characters. Characters can be expressed
as literals or as the corresponding ASCII values. The pattern Asci i defines all non-
printable characters as constants (such asnul | , nl , cr, esc, del ). Newl i ne however,
Isavariable containing either nl or cr depending on the computer.

Asci i also contains local patterns for various conversions and testings of characters.
E.g. the patterns I sDigi t, I sLetter, I sUpper and I sLower are provided for deter-
mining the kind of a character. | sSpace testes whether the character is sp, cr, nl , np,
ht or vt . Conversion is available through the upCase and | owCase patterns.

The following example shows how to use char and upCase:

(# a,b: @har
do 'a' -> g
98 -> b;
(if a -> Ascii.upCase
/[l A then ...
/1 "B then ...
if)
#)

The Repetition Pattern

The BETA compiler also implements repetitions. Bet aenv contains the r epeti tion
pattern, defining the available operations on repetitions (apart from the lookup opera-
tion: []). These operations are r ange, new and ext end. Range returns the number of
repetition positions, new makes it possible to allocate an entire new repetition, and
ext end is used for dynamically extension of the repetition. Note that the repetition
pattern cannot be used as a superpattern. Also note, that it is only alowed to make
repetitions of i nt eger, bool ean, char, r eal , and object references.

Arithmetical
operations

ASCII
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Objects of simple
types

1.3 Basic Object Patterns

The basic object oriented patterns are the obj ect pattern and the object oriented vari-
ants of the basic patterns.

The Object Pattern

The obj ect pattern functions as the implicit superpattern for al patterns which do
not have any explicit superpattern. The pattern obj ect isdefined asfollows:

object: (* general superpattern *)

(# struc:
(# R ##obj ect
do ...
exit R##
#)
do inner
#);

The attribute st ruc returns a reference to the structure of the current object (i.e. a
pattern reference to the pattern from which this object was created). The attribute
struc ismaintained in v1.5 for backward-compatability reasons. It will be removed
in next release, since it will become obsolite, since 0## is allowed in the case where 0
is the name of an object. However, the r4.0 compiler disallows this construct in some
cases due to an error. Only in these cases, it is recommended to use the 0.struc
construct.

All patterns except char, i nt eger, real , bool ean, true and f al se are subpatterns
of Qbj ect. To enable handling integers, reals, characters and booleans like any other
objects in the system, the patterns char Qbj ect, integer Obj ect, real bj ect,
bool eanQbj ect, trueCbj ect, and fal seCbj ect have been introduced. They are
genuine patterns, corresponding to the basic patterns, described above. They are spe-
cializations of oj ect that can be used instead of the basic patterns. They have al
properties ordinary patterns have (in contrast to the basic patterns).

The charValue, integerValue, booleanValue and realValue Patterns

The char Val ue, i nt eger Val ue, bool eanVal ue, and r eal Val ue patterns are object
oriented variants of the basic patterns (i.e. built-in patterns). They are used in all
cases where a value of the given type is needed. E.g. a bool eanVval ue may be used as
superpattern for patterns, returning boolean results.

The charObject, integerObject, booleanObject, trueObject, falseObject
and realObject Patterns

These patterns are subpatterns of the char val ue, i nt eger Val ue, €tc. patterns above,
and gives the fina functionality to allow these variants of the basic patterns to be
used a genuine patterns.

These patterns can for instance be utilized when programming general data
structures. Consider a data structure | i st which defines its element type as a virtual
oj ect .

list:
(# el enent :< object;
insert: (# e: "elenment enter e[] do ... #)
remove: (# e: "element do ... exit e[] #)
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#)

When | i st is applied in a specific application, the element type is bound. The fol-
lowing is an example of how alist of integers and alist of editors can be declared and
mani pul ated:

(# integerList: @ist(# elenent::< integer(Cbject #);
editor:
(# wi ndow.
menus:
cut:
copy:
past e:
#)
ed: "editor;
editorList: @ist(# element::< editor #);
i 0: "integerObject;
do & ntegerQbject[] ->io[]; 7 ->io;
io[] -> integerList.insert;

editorList.renove -> ed[];

#)

1.4 The Streams Patterns

A streamisageneralization of internal and external text objects. An internal text ob-
ject (text) is a sequence (repetition) of chars. An external text object (fil e) corre-
sponds to a traditional text file. Stream text and file are organized in the
following hierarchy:

Stream, text, and

stream (# ... #); file
text: stream(# ... #);
file: stream(# ... #); (* described in a later chapter *)
unixFile: file(# ... #);(* described in a |later chapter *)
macFile: file(# ... #); (* described in the Mcintosh

* Library manual *)

The Stream Pattern

The st ream pattern is an abstract superpattern which provides general stream ma-
nipulating procedure patterns. get Pos, set Pos, eos, | engt h, reset, new i ne, put,
get, peek, putint, getint, puttext, gettext, putline, get NonBl ank, getli ne,
get At om scan, scanBl anks, scanToNL and scanAt om The st r eam pattern also de-
fines exception patterns (e.g. ECSer r or ).

Subtreams

Thereis an additional library called substreams.bet, which implements asubstrems substreams.bet
concept (and a subtext concept). A substream refers to a (consequtive) portion of

another stream. Manipulations on the substream will thereby actually change that

portion of this other stream. All usual stream operations applies to a substream. The

Interface af substream is not included in this manual.

The Text Pattern

The text concept is intended for “small” texts, but there is no size limit. Some of the Small texts
operations might however be inefficient on large text objects.
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textRecords.bet

A text isasequence of characters. The range of atext object Tis[1, T. |l ength].A
text can be initialized by executing T.clear or by assigning it with another
(initialized) text. Like the predefined patterns i nt eger, real, char and bool ean,
Text oObjects are self-assignable. A text constant has the form ' foo' or 'a' . The'
character may by specified as part of a text constant by repeating it, eg. 'is''s
like this' isthetextconstant:is's like this.

Besides defining the implementations of the abstract st r eamoperations (e.g. put and
get ), thet ext pattern definesthe following patterns: enpty, cl ear, i nxGet , i nxPut ,
append, prepend, scanAl | , sub, i nsert, del et e, equal , equal NCS, | ess, greater,
makelLC, makeUC, find, findAll,findText, findTextAll,copy,andaslnt.

All error messages from exceptions originating fromt ext objects are followed by the
text lines:

Error in text which begins as foll ows:
<TH S(text)>.....

where <THI S( t ext ) > iSsthe text where the error occurred.
Text utilities

The library textUtils.bet contains a number of additional text attributes, Textutils.bet
such as getBoolean, putBoolean, set, setText, setlnt, setBased,
setReal, and setBoolean. Theinterfacefileis not included in the manual.

Using Text

This example gives examples of how to use the text pattern. The t ext object
Recor ds consists of a sequence of records. Each record has the form:

nane Job: aJob Sal ary:aSalary /
The program shows various patterns for manipulating the Recor ds text:

ORIA N ' ~bet a/ basi clib/vl.5/betaenv'

--- program descriptor --

(* Denpb exanpl e shwoi ng exanpl es of how to use the text concept from bet
* The text object Records, consists of a sequence of records. Each reco
* has the form
* nane Job:aJob Sal ary:aSal ary /

* The program shows various patterns for nanipul ating the Records text.
*

(# GetName: (* read next name fromT *)
(# T. ~text; Tl: @ext
enter T[]
do (* scan and skip until a letter is net *)
T.scan(# while::<(#do NOT (ch->Ascii.islLetter)->val ue #)#);
(* scan and read while letters in T *)
T. scan
(# while::<(#do ch->Ascii.isLetter->val ue #)
do ch->T1. put
#)
exit T1
#) ;
CGet Recor d:
(* Get the record with the nane N and return nane and dat part *)
(# N ~Text; nane,data: @ext
enter N]
do Records.reset;
Fi ndNane:
(if not Records.eos then
Recor ds[ ] - >get Nane- >nane;
dat a. cl ear;
(* scan and read until '/' is met *)
Records. scan(# while::<(#do (ch<>'/')->val ue#) do ch->data
(if not (N[]->nane.equal) then restart Fi ndName
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if)if)
exi t (nane, dat a)
#)
Get JobAndSal ary:
(* get the job and salary fromdata part, which is the part after nane *)
(# Data: "Text; Job: @ext; Salary: @ nteger
enter Data[]
do Data.reset;
Dat a[ ] - >Get Nane; Data.get (* skip ':' *); Data[]->Get Nane->Job;
Dat a[ ] - >Get Nane; Data.get; Data.CGetlnt->Salary
exi t (Job, Sal ary)
#)

Records: @rext;

do "---------- 1:'->putLine;
(* initialize Records *)
" John Job: Programmer sal ary: 120000 / ' ->Records. append,;
" Joan Jobh: Doctor sal ary: 130000 / '->Records. append;
"Mary Job: Boss sal ary: 140000 / '->Records. append;
Records[] - >put Li ne;

B 2:' ->put Li ne;
(* split Records into atons *)
Records. reset;
scan:
cycle
(#
do Records. get At om >putli ne;
(if Records.eos then | eave scan
i f)#);
P 3:' ->put Li ne;
(* Find record with nane Joan and decode data part *)
(# Name, Data, Job: @text; Salary: @nteger
do ' Joan' - >CGet Recor d- >( Nane, Dat a) ;
"Ms. ' ->Name. prePend,;
I'1'->name. append,;
Nane[]->put Text; ' has the data: '->putText;
Dat a[ ] - >Get JobAndSal ary->(Job, Sal ary) ;
"Job='->put Text; Job. makeUC, Job[]->put Text;
Sal ary="->put Text; Sal ary->putlnt; new ine;
#)

#)

1.5 EXxceptions and Program
Termination

The pattern except i on is used as a superpattern for all exceptionsin the system. The Pattern exception
default action of an exception is to stop the program execution and print an informa-

tive error message on the stream scr een. In addition, the file <pr ogr amane>. dunp

contains a dump of the call stack. Excepti on uses the pattern St op for termination.

Specific error messages can be defined by specializing the except i on pattern. The

attribute msg of excepti onisatext object that is used to accumulate error messages

in the classification hierarchy of exceptions. If the programmer wishes to prevent the

program execution from being stopped in order to handle the exception himself, the

boolean attribute cont i nue of excepti on must besettotrue.
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The exceptions are often defined as virtual procedure patterns of other patterns (such
asthefil e pattern, discussed below). At the appropriate levels in the pattern hierar-
chy, the virtual patterns are bound so that the error messages are tailored to the spe-
cific context. The user can augment these error messages by means of the nsg text
object or choose to ignore the exception and continue execution.

In order to differentiate between potential fatal exceptions and more harmless excep-
tions, thenot i fi cati on pattern is defined as:

notification: exception(# do true->continue; |NNER #);

Examples Using Exception

In order to illustrate the use of exceptions, let us return to the previous file exception
example. Without using the exception handling facilities an attempt to open a non-ex-
isting file will produce the following error messages:

****x Exception processing
Error in file "in.bet'
No such file

Now let us see what can be done by using exceptions.

The binding of noSpaceEr ror shows that a message can be added to msg. Msg could
also have been overwritten, by first clearing msg (nmsg. cl ear). The binding of no-
SuchFi | eError shows how to prevent the system from stopping the execution when
the program attempts to open a non-existing file. Instead the user is prompted for an-
other file name. In fact there exists a procedure pattern (exi st s) that tests for the ex-
istence of afile, but this has not been used in this example.

(# outFile: @ile
(# noSpaceError:
(# do "It is tine to delete garbage!'->nsg.putline #)#);
inFile: @ile
(# noSuchFileError:: (# do true->continue; false->0K #)#);
OK: @ bool ean;

do 'in.bet' ->inFile.namne;
true -> XK
openFi | e:
(#
do i nFil e.openRead;
(if not K then

"File does not exist!' -> screen.putline;
"Type input file name: ' -> screen.puttext;
i nFil e.readFi | eNare;

true -> K

restart openFile

if)#);

"out.bet' -> outFile.nane;

outFil e.openWite;

readFil e:

(#

do (if not inFile.eos then
false -> inFile.gettext -> outFile.puttext;
out Fil e. new i ne;
restart readFile

el se | eave readFil e

i f)#);

inFil e.close

out Fil e. cl ose;

#)
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In case of disk space exhausted, the following message will be printed on the screen
before the program execution is stopped:

**** Eyxception processing
Error in file "in.bet'

File systemis ful

It is tine to del ete garbage!

Thefirst line isfrom the general pattern except i on, the second and the third lines are
from the binding of noSpaceError infile and the fourth line is from the binding
above, i.e. at the user level.

An attempt to open a non-existing file will produce the following error messages:

Fil e does not exist!
Type input file nane:

It gives the programmer the possibility to proceed with another file name.

1.6 Various Other Patterns

Control Patterns

Bet aenv contains three predefined control patterns: f or To, cycl e and | oop. They are
respectively defined as:

forTo: (* for inx in [mn,max] do inner *)
(# min, max,inx: @nteger enter (mn,max) do ... inner; ... #);

cycle: (* executes inner forever *)

(# do |:(#... inner; ...#) #);
| oop: (* control pattern for while- and repeat-loop *)
(# while: < bool eanValue(# do ... inner; ... #);
until:< bool eanVal ue(# do ... inner; ... #);
do ... inner;
#)

Recall that control patterns are procedure patterns that are to be used as superpatterns.
The first example illustrates the use of f or To in an inserted item:

do ...
(3,17) -> forTo(# do inx*inx -> putint; new ine #);

It will cause printing of the values 32, 42, ..., 172. The next example illustrates the
use of cycl e in the definition of another control pattern.

count Cycl e: cycle
(* increments inx and executes inner forever *)
(# inx: @nteger
do inx + 1 ->inx;
i nner
#);

Finally, the following | oop example reads a sequence of integers from standard input
until either a non-positive integer is read or the sum of integers exceeds 1000:

| oop(# while::< (# do getint->i; i>0->value #);
until::< (# do sunr1000->val ue #);
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sum i: @nteger
do i +sum >sum
#)
Input/Output Patterns
Screen and Standard input/output is available through dynamic references to objects that are in-
keyboard stances of the pattern stream (see later). These streams are automatically opened.
Abbreviations for the most often used input/output operations are defined (e.g. put
for screen. put and get for keyboar d. get ).
The following example illustrates how communication with the keyboard and the
screen can take place.
(# j: @nteger
do (for i: 5 repeat
"? '-> puttext; getint -> j;
j*j -> putint; newine
for)
#)
Command Line Arguments
It is possible to let BETA programs access the command line arguments trough the
noCOf Ar gunent s and ar gunent s patterns. NoOf Ar gurrent s returns the number of text
atoms on the command line, including the program name. The text atoms are num-
bered from 1 to noOf Ar gunent s. The program nameisobtained by 1 - > ar gument s,
thefirst argument isobtained by 2 - > ar gunent s, etc.
The following example displays the number of arguments of a command line fol-
lowed by the arguments.
(# do
"This programwas called with ' -> puttext;
noCr Argunents -> putint; ' argunent(s):' -> putline;
(for i: noOr Argunents repeat
i ->argunments -> puttext; ' ' -> put;
for);
new i ne;
#)
Object Pool
The obj ect Pool is for keeping track of unique instances of patterns. A call of the
form
obj ect Pool . get (# type::< T #) -> obj[]
will return an instance of T. The first call will create an instance of T. Subsequent
calls will return this instance again. The obj ect Pool is useful in systems where
many fragments must refer to the same unique instance of a pattern T. bj ect Pool
also defines a scan operation which may be used for scanning the objects in the pool.
For more operations, please consult the interface descriptions | ater.
Concurrency
systemEnv The current version of the Mjginer BETA System includes an experimental imple-

mentation of concurrency. The complete environment for concurrency is defined in
the systentnv library, described in a later chapter. However, some concurrency
facilities are necessarily defined in the bet aenv library. Please refer to the later
chapter on the syst enEnv library for details.
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External Language Interface

Betaenv contains the short I nt, external and cStruct patterns for interfacing into  External and
facilities written in other languages, such as C and Pascal . Please refer to the later  cStruct
chapter on the ext er nal library for details.

1.7 Interface Description for the
betaenv Library

BODY ' privat e/ bet aenvbody' ;

(*

* COPYRI GHT

* Copyright (C Molner Informatics, 1984-96

* Al rights reserved.

*

* This fragnent inplenents the very basic patterns, utilized by nost
* BETA prograns

)

-- betaenv: descriptor --
(# <<SLOT lib: attributes>>;
RS I Sk S b O Sk I R R R SR bk I Sk I S R R Sk I Sk S S Rk I Sk S S
(* The sinple patterns for sinple values and variables. These
* sinple patterns are treated special by the conpiler
*
)
integer: (* 32 bit signed long *) (# #);
shortint: (* 16 bit unsigned half *) (# #);
char: (* 8 bit unsigned byte *) (# #);
bool ean: (* 8 bit unsigned byte, values 0 or 1 *) (# #);
fal se: boolean (* 8 bit unsigned byte with value 0 *) (# #);
true: boolean (* 8 bit unsigned byte with value 1 *) (# #);
real: (* double precision floating point number *) (# #);
object: (* General superpattern *)
(# struc: (# R ##object do TOS ThisS ->R## exit Ri## #);
do | NNER obj ect
#);

(* The following patterns define 'real' patterns corresponding to

* the predefined sinple patterns

*

i ntegerVal ue: (# value: @nteger do I NNER integerVal ue exit value #);
i nteger Gbj ect: integerValue(# enter value do | NNER i nteger Obj ect #);
charVal ue: (# value: @har do I NNER charVal ue exit value #);
char Qoj ect: charVal ue(# enter value do | NNER char Cbj ect #);

bool eanVal ue: (# val ue: @ool ean do | NNER bool eanVal ue exit val ue #);
bool ean(bj ect: bool eanVal ue(# enter val ue do | NNER bool eanChj ect #);
trueQoj ect: bool eanObj ect (# do true->val ue; I NNER trueChject #);

fal seCbj ect: bool eanhject(# do | NNER fal seChj ect #);

real Value: (# value: @eal do INNER real Val ue exit val ue #);
real Obj ect: real Value(# enter value do I NNER real Obj ect #);

(**** I nplenentation dependent constants ****x*xxkkkkxkkrkrkkrdkrrk)

max|l nt: integerValue(# ... #);
mnlnt: integervalue(# ... #);
maxReal : real Value(# ... #);
m nReal : real Value(# ... #);

infReal: (* Returns the real value '"Infinity' *)
real Value(# ... #);
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(***** FunCtlona| patterns ***************************************)

mn: (* Returns the mnimumof 2 integers *)
(# a,b: @nteger
enter (a,b)
do (if (a <b) then a->b if)
exit b
#);
max: (* Returns the maxi mumof 2 integers *)
(# a,b: @nteger
enter (a,b)
do (if (a < b) then b->a if)
exit a
#)
abs: (* Returns the absolute value of an integer *)
(# n: @nteger
enter n
do (if (n < 0) then -n->n if)
exit n
#);

(*****  Sinple standard i nput/output patternsg ****xxkkkxskdkkxskkrxkkx)
keyboard, screen: “stream

get: (# ch: @har; getC. @keyboard.get do getCG>ch exit ch #);

put: (# ch: @har; putC @creen.put enter ch do ch->putC #);

newl i ne: screen.new ine(# #);

putint: screen.putint(# #);

getint: keyBoard.getint(# #);

puttext: (# t: "text; putT: @creen. puttext

enter t[]
do t[]->putT
#)

putline: screen.putline(# #);

get NonBl ank: keyBoar d. get NonBl ank(# #);

scanAt om keyBoard. scanAtom(# do | NNER scanAt om #) ;

get Atom (# t: "text; getA: @eyBoard.getAtomdo getA->t[] exit t[] #);
getline: (# t: "“text; getL: @eyBoard.getline do getL->t[] exit t[] #);

(***** Control patterns ******************************************)

forTo: (* for "inx'" in [low high] do I NNER forTo *)
(# low, high, inx: @nteger;
enter (low, high)

#);

cycle: (* Executes |INNER forever *)
(# ... #);

| oop:

(# whil e:< bool eanVal ue(# do true->value; I NNER while #);
until: < bool eanVal ue;
whi l econdi tion: @il e;
untilcondition: @ntil;

#);
qua:
(* Pattern replacing the BETA | anguage construct QUA. To be
* used as '"tl[]->qua(# as::< Tn #)->t2[]'. The 'qua' pattern
* checks, whether '"t1' is qualified by "Tn'. If not, the

* '‘quaError' exception is invoked. Oherw se, a reference
* qualified by "Tn', and referring to the same object as "t1[]"'
* is referring, is returned.
*
(# as: < object; R "object; thisChj: "as;
quaError: < exception

(# do 'Qualification error'->nmsg. append; | NNER quaError #)

enter R[]



Interface Description for the betaenv Library 15

exit thisObj[]
#) ]

(***** St ream patter ns *******************************************)

stream
(# <<SLOT streanlib: attributes>>;
I ength: < integerValue (* returns the length of TH S(strean) *)

(#
do -1->value; INNER | ength
#)
position: (* current position of TH S(stream *)
(#

enter setPos
exit getPos
#) ]
eos: < (* returns "true' if TH S(stream) is at end-of-stream*)
bool eanVal ue;
reset: (* sets 'position' to zero *)
(#
do O->set Pos
exit THI S(stream|[]
#)
peek: < (* | ooks at the next character of THI S(stream *)
(# ch: @har
do | NNER peek
exit ch
#) ]
get:< (* reads a character from TH S(stream *)
(# ch: @har
do | NNER get
exit ch
#) ;
get NonBlI ank:
(* Reads first non-whitespace character from TH S(streamn
* |If called at end-of-streamthe character 'ascii.fs' is
* returned
*
(# ch: @har;
ski pbl anks: @canWhi t eSpace;
t est ECS: @CS
get Ch: @et;
exit ch
#) ]
getint: integerVal ue
(* Reads an integer: skips whitespace characters and
* returns the following digits.

*

* See nunberio.bet for nore numerical output operations

*

(# syntaxError: < streanException

(#
do 'getint: syntax error - |looking at: "'->nsg.append;
peek->nsg. put; '"'->nsg.putline; | NNER syntaxError

#)

geti: @..
do geti
#) ;
get Atom <

(* Returns the next atom (i.e. sequence of non-white
* characters - skipping | eadi ng bl anks)

*

(# txt: "~text;

do &text[]->txt[]; | NNER get At om

exit txt[]
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#),
getline: <
(* Reads a sequence of characters until nl-character
* appears and returns the characters read.
*
)
(# txt: ~text;
do &text[]->txt[]; INNER getline
exit txt[]
#)
asl nt:
(* converts THI S(text) to an integer value, ignoring
* |leading and trailing whitespace. See nunberio.bet for
* nmore nunerical conversion operations.
*
(# i: @nteger;
syntaxError: < streanException
(# peekCh: @har
ent er peekCh

do 'aslnt: syntax error - |looking at: "'->nBg.append;
peekCh->nsg. put; '"'->nsg. put;
I NNER synt axError
#)
exit i
#);
put:< (* wites a character to THI S(stream) *)
(# ch: @har
enter ch
do | NNER put
exit TH S(stream|[]
#)
newine: (* wites the nl-character *)
(#

do ascii.new i ne->put
exit THI S(stream|[]
#);
putint:
(* Wites an integer to TH S(stream); The format may be
* controlled by the 'signed' , 'blankSign', 'width',
* "adjustLeft' and 'zeroPaddi ng' variable attributes.
* 'width' is extended if it is too small. Exanples:
* "10->putint' yields: '10'; '10*pi->putint(# do 10->wi dth;
* true->adjustlLeft #)' yields: "10 '; and '10->putint(# do * 10-
>Wi dt h; true->zeroPadding #)' vyields: '0000000010

*

* See nunberio.bet for nore nunerical output operations
*
(# n: @nteger;
si gned: @ool ean
(* If integer is positive, a '+ wll always be
* di spl ayed
*);
bl ankSi gn: @ool ean
(* If integer is positive, a space is displayed as
* the sign. Ignored if 'signed=true
*),
wi dt h: @ nt eger
(* Mnimumw dth *);
adj ustLeft: @ool ean
(* Specifies if the nunber is to be aligned left or

* right, if padding of spaces is necessary to fill up
* the specified wdth.
*),

zer oPaddi ng: @ool ean
(* width is padded with | eading zero instead of
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* spaces. Ilgnored if 'adjustLeft=true
*),
format: < (# do I NNER format #);
puti: @..
enter n

do 1->width; format; |INNER putint; puti
exit THI S(stream|[]
#) ]
puttext:< (* Wites a text to TH S(stream. *)
(# txt: ~text
enter txt[]
do (if txt[]<>NONE then INNER puttext if)
exit THI S(stream|[]
#) |
putline:
(* "puttext' followed by 'newl ine *)
(# T: ~text; putT: @uttext; newL: @ewine
enter T[]
do T[]->putT; newL
exit THI S(stream|[]
#) ]
scan:
(* Scan chars fromcurrent position in TH S(strean) while
* "(ch->while)=true'; performINNER for each char being

* scanned

*

(# while:<
(# ch: @har; value: @ool ean
enter ch

do true->val ue; I NNER while
exit val ue
#) ]

ch: @har;

whi | econdition: @hil e;

t est ECS: @ECS;

get Peek: @eek;

get Ch: @et;

exit THI S(stream|[]
#) ;
scanWi t eSpace: scan
(* Scan whitespace characters *)
(# while::< (# do ch->ascii.isWiteSpace->val ue #);
do | NNER scanWi t eSpace
exit THI S(stream|[]
#);
scanAt om
(* Scan until first non-whitespace char. Scan the next
* sequence of non-whitespace chars. Stop at first
* whitespace char. For each non-whitespace char an | NNER

* is perforned. Usage: 'scanAtom(# do ch-><destination> #)
*

(# ch: @har;
ékit THI S(stream [ ]
#),

scanToN :

(* Scan all chars in current line including newine char *)
(# ch: @har; getCh: @et;

exit THI S(stream|[]

#) ]
streamExcepti on: exception

(# do I NNER st reankException #);
ECSerror: < streankException
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#);

(* Raised from'get' and 'peek' when attenpted to read past
* the end of the stream
*
(#
do 'Attenpt to read past end-of-stream ->nsg. putline;
I NNER ECSer r or
#);
ot herError: < streanException
(* Raised when sone other kind of streamerror apart from
* the one mentioned above occurs.
*);
getPos: < (* returns current position of TH S(Stream *)
i nt eger Val ue;
setPos: < (* sets current position in TH S(stream) to 'p' *)
(# p: @nteger
enter p do | NNER set Pos
exit THI S(stream|[]
#)
(* pattern stream *)

(***** Text pattern **********************************************)

text:

(*

*
*
*
*
*
*
*

(#

stream
A text is a sequence of characters. Let 'T: @ext'. The

range of 'T" is '"[1, T.length]'. A text can be initialized by
executing 'T.clear' or by assigning it another (initialized)
text. A text-constant has the form'foo'. The 'text' pattern
is primarily intended for small texts but there is no upper
l[imt in the size. However, nobst of the operations becones
less efficient with |arger texts.

<<SLOT textLib: attributes>>;

length::< (* Returns the length of THI S(text) *)
(# do | gth->val ue #);
eos: ! <(# ... #);
enpty:
(# exit (lgth =0) #);
clear: (* Sets the length and position of TH S(text) to zero *)
(#
do 0->pos->lgth
exit TH S(text)][]

#);

equal : bool eanVal ue
(* Tests if THI S(text) is equal to the entered text. |If
* 'NCS' is further bound to 'trueCbject', the comnparison
* will be done Non Case Sensitive.

*

(# txt: ~text;
NCS: < bool eanOhj ect
enter txt[]

#):
equal NCS: equa
(* As 'equal', except the the conparison will be done Non

* Case Sensitive
*
(# NCS:: truenject #);
| ess: bool eanVal ue
(* Tests whether the entered text 'T1[1l: length]' is |less
* than 'TH S(text)[1: Ti1.length]'. The | exicographica
* ordering is used.
*
(# T1. "text
enter TI1[]

#);



Interface Description for the betaenv Library 19

greater: bool eanVal ue
(* Tests whether the entered text 'T1[1: length]' is
* greater than 'THI S(text)[1: Tl.length]'. The

* | exi cographi cal ordering is used.
*

(# T1. "text
enter TI1[]
#):

peek: : <

(* Returns the character at current position; does not
* update 'position
*
)
(# ... #);
get:: <
(* Returns the character at current position; increments
* 'position
*
(# ... #);
i nxCGet: char Val ue
(* Returns the character at position
(# i: @nteger;

i)

iget: @..
enter i
do iget

#) ;
get Atom : <
(* Returns the next atom (i.e. sequence of non-white
* characters - skipping | eadi ng bl anks)
*
(# ... #);
getline:: <
(* Reads a sequence of characters until nl-character
* appears and returns the characters read.
*
(# ... #);
put::<
(* wites the character 'ch' at current position in
* THI S(text); increnents 'position
*

(# ... #);
i nxPut :
(* Replaces the character at position
(# ch: @har;
i: @nteger;
iput: @..
enter (ch,i)
do i put
exit THI S(text)][]
#) ]
puttext::<(# ... #);
append:
(* Appends a text to THI S(text); does not change 'position

it *)

(# T1. "text
enter TI1[]

exit TH S(text)][]
#)
pr epend:

(* Inserts the text in 'T1" in front of TH S(text); updates
* current position to 'position+Tl.length' if 'position>0
*

(# T1. "text

enter TI1[]
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exit TH S(text)[]
#);
i nsert:

(* Inserts a text before the character at position '"inx'.
* Note: inx<l neans inx=1; inx>length nmeans inx=length+1
* | f '"position>=inx' then 'position+Tl.|ength->position'.
*

(# T1: "text;

i nx: @ nteger
enter (T1[],inx)

exit TH S(text)[]

#)
del et e:
(* Deletes THI S(text)[i: j]; updates current position:
* i <=position<j => i-1->position
* j <=position => position-(j-i+1)->position

*

(#1,)]: @nteger;

deleteT: @..
enter (i,j)
do del eteT
exit THI S(text)[]
#),
makeLC. (* Converts all characters to | ower case *)
(# ...
exit TH S(text)[]
#)
makeUC
(* Converts all characters to upper case *)
(# ...
exit TH S(text)[]
#)
sub:

(* Returns a copy of THI S(text)[i:]
* adjusted to 1. If "j>length', ']
* "length'. |If (after adjustnent)
* returned.
*
(#1,)j: @nteger; T1: "text;
subl: @..
enter (i,j)
do subl
exit T1[]
#);
copy:
(# T1:. "text;
copyl: @..
do copyl
exit T1[]
#);
scanAl | :
(* Scans all the elenents in TH S(text). For 'ch' in '[1
* THI S(text).length]' do I NNER
(# ch: @har
do (for i: Igth repeat T[i]->ch; INNER scanAll for)
exit TH S(text)[]
#);
find:
(* find all occurrences of the character 'ch' in
* TH S(text), executing |NNER for each occurrence found,
* peginning at ' TH S(text).position'. 'inx'" will contain
* the position of each 'ch' in THI S(text). [If '"NCS is

1. If ti<l', 'i' s
' is adjusted to
"i>', an enpty text is
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* further bound to 'trueCbject', the conparison wll be

* done Non Case Sensitive. |If '"from is further bound, the
* search will begin at position 'from.
*

(# ch: @har;
i nX: @ nteger;
NCS: < bool eanObj ect ;

from< integerObject(# do pos->value; |INNER from #)
enter ch

exit THI S(text)[]

#)
findAll: find
(* As 'find, except that the entire text will be searched.
* Replaces 'findCh' in previous versions of betaenv (vl1.4
* and earlier)
*
(# from: (# do 0->value #)
do I NNER findAll
#) ;
findText:
(* find all occurrences of the "txt' in TH S(text),
* executing I NNER for each occurrence found, beginning at
* "TH S(text).position'. 'inx'" will contain the position
* of the first character of each occurrence found
* TH S(text). |If "NCS is further bound to 'trueCbject',
* the conparison will be done Non Case Sensitive. |If
* "from is further bound, the search will begin at
* position 'fronm.
*
(# txt: “text;
i nX: @ nteger;
NCS: < bool eanObj ect ;
from< integerQbject(# do pos->val ue; |INNER from #)
enter txt[]
exit THI S(text)][]
#) ;
findTextAl'l: findText
(* As '"findText', except that the entire text will be
* searched
*
(# from: (# do 0->value #)
do I NNER fi ndText Al |
#) ]
ext end:

(* Extend THI S(text) with 'L'" (undefined) chars. Notice
* that it is only the representation of the THI S(text),
* that is extended, the 'length' and 'position' are not
* changed.
*
(# L: @nteger
enter L do L->T. extend
exit THI S(text)][]
#)

i ndexError: < streanException
(* Raised from' Check' when the index goes outside the
* range of the text. Message: "lIndex error in text!".
*

(# inx: @nteger

enter inx
#);
ECSerror:: <

(* Raised from'get' and 'peek’ when the end of the streamis
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* passed
*)
(# . #);

otherError::<
(* Raised when an error other than the Index-/EGSerror

* occurs.
*
(# ... #);
setPos::<(# ... #);
get Pos: : <(# do pos->val ue #);
(* Private attributes: !'1OBS!'! The 3 attributes 'T', 'lgth

* and ' pos' declared bel ow MUST be the first data itens
* declared in '"stream and 'text' since their addresses are
* hardcoded into the conpiler
*
T: [16] @har;
I gth,pos: (* 16 is default size *) @nteger;
setT: (# enter T do T.range->| gt h->pos #)
enter setT
exit T[1: lgth]
#) (* Pattern text *);

(***** ASCI| character constants and attributes ******x*x&kxkkxkxkx)
ascii: @

(# <<SLOT asciilLib: attributes>>

nul: (# exit 0 #);
soh: (# exit 1 #);
stx: (# exit 2 #);
etx: (# exit 3 #);
eot: (# exit 4 #);
enq: (# exit 5 #);
ack: (# exit 6 #);
bel: (# exit 7 #);

bs: (# exit 8 #);
ht: (# exit 9 #);
nl: (# exit 10 #);
vt: (# exit 11 #);
np: (# exit 12 #);
cr: (# exit 13 #);
so: (# exit 14 #);
si: (# exit 15 #);
dle: (# exit 16 #);
dcl: (# exit 17 #);
dc2: (# exit 18 #);
dc3: (# exit 19 #);
dcd: (# exit 20 #);
nak: (# exit 21 #);
syn: (# exit 22 #);
eth: (# exit 23 #);
can: (# exit 24 #);
em (# exit 25 #);
sub: (# exit 26 #);
esc: (# exit 27 #);
fs: (# exit 28 #);
gs: (# exit 29 #);
rs: (# exit 30 #);
us: (# exit 31 #);
sp: (# exit 32 #);
capA: (# exit 65 #);
smalla: (# exit 97 #);
del: (# exit 127 #);
new i ne: @har; (* either '"If" or 'cr' *)

init: ...;
upCase: @har Qbj ect
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(# ... #);

| owCase: @har Obj ect
(# ... #);

t est Char: bool eanVal ue
(# ch: @har
enter ch
do I NNER t estchar
#) |

i sUpper: @ est Char
(# ... #);

i sLower: @ est Char
(# ... #);

isDigit: @estChar
(# ... #);

isLetter: @ estChar
(# ... #);

i sSpace: @ est Char
(* True if "ch' in sp,cr,nl,np,ht,vt *)
(# ... #);

i s\Wi t eSpace: @ est Char
(* True if '"ch' is a whitespace char *)
(# ... #);

private: @..

#)

(***** EXCGptIOﬂ Patterns ****************************************)
st op:

(* Termi nates program execution: 'termCode=nornal': normal
term nation; 'ternCode=failure' : abnormal term nation;
"termCode=failureTrace' : abnornal termnation with trace of
run-tinme stack on dunp-file; 'T" will be printed on the
screen.

* Ok Ok *

*

(# termCode: @nteger; T: “text
enter (termCode, T[])
do ...
#);
normal : (# exit 0 #);
failure: (# exit -1 #);
failureTrace: (# exit -2 #);
exception:
(# <<SLOT exceptionLib: attributes>>;
nsg:
(* append text to this 'nsg' vatiable to specify the
* exception error nessage for this(exception)
*
)
@ ext ;
conti nue: @ool ean
(* the valur of this variable determnes the control-fl ow
* behavi our of this(exception):

* true: continue execution after exception
* false: terminate execution by calling 'stop'; default
*) .

propagat e: <
(* if further bound to trueCbject, this(exception) allows
* propagation (i.e. this(exception will _not_terminate)

bool eanVal ue;
error:
(* used to define | ocal exception conditions which can be
* handl ed separately. Al 'error's that are not handl ed
* separately will be handl ed by this(exception)
*
(# <<SLOT errorLib: attributes>>
do fal se->conti nue;
I NNER;
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"***x Frror processing' ->nsg.prepend;
(if not propagate and not continue then this(exception) if)
exit propagate
#)
notify: error
(* used to define local notification conditions which can be
* handl ed separately. Al 'notify's that are not handl ed
* separately will be handl ed by this(exception)
*
(# do true->continue; INNER #);
ternCode: @ nteger
(* Arg. to pattern '"stop'; initial failureTrace *);
do fail ureTrace->t er nCode;
| NNER excepti on;
(if not continue and not propagate then
"***x Fxception processing' ->nmsg. prepend;
(ternCode, msg[])->stop
if)
#),
notification: exception
(# do true->continue; INNER notification #);
(***** (1)] ect Pool ***********************************************)
obj ect Pool : @
(# <<SLOT objectPool Lib: attributes>>;
get:
(# type: < object;
obj: “type
exact : < bool eanVal ue;
init:< object(* Called if an object was created *)

exit obj[]
#);
strucCet:
(# type: ##object;
obj: "object;
exact: < bool eanVal ue;
init:< object(* Called if an object was created *);
enter type##

exit obj[]
#);
scan:
(* Scan through all objects in 'objectPool', (at |east)
* qualified by 'type'
*
(# type: < object;
current: “type;
exact: < bool eanVal ue;
#);
strucScan:
(* Scan through all objects in 'objectPool', (at I|east)
* qualified by 'type'
(# type: ##object;
current: ”“object;
exact: < bool eanVal ue
enter type##

#);
put :
(* Puts a given object into 'objectPool'. If an object with
* (at least) the qualification of the given object is
* already present in 'objectPool', the exception

* "alreadyThere' is raised.
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*

(# obj: ~object;
exact : < bool eanVal ue;
al readyThere: < excepti on;
puthj: @..

enter obj[]

do put Obj

#) ]

private: @..;
#);

(***** Corrrrand Ilne argurrents ************************************)
noCr Argunents: i nt egerval ue

(* Return the nunber of argunents on command |ine *)

(# ... #);
ar gunent s:

(* Returns argunent nunber argNo.

* Nunmber 1 is the program nane, nunber 2 is the first program
* argunent, etc.

*
(# argNo: @nteger; theArg: “text;
enter argNo

exit theArg[]
#)
R R I b I S R b R b b b b I I R R b I b S R R R I b I R I I R b S I
(* External |anguage interface: See file '"external.bet' for further
* patterns.
*)
ext ernal :
(* I's only neaningful with interface to externals *)
(# call C, call Pascal , pascal , pascal Trap, cal | Std,
cExt ernal Entry, pascal Ext ernal Entry, st dExternal Entry: @ ext
#) ;
cStruct: (* Super-pattern for describing cStruct-patterns *)
(# <<SLOT cStructLib: attributes>>;
R [(byteSize-1) div 4 + 1] @nteger;
byt eSi ze: < i nt eger (bj ect
(* "R is the bytestreamcontaining TH S(cStruct). Mist be
* declared as the first attribute

*);
chkBounds: < (* Nunber of bytes in TH S(cStruct) *)
(# inx: @nteger; continue: @ool ean
enter inx
do (if ((inx <0) or (Rrange*4 < inx)) then
I NNER chkBounds;
(if not continue then
(failureTrace,'Index error in cStruct')->&stop
if)
if)
#)
#) ]
dat a:
(* The 'data' pattern may be used for definining sinple data
* objects. Data-objects have no 'type' information. They can
* thus NOT be allocated dynamically in the BETA heap. They do * not have
the overhead of extra attributes used for virtua
* di spatch and garbage collection. One main use of data-objects
* is as interface to external data such as 'cstruct'. For
* details see the nmanual s

*

(# #);
doGC:. (* will force a garbage collection to happen *)
(# ... #);

program (* descriptor executed by this environment *)
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t heProgram | program
t heSchedul er: | obj ect
(* Scheduler installed by 'basicSysteneEnv' (if used in progran) *);
khkkkhhkkkhhhkhkkhhhkhhhhdhhhdhkddhhhdhddhhddhdxddhddhdxddhddhdxddhx*ddx*dhx*dx*%
(* The followi ng patterns are only used by the conpiler and should
* NOT be used for other purposes.
*
)
repetition:
(# range: (* Returns the range of THI S(repetition) *)
(# n: @nteger
exit n
#);
new.
(* Allocates a new repetition of 'n' elements. The previous
* elements in TH S(repetition) becone inaccessible
* hereafter
*
(# n: @nteger
enter n
#)
ext end:
(* Extends THI S(repetition) by 'n' elenents. The existing
* elenents are retained. The new el enents are all ocated
* after the existing elenents (i.e. with index fromthe
* 'range+l')
*
(# n: @nteger
enter n
#)
#)
errorNane: (# #)

(******************************************************************)
do ...;
& prograni]->thePrograni];
t hePr ogr am
(i f theSchedul er[]<>NONE t hen t heSchedul er if);

#)
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This library provides mathematical patterns. trigonometric, hyperbolic, exponential
and logarithmic, floating point manipulation, and miscellaneous constants.

2.1 Using the math Fragment

A program using the mat h fragment will have the following structure:
| NCLUDE ' ~bet a/ basi clib/v1l.5/ math

--- program descriptor ---
(# ...

r.: @eal;
do ...
1.234 -> sin ->r;

#)

2.2 Interface Description for the math
Library

ORIA N ' betaenv';

(*
* COPYRI GHT
* Copyright (C) Molner Informatics, 1984-96
* Al rights reserved.
*
* Mat h. bet: mathematical functions
*
* This library provides mat hematical patterns: trigononetric,
* hyperbolic, exponential and logarithmc, floating point
* mani pul ati on and ni scel | aneous constants.
*)

--- LIB: Attributes ---

(* m scellaneous constants *)

e: (# Exit 2.7182818284590452354 #);
log2e:  (# Exit 1.4426950408889634074 #);
| ogl0e: (# Exit 0.43429448190325182765 #);
| n2: (# Exit 0.69314718055994530942 #):
| n10: (# Exit 2.30258509299404568402 #):
pi : (# Exit 3.14159265358979323846 #);

27
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pihal f: (# Exit 1.57079632679489661923 #):
piforth: (# Exit 0.78539816339744830962 #);

(* trigononetric functions *)

acos: external

(* returns the arccosine of x in radians, in the range 0 to pi. |If
* x is a NaN (Not-a-Nunber) or if the absolute value of x exceeds
* 1.0, acos(x) returns a NaN. Invalid operation/DOVAIN error is

* signaled if x is a NaNor if |x|] > 1.0.

*

(# x,res: @real

enter Xx
exit res
#);

asi n: external
(* returns the arcsine of x in radians, in the range -pi/2 to pi/2.
* If x is a NaNor if the absolute value of x exceeds 1.0, asin
* returns a NaN. Invalid operation/DOVAIN error is signaled if x
* isaNaNor if [x] > 1.0.

*

(# x,res: @veal

enter X
exit res
#);

atan: externa
(* returns the arctangent of x, in the range of -pi/2 to pi/2
* radians. If x = +-infinity, then atan(x) returns +-pi/2. |If x
* is + 0, then atan returns x. If x is a NaN, then atan returns a
* NaN. An invalid operation/DOVAIN error is signaled by atan only
*if x is a NaN

*

(# x,res: @real

enter x
exit res
#)

atan2: externa
(* returns the arctangent of y/x in radians, in the range -pi to
* pi, using the signs of both argunents to determ ne the quadrant

* of the return val ue

*

* |f xisaNaNor if yis aNaNor if both x and y are infinities,
* atan2 returns a NaN. |If both x and y are zero, atan2 returns

* zero. Invalid operation/DOVAIN error is signaled by atan2 if

*

both x and y are infinite or if either x or y is a NaN
*
(# y,x,res: @real
enter (y,X)
exit res
#):
cos: externa

(* computes the cosine of x, where x is expressed in radians.

*

* The cos function uses an argunent reduction based on the

* remai nder function and pi. The cos function is periodic with

* respect to pi, so its period differs slightly fromits

* mat hemati cal counterpart and diverges fromits counterpart when
* the argument becones very | arge

*

* |f xis infinite or a NaN, then cos returns a NaN and signals

*

i nval i d/ DOVAI N error.
*

(# x,res: @real

enter x

exit res
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#);
sin: external
(* conputes the sine of x, where x is expressed in radians.
*
* The sin function uses an argunment reduction based on the
* remai nder function and pi. The sin function is periodic with
* respect to pi, so its period differs slightly fromits
* mat hematical counterpart and diverges fromits counterpart when
* the argunment becones very |arge
*
* |f x is infinite or a NaN, then sin returns a NaN and signals
* i nval i d/ DOVAI N error
*
(# x,res: @real
enter X
exit res
#)
tan: externa
(* conputes the tangent of x, where x is expressed in radians.

* Ok Ok Ok F 3k

*
(#
ent
exi
#);

The tan function uses an argunent reduction based on the

remai nder function and pi The tan function is periodic with
respect to pi, so its period differs slightly fromits

mat hemati cal counterpart and diverges fromits counterpart when
t he argunent becones very |arge

X, res: @eal;
er X
t res

(* hyperbolic functions *)

cosh:
*
(*
*

*

(#
ent

ext er nal
returns the hyberbolic cosine of x.

If x is a NaN, cosh returns a NaN

X, res: @eal;
er X

exit res

#);
si nh:
(*
*
*
*

ext er nal
returns the hyberbolic sine of x.

If x is a NaN, sinh returns a NaN

(# x,res: @real

ent

er X

exit res

#);
t anh:
(*

*

ext er nal
returns the hyberbolic tangent of x.

If x is a NaN, tanh returns a NaN

(# x,res: @real

enter x
exit res
#);

(* exponential and logarithmic functions *)

exp:

ext er nal

(* returns the base-e or natural exponential e”"x.
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*

* Special cases for exp:

*

* |f x = +infinity, then exp returns +infinity and does not signa
* an exception. If x = —infinity, then exp returns 0 and does not
* signal an exception. If x is a NaN, then exp returns a NaN

*

(# x,res: @real

enter Xx
exit res
#);

| dexp: externa
(* returns the quantity x * 2%exp. *)
(# x,res: @real
exp: @ nteger;
enter (X, exp)
exit res
#);
| 0og: externa

(* returns the base e or natural logarithmof its argunent Xx.

*

* Speci al cases for |og:

*

* |f x is +infinity, then log returns +infinity and signals no

* exceptions. If x is 0, then log returns -infinity and signals
* divide-by-zero. If x <0, then log returns a NaN and signal s
*

i nval i d/ DOVAI N error.

*

(# x,res: @real

enter X
exit res
#)

| 0g10: externa
(* returns the base 10 |l ogarithm of x.
*
* |f xis a NaN or is negative, loglO returns a NaN. If x is
* +infinity, 10ogl0(x) returns +infinity. |If x is zero, |ogl0
* returns -infinity and signals divide by zero/ SING error
*

(# x,res: @real

enter X
exit res
#);

(* floating point nmanipulation *)

nodf: externa
(* returns the fractional part of x and stores the integral part
* indirectly in the location pointed to by ipPtr. Both the return
val ue and the value stored in ipPtr share the sane sign as x.

*
*
* If xis infinite, nmodf returns a zero with the sign of x and sets
* ipPtr to x. If x is a NaN, nod returns a NaN and sets ipPtr to
* the same NaN.
*
(# x,res: @real
i pPtr: @nteger;
enter (x,ipPtr)
exit res
#);
pow. externa
(* returns x"y *)
(# x,y,res: @real
enter (Xx,Yy)
exit res
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#) ]

sqrt: external
(* conputes the square root of x.
*

Speci al cases for sqrt:

x is aNaNor if x <0, sqrt returns a NaN and signals invalid

*

*

* |f x is a NaN, sqrt returns a NaN and signals no exceptions. |If
*

* operation/ DOVAIN error.

*

(# x,res: @real;
enter x
exit res
#) ]
ceil: external

(* returns the smallest integer value (in real format) not |ess
* than x.

If x is a NaN, ceil returns a NaN. If x is infinite, ceil
returns x. Invalid operation is signaled by ceil if x is a NaN.
If x is a non-integral finite value, ceil signals inexact

* Ok * *

*

(# x,res: @real;
enter x
exit res
#) ]
fmin: (* Returns the mininumof 2 reals *)
(# a,b: @eal
enter (a,b)
do (if (a <b) then a->b if)

exit b
#) ]

fmax: (* Returns the nmaxi numof 2 reals *)
(# a,b: @eal

enter (a,b)
do (if (a < b) then b->a if)
exit a
#) |
fabs: external
(* returns | x|, the absolute value of x *)
(# x,res: @real;

enter x
exit res
#);

floor: external
(* largest integer value (in real format) not greater than x.
*

* If x is a NaN, floor returns a NaN. If x is infinite, floor
* returns X. Invalid operation is signaled by floor if x is a NaN
*

If x is a non-integral finite value, floor signals inexact.
*

(# x,res: @real;

enter x
exit res
#);

fnod: external
(* VWhenever possible, the fnod pattern returns the nunber f with
* the sane sign as x, such that x =i*y + f for sone integer i, and
* |f] < |y|. If yis O, fnod returns a NaN.
*
)

(# x,y,f: @Real;
enter (X,Y)
exit f

#);



Chapter 3 The numberio
Library

Based integers Nunberi o is a library for reading and writing numerals (integers, based integers,
and reals radix integers, and reals). The format of these numerals corresponds directly to the
format of these numerals as defined by the BETA language (except for radix integers
that are not supported by the BETA language). Nunberio aso contains a general
get Nunber operation, that is able to read any numeral, and return the proper value

read
Grammar for The following grammar defines the exact syntax of the numerals:
getNumber N::= D+ int 314
operation | D+'.' D+ r eal 3.14
| D+'.' D+ 'E E real 3. 14E8
real 3. 14E+8
real 3. 14E- 8
| D+ 'E E real 3E8
real 3E+8
real 3E-8
| D+'X (DL)+ based 2X0101
based 8x0845
based 16xAF12
| (DL)+ radi x AF12
D::="'0" | | "9
L::="A | | 'z
E::.= D+
| '+ Dt
| '-' D+

Integer examples: 10, 0, 123.
A based integer has the form <base>X<nunber >. Examples are:
2X101 base=2, number=4*1+2*0+1*1=5
8X12 base=8, number=8*1+1*2=10
16x2A1  base=16, number=256*2 + 16*10+ 1*1 =673
0x2A1 base=16, i.e. base=0 is interpreted as base=16
Examples of reals are:
3. 14, 3. 14E- 8, 3E+8.
All letters may be in lower or upper case.

The various read and write operations contain several facilities for controlling the
read and write. Please consult the interface description later for details.
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3.1 Using the numberio Fragment

A program using the nurber i o fragment will have the following structure:

I NCLUDE ' ~bet a/ basi cl i b/v1. 5/ nunberio
program descriptor ---
(# ...
r: @ eal
do ...
getReal -> r;

#)

Reading numbers from standard input

The following example illustrates using numberio to read general numerics, as well

as based, integer and reals from keyboard.

ORIG N ' ~bet a/ basi cli b/vl. 5/ nunberi o'
--- program descriptor ---
(#
do L: (#
do 'Enter a genera
get Nunber
(# valueError::<
(# do msg[]->screen. putline;
syntaxError::<
(# do msg[]->screen. putline;
baseError::<
(# do msg[]->screen. putline;
i nt eger Val ue: : <
(# do '"\tlnteger='->puttext;
basedVal ue: : <
(#
do '\tBase='->puttext;
" Val ue='->puttext;
BasedVal ue=' - >put t ext;

numnber :

#);
real Val ue: : <
(#
do '\tReal =' ->puttext;
val ue- >screen. put Rea

(# format::< (# do exp->style;

#) #);
do new i ne;
#)
"Enter a based nunber:
get Based

(# valueError::< (# do nsg[]->screen. putline;
syntaxError::< (# do nsg[]->screen. putline;
baseError::< (# do msg[]->screen. putline;

do '\tBase='->puttext; b->putint;
" Val ue='->puttext; i->putlnt;
' BasedVal ue='->puttext;
#); newine;
"Enter a rea
get Rea

nunber: '->puttext;

(# valueError::< (# do nsg[]->screen. putline;
syntaxError::< (# do nmsg[]->screen. putline;

'->puttext;

NumberioDemo.bet

'->puttext;

true->conti nue #);
get; true->continue #);
true->conti nue #);

val ue->putInt #);

base->putint;
val ue->putlnt;
(base, val ue) - >put Based;

true->upcase #)

true->conti nue #);
true->continue #);
true->continue #);

(b, i)->put Based,;

true->conti nue #);
true->conti nue #);
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new i ne;

#)

#)

3.2 In
numberio Library

baseError::< (# do nsg[]->screen. putline; true->continue #);
do '\tReal =" ->puttext
#)->screen. putreal (# format::< (# do exp->style; true->upcase #

"Enter an integer nunber: '->puttext;

get | nt eger

(# valueError::< (# do nsg[]->screen.putline; true->continue #)
syntaxError::< (# do nsg[]->screen. putline; true->continue #
baseError::< (# do nsg[]->screen. putline; true->continue #);

do '\tlnteger='->puttext

#)->putlnt; newine;

restart L

terface Description for the

ORIG N ' betaenv';
BODY ' pri vat e/ nunberi oBody'

(*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

COPYRI GHT
Copyright (© Molner Informatics, 1992-96

All

rights reserved.

This fragment inplements the follow ng stream operations:

get Number * reads a nunber from THI S(stream.
* The nunber may be either an integer,
* a based nunber or a real nunber
get Based * reads a based number from THI S(stream
get Radi x * reads a based nunber from THI S(strean),
* without the 'bbx' part
getl nteger * reads an integer number from TH S(stream
get Real * reads a real nunber from THI S(stream
put Real * appends a textual rep. of a real value to
* THI S(stream
put Based * appends a textual rep. of a integer value in a
* particular to TH S(streamj. The textual
* representation in in the given base
put Radi x * as put Based, except that the 'bbx' part is
* not printed
get Hex * simlar to getRadix with radix 16, but nore efficient.
put Hex * simlar to putBased with base 16, but nore efficient.
getBinary * sinmilar to getRadix with radix 2, but nore efficient.
putBinary * simlar to putBased with base 2, but nore efficient.

put Byt eHex * |ike putHex, except that it only prints one byte.
put ByteBinary * |ike putBinary, except that it only prints one byte.

asNunber * abstract pattern for the foll owi ng asBased,
* asRadi x, and asReal operations
asBased * returns the based nunber present in
* THI S(stream
asRadi x * returns the based nunber present in
* THI S(strean), without the 'bbx' part
asReal * returns the real nunber present in
*

THI S(stream

The correspondi ng short-cuts for keyboard. get Number, etc, and
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* screen.putReal, etc. are also included in this fragnent.
*
* Since the asNumber operations does not nake sence for keyboard,
* no short-cuts are defined for these.
*
)
--- StreanLib: attributes ---
get Nunber :
(* get Number reads a nunber fromthe current position of
* this(stream.
* The nunber is either an integer (in base 10), an integer with a
* given base, or a real
* | nteger exanples: 10, 0, 123
* A based integer has the form <base>X<nunber>. Exanpl es are:
* 2X101 base=2, nunber= 4*1 + 2*0 + 1*1 = 5
* 8X12 base=8, number= 8*1 + 1*2 = 10
* 16x2A1 base=16, nunber= 256*2 + 16*10 + 1*1 = 673
* 0x2A1 base=16, i.e. base=0 is interpreted as base=16
* Exanples of reals are
* 3.14, 3.14E-8, 3E+8
* The followi ng grammar defines the exact syntax of the numbers:
*
*N::= D+ I nt 314
* | D+ '.' D+ real 3. 14
* | D+'.' D+'E E real 3. 14E8
* real 3. 14E+8
* r eal 3.14E-8
*
* | D+ 'E E real 3E8
* real 3E+8
* real 3E-8
* | 'X D] L+ based 2X0101
* based 8x0845
* based 16xAF12
*D::='0 | ... ] '9
* L= A | ... "2
* E::= D+
* | D+ '+ D+
* | D+ '-' D+
*
* Al letters may be in | ower or upper case.
* After the call, the streamis positioned
* after the first char not in the nunber.
*
(# integerVal ue: <

(* the nunmber has the form

*

X
* val ue contains the integer val ue
*)

i nt eger Val uePt n;
i nt eger Val uePt n:
(# value: @nteger enter value do | NNER #);
basedVal ue: <
(* the nunmber has the form
* bXy
* base contains the base nunber
* value contains the integer value (in base 10)
*
basedVal uePt n;
basedVal uePt n:
(# base,value: @nteger enter (base,value) do | NNER #);
r eal Val ue: <
(* the nunber has the form
* X.yEz
* | is the nunber of leading zero's iny. i.e. in
* 3.0017E-12, x=3, y=17,1=2 and z=-12
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* value contains the real value
*
r eal Val uePt n;
r eal Val uePt n:
(# x,y,1,z: @eal; value: @eal enter(x,y,!|,z, value)
do | NNER #);
syntaxError: < streanException
(# peekCh: @har
ent er peekCh
do 'get Nunber: Syntax error - looking at: "'->nsg.append;
(if peekCh = ascii.nul then 'NUL'->nsg. puttext
el se peekCh->nsg. put if);
""'->neg. put; | NNER #);
baseError: < streanException
(# base: @nteger
ent er base
do 'get Nunber: Error in base - |ooking at:
base->nsg. putlint; '"'->nsg.put; | NNER #);
val ueError: < streanmkException
(# peekCh: @har
ent er peekCh
do 'getNunber: 11l egal value type - |ooking at:
peekCh->nsg. put; '"'->nmsg. put; |NNER #);
getn: @..
do getn;
| NNER get Nunber
#) ;
get Real : get Number
(#r: @eal;
real Val ue: : < (# do val ue->r #);

do | NNER get Rea

exit r

#)

get Based: get Nunber
(# 1, b: @nteger;
basedVal ue: : < (# do val ue->i; base->b #);

do | NNER get Based

exit (b,i)

#)

get | nt eger: get Nunber

(# 1: @nteger;

i ntegerVal ue::< (# do value-> #);

do | NNER get I nt eger

exit i

#) ;

get Radi x:

(* gets a nunber in the specified radix. CGetRadix is simlar to
* get Based, except that is does NOT expect the 'bbx' prefix
*

(# radi x, value: @nteger;

radi xError: < streanException
(# radi x: @ nteger
enter radix

"' ->nsQg. append;

"' ->nBQ. append;

#)
getr: (* private *) @..
enter radix
do getr;
| NNER get Radi x
exit val ue
#);

put Based:
(* Takes a number and a base, and prints the number in that base.
* |f base is 0, base 16 is assumed, and the format "Oxnnn" is used.
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*
*
*
*
*
*
*
*
*

*

If base is negative, 1 or greater that 126, the baseError
exception is invoked.

The format is default "bbxnnnn", where "bb" is the base (in
decimal ), and "nnnn" is the nunber, printed in the base. "x"
separates the two parts. The fornmat nmay be controlled by the

si gned, bl ankSi gn, upcase, uppercase, w dth, adjustLeft,
zeroPaddi ng, noBasePrefix, baseWdth and baseZeroPaddi ng vari abl e
attributes. |If noBasePrefix is true, the "bbx" part is onmtted.

(# val ue, base: @nteger;

baseError: < streanException
(# base: @nteger
enter base

do 'putBased: Illegal base: "'->msg.append;
base->nsg. putint; '"'->nsg.put; | NNER #);

(* The format may be further controlled by the signed, blankSign
* width, adjustLeft and zeroPaddi ng variable attributes.
*width is extended if it is too small.

* Exanpl es:
* (10, 10) - >put Based
* yi el ds: '10x10'
* (2,5)->put Based(# do 10->wi dt h; true->adjustlLeft #);
* yields: '2x101
* (2,5)->put Based(# do 10->wi dt h; true->zeroPaddi ng #);
* yi el ds: '2x00000101
*
)

si gned:

(* I'f the nunber is positive, a '+ wll always be displayed
*)
@ool ean;

bl ankSi gn:

(* If the nunber is positive, a ' ' space is displayed as the
* sign. lgnored if signed=true
@ool ean;

upcase: @ool ean
(* Specifies whether an upcase 'X or a |owase
* be used in the 'bbx' part.
*);
uppercase: @ool ean
(* Specifies whether uppercase letters or |owercase letters
* are used in the 'nnnn' part (for base>9).
*),
width: (* Mnimumw dth *) @ nteger;
adj ust Left: @ool ean
(* Specifies if the nunber is to be aligned left or right,

X' is the

* if padding of spaces is necessary to fill up the specified
* wi dt h.
*),

zer oPaddi ng:
(* width is padded with | eading zero instead of spaces.
* | gnored if adjustLeft=true

*

@ool ean;

noBasePrefix: (* If true, the 'bbx' part is onmtted *)
@ool ean;

baseWdth: (* mininmun width for the 'bbx' part *)
@ nt eger;

baseZer oPaddi ng:
(* baseWdth is padded with | eading zero instead of spaces *)
@ool ean;

format: < (# do | NNER #);

putb: @..
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enter (base, val ue)
do | NNER put Based; putb

#) ;
put Real
(* Append a real to THI S(stream). The format may be controll ed by
* the style, signed, blankSign, precision, upcase, w dth,
* adjustLeft and zeroPaddi ng variable attributes
(# r: @eal

style: @ nteger
(* Controls the style, and may be one of plain, exp and noexp
* (noexp is the default)

*),

noexp: (* The notation [-]nmm dddddd is used *)
(# exit 0 #);

exp: (* The notation [-]m ddddddE[ +|-]xx is used *)
(# exit 1 #);

pl ai n:

(* Inthis style, precision is the total nunber of digits in
* the printed real (not the nunber of digits in the fraction

* as in the other styles).

*

* The exp or noexp style is used, dependent on the val ue being
* printed. Exp style is used only if the exponent is |ess

* than -4 or greater than or equal to the precision; otherw se
* the noexp notation is used. Trailing zeros are not printed
* as part of the fractional part and a decinmal point is

* printed if not followed by a digit

*

(# exit 2 #);

signed: (* If real is positive, a '+ wll always be displayed *)
@ool ean;
bl ankSi gn:
(* If real is positive, a
* | gnored if signed=true
@ool ean;
preci sion: @ nteger
(* The nunber of d's in the expressions above, default 6 *);
upcase: @ool ean
(* Specifies whether an upcase 'E or a | owcase
* be used in the exp style.
width: (* Mnimmwdth *)
@ nt eger ;
adj ust Left: @ool ean
(* Specifies if the nunber is to be aligned left or right,

space is displayed as the sign.

e is the

* i f padding of spaces is necessary to fill up the specified
* wi dt h.
*),

zer oPaddi ng:
(* width is padded with | eading zero instead of spaces.
* Ignored if adjustLeft=true
@ool ean;
(* Exampl es:
* 10*pi -> putreal
* yields: '31.415926
* 10*pi -> putreal (# do 10->w dth; true->adjustlLeft #);
* yields: '31.415926 '
* 10*pi -> putreal (# do exp->style; true->upcase #);
* yields: '3.1415926E+01'
* 10*pi -> putreal (# do exp->style; 2->precision #);
* yi el ds: '3.14e+01'
*
)



Interface Description for the numberio Library

39

format: < (# do | NNER #);

I NNER put Real ; putr

putr: @..
enter r
do 1->wi dth; 6->precision; format;
#)
put Radi x: put Based
(#
do true->noBasePrefix; | NNER put Radi x
#)
put Hex:

(* prints a hexadeci nal
* this(streanm). Similar to

* (16, X) - >put Radi x(# do true->zeroPaddi ng;

* but nore efficient.
*

)
(# x: @nteger;

putH (*private*)@..
enter x
do | NNER put Hex;
#) ]

put H

put Byt eHex:
(* prints a hexadeci nal
* unsigned word) on this(strean
(# x: @nteger;
byte: @nteger;
putBH: (*private*)@. .
enter (X, byte)

do | NNER put Byt eHex; put BH
#)
put Bi nary:

(* prints a binary representation of x (as

* this(stream). Similar to

* (2,Xx)->put Radi x(# do true->zeroPaddi ng;

* but nore efficient.
*

(# x: @nteger;

putB: (*private*)@..
enter X
do | NNER put Bi nary; putB
#)

put Byt eBi nary:

(* prints a binary representation of byte 'byte'

* word) on this(stream
(# x: @nteger;
byte: @nteger;
putBB: (*private*)@. .
enter (x, byte)
do | NNER put Byt eBi nary;
#)

put BB

get Hex:
(* reads a hexadeci nmal
* value in x (as unsigned word).
* efficient.
(# x: @nteger;
noNunber Error: < streanException
(# peekCh: @har
ent er peekCh

representation of byte 'byte'

representation of x (as unsigned word) on

8->wi dth #)

inx (as

unsi gned word) on

32->width #)

of x (as unsigned

nunber fromthis(stream) and returns the

Simlar to 16->get Radi x but nore



40 The numberio Library

do 'getHex: the nunmber begins with: "'->nmsg. append;
(if peekCh = ascii.nul then 'NUL'->nsg. puttext
el se peekCh->nsg. put if);
n Not a | egal hexadecimal digit'->nmsg. puttext;
| NNER noNumber Err or
#);
getH (*private*)...
do | NNER get Hex; getH
exit Xx
#)
get Bi nary:
(* reads a binary nunber fromthis(stream) and returns the value in
* x (as unsigned word). Simlar to 2->getRadi x but nore efficient.
(# x: @nteger;
noNumber Error: < streanExcepti on
(# peekCh: @har
ent er peekCh
do 'getBi nary: the nunber begins with: "'->nsg.append;
(if peekCh = ascii.nul then 'NUL'->nsg. puttext
el se peekCh->nsg. put if);
n Not a legal binary digit'->nmsg. puttext;
| NNER noNumber Err or
#);
getB: (*private*)...
do I NNER get Bi nary; getB
exit Xx
#),

asNunber :
(# syntaxError:< streanException
(# peekCh: @har
ent er peekCh
do 'asNumber: Syntax error - |ooking at:
peekCh- >nsg. put; '"'->msg. put;
I NNER synt axError
#),
baseError: < streanException
(# base: @nteger
ent er base
do 'asNumber: Error in base - |ooking at:
base->nsg. putint; '"'->nsQ. put;
| NNER basekErr or
#)
val ueError: < streanException
(# peekCh: @har
ent er peekCh
do 'asNunber: Illegal value type - |ooking at:
peekCh->nsg. put; '"'->nsg. put;
| NNER val ueError
#)
do reset;
I NNER asNumber ;
ScanWi t eSpace; (if not eos then peek->syntaxError if)

"' ->nBQ. append;

"' ->nsQg. append;

->nBg. append;

#);

asReal : asNumber
(#r: @ea
exit r
#);

asBased: asNunber
(# 1, b: @nteger

exit (b, i)
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#);

asRadi x: asNunber
(# radi x, value: @nteger
enter radix

exit val ue
#);

asl nt eger: asNunber
(# i: @nteger

exit |
#)

--- lib: attributes ---

get Nunmber: keyboar d. get Nunber
(# do I NNER get Nunber #);

get Real : keyboard. get Rea
(# do | NNER get Real #);

get Based: keyboard. get Based
(# do | NNER get based #);

get Radi x: keyboard. get Radi x
(# do | NNER get Radi x #);

getl nteger: keyboard. getlnteger
(# do I NNER get | nteger #);

put Real : screen. put Rea
(# do I NNER put Real #);
put Based: screen. put Based
(# do | NNER put Based #);
put Radi x: screen. put Radi x
(# do I NNER put Radi x #);

get Hex: keyboard. get Hex
(# do | NNER get Hex #);
get Bi nary: keyboard. get Bi nary
(# do I NNER getBi nary #);

put Hex: screen. put Hex
(# do I NNER put Hex #);
put Byt eHex: screen. put Byt eHex
(# do I NNER put Byt eHex #);
put Bi nary: screen. putBi nary
(# do I NNER put Bi nary #);
put Byt eBi nary: screen. put Byt eBi nary
(# do I NNER put ByteBi nary #);



Chapter 4 The formatio
Library

Formatted This library provides facilities for formatted input and output (similar to the scanf

input/output andprintf functionsin C). These facilities are implemented in the form of the get -
Format and put For mat operations that are added as stream attributes, making
formatted input and output available for any stream.

Format string Both get For mat and put For mat take atext string as argument. This text string must
contain a format specification of the input to be read from (respectively output to) the
stream. The format string may be any string, possibly with one or more embedded
markers. The markers specify the variable parts of the expected input (respectively
output), such as integer values. The markers are indicated in the string by a leading
' % . Following the' % isthe specification of the marker type.

get For mat accepts the following marker syntax:
%w dth][.[precision]]di oxXr RoBf eEgGcsn%

put For mat accepts the following marker syntax:
%+ [[O]width][.[[O] precision]]di oxXr RoBf eEgGcsn%

Asit can be seen, the marker syntax isvery similar.

Marker type Corresponding to every marker type (given by the di oxXr RoBf eEgGesn part of the
marker syntax), get For mat and put For mat defines an attribute (with the same name)
as the marker symbol — e.g. there is an attribute with the name d, corresponding to the
d marker type. Due to BETA not being case-sensitive in identifiers, the attributes
corresponding to the upper-case marker types are caled e.g. uG for upper g.

The functionality of formatted input and output can now easiest be described by
showing the following example:

(#t, s: @ext;
t heName: “text; theVal ue: integer;
do 'nane: tenperature value: 72 nane: speed value: 35 ->t;
0->t. pos;
"nane: % val ue: %l
-> t.getFormat (# do s->theNane[]; d->theValue #);
"The nane is % and the value is %l\n
-> s.put Format (# do theNane[]->s; theVal ue->d #);
"name: % value: %
-> t.getFormat (# do s->theNanme[]; d->theValue #);
"The nane is: % and the value is: %\n
-> s.put Format (# do theNane[]->s; theVal ue->d #)
#)

At the end of this program, swill contain the following text:

The nane is: tenperature and the value is: 72
The nane is: speed and the value is: 35

The get For mat and put For mat operations raise exceptions if the format specifica
tions are not satisfied.

42
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4.1 Using the formatio Fragment

A program using the f or mat i o fragment will have the following structure:

| NCLUDE ' ~beta/basiclib/vl.5/ formatio
--- program descriptor ---

(# ...

r. @eal;
do ...

"real value: %' -> putformat(# do r->e #);
#)

[llustrating putFormat

putformatDemo.bet

ORIG N ' ~beta/basiclib/vl. 5/ formatio'
--- program descriptor ---
(#
do 'string=%, integer=%, real=%\n\n'
-> put Format (# do 'abc'->s; -30->i; 3.14->f #);

' (1234567){ 12345678} [ 123456789]\ n' -> put For mat ;
(Wi ){Bi}[9Y@i]\n\n'" -> putFormat (# do 27->i; 30->i; -45->i #);

"0, W, WE" = U5, 9%, Y\ n\n'
-> putFormat (# do '27'->s; 'Hello'->s; '-45"->s #);

' 123456789 1234567890123456 12345678\ n' -> put For mat ;
''x=90. 3f, y=0%6.e, z=% 8f\ n\n’
-> put Format (# do 27.5->f; 30.5->e; -45.5->f #);
1234567890 1234567890 12345678\ n' -> put For mat ;
"x=0%.*f,y=06. 2e, z=98. *f\ n\n'
-> put Format (# do 10->wi dth; 3->precision; 27.5->f; 30.5->e; -45.5->f #);

#)

[llustrating getFormat

ORIG N ' ~beta/basiclib/vl. 5/ formtio' getformatDemo.bet

--- program descriptor ---
(#11, i2, i3, i4, i5 @nteger;
sl, s2: "text;
rl, r2, r3: @eal;
chr: @har;
t, fnt: ~text;
do ' 123, %56, 789 JorgenLKnudsen 1.2,2+2=43.45, 67.89 abc, 101, 0x101, 0101,
101xxx' ->t[];
0->t. pos;

"input:\t"9%"\n\n'" -> putFormat(# do t[]->s #); new i ne;
"% ,%86, %' ->fm[] ->t.getFormat(# do i->i1l; i->2; i->3 #);
"format:\t%\nread:\t%, %, %\n\n'

-> putFormat (# do fnt[]->s; i1->i; i2->i; i3-> #);

"%%s%k %’ -> fm[] -> t.getFormat (# do s->sl1[]; c->chr; s->s2[] #);
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"format:\t"%"\nread: \t"%", "%", "%"\n\n'
-> putFormat (# do fm[]->s; s1[]->s; chr->c; s2[]->s #);

"o, 2+2=4%, %' -> fnmt[] ->t.getFormat(# do f->rl; e->r2; f->r3 #);
"format:\t"%"\nread:\t%, %, %\n\n'
-> putFormat (# do fm[]->s; rl1->f; r2->f; r3->f #);

", Y%, %, %, B ->fni[]

-> t.getFormat (# do x->i1; 0->i2; i->3; i->4; i->5; s->s1[] #);
"format:\t"%"\nread:\t%, %, %, %, %, "%"\n'

-> putFormat (# do fm[]->s; i1->; i2->; i3->i; i4->; i5->; sl1[]

'123, %156, 124 %orgenLKnudsen 1.2, 2+2=43.45, 67.89 abc, 111, O0x111,
111xxx' ->t[];

0->t. pos;

"“\'n\ninput:\t"%"\n\n'" -> putFormat (# do t[]->s #); newine;

"% ,%0, % YBs%Y%%' -> fnt[] ->t.getFormat(# do i->i1; i; i->i2;
f->r1; #);
"format:\t%\nread:\t%, %, %\n\n'
-> putFormat (# do fmt[]->s; i1->i; i2->i; rl->f; #);

#)

4.2 Interface Description for the
formatio Library

ORI G N ' bet aenv';
BODY ' private/formati oBody'
*

* COPYRI GHT

* Copyright (C Molner Informatics, 1984-96
* Al rights reserved.

*

*)

--- streanlib: attributes ---
get Format: formatter

(* getFormat accepts the followi ng syntax for nmarkers:
*

% w dth][.[precision]]di oxXr RoBf eEgGcsn%
where width is a (unsigned) deci mal nunber (or '*'), and
precision is a (unsigned) deciml nunber (or '*'),
and where
[ ... ] nmeans that the enclodes is optional,
and ... neans one if the enclosed characters.

Wdth is only interpreted in conjunction with the 's' nmarker.
Precision is only interpreted in conjunction with the
'r' and 'R nmarkers.

For all but the 'c' marker, |eading white space are skipped.
The "% marker nmeans that a '% is expected on the input stream

Actual |y, getFormat accepts the sane syntax as putFormat (see
later):

E I B T R T . T R S I B
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%+ [[O]width][.[[O] precision]]di oxXr RoBf eEgGcsn%

but only the above part of that syntax is actually interpreted by

*
*
*
*
* getFormat. The reason for accepting the sane syntax is to all ow
* a format string to be used both for getFormat and put For mat.
*
# wi dt h:
(* sets the default precision to be used in future '*' width
* specifications
*
(# w. @nteger enter w... #);
preci si on:
(* sets the default precision to be used in future '*'
* precision specifications
*
(# p: @nteger enter p ... #);
mar ker: scanFor Mar ker
(# format ECS: . (# do mark->mi ssi ngMar ker #)
#);
d: marker (* read a decimal nunber *)
(# mark:: (# do 'd'->value #);
val ue: @ nteger

exit val ue
#);
i . marker

(* read a nunber, either decimal, octal or hexadeci mal using C
* conventions: Onnn inplies octal, Oxnnn inplies hexadeci nal,

* deci mal ot herw se.

*

(# mark:: (# do 'i'->value #);
val ue: @ nteger

exit val ue
#);
o: marker (* read an octal nunber *)
(# mark:: (# do 'o0'->value #);
val ue: @ nteger

exit val ue
#);
x: marker (* read a hexadeci mal nunber *)
(# mark:: (# do 'x'->value #);
val ue: @ nteger

exit val ue
#);
uX: marker (* read a hexadeci mal nunber. Identical to 'x' *)
(# mark:: (# do 'X ->value #);
val ue: @ nteger

exit val ue
#)
r: marker
(* read a nunber in radix given by precision *)
(# mark:: (# do 'r'->value #);
val ue: @ nteger

exit val ue
#);
uR: marker

(* read a nunber in radix given by precision. ldentical to
x g
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*

(# mark:: (# do 'R ->val ue #);
val ue: @ nteger

exit val ue
#);
b: marker
(* read a nunmber as based number (i.e. in the bbxnnn format) *)
(# mark:: (# do 'b'->value #);
base, val ue: @ nteger

exit (base, val ue)
#);
uB: marker
(* read a nunber as based nunber (i.e. in the bbxnnn fornmat).
* |dentical to 'b'
*
(# mark:: (# do 'B' ->value #);
base, val ue: @ nteger

exit (base, val ue)
#);
f: marker (* read a real *)
(# mark:: (# do 'f'->value #);
val ue: @eal

exit val ue
#),
e: marker (* read a real. Identical to 'f' *)
(# mark:: (# do 'e'->value #);
val ue: @eal

exit val ue
#)
uE: marker (* read a real. Identical to 'f' *)
(# mark:: (# do 'E ->value #);
val ue: @eal

exit val ue
#),
g: marker (* read a real. Identical to 'f' *)
(# mark:: (# do 'g' ->value #);
val ue: @eal

exit val ue
#)
uG marker (* read a real. Identical to 'f' *)
(# mark:: (# do 'G ->value #);
val ue: @eal

exit val ue
#);
c: marker (* read a single character *)
(# mark:: (# do 'c'->value #);
val ue: @har

exit val ue
#);
s: marker
(* read a text atom (i.e. a sequence of non-white space
* characters, terninated by a white space character - sinmlar
* to getAtonm). If width is non-zero, at npbst width characters
* are read. Otherw se, characters are read until next
* whit espace character

*)
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(# mark:: (# do 's'->value #);
val ue: “text

exit val ue[]
#)
n: marker
(* return the nunber of characters read until this point *)
(# mark:: (# do 'n'->value #);
val ue: @ nteger

exit val ue

#) ;
match:: (* private *)
(# #)

do I NNER get For mat

#);

put Fornmat: fornmatter

(

(

*
*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
#

put Format accepts the follow ng syntax for markers:
%+ [[O]width][.[[0O] precision]]di oxXr RoBf eEgGcsn%

where width is a (unsigned) deci mal nunmber (or '*'), and
precision is a (unsigned) decimal nunber (or '*') and where

[ ... ] means that the enclodes is optional
and ... neans one if the enclosed characters.
"-' inplies output leftjustified in field
"+ inplies output nunbers signed (always with leading '+ or
"' inplies output nunmbers with blank sign (i.e. leading ' ' if
positive)
"0" in front of either width or precision inplies zero paddi ng
wi dth specifies the mininun width of the output field.
precision is interpreted for various things in the 'rRbBf eEgQG
mar ker s

The '% marker neans that a '% is put on the output stream

wi dt h:
(* sets the default precision to be used in future '*' wdth
* specifications
*
(# w. @nteger enter w... #);
preci si on:
(* sets the default precision to be used in future '*'
* precision specifications
*
(# p: @nteger enter p ... #);
mar ker: scanFor Mar ker
(# format ECS: : (# do mark->mi ssi ngvarker #)
#);
d: marker (* insert the integer *)
(# mark:: (# do 'd'->value #);
val ue: @ nteger
enter val ue

#):
i: marker (* insert the integer. Identical to 'd *)
(# mark:: (# do 'i'->value #);

val ue: @ nteger
enter val ue
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#);
o: marker (* insert the integer in octal *)
(# mark:: (# do 'o'->value #);
val ue: @ nteger
enter val ue
#);
x: marker (* insert the integer in hexadeciml *)
(# mark:: (# do 'x'->value #);
val ue: @ nteger
enter val ue
#);
uX: marker
(* insert the integer in hexadeci mal, using uppercase letters
*
(# mark:: (# do 'X ->value #);
val ue: @ nteger
enter val ue
#);
r: marker
(* insert the integer in radix given by precision *)
(# mark:: (# do 'r'->value #);
val ue: @ nteger
enter val ue
#)
uR  marker
(* insert the integer in radix given by precision, using
* uppercase letters if radi x>10
*
(# mark:: (# do 'R ->val ue #);
val ue: @ nteger
enter val ue
#);
b: marker
(* insert the integer as based nunber (i.e. in the bbxnnn
* format) with base given by precision
*
(# mark:: (# do 'b'->value #);
val ue: @ nteger
enter val ue
#)
uB: marker
(* insert the integer as based nunber (i.e. in the bbxnnn
* format) with base given by precision, using uppercase
* letters if base>10
*
(# mark:: (# do 'B' ->value #);
val ue: @ nteger
enter val ue
#);
f: marker (* insert the real in noexp style *)
(# mark:: (# do 'f'->value #);
val ue: @ eal
enter val ue
#);
e: marker (* insert the real in exp style *)
(# mark:: (# do 'e'->value #);
val ue: @ eal
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enter val ue
#) ]
uE: marker (* insert the real in exp style and upcase 'E *)
(# mark:: (# do 'E ->value #);
val ue: @eal
enter val ue
#) ]
g: marker (* insert the real in plain style *)
(# mark:: (# do 'g' ->value #);
val ue: @eal
enter val ue
#) ]
uG marker (* insert the real in plain style and upcase 'E *)
(# mark:: (# do 'G ->value #);
val ue: @eal
enter val ue
#) ]
c: marker (* insert the char *)
(# mark:: (# do 'c'->value #);
val ue: @har;
putc: @* Private *)...
enter val ue
do putc
#)
s: marker (* insert the text *)
(# mark:: (# do 's'->value #);
val ue: “text;
puts: @* Private *)...
enter val ue[]
do puts
#)
n: marker
(* return the length of the result string until this point *)
(# mark:: (# do 'n'->value #);
val ue: @ nteger

exit val ue

#) ;
match:: (* private *)
(# ... #
do | NNER put For mat

#);

formatter: (* superpattern for putFormat and get Format *)
(# illegal Format: < exception
(# mark: @har
enter mark
#)
m ssi ngMar ker: < exception
(# mark: @har
enter mark

#)
m ssi ngFi el d: < exception
(# ... #);

i nput Error: < exception
(# chFound, chExpected: @har
enter (chFound, chExpected)

#);
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scanFor Marker: (* Private *)
(# mark: < char Val ue;
f or mat ECS: < exception;
fieldWdth, precisionSpec: @ nteger;
| eft Fl ag, signedFl ag, bl ankFl ag,

alternativeFl ag, zeroFlag, |ongFlag: @ool ean

#)
match: < (* private *)
(# ch: @har
enter ch
do I NNER mat ch
#);
private: @..;

format Str: ~text
enter formatStr[]

#);
--- lib: attributes ---
get For mat :

put For mat :

screen. put Format (# do | NNER put For mat #);

keyboar d. get Format (# do | NNER get For mat #);



Chapter 5 The random
Library

This library provides elaborate random number generation facilities. The random li-
brary contains random generators with different statistical distributions, such as uni-
form, normal, binomial and poison distributions.

The simple random generator most often used (namely the uniform integer random
generator) is in this library the i gnl gi generator which returns a uniformly dis-
tributed integer in the range [1, 2147483562]. It isaso availablein thei gnui n vari-
ant which returns a uniformly distributed integer in arange specified by the user.

Another simple and often used random generator is the uniform real random genera-
tor which in this library is available as the r anf generator which returns a uniformly
distributed real in the range ]0, 1] (i.e. 0 and 1 are never returned). The genunf vari-
ant returns a uniformly distributed real in arange specified by the user.

The library offers facilities for specifying the seeds of the generator by the set sd op-
eration.

The library offersfacilities for maintaining up to 32 parallel random generators.
For more details, see the interface descriptions below.

5.1 Using the random Fragment

A program using the r andomfragment will have the following structure:

| NCLUDE ' ~bet a/ basiclib/vl.5/random
- program descriptor ---
(# ...
i: @nteger;
do ...
(123, 456) -> setsd;

(1 100) -> inguin ->i;

#)

[llustrating Integer Random Generator

ORIGA N ' ~bet a/ basi cli b/v1.5/random
- program descriptor ---
(# testlgn:
(# iarray: [nxint] @ nteger;
itnp: @nteger;
o, hi, i, up: @nteger
do (for i:nrep repeat

51
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(1, nxi nt)->i gnui n->i t np;
i tmp->screen. putint(# do 7->width #);
(if (i nod 10) = 0 then newine if);
iarray[itnp] +1->iarray[itnp];
for);
new i ne;
' Counts of Integers Cenerated:'->putline;
(* Print 10 to a line using 7 characters for each field.
nmxi nt - >up; 1->lo;
I: (if lo<=up then
(1 0+9, up) - >m n->hi ;
| o->i;
[1: (if i<=hi then
iarray[i]->screen.putint(# do 7->width #);
i +1->i;
restart 11
if);
screen. new i ne;
| 0+10- >l o;
restart I;
if)
#);

nxi nt, nrep: @ nteger;

do ' Tests uniformrandominteger generator.'->putline; newine;

" Enter two seeds to initialize rn generator: '->puttext;
(getint,getint)->setall;

" Enter maxi mumuniforminteger: '->puttext;
getint->nxint;

" Enter nunber of randons to generate: '->puttext;

getint->nrep;

testlgn;
#)

5.2 Interface Description for the
random Library

ORI G N ' betaenv';
BODY ' pri vat e/ randonbody’ ;
*

* COPYRI GHT

* Copyright (C Molner Informatics, 1995-96
* Al rights reserved.

*

--- lib: attributes ---

i nitgn: external

(*

*

INIT-ialize current Ge-Nerator
Reinitializes the state of the current generator

Argunent s
isdtyp -> The state to which the generator is to be set
isdtyp = -1 => sets the seeds to their initial value

* X X X F
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EE R

*

(#

isdtyp = 0 => sets the seeds to the first value of the
current bl ock
isdtyp = 1 => sets the seeds to the first value of the

next bl ock

Met hod

This is a transcription from Pascal to Fortran of routine
Init_Generator fromthe paper

L' Ecuyer, P. and Cote, S. "Inplementing a Random Nunber
Package with Splitting Facilities.” ACM Transactions on
Mat hemati cal Software, 17:98-111 (1991)

i sdtyp: @ nteger

enter (isdtyp)

#);

gscgn: external

(*

*

* % % ¥ ¥

*

(#

Get/ Set GeNer at or
Gets or returns in G the nunber of the current generator

Argunent s
getset --> 0 Get 1 Set
g <-- Nunber of the current random nunber generator (1..32)

getset, g: @nteger

enter (getset, Q)

#);

setsd: external

*

L S T B T T

*

(#

SET S-ee-D of current generator
Resets the initial seed of the current generator to | SEED1L
and | SEED2. The seeds of the other generators remain
unchanged.
Argunent s
i seedl -> First integer seed
i seed2 -> Second integer seed
Met hod
This is a transcription from Pascal to Fortran of routine
Set _Seed fromthe paper L' Ecuyer, P. and Cote, S. "Inplenenting a
Random Nunber Package with Splitting Facilities." ACM
Transactions on Mathematical Software, 17:98-111 (1991)

i seedl, iseed2: @nteger

enter (iseedl, iseed2)

#);

getsd: external

(*

L I S . T T T I

*

(#

CET SeeD
Returns the value of two integer seeds of the current
gener at or
Ar gunent s
i seedl <- First integer seed of generator G
i seed2 <- Second integer seed of generator G
Met hod
This is a transcription from Pascal to Fortran of routine
CGet _State fromthe paper L' Ecuyer, P. and Cote, S. "Inplenmenting
a Random Nunmber Package with Splitting Facilities." ACM

Transactions on Mathematical Software, 17:98-111 (1991)

i seedl, iseed2: @nteger

enter (iseedl, iseed2)

#);
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setall: external
(*
* SET ALL random nunber generators
* Sets the initial seed of generator 1 to | SEED1 and
* | SEED2. The initial seeds of the other generators are set
* accordingly, and all generators states are set to these seeds.
*
* Argunents
* iseedl -> First of two integer seeds
* i seed2 -> Second of two integer seeds
*
* Met hod
* This is a transcription from Pascal to Fortran of routine
* Set_Initial _Seed fromthe paper L'Ecuyer, P. and Cote,
* S. "Inmplenenting a Random Nunber Package with Splitting
* Facilities." ACM Transactions on Mat hematical Software,
* 17:98-111 (1991)
*
(# iseedl, iseed2: @nteger

enter (iseedl, iseed2)

#);

setant: external

(*

*

E I B T I B B

*

(#

SET ANTithetic Sets whether the current generator produces
antithetic values. |If X is the value normally returned from
a uniform[O0,1] random nunber generator then 1 - X is the
antithetic value. If X is the value normally returned froma
uniform [0, N] random nunber generator then N- 1 - X is the
antithetic value. Al generators are initialized to NOT
generate antithetic val ues.

Argunent s
gval ue -> nonzero if generator Gis to generating antithetic

val ues, otherw se zero

Met hod
This is a transcription fromPascal to Fortran of routine

Set _Antithetic fromthe paper L'Ecuyer, P. and Cote,

S. "Inplenmenting a Random Nunber Package with Splitting

Facilities." ACM Transactions on Mathenmatical Software,

17:98-111 (1991)

gval ue: @ nteger

enter qval ue

#);

advnst: external

(*

*

ADV-a-N-ce ST-ate

* Advances the state of the current generator by 27K val ues
* and resets the initial seed to that val ue.
* Argunments
* k -> The generator is advanced by2”K val ues
* Met hod: routine Advance State fromthe paper L'Ecuyer, P. and
* Cote, S. "lInplenenting a Random Nunber Package with
* Splitting Facilities." ACM Transactions on Mathenati cal
* Sof tware, 17:98-111 (1991)
*)
(# k: @nteger
enter k
#);
:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::*)
===== | nt eger random nunber gener ators ::::::::::::::::::::::::::*)
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ignlgi: external

(*

*

L T I T

*

I nteger GeNerate LarGe I nteger
Returns a randominteger followng a uniformdistribution
over (1, 2147483562) using the current generator.

Met hod

This is a transcription from Pascal to Fortran of routine
Random from t he paper L' Ecuyer, P. and Cote, S. "Inplenenting a
Random Nunber Package with Splitting Facilities.” ACM
Transactions on Mathematical Software, 17:98-111 (1991)

(# random @ nt eger
exit random

#)

i gnui n: external

*

* GeNerate Uniform | Nt eger

*

L I . T T

Cenerates an integer uniformy distributed between LOW and

HI GH.
Ar gunent s
| ow --> Low bound (inclusive) on integer value to be
gener at ed
hi gh --> Hi gh bound (inclusive) on integer value to be
gener at ed
Not e

If (HGH+LON > 2,147,483,561 prints error nessage on * unit
and stops the program

(# low, high: @nteger;

random @ nt eger

enter (low, high)
exit random

#)

i gnbi n: external

"

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
#

(

)

I nteger GeNerate BI Nonial random devi ate

Cenerates a single random deviate from a bi nom al
di stribution whose nunber of trials is N and whose probability of
an event in each trial is P.

Argunent s

n --> The nunber of trials in the binomal distribution from
whi ch a random deviate is to be generat ed.

p --> The probability of an event in each trial of the
bi noni al distribution fromwhich a random deviate is
to be generat ed.

i gnbin <-- A random devi ate yi el ding the nunber of events
from N i ndependent trials, each of which has a
probability of event P.

Met hod

This is algorithm BTPE from Kachitvichyanukul, V. and
Schrei ser, B. W Binom al Random Vari ate Generation.
Conmuni cati ons of the ACM 31, 2 (February, 1988) 216.

n: @ nteger;
p: @eal;
random @ nt eger

enter (n, p)
exit random
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#);

i gnnbn: external
(*

* I nteger CGeNerate Negative Bi Nom al random devi ate

* Generates a single randomdeviate from a negative binom al
* distribution.

*

* Argunents

* N --> The nunmber of trials in the negative binoni al

* di stribution fromwhich a random deviate is to be

* gener at ed.

* P --> The probability of an event.

* Met hod

* Al gorithm from page 480 of Devroye, Luc, Non-Uniform Random
* Variate CGeneration. Springer-Verlag, New York, 1986.

*

)
(# n: @nteger;

p: @eal;

random @ nteger
enter (n, p)
exit random
#);

i gnpoi : external
(*

* GENerate PO sson random devi ate

* Cenerates a single random deviate from a Poi sson

* di stribution with nmean AV.

*

* Argunents

* nmu --> The nmean of the Poisson distribution fromwhich a

* random deviate is to be generated.

*

* Met hod

* Renames KPO' S from TOVS as slightly nodified by BWB to use

* RANF instead of SUNIF. For details see: Ahrens, J.H and Dieter,

* U Conputer Ceneration of Poisson Deviates From Modified Nornal

* Distributions. ACM Trans. Math. Software, 8, 2 (June

* 1982), 163-179

*

(# mu: @eal;

random @ nteger

enter nu

exit random

#);
( * :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::*)
(*::::: Real random nunber generators :::::::::::::::::::::::::::::*)
( * :::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::*)
ranf: external

(*

* RANnom nunber generator as a Function

Returns a random floating point nunber froma uniform
di stribution over 0 - 1 (endpoints of this interval are not
returned) using the current generator

Met hod

This is a transcription fromPascal to Fortran of routine
UniformO1 fromthe paper L' Ecuyer, P. and Cote, S. "Ilnplenenting
a Random Nunber Package with Splitting Facilities." ACM
Transactions on Mat hematical Software, 17:98-111 (1991)

Ry R T R S
~

random @ eal

(
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exit random
#);

genunf: external
(*
CENer ate UN Form real
Cenerates a real uniformy distributed between LOWVand H GH.

Arguments |l ow --> Low bound (exclusive) on real value to be
generated high --> Hi gh bound (exclusive) on real value to
be generated

* % X X F F

*

(# low, high: @eal;
random @ eal

enter (low, high)

exit random

#)

genbet: external
(*
* GeNerate BETa random devi ate

* Returns a single random deviate fromthe beta distribution
* with paraneters A and B. The density of the beta is x"(a-1) *
* (1-x)"(b-1) / B(a,b) for 0 <x <1

* Argunents

* aa --> First paraneter of the beta distribution

* bb --> Second paraneter of the beta distribution Method

*

* Method: described in R C. H Cheng Generating Beta Variatew with
* Noni nt egral Shape Paraneters Conmuni cations of the ACM

* 21:317-322 (1978) (Al gorithms BB and BC)

*

(# aa, bb: @eal;

random @ eal
enter (aa, bb)
exit random
#);

genchi : external
(*
* CENerate random val ue of CHI square variabl e
Cenerates random deviate fromthe distribution of a
chi square with DF degrees of freedom random vari abl e.

Argunent s
df --> Degrees of freedom of the chisquare (Mist be
positive)

Met hod:
Uses rel ati on between chi square and ganma.

L S N
~

(# df: @eal;
random @ eal

enter df

exit random

#) ]

genexp: external
*

* GENerate EXPonential random deviate

* Generates a single random devi ate from an exponenti al
* distribution with nean AV.

*

* Argunments
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* av --> The nmean of the exponential distribution fromwhich a
* random deviate is to be generated. Method:
*
* Renanes SEXPO from TOVS as slightly nodified by BAB to use
* RANF i nstead of SUNF.
* For details see: Ahrens, J.H and Dieter,
* U Conputer Methods for Sanpling Fromthe Exponential and Nor nal
* Distributions. Comm ACM 15,10 (Cct. 1972), 873 - 882.
*
)
(# av: @eal;
random @ eal
enter av
exit random
#)

genf: external

* GENerate random deviate fromthe F distribution

Cenerates a random deviate fromthe F (variance ratio)
di stribution with DFN degrees of freedomin the numerator and DFD
degrees of freedomin the denom nator.

Argunment s
df n --> Nunmerator degrees of freedom (Mist be positive)
dfd --> Denom nator degrees of freedom (Mist be positive)

Met hod
Directly generates ratio of chisquare variates

* % Xk kX X X X F

*

(# dfn, dfd: @eal;
random @ eal

enter (dfn, dfd)

exit random

#);

gengam ext er nal
(* CENer at es random devi ates from GAVha di stri bution
CGenerates random devi ates fromthe gamma di stribution whose
density is (A**R)/Gamma(R) * X**(R-1) * Exp(-A*X)

Argunment s
a --> Location paraneter of Ganma distribution
r --> Shape paranmeter of Ganma distribution

*
*
*
*
*
*
* Met hod

* Renames SGAMVA from TOVS as slightly nodified by BWB to use
* RANF instead of SUNIF. For details see: (Case R >= 1.0) Ahrens,
* J.H and Dieter, U GCenerating Ganma Variates by a Mdified

* Rejection Techn| gue. Comm ACM 25,1 (Jan. 1982), 47 - 54,

* AlgorithmGD (Case 0.0 <= R <= 1.0) Ahrens, J.H and Dieter, U
* Conput er Met hods for Sanpling from Gamma, Beta, Poi sson and

* Binom al Distributions. Computing, 12 (1974), 223-246/ Adapted
* al gorithm GS.

*
# a

( r. @eal;
random @ eal

enter (a, r)

exit random

#);

gennch: external
(* GENerate random val ue of Noncentral CH square variable
* Generates random deviate fromthe distribution of a
* noncentral chisquare with DF degrees of freedom and noncentrality
* paranmeter xnonc.
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*
* Argunents
* df --> Degrees of freedom of the chisquare (Must be > 1.0)
* xnonc --> Noncentrality paraneter of the chisquare (Mist be
* >= 0.0)
* Met hod
* Uses fact that noncentral chisquare is the sumof a
* chisquare deviate with DF-1 degrees of freedom plus the square of
* a normal deviate with mean XNONC and standard deviation 1.
*
)

(# df, xnonc: @eal;
random @ eal

enter (df, xnonc)

exit random

#) ]

gennf: external

(* GENerate random deviate fromthe Noncentral F distribution

* Cenerates a random deviate fromthe noncentral F (variance
ratio) distribution with DFN degrees of freedomin the nunerator,
and DFD degrees of freedomin the denom nator, and noncentrality
par anmet er XNONC.

Ar gunent s
df n --> Nunerator degrees of freedom (Miust be >= 1.0)
dfd --> Denoni nator degrees of freedom (Must be positive)
xnonc --> Noncentrality paranmeter (Mist be nonnegative)

Met hod
Directly generates ratio of noncentral nunerator chisquare
variate to central denom nator chisquare variate.

L S T B T T

*

(# dfn, dfd, xnonc: @eal;
random @ eal

enter (dfn, dfd, xnonc)

exit random

#);

gennor: external
(*
* GENerate random deviate froma NORmal distribution

* Cenerates a single randomdeviate froma normal distribution
* with mean, AV, and standard deviation, SD.

*

* Argunents

* av --> Mean of the nornal distribution.

* sd --> Standard devi ation of the normal distribution.

*

* Met hod

* Renanmes SNORM from TOMS as slightly nodified by BWB to use
* RANF instead of SUNIF. For details see: Ahrens, J.H and Dieter,
* U Extensions of Forsythe's Method for Random Sampling fromthe
* Normal Distribution. Mth. Conput., 27,124 (Cct. 1973), 927 -

* 937.

*

(# av, sd: @eal;

random @ eal
enter (av, sd)
exit random
#);

sexpo: external
*

* Standard EXPonential distribution

*
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E I S R T

(#
exl
#);

Met hod

For details see: Ahrens, J.H and Dieter, U Computer
Met hods For Sanpling From The Exponential And Nor nal
Di stributions. COW ACM 15,10 (Cct. 1972), 873 - 882. Al
statenment nunbers correspond to the steps of algorithm'SA in
t he above paper (slightly nodified inplenentation) Mdified by
Barry W Brown, Feb 3, 1988 to use RANF instead of SUNIF. The
argunent | R thus goes away.

QN = SUMALOZ 2.0)**K/KI') K=1,..,N, The highest N (here
8) is determined by QQN)=1.0 within standard precision

random @ eal
t random

sgamma: ext ernal

(*

*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
#

(

St andard GAMVA di stri bution

Sanple fromthe GAMVA- (A)-distribution coefficients QK)
- for Q@ = SUMQK)*A**(-K)) coefficients A(K)
- for Q= Q+(T*T/2)*SUM A(K) *V**K) coefficients E(K)
- for EXP(Q-1 = SUM E(K)*Q**K)

Argunent s

A ---> Paraneter (mean) of the standard GAMVA distribution
Met hod

CASE A >= 1.0 !

For details see: Ahrens, J.H and Dieter, U GCenerating
GAMVA variates by a nodified rejection technique. COW ACM
25,1 (Jan. 1982), 47 - 54. Step nunbers correspond to al gorithm
"GD in the above paper (straightforward inplenentation) Mdified
by Barry W Brown, Feb 3, 1988 to use RANF instead of SUNIF. The
argunent IR thus goes away.

CASE 0.0 < A< 1.0!

For details see: Ahrens, J.H and Dieter, U  Computer
Met hods for Sanpling from GAMMA, BETA, Poi sson and Bi noni al
Distributions. COWUTING 12 (1974), 223 - 246. (adapted
i mpl enentation of algorithm'GS in the above paper)

a: @eal;
random @ eal

enter a

exi
#);

t random

snorm external

"

b T R R

(#
exi
#),

St andard NORmal distribution

Met hod

For details see: Ahrens, J.H and Dieter, U Extensions of
Forsythe's nmet hod for Random Sanpling fromthe NORVAL
di stribution. MATH  COWUT., 27,124 (COCT. 1973), 927 - 937.
Al'l statenent nunbers correspond to the steps of algorithm'FL'
(Me5) in the above paper (slightly nodified inplenmentation)
Modi fied by Barry W Brown, Feb 3, 1988 to use RANF instead of
SUNIF. The argument IR thus goes away.

random @ eal
t random



Chapter 6 The regexp
Library

The regexp library augments the text pattern in betaenv with four new attributes:

regexp_nmat ch
regexp_search

regexp_repl ace
regexp_replace_literally

All four operations gives facilities for working with regular expressions in text
strings.

A regular expression (regexp, for short) is a pattern that denotes a set of strings, pos-
sibly an infinite set. Searching for matches for a regexp is a very powerful operation
that editors on Unix systems have traditionally offered.

Regular expressions are used to locate occurrences of substrings in text, where the
substring is expected to be of a certain structure. E.g. the regexp ' [ W ord' will
match the substring ' word' or ' Word' . The four operations offers dlightly different
possibilities, described below:

regexp_match

Takes aregexp as enter parameter (in the form of areference to a text, containing the
regexp. Matches THI S(t ext) against the regexp. | NNER is executed if THI S(t ext)
matches the regexp, and the virtual notification novat ch is invoked otherwise. Re-
turnstrue if amatchisfound, f al se otherwise. The regexp must be found starting at
the current position of THI S(t ext ) .

regexp_search

Like r egexp_nat ch, except that the match is allowed to be found anywhere between
the current position and the end of THI S(t ext) .

regexp_replace

Like regexp_search, except that it takes a second enter parameter, repl ace-
ment _string. Regexp_repl ace searches for the regexp, and replaces the matched
substring of THI S(text) with the replacement string. The replacement string may
contain \0, \1, ..., \9, representing the substring matched by the i’ th parenthesis in the
regexp. \0 represents the entire substring matched. | NNER is executed after the replace
have taken place.

regexp_replace_literally

Like regexp_repl ace, except that the replacement string is taken literally (i.e. \0, \1,
etc. are not representing any matched substrings)

All four regexp operations defines the same local attributes:
61

Regular
expression
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List of special
characters

start: start position for search in THI S(t ext ) . Default: pos

limit: end position for search in THI S(t ext ) . Default: | engt h

posToMat chEnd: if true, move TH S(text). pos to the end of the matched
substring. Default: f al se

regs: structure for getting access to the matched substring. noMat ch:
invoked if no matches are found.

regexpError: isinvoked if error occurs in the regexp implementation.

val ue: true, if any match isfound.

Regexp_string are compiled implicitly by the operations to ensure efficient match-
ing in all operations. If the samer egexp_stri ng iSto be used several times, the rep-
etition of this compilation can be avoided by generating an instance of the operation
(say regexp_search), and then use that instance repeatedly (as is illustrated in the
following example):

(# regexp_s: @mytext.regexp_search(# ... #);
do ...
regexp_string[]->regexp_s;(* first search, inplicit regexp
* conpilation *)

.r.e;;]exp_s; (* repeating the search with the sane regexp.
* No regexp conpilation *)

.r.e.gexp_s; (* repeating the search with the sane regexp.
* No regexp conpilation *)

o

Syntax of Regular Expressions

The syntax of regular expressions in this library follows the syntax of Emacs regular
expressions. Some of the documentation below is from the interactive Emacs Info
system.

Regular expressions have a syntax in which a few characters are specia constructs
and the rest are ordinary. An ordinary character is a simple regular expressi on Whl ch
matches that character and nothing else. The special characters are' $',

trL et [, 0] and )\ no new special characters will be deflned Any
other character appearing in aregular expression is ordinary, unlessa' \' precedesit.
For example, ' f' is not a specia character, so it is ordinary, and therefore' ' isa

regular expression that matches the string ' ' and no other string. (It does not match
thestring' ff'.) Likewise,' o' isaregular expression that matchesonly ' o' .

Any two regular expressions A and B can be concatenated. The result is a regular ex-
pression which matches a string if A matches some amount of the beginning of that
string and B matches the rest of the string.

As a simple example, we can concatenate the regular expressions' f* and' o' to get
the regular expression ' f o' , which matches only the string ' f o' . Still trivial. To do
something nontrivial, you need to use one of the special characters. Here is a list of
them.

is a special character that matches any single character except a new-
line. Using concatenation, we can make regular expressions like
"a. b’ which matches any three-character string which begins with
"a' and endswith' b' .

e is not a construct by itself; it is a suffix, which means the preceding
regular expression is to be repeated as many times as possible. In
"fox', the'*' appliesto the ' o', sO ' fo*' matches one ' f' fol-
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AL

lowed by any number of ' o' s. The case of zero ' o' s is alowed:
"fo*' doesmatch' f'.

always applies to the smallest possible preceding expression. Thus,
fo*' hasarepeating' o', not arepeating’ f o' .

The matcher processes a' *' construct by matching, immediately, as
many repetitions as can be found. Then it continues with the rest of
the pattern. If that fails, backtracking occurs, discarding some of the
matches of the ' *' -modified construct in case that makes it possible
to match the rest of the pattern. For example, matching 'ca*ar"

against the string ' caaar' , the' a*' first triesto match all three ' a' s;
but the rest of the patternis' ar' and thereisonly ' r' left to match,
so this try fails. The next aternative is for ' a*' to match only two
"a' s. With this choice, the rest of the regexp matches successfully.

Is asuffix character similar to ' ** except that it requires that the pre-
ceding expression be matched at least once. So, for example, ' ca+r’

will match the strings 'car' and 'caaaar’ but not the string 'cr',
whereas'ca*r' would match all three strings.

Is a suffix character similar to ' *' except that it can match the
preceding expression either once or not at al. For example, ' ca?r’
will match' car' or' cr'; nothing else.

'[' begins a character set, which isterminated by a']' . In the sm-
plest case, the characters between the two form the set. Thus, ' [ ad]"

matches either one' a' orone' d', and ' [ad] *' matches any string
composed of just 'a's and ' d' s (including the empty string), from
which it follows that 'c[ad]*r' matches 'cr', 'car', 'cdr',
'‘caddaar' , etc.

Character ranges can also be included in a character set, by writing
two characters with a' -* between them. Thus, ' [ a- z] ' matches any
lower-case letter. Ranges may be intermixed freely with individual
characters, asin '[a-z$%] ', which matches any lower case letter or
'$',' % or period.

Note that the usual specia characters are not special any more inside
a character set. A completely different set of special characters exists

inside character sets;. ' 7' ,' - and' ~' .

Toincludea']' inacharacter set, you must make it the first charac-
ter. For example, '[]1a]' matches']' or'a'. Toincludea' -' , write
'--', which isarange containing only ' -' . To include ' ~* , make it

other than the first character in the set.

"[~' begins a complement character set, which matches any charac-
ter except the ones specified. Thus, ' [~a-z0-9A-Z]' matches all
characters except letters and digits.

'~ isnot special in acharacter set unlessit is the first character. The
character following the' ~' is treated as if it were first ( -' and ' ]*
are not special there).

Note that a complement character set can match a newline, unless
newline is mentioned as one of the characters not to match.

is a specia character that matches the empty string, but only if at the
beginning of a line in the text being matched. Otherwise it fails to
match anything. Thus, ' ~f oo’ matches a' f oo’ which occurs at the
beginning of aline.

issimilar to '~ but matches only at the end of aline. Thus, ' xx*$'
matches a string of one' x' or more at the end of aline.



64

The regexp Library

Table of " \''
constructs

has two functions: it quotes the special characters (including '\"),
and it introduces additional specia constructs.

Because ' \' quotes special characters, '\$' is a regular expression
which matches only ' $', and '\[' is a regular expression which
matchesonly ' [', and so on.

Note, that ' \* is also a special character in BETA literals. This im-
plies, that in order to specify a '\' regexp special character in a
BETA string literal, you have to typeit twice, e.g.' US\\ $' .

Note: for historical compatibility, special characters are treated as ordinary ones if
they are in contexts where their special meanings make no sense. For example,
'*foo' treats'*' as ordinary since there is no preceding expression on which the
'*' can act. It is poor practice to depend on this behavior; better to quote the special
character anyway, regardless of where is appears.

For the most part, ' \* followed by any character matches only that character. How-
ever, there are several exceptions. characters which, when preceded by ' \' , are spe-
cial constructs. Such characters are always ordinary when encountered on their own.
Hereisatableof ' \' constructs.

|\||

(L)

‘\DAd T

specifies an aternative. Two regular expressions A and B with '\ |
in between form an expression that matches anything that either A or
B will match.

Thus, ' f oo\ | bar' matches either 'f oo’ or 'bar' but no other string.

"\ |' applies to the largest possible surrounding expressions. Only a
surrounding \ ( ... \)' grouping can limit the grouping power of
AV

Full backtracking capability exists to handle multiple usesof ' \ | ' .
isagrouping construct that serves three purposes:

1. Toencloseasetof '\|' alternativesfor other operations. Thus,
\ (foo\ | bar\)x'" matcheseither ' f oox' or'barx' .

2. To enclose a complicated expression for the postfix ' ** to oper-
ate on. Thus, 'ba\ (na\)*' matches 'bananana’ , €tc., with any
(zero or more) number of ' na' strings.

3. Tomark amatched substring for future reference.

This last application is not a consequence of the idea of a parentheti-
cal grouping; it is a separate feature which happens to be assigned as
a second meaning to thesame '\ ( ... \)' construct because there
is no conflict in practice between the two meanings. Here is an expla
nation of this feature:

after theendof a'\ ( ... \)' construct, the matcher remembers the

beginning and end of the text matched by that construct. Then, later

on in the regular expression, you can use ' \' followed by DI G T to

mean “match the same text matched the DI G T'th time by the '\ (
. \)' construct.”

The strings matching the first nine\ ( ... \)' constructs appearing
in aregular expression are assigned numbers 1 through 9 in order that
the open-parentheses appear in the regular expression. '\ 1' through
'\9' may be used to refer to the text matched by the corresponding
"\( ... \)' construct.

For example, '\ (.*\)\1' matches any newline-free string that is
composed of two identical halves. The \ (. *\)' matches the first
half, which may be anything, but the '\ 1' that follows must match
the same exact text.
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"\ matches the empty string, provided it is at the beginning of the buffer.
"\ matches the empty string, provided it is at the end of the buffer.
"\b' matches the empty string, provided it is at the beginning or end of a

word. Thus, '\ bf oo\ b' matches any occurrence of ' f oo’ as a sepa-
rate word. ' \ bbal | s?\ b’ matches ' bal |' or 'bal | s' as a separate

word.

"\B matches the empty string, provided it is not at the beginning or end of
aword.

"\ < matches the empty string, provided it is at the beginning of aword.

T\ > matches the empty string, provided it is at the end of aword.

"\w matches any word-constituent character. The editor syntax table de-
termines which characters these are.

\W matches any character that is not a word-constituent.

"\ sCODE' matches any character whose syntax is CODE. CODE is a character
which represents a syntax code: thus, ' w for word constituent, * -
for whitespace, ' (' for open-parenthesis, etc.

"\ SCODE' matches any character whose syntax is not CODE.

Here is a complicated regexp, used to recognize the end of a sentence together with
any whitespace that follows. It is given in BETA text string syntax to enable you to
distinguish the spaces from the tab characters. In BETA text string syntax, the string
constant begins and ends with a double-quote. ' " "' stands for a double-quote as part
of theregexp, ' \\' for a backslash as part of theregexp, ' \t' forataband'\n' for
anewline.

TL2TET ) TRVVCE VAN ] ) Ve n]*

This contains four parts in succession: a character set matching period, ' ?* or'!';a
character set matching close-brackets, quotes or parentheses, repeated any number of
times; an aternative in backslash-parentheses that matches end-of-line, a tab or two
spaces; and a character set matching whitespace characters, repeated any number of
times.

6.1 Regular Expression Registers

The special regexp parenthesis (i.e.\ ( ... \)) are used for three different purposes:
(1) tomake the regexp operators work on entire sub-regexp: e.g.

123*4 matches 124, 1234, 12334, 123334, €tc., whereas 1\ (23\) *4 matches
124, 1234, 123234, 12323234, etc. (and not 12334, 123334, €tc.).

(2) todeimit alternatives: e.g. 1\ (2\ | 3\ ) 4 matches124 and 134.

(3) to mark a matched substring for future reference. In r egexg_r epl ace, \ 0,\ 1,
\ 2, ..., \ 9 substrings will be replaced with the matched substring. We will here
give ashort introduction to accessing these registers from a BETA program.

We would like to give alittle more details on the (3) purpose. Let us assume, that we
invoke:

"sum \([0-9]+\)\.\([0-9]\) US$
-> t.regexp_search
(#
do ' The anount is: '->puttext;

A complicated
regexp
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(1->regs.start+1, 1- >regs. end) - >t . sub- >put t ext;
dollars and '->puttext;
(2->regs.start +1, 2- >regs. end) - >t . sub- >put t ext;
cents' ->putline
#)

The intent is to find some amount i thet text variable. The amount should be found
in a context of the form: ' sum XXX. YYY US$', where XXX and YYY may be any
number. If found, the amount will be written on standard screen in the form: ' The
ampunt is: XXX dollars and YYY cents'.

Note the use of i - >regs. start andi - >regs. end, which returns the character posi-
tions of the i’th matched substring (in this case the 1’ st and 2" nd substring, containing
the amount of dollars and the amount of cents, respectively). As it can be seen, these
constructs can be used within the action-parts of all regexp operations to gain access
to the matched substrings (note that the 0’ th substring is the entire string matched).

6.2 Known bugs or Inconveniences

1) \i (i=o0, 1, ...,9) matchesthe empty string if it is positioned before the
i"th parenthesis. According to the specification, \i should match 'i' if posi-
tioned before the I’ th parenthesis. E.g. \ 1 matches the empty string in\ 1\ (2\) 3.

2) There is a dlight error in the current implementation of registers, when the
parenthesis bounds a repetitive regexp, i.e. a' ** or' + regexp. In this case, the
register will not contain the correct character positions, but instead refer to the
empty string, immediately after the matched substring. Use an extra pair of
parenthesis to get the correct substring (e.g. use 1\ (\(2\)*\)3 instead of
1\ (2\) *3 to refer to the matched ' 2' s - the matched ' 2' s can be referred to
through register 1.

6.3 Using the regexp Fragment

A program using ther egexp fragment will have the following structure:

I NCLUDE ' ~bet a/ basi cl i b/ v1. 5/ regexp
- program descriptor ---

(# ...
t: ~text
do ...
"Hello world" -> t[];
("\\<w. *\\>" | "\\0 chanpion') -> t.regexp_replace;

t[] -> putline; (* prints 'Hello world chanpion' *)

#)
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6.4 Regexp Demos

Search for regexp

The following example is a simple program that enters a regexp from the keyboard,
followed by another test string, trying to find the regexp in the test string. If found,
the registers are printed on the screen, and the corresponding matched substrings:

ORI G N ' ~bet a/ basi clib/vl. 5/ regexp';

--- program descriptor --- searchDemo.bet

(#
do | oop:
(# regex: “text;
do 'Search for: ' -> puttext; getLine -> regex|[];
(if regex.length = 0 then leave loop if);
| oop:
(# string: “text;
do 'Search for: '->puttext; regex[]->puttext;
in: ' -> puttext; getline -> string[];
(if string.length = 0 then | eave loop if);
0 -> string. pos;
regex[] -> string.regexp_search
(# noMatch::< (# do "\tNo match' -> putline #)
do (for i: regexp_nunber Of Regi sters repeat
(if (i-1->regs.start)>=0 then
"\tregister '->puttext;
i-1->putint; ': '->puttext;
i-1->regs.start->putint;
to '->puttext,;
i -1->regs. end->putint;
© '->puttext;
((i-1->regs.start)+1, i-1->regs.end)
->string. sub->putline
if)
for);
#);
restart | oop
#);
restart | oop
#)
#)

Output from the demo might be:

Search for: 1\ (234\)5
Search for: 1\(234\)5 in: dfjdf hdf 1235j f dkj 12345ghdf
register 0: 17 to 22: 12345
register 1: 18 to 21: 234
Search for: 1\ (234\)5 in: 12345
register 0: 0 to 5: 12345
register 1: 1 to 4: 234
Search for: 1\(234\)5 in: 123
No mat ch
Search for: 1\(234\)5 in

Search for: \(22\).*\1
Search for: \(22\).*\1 in: xxx22yyy2zzz
No mat ch
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Search for: \(22\).*\1 in: xxx22yyy22zzz
register 0: 3 to 10: 22yyy22
register 1: 3 to 5 22

Replace with a regexp

The following exampleis nearly identical to the previous, except that it allows for the
specification of areplacement string:

ORI G N ' ~bet a/ basi cl i b/v1.5/regexp'

replaceDemo bet --- program descriptor ---

(#
do | oop:
(# regex: "text;
do 'Replace: ' -> puttext; getLine -> regex[];
(if regex.length = 0 then | eave loop if);
| oop:
(# string: “text;
do 'Replace: '->puttext; regex[]->puttext;
"in: ' -> puttext; getline -> string[];
(if string.length = 0 then | eave |oop if);
| oop:
(# t, replacenent: ~text
do string.copy -> t[]; O -> t.pos;
"Repl ace: '->puttext; regex[]->puttext;
"in: ' -> puttext; string[]->puttext;
"'with: '->puttext; getline -> replacenent[];
(if replacenment.length = 0 then leave loop if);
(regex[], replacenent[]) -> t.regexp_replace
(# noMatch::< (# do '"\tNo match'->screen. putline #) #)
"Repl ace: '->puttext; regex[]->puttext;
"in: ' -> puttext; string[]->puttext;
"with: '->puttext; replacenent[]->puttext;
gives: '->puttext; t[] -> putline;
restart | oop
#);
restart | oop
#) ]
restart | oop
#)
#)

Output from the demo might be:

Repl ace: [W\ ord

Repl ace: [WhMord in: This Wrd is in capita

Repl ace: [WMord in: This Wrd is in capital with: sentence

Replace: [WMord in: This Wird is in capital with: sentence gives: This
isin capita

6.5 Interface Description for the
Regexp Library

ORI G N ' bet aenv';
BODY ' private/regexplib';
*

* COPYRI GHT
* Copyright (C Molner Informatics, 1992-96
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* Al rights reserved.
*

)

--- textlib: attributes ---
regexp_operation:

(* generic superpattern for all regexp text operations:
regexp_match, regexp_search, regexp_replace,
regexp_replace literally.

regexp_string: text string containing the regexp.
start: start position for match in TH S(text).
Defaul t: pos
limt: end position for match in THI S(text).
Default: length
posToMat chEnd: if true, nove TH S(text).pos to the end of the
mat ched substri ng.
Default: false
regs: structure for getting access to the matched substring.
noMvat ch: invoked if no matches are found.
regexpError: is invoked if syntax error occurs in the specified
regexp.

L S S N T T I I N

value: true, if any match is found.
*
(# regexp_string: "text;
start: < integeroject(# do pos -> value; |NNER #);
limt:< integerObject(# do length -> value; |INNER #);
posToMat chEnd: < bool eanObj ect ;
regs: @egexp_registers;
noMat ch: < Notification;
regexpError: < Exception(# do 'Syntax error in regular expression' ->nsg #);
val ue: @ool ean;
private: @* private *)...
enter (#
enter regexp_string[]
do ...
#)
do | NNER regexp_operation
exit val ue
#) ]

regexp_match: regexp_operation

(* Takes a regexp as enter paraneter (in the formof a reference to a
* text, containing the regexp. Matches THI S(text) agai nst the

* regexp. INNER is executed if THI S(text) matches the regexp, and

* the virtual notification novatch is invoked otherw se. Returns

* true if a match is found, fal se otherwise. The regexp nust be

* found starting at the current position of THI S(text).
*
#

(

regexp_search: regexp_operation

(* Like regexp_match, except that the match is allowed to be found
* anywhere between the current position and the end of THI S(text).
*

(# do ... #):

do ... #);

regexp_replace: regexp_search

(* Li ke regexp_search, except that it takes a second enter paraneter
repl ace_string. Regexp_replace searches for the regexp, and

* replaces the matched substring of TH S(text) with the repl acenent

* string. The replacenent string may contain , , ..., ,

* representing the substring matched by the i'th parenthesis in the

* regexp. represents the entire substring matched. INNER is

* executed after the replace have taken pl ace.

*

#

repl ace_string: “text;
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enter replace_string[]
do ...
#);

regexp_replace_literally: regexp_search

(* Like regexp_repl ace, except that the replacenent string is taken
* |literally (i.e , , etc. are not substituted with any matched

* substrings).

*

(# replace_string: ~“text

enter replace_string[]

do ...

#);

--- lib: attributes ---
regexp_number Of Regi sters: (# exit 10 #);

regexp_regi sters: Cstruct
(* Structure for accessing the substrings nmatched by sone regexp. *)
(# get Regi st er Val ue:
(# regNr, value: @nteger;
pos: < i nt eger Val ue;
t hePos: @os (* private: for efficiency *)
enter regNr
do ...
exit val ue
#)
start: @et RegisterVal ue
(# pos::< (# do 0 -> value #) #);
end: @et Regi st erVal ue
(# pos::< (# do 40 -> value #) #);
byteSi ze::< (* private *) (# do regexp_nunber Of Regi sters*2*4 -> val ue
#)
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The file library implements the di skEntry, file, fil eRep, patterns, all used to
model external storage media such as disk files.

File and diskEntry

The file library implementsthefi | e pattern that is used to represent external stor-
age media such as disk files. Fi | e is an abstract subpattern of st r eam specifying the
machine independent attributes of such media. Specific subpatterns exists for the dif-
ferent machine types such as UNIX and Macintosh (uni xFi | e, respectively macFi | e,
see later).

The attributes of file are divided into two parts: the disk entry attributes and the
contents related attributes. The disk entry attributes are located in the ent ry attribute
of fil e, whereas the contents related attributes are ordinary attributes of fi | e.

The disk entry attributes are defined in the di skEntry pattern: pat h, si ze, r ead-
able,witable,isFile,isDrectory, exists,nodtime, touch, and renane. Also
related to the disk entry are the following exceptions. di skEnt r yExi st sExcept i on,
di skEnt r yMobdt i meExcepti on, di skEntryTouchException, and di skEntryRe-
nameExcept i on. These attributes are accessed through the ent ry attribute of afile,
e.g. if aFi | e isafile object, then aFi | e. entry. nodt i ne will return the last modifi-
cation time of the associated disk file.

The contents related attributes are: entry, name, t ouch, del et e, openRead, open-
Wit e, openAppend, openReadW it e, openReadAppend, f | ush, and cl ose. Note that
fil e aso inherits al the st ream attributes (further binding several of them). Fil e
also defines the following exceptions: openExcepti on, accessError, witeError,
readError, noSuchFi | eError, fil eExi stsError, noSpacekError, and
ot herError.

FileRep

The fil eRep pattern is consisting of a repetition of integers and operations which
makes it possible to save and restore this repetition in one chunk from a file. When
saving, the repetition elements[ 1: t op- 1] are saved (t op is an attribute of i | eRep)
and when restoring, t op will become equal to range of the stored repetition. The rep-
etition isin the R attribute, and save and r est or e is used for saving and restoring the
repetition onto some file.

7.1 Using the file Fragment

A program using thef i | e fragment will have the following structure:

| NCLUDE ' ~betal/basiclib/vl.5/file
- program descriptor ---

71

Disk entry
attributes

File attributes
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decompose.bet

fileerror.bet

(# ...

f: @ile;
do ...

"Hello world'" -> f.putline;
#)

Using diskEntry

An example showing the use of the pat h attribute of Di skEnt ry: The path specified
on the command line is decomposed, and the various parts of it are printed:

ORIA@ N ' ~betal/basiclib/vl.5/file';

--- program descriptor ---

(* An exanple showi ng the use of the 'path' attribute of DiskEntry:
* The path specified on the command line is deconposed, and the

* various parts of it are printed.

*)

(# e: @liskentry;
do (if noCf Argunents <> 2 then

"Usage: ' -> puttext; 1->arguments->puttext; ' path' -> putline;
st op;

if);

2 -> argunents -> e.path;

"The path '''->puttext;

e.path -> puttext;
' is conposed like this:'->putline;

' Head of path: "->puttext; e.path.head -> putline;

"Actual nane: "->puttext; e.path.name -> putline;

"Prefix of name: "->puttext; e.path.nanme.prefix -> putline;
"Suf fix of name: "->puttext; e.path.nanme.suffix -> putline;

' Ext ensi on of name: '->puttext; e.path.nane.extension -> putline;

(if e.exists then '(and the entry actually exist on disk)' -> putline
el se '(but there is no such entry on disk)' -> putline;
if);

#)

Using File

Program showing the use of exceptions in files: if the input file specified on the
command line cannot be opened, the exception noSuchFi | eError israised. In this
example, it is further bound specifying that the program should continue after the ex-
ception is raised. Then a new file name is prompted for. Instead of this approach, of
course, the attributes exi st s of di skEnt ry could have been used.

If the output file could not be opened, the exception noSpaceEr ror israised, and this
exception is further bound to print a message:

ORIGA N ' ~beta/basiclib/vl.5/file";
--- program descriptor ---

(* Program showi ng the use of exceptions in files: if the input file

* specified on the command |ine cannot be opened, the exception

* NoSuchFileError is raised. In this exanple, it is further bound

* specifying that the program should continue after the exception is ra
* Then a new file name is pronpted for.

* | nstead of this approach, of course, the attributes 'exists' of D skE
* coul d have been used.

* |f the output file could not be opened, the exception NoSpaceError is
* and this exception is further bound to print a nessage.

*

~
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(# outFile: @ile
(# NoSpaceError ::<

(# do "It is tine to delete garbage!' -> nsg. putline #);

#);
inFile: @file

(# NoSuchFileError ::< (# do true -> continue; false -> OK #);

#)
OK: @ bool ean;

do (if noOf Argunents <> 2 then
"Usage: ' -> puttext; 1->arguments->puttext; ' out-file'
st op;
)
2 -> argunents -> out File.nane;
outFile. QpenWite;

"nofile.bet' -> inFile.naneg;
true -> XK
openFi | e:
(#
do inFil e. OpenRead,;
(if not OK then
"File does not exist:
infile.name -> putline;

-> screen. puttext;

"Type input file name: ' -> screen. putText;
i nFi |l e. nane. read
true -> K
restart openFile
)
#);
readFil e:
(#

do (if not inFile.eos then
inFile.getatom-> outFile. putText;
out Fi | e. newLi ne;
restart readFile
el se | eave readFil e
if)
#);
inFile.close
out Fil e. cl ose;

'Tokens from'''->puttext; infile.nanme -> puttext;
"''" copied to ''"'->puttext; outfile.nane -> puttext;
"t ->putline;

#)

7.2 Interface Description for the file

Library

ORIA N ' betaenv';
BODY 'private/fil ebody';

(*

* F X *

*

COPYRI GHT
Copyright (C Molner Informatics, 1984-96
Al rights reserved.

The BETA interface to disk-entries in a hierarchic file system

-> putline;
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*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

files, and directories is organi sed as foll ows:

)

Di skEntry: Machi ne i ndependent interface to entries |like
file and directories on the disk
(file "file.bet").

Uni XEntry: Uni x specific specialization of D skEntry
(file "unixfile.bet').
MacEntry: Maci nt osh specific specialization of D skEntry

(file "macfile.bet").

File: Machi ne i ndependent interface to disk files. Is
a specialization of Stream (file 'betaenv. bet'),
and contains a DiskEntry (file '"file.bet').

Uni xFi |l e: Uni x specific specialization of File, which
contains a UnixEntry (file "unixfile.bet").
MacFi | e: Maci ntosh specific specialization of File

whi ch contains a MacEntry (file "macfile.bet').

Directory: Machi ne i ndependent interface to
directories/folders. Contains a D skEntry
(file "directory. bet').

Uni xDi rectory: Unix specific specialization of Directory,
whi ch contains a UnixEntry
(file "unixdirectory.bet').

MacDi rectory: Macintosh specific specialization of Directory,
whi ch contains a MacEntry
(file "macdirectory. bet').

LIB: Attributes --
Di skEntry:

"

*

Pattern describing various attributes of disk-entries like files
and directories in a hierarchic file system

(# <<SLOT DiskEntryLib: attributes>>

(* DI SK ENTRY EXCEPTI ONS *)
Di skEntryExcepti on: Exception
(* CGeneral exception for disk entries *)
(# ... #);
Di skEnt r yExi st sExcepti on: Di skEntryExcepti on
(* Raised if a test for disk entry existence has
* failed. Message: "Test for disk entry existence failed.",
* and an indication of why it fail ed.
*
(# ... #);
Di skEnt ryModt i meException: Di skEntryException

(* Raised if exam nation or setting of disk entry nodtime has fail ec

* Message: "Exami nation/setting of disk entry nodtime failed. ",

* indication of why it failed.
(# ... #);
Di skEnt ryTouchExcepti on: Di skEntryException
(* Raised if touch of a disk entry has failed. Message: "Touch
* of disk entry failed.", and an indication of why it fail ed.
(# ... #);
Di skEnt ryRenanmeExcepti on: Di skEntryExcepti on
(* Raised if renane of a disk entry has failed. Message:
* "Rename of disk entry failed.", and an indication of why it
* fail ed.
*)
(# ... #);
pat hDesc: <
(* Avirtual descriptor for the full or relative path of
* TH S(Di skEntry)

anc
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*

(# head: <

(* The head of the path, e.g. head of '/usr/snith/foo. bet

* is 'fusr/smth
*

(# h: ~text
exit h[]
#)

nameDesc: <

(* The actual name-part of the path, e.g. nanme part of

* "fusr/smith/foo.bet' is 'foo.bet

*

(# prefix:<
(* exits the prefix part of the nanme, i.e. what is
* before the last dot (.), e.g 'foo" for 'foo.bet
*
(# p: "text
exit p[]
#) ]

ext ensi on: <

(* exits the extension part of the nane, i.e.
* is after the last dot (.), e.g. 'bet' for
*
(# e: "text
exit e[]
#)
suf fix:<
(* like extension, but includes the dot (.),
* e.g. '.bet' for 'foo.bet
*
(# s: "text
exit s[]
#);
get: <
(* exits "prefix.extension" *)
(# n: "text
exit n[]
#)
exit get
#) ]
nane: @uaneDesc;
set: <
(* set the entire path *)
(# p: "text
enter p[]
#) ]
get: <
(* get the entire path *)
(# p: "text
exit p[]
#);
enter se
do | NNER
exit get

#)
pat h: @at hDesc
exi sts: Bool eanVal ue
(* exits a bool ean indicating whether the disk entry

what
' f 00. bet
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* corresponding to the current setting of path actually exists

*

(# error:< DiskEntryExi st sExcepti on;
#)
nmodt i me:
(* exits an integer denoting the (system) tinme of the | ast
* nodi fi cati on
*
(# time: @nteger;
error: <Di skEnt r yModTi meExcepti on;

enter (# enter tine ... #)
exit (# ... exit time #)
#)

t ouch:

(* Updates the nodtine to the current (systenm) tine. *)
(# error:< Di skEntryTouchExcepti on;
#);
renane:
(* Renane the disk entry. Changes the physical disk entry and
* updates THI S(Di skEntry). path
*
(# newpath: "text;
error: < D skEntryRenanmeExcepti on;
enter newpat h[]
#),
si ze: IntegerVal ue
(* exits the size of TH S(Di skEntry) in bytes *)
(# error: <D skEntryExcepti on;
#) ;
readabl e: Bool eanVal ue
(* exits true if TH S(Di skEntry) can be read *)
(# error:< Di skEntryExcepti on;
#)
writ eabl e: Bool eanVal ue
(* exits true if TH S(Di skEntry) can be witten to *)
(# error:< DiskEntryExcepti on;
checkwite: @..;
do checkwite
#),
i sFil e: Bool eanVal ue
(* True if THI S(Di skEntry) is a regular file *)
(# error:< DiskEntryExcepti on;
#);
i sDirectory: Bool eanVal ue

(* True if TH S(DiskEntry) is a directory *)
(# error: <D skEntryExcepti on;

#):;

private: @..
do | NNER
#); (* DiskEntry *)

(* Constants used for specifying node to File.SetPos. *)

Fr onBegi nni ng:
(* Seeks relative to the beginning of a file. Corresponds to
* absolute positions in File[O:File.Length-1].
*

(# exit 0 #);
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FromCurrent:
(* Seeks relative to the current position. *)
(# exit 1 #);
Fr onEnd:
(* Seeks relative to the end of a file. *)
(# exit 2 #);

File: Stream
(* Ceneralization of disk file. Describes the stream aspects of
* files, providing buffered 1/O and contains a DiskEntry object
* describing the other properties of a file.

*

(# <<SLOT FileLib: attributes>>

EntryDesc: < Di skEntry;
Entry: @ntryDesc
(* The item hol di ng nost characterizing attributes of

* TH S(file)
*),
name: @
(* convenient interface to entry.path *)
(# read:
(* Reads the file nane fromthe Keyboard *)
(# ... #);

enter entry.path
exit entry.path
#) ]

Put::< (# ... #);

Get::< (# ... #);

Peek::< (# ... #);

Put Text::< (# ... #);

GetAtom:< (# ... #);

GetLine::< (# ... #);

Length:: <
(* Returns the byte size of THIS(file). Notice that this is
* not always the sane as entry.size, which is how many bytes
* THI S(file) occupies on the disk

*)
(# ... #);
Cet Pos: : <
(* Returns current position of THIS(File) *)
(# ... #);
Set Pos: : <

(* Sets position on TH S(file). Enters position and node. See
* above for definition of constants to use as node,

* FronBegi nni ng, FromCurrent, FromEnd. Returns the absolute
* position seeked to [0..File.Length-1].

*

(# node, newpos: @ nt eger

enter node

exit newpos
#)
Eos::< (# ... #);
touch: entry.touch
(* I'f the disk entry does not exist, an enpty file will be

* created.
*)
(# ... #);
del et e:
(* Deletes THIS(File) *)
(# ... #);
get Rep:

(# repAdr (* @@rep[inx]: start address *),
length (* max. no. of elenents to read *): @ nteger
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ent er (repAdr, | engt h)

exit(length div 4)
#) ;
put Rep:
(# repAdr (* @ep[inx]: start address *),
length (* no. of rep-elenents to be and was written
*): @ nteger;
enter (repAdr, | engt h)

exit (length div 4)
#)
bi nary: < bool eanval ue
(* THHS(File) is binary if value is true. On sone systens a
* non-binary (e.g. textual) file may behave differently, than
* a binary file. Abinary file is always treated as raw bytes,
* whereas a non-binary file may treat sone characters, notably
* the end-of-line marker, differently.
*)’
openRead:
(* opens THIS(File) for reading, starting at the beginning *)
(# ... #);
openWite:
(* Opens THIS(File) for witing. truncates the contents of
* the disk file if it already existed, and creates the disk
* file if not
*

(# ... #);
openAppend:
(* Opens THIS(File) for witing at the end. Setpos cannot be
* used to wite other places than at the end. Creates the
* fileif it did not exist.
*
(# ... #);
openReadW i t e:
(* Opens THIS(File) for both reading and witing. The file is
* positioned at the beginning. To switch between witing and

* reading an internedi ate setpos nmay be necessary.
*

(# ... #);
openReadAppend:
(* Like OpenReadWite, but positiones at the end *)
(# ... #);
flush:
(* Flushes THIS(File). Affects only files opened for output *)
(# ... #);
close: (* Closes TH S(File) *)
(# ... #);

(* FILE EXCEPTI ONS *)

Fi | eException: StreanmException
(* Ceneral File exception *)
(# m "text
enter ni]
#)
OpenException: Fil eException
(* Raised if opening of a file has failed. Message: "Cannot
* open file".
*
(# ... #);
AccessError: < OpenException
(* Raised on attenpt to access a file with insufficient
* privilegies. Message: "lInsufficient access privilegies".
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*

(# ... #);
WiteError: < Fil eException
(* Raised fromPut, PutText and Flush on attenpt to wite on a
* non-existing bl ock. Message: "Wite block error”.
*
(# ... #);
ReadError: < Fil eException
(* Raised from Get and Peek on attenpt to read a non-existing
* bl ock. Message: "Read bl ock error™.
*
(# ... #);
ECSerror::< (# ... #);
NoSuchFi | eError: < Fi |l eException
(* Raised on attenpt to open a non-existing file. Message:
* "File does not exist"
*
(# ... #);
Fi | eExi stsError: < Fil eException
(* Raised when creating an already existing file. Message:

* "File does already exist".
*

(# ... #);
NoSpaceError: < Fil eException
(* Raised when the file systemis full. Message: "File system
*is full™".
*)
(# ... #);

O herError: < Fil eException
(* Raised when errors other than the above occur *)
(# ... #);
private: @...;
#); (* pattern File *)

Fi | eRep:
(* A pattern consisting of a repetition R which may be
* saved/restored in one chunk froma file; Wen saving, the
* elenents R 1:top-1] are saved; After restoring top is R range
*
(# <<SLOT Fil eRepLi b: attri butes>>;
R [1] @nteger;
top: @nteger;
Save:
(# filename: ~text
enter filenanme[]
do ...
#)
Rest or e:
(# filenane: “text
enter filename[]
do ...
#)
#)
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Chapter 8 The directory
Library

Thedirectory library definesthe di r ect or y pattern that is the interface into file di-
rectoriesin a hierarchical file system. Di r ect ory isan abstract pattern, specifying the
machine independent attributes of such directories. Specific subpatterns exists for the
different machine types such as UNIX and Macintosh (uni xDi r ect or y, respectively
macDi r ect ory, See later).

Similartofil e, the attributes of di r ect ory are divided into two parts: the disk entry
attributes and the directory related attributes. The disk entry attributes are located in
the ent ry attribute of direct ory, whereas the directory related attributes are ordi-
nary attributes of di rectory .

The disk entry attributes of directory are the same as for fil e, and will therefore
not be discussed here (see previous chapter).

The directory related attributes are: entry, name, touch, del ete, createFile,
del eteFil e, createDir, del eteDir, noOfEntries, enpty, findEntry, and sca-
nEntries. Di rect ory aso definesthe following exceptions: ent r yExi st Except i on,
di r ScanExcepti on, di rSear chExcepti on, noSuchException, and not FoundEx-
ception.

8.1 Using the directory Fragment

A program using the di r ect or y fragment will have the following structure:

I NCLUDE ' ~bet a/ basi clib/v1.5/directory’
- program descriptor ---
(# ...
dir: @lirectory;
do ...
'~beta/basiclib/vl.5/" -> dir.nane;
dir.scankEntries(# do found. nane -> putline #);

.

Listing a directory

Program showing a smple use of direct ory: The directory with the path given as
argument is scanned, and the names of all the entries are printed with an indication of
what type of entry it is. Thisis done using the sel ect pattern of scanentries. This
isamore efficient strategy than using f ound. entry. i sFi | e tc., possibly correcting
for the casethat ' d' isnot current working directory.

If the path given is not adirectory, an exception will be raised.:

80
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ORI

(

L T R T A

~

(#

do

G N ' ~betal/basiclib/vl. 5/ directory'; listDir bet

program descriptor ---

Program showi ng a sinple use of directory: The directory with the
path given as argunent is scanned, and the nanmes of all the entries
are printed with an indication of what type of entry it is.

This is done using the 'select' pattern of 'scanentries'. This is

a nore efficient startegy than using 'found.entry.isFile' etc.

possi bly correcting for the case that 'd" is not current working
directory. If the path given is not a directory, an exception wl]l
be rai sed.

arg: “text;
d: @irectory;
nl: @ool ean;
full: @ool ean
usage:
(# do 'Usage: ' -> puttext;
1- >ar gunent s- >putt ext ;
" [-f] path' -> putline;
st op;
#);

(* Parse command |ine *)
(if noCF Argument s

/1 1 then '.' -> d.nane
/1 2 then

2 -> argunents -> arg[];
(if '-f* -> arg.equal then
true -> full;

".' -> d. nane;
el se
arg[] -> d.nang;
if)
/1 3 then

2 -> argunents -> arg[];
(if '-f' -> arg.equal then
true -> full;

el se usage;

£);

3 -> argunents -> d. naneg;
el se

usage;
if);

(* Scan directory *)
new i ne;
'The content of
d. nane -> puttext;
"''is: ' -> putline;
d. scanEntries
(#
do sel ect
(# whenFile::<
(# do 'File: " -> puttext; #);
whenDir:: <
(# do 'Directory: ' -> puttext; #);
whenCt her: : <
(# do ' (Unknown): ' -> puttext; #);

'-> puttext;

#);

(if full then foundFull Path -> putline;
el se found. path -> putline;
if);

#);
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new i ne;
#)

8.2 Interface Description for the
directory Library

ORIAN 'file'
BODY ' private/directorybody';
(*
* COPYRI GHT
* Copyright (© Molner Informatics, 1984-96
* Al rights reserved.
*
*
---- LIB: attributes ----
directory:
(* CGeneralization of disk folder/directory. Describes the |ist
* aspects of directories and contains a DiskEntry item describing
* the other properties of a directory.
*)
(#
<<SLOT DirectoryLib: attributes>>

EntryDesc: < Di skEntry;

entry: @ntryDesc
(* The item hol ding nmost characterizing attributes of
* THI S(directory)

*)'
name: @
(* convenient interface to entry.path *)
(# read:
(* Reads a directory name fromthe Keyboard *)
(# do ... #);

enter entry.path
exit entry.path
#)

(* Directory exceptions *)

Di r Exception: Exception
(* CGeneral directory exception *)
(# do ...; INNER #);
Ent r yExi st Excepti on: DirException
(* Raised on attenpt to create a file or directory that
* allready existed in TH S(directory). Message: "Directory
* entry allready exist"”
*
(# do ...; INNER #);
Di r ScanExcepti on: DirException
(* Raised if a scan of TH S(directory) has failed. Message:

* "Scan of directory failed.", and an indication of why it
* failed.
(# do ...; INNER #);

Di r Sear chException: DirException
(* Raised if a find in TH S(directory) has failed. Message:
* "Search of directory failed.", and an indication of why it
* failed.
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*

(# do ...; INNER #);
NoSuchException: DirException
(* Raised on attenpt to delete a file or directory that did
* not exist in TH S(directory). Message: "Attenpt to delete a
* nonexisting entry."
*
(# do ...; INNER #);
Not FoundExcepti on: DirException
(* Raised if findEntry.select is used in findEntry. not Found,
* or in other situations that findEntry.found[]=NONE. Message:
* "Attenpt to use 'select' in 'findEntry' when the candi date
* was not found."

*

(# do ...; INNER #);
(* Manipul ations of THI S(directory) *)

touch: entry.touch
(* If the disk entry does not exist, an enpty directory will
* be created.
*
(# touchD: @..;
do touchD
#);
del et e:
(* Delete TH S(directory) *)
(# nosuch: < NoSuchException
(* Raised if there was no disk entry corresponding to
* THI S(Directory)
*),
error:< entry. Di skEntryException
(* Raised if other errors occurred *);
deleteD: @..;
do del eteD
#);
createFile:
(* Create a file naned 'nanme' in TH S(Directory) *)
(# name: “text;
newkntry: ~EntryDesc;
exi sts: < EntryExi st Exception
(* Raised if en entry of that nane already existed *);
error: < DirException
(* Raised if other errors occurred *);
enter nane[]

exit newentryl[]
#);
del et eFi | e:
(* Delete a file naned 'nane' in THI S(Directory) *)
(# name: “text;
nosuch: < NoSuchExcepti on
(* Raised if there was no disk entry in TH S(Directory)
* npaned ' nang'
*),
error: <Di r Exception
(* Raised if other errors occured *)
ent er nane[]
#);
createDir:
(* Create a directory naned 'nane' in THI S(Directory) *)
(# name: “text;
newkntry: ~EntryDesc;
exi sts: < EntryExi st Exception



84 The directory Library

(* Raised if en entry of that nanme already existed *);
error: < DirException
(* Raised if other errors occurred *);
ent er name[]

exit newentry[]
#);
del etebDir:
(* Delete a directory nanmed 'nanme' in THI S(Directory) *)
(# name: "text;
nosuch: < NoSuchExcepti on
(* Raised if there was no disk entry in TH S(Directory)
* pamed ' nane'
*),
error: < DirException
(* Raised if other errors occured *)
enter name[]
#),
noOf Entries: |ntegerVal ue
(* exit the nunmber of entries in TH S(directory) *)
(# error:<DirException
#)
enpty: Bool eanVal ue
(* TRUE iff TH S(directory) is enpty. Note that this does not
* always inply NoOf Entries=0
*
(# error:<DirException
#)
findEntry:
(* Calls INNER if entry was found in TH S(directory), and
* otherw se calls not Found
*
(# <<SLOT DirFindLib: attributes>>;
candi date: “text;
(* The nane of the entry to search for *)
foundDesc: < Di skEntry;
(* Qualification of "found" *)
found: ~foundDesc;

(* Reference to entry, if found. Notice that 'found. path’
* is relative to TH S(directory). The full path may be

* obtained by 'foundFull Path' Also 'foundFullPath ->

* found. path' nay be needed before is queried for nodtine
* etc., if THHS(Directory) is not the current working

* directory.

*)

foundFile:< File;

(* Qualification of file generated in

* select.whenfile.thefile

*

foundDir: < Directory;

(* Qualification of directory generated in
* sel ect.whendir.thedir

foundFul | Pat h: (* Full path of "found" *)

(# p: ~text do ... exit p[] #);

notfound:< (* Called if the entry was not found *)
(# do INNER #);

sel ect:
(* Used to distinguish between the various entries that
* may be found

*)
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(# error: < found. Di skEnt ryException
whenFi | e: <
(* Called when the entry found is a file *)
(# thefile:
(* Generate an instance of foundFile
* corresponding to the entry found. Notice that
"found' and 'f.entry' are two distinct
objects; 'f.entry' has a full path, 'found
may or nmay not have a path relative to
THI S(Di rectory).

* F * *

*

(# f: ~foundFile

do ...
exit f[]
#) ;
do | NNER
#)
whenDir: <
(* Called when the entry found is a directory *)
(# theDir:
(* Generate an instance of foundDir
* corresponding to the entry found. Notice that
* "found' and 'd.entry' are two distinct
* objects; 'd.entry' has a full path, 'found
* may or may not have a path relative to
* TH S(Directory).
*
(# d: ~oundDr
do ...
exit d[]
#)
do | NNER
#);
whenCQt her: <

(* Called when the entry found is neither a file nor
* a directory
*
(# do I NNER #);
selectlnpl:< (* private *)
(# sel ectedl nlnner: @ool ean
do ...;
INNER;, .. .;
#)
do sel ectlnpl;
#); (* select *)
error: < DirSearchException
(* Raised if the search fails *);
ent er candi date[]
do ...;
#); (* findEntry *)
scanEntri es:
(* Calls INNER for each entry in THI S(directory) *)
(# <<SLOT DirScanLib: attributes>>;
| ongest: @ nteger;
(* The length of the |l ongest entry-nane in TH S(directory)
*

foundDesc: < Di skEntry;

(* Qalification of "found" *)

found: ~foundDesc;

(* Reference to entry, if found. Notice that 'found.path
is relative to TH S(directory). The full path nay be
obt ai ned by 'foundFull Path' Al so 'foundFull Path ->
found. path’ may be needed before is queried for nodtine
etc., if THHS(Directory) is not the current working
directory.

* Ok X X *
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*

foundFile:< File;
(* Qualification of file generated in
* select.whenfile.thefile
*
foundDir: < Directory;
(* Qualification of directory generated in
* sel ect.whendir.thedir
*
foundFul | Pat h: (* Full path of "found" *)
(# p: ~ext do ... exit p[] #);
sel ect:
(* Used to distinguish between the various entries that
* may be found
*
(# error:< found. D skEnt ryExcepti on
whenFi | e: <
(* Called when the entry found is a file *)
(# thefile:
(* Cenerate an instance of foundFile
* corresponding to the entry found. Notice that
"found' and 'f.entry' are two distinct
objects; 'f.entry' has a full path, 'found
may or may not have a path relative to
THI S(Di rectory).

b R

*

(# f: ~oundFile

do ...
exit f[]
#);
do | NNER
#)
whenDir: <
(* Called when the entry found is a directory *)
(# theDir:
(* CGenerate an instance of foundDir
* corresponding to the entry found. Notice that
* "found' and 'd.entry' are two distinct
* objects; 'd.entry' has a full path, 'found
* may or may not have a path relative to
* TH S(Directory).
(# d: ~oundDir
do ...
exit d[]
#)
do | NNER
#);
whenQt her : <

(* Called when the entry found is neither a file nor
* a directory
*
(# do INNER #);
selectlnpl:< (* private *)
(# sel ectedl nlnner: @ool ean
do ...;
INNER;, ...;
#)
do sel ectlnmpl;
#); (* select *)
error: < DirScanException
(* Raised if the scan fails *);
(* idx- *) (* idx- *)
do ...;
#); (* scanEntries *)
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private: @..;
#) (* directory *
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Chapter 9 The unixFile
Library

The uni xFile library defines the UNIX specific properties of the disk entry
attributes and contents related attributes of UNIX files. This is done through
specializations of the di skEntry and fil e patterns, namely the uni xEntry and
uni xFi | e patterns.

Uni xEnt ry defines many new attributes, such as per mi ssi on, owner, accessTi ne,
etc., and uni xFil e defines only two additional attributes. openExeWite and
openExeAppend.

9.1 Using the unixFile Fragment

A program using the uni xFi | e fragment will have the following structure:

I NCLUDE ' ~bet a/ uni xI i b/v1. 5/ unixFile'
--- program descriptor ---
(# ...
uf: @ni xFi | e;
do ...
(*a','r") -> uf.entry. perm ssion. add;

#)

Please note, that uni xFil e is not placed in the basiclib directory, but in a
directory uni xI i b, holding specific files for the UNIX version of the Mjalner
BETA System.

Unix Entry Example

An example of using uni xEnt ry: First the user is asked if symbolic links should be
followed or not. If the uni xEnt ry specified on the command line exists, it isthen var-
ious other UNIX specific attributes are examined. It is examined whether the entry is
asymbolic link or not, only if links should not be followed.

Finally it is attempted to change the owner of it to 675:
ORIGA N ' ~beta/unixlib/vl. 5/ unixfile';

I NCLUDE ' ~beta/sysutils/vl.5/tine';
---- PROCGRAM descriptor ----

(* An exanple of using UnixEntry: First the user is asked if synbolic
Iinks should be followed or not. If the Uni xEntry specified on the

* ok

conmand line exists, it is then various other unix specific
attributes are examined. It is exam ned whether the entry is
a synbolic link or not, only if links should not be followed.

*

*
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* Finally it is attenpted to change the owner of it to 675.
*)

(# e: @nixentry; follow @ool ean;
do (if noOF Argunents <> 2 //true then

"Usage: ' -> puttext; 1->argunents->puttext; ' path' -> putline;

st op;
i)
2 -> argunents -> e.path

' Exam ne synbolic |inks thensel ves? (y/n) ' -> puttext;
(Keyboard.get="n") -> e.followinks;

e.path -> puttext;
(if e.exists
/1l true then
exists. It' -> putline;
(if e.followinks // false then
(if e.isSynmbolicLink // true then
is a synbolic link' -> putline;

)
)
" was last nodified ' -> puttext;
e.nodtine -> formattine -> putline;
has inode: '->puttext; e.inode -> putint; newine;
has owner id: '->puttext; e.owner -> putint; newine;
' the owner '-> puttext;

(if (‘u,"w) -> e.permssion. has

/] true then "has wite permssion to the disk entry' -> putline;
/1 false then 'does not have wite pernmission to the disk entry'

-> putline;
if);
"Now lets try to change the owner id to 675." -> puttext;
675 -> e.owner;

That succeeded!' -> putline;
/1 false then
does not exist.' -> putline;

1)
#)

Split executable file

A simple example of using uni xFi | e: The file'i n. bet"' is read word by word, and
each word is printed on the output file specified on the command line. This output
file has been opened with openExeW i t e, meaning that the resulting file will be exe-
cutable. After this, the output file is opened again, this time with openExeAppend,
meaning that the output file will be executable after the line of text has been ap-
pended to it.:

ORIG@ N ' ~beta/uni xlib/vl.5/ unixfile';
---- PROGRAM descriptor ----

(* A sinpl e exanpl e of u5|ng Uni xFile: The file "input' is read word
by word, and each word is printed on the output file specified
on the command line. This output file has been opened

After this, the output file is opened again, this tinme with
OpenExeAppend, neaning that the output file will be
executabl e after the Iine of text has been appended to it.

* %k X X X

)

(# inFile, outFile: @unixfile;
do (if noOF Argunents <> 2 //true then

splitexe.bet

with OpenExeWite, nening that the resulting file will be executable.

"Usage: ' -> puttext; 1->argunents->puttext; ' out-file' -> putline;

st op;
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#)

if);
2 -> argunments -> outFil e. nane;
out Fi |l e. OpenExeWite;

"input' -> inFile.nane;
i nFi | e. OpenRead;

readFi |l e:
(#
do (if inFile.eos
!/l false then
inFile.getAtom-> outFile. putText;
out Fi | e. newLi ne;
restart readFile
/!l true then
| eave readFil e
if)

#),
inFile.close
out Fi |l e. cl ose;

(* Now we'll append a little too *)
outfil e. OpenExeAppend;

"This is one |ine appended’ -> outfile.puttext;
outfile.newine;

9.2 Interface Description for the

unixFile Library

ORIA@ N ' ~betal/basiclib/vl.5/file';
BODY ' private/unixfile_body';

LIB: attributes ----

Uni xEntry: Di skEntry

(*

*

*)

(#

Pattern describing unix specific attributes of disk-entries |ike
files and directories in a hierarchic unix file system

<<SLOT Uni xEntryLib: attributes>>

Uni xEnt r yEXi st ed: Exception
(* Raised on attenpt to make an existing unix entry into a
* synbolic link using IinkTo or linkFrom Message: "Attenpt to
* make an existing UnixEntry into a synmbolic |ink"
*

(# ... #);

foll owinks:
(* If the disk entry corresponding to THI S(Uni xEntry). path
* exists and is a link to some other entry, then if
* followinks is true the disk entry pointed to is mani pul at ed
* by the operations below, otherwise the link itself is
* mani pul ated. Defaults to TRUE
(# f: @ool ean;
enter (# enter f ... #)
exit (# ... exit f #)
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#);

per mi

(*

*
*
*
*
*
*
*
*
*
*
*

*

ssion: @ernissiondesc

An object to manipul ate the protection and node of

THI S(Uni xEntry). This gives a nore fine-grained access to
the unix permissions than the inherited attributes

"readabl e" and "witeable". Al operations on "perm ssion"
are used like this :

(who, node) -> perm ssion.operation ... ;

"who" denotes a category of users : 'a'" -- all, 'u -- user
(owner), 'g" -- group, '0" -- other.

"node" denotes the node of THI S(Uni xEntry) : 'r' -- read,
'wW o -- write, 'X' -- execute.

)

per m
(#

ssi ondesc: <
<<SLOT Uni xFi |l ePernlLi b: attri butes>>;

(* PERM SSI ON EXCEPTI ONS *)
W ongUser Error: < Exception
(* Raised if sonething other than "a', 'u', 'g, or '0o
* is specified for "who". Message: "Wong user
* specification for disk entry perm ssion."

*

(# ... #);
W onghMbdeError: < Exception
(* Raised if sonething other than 'r', "W, or '"x' is

* specified for "node". Message: "Wong node
* specification for disk entry permssion."
*
(# ... #);
ChangePer nError: < Di skEntryExcepti on
(* Raised if a change of perm ssions has failed for
* THI S(Uni xEntry). Message: "Failed to change perm ssion
* for disk entry."
*)
(# ... #);
O herError: < Di skEntryException
(* Raised if other errors occurred *);

has:
(* True if "who" has the "node" access to
* THI S(Uni xEntry).
*
(# node, who: @har;
result: @ool ean;
ent er (who, node)

exit result
#) ]
add:
(* Gve "who" the "node" access to THI S(Uni xEntry) *)
(# node, who: @har;
ent er (who, node)
#);
renmove:
(* Renove the "npde" fromthe way "who" nmy access
* THI S(Uni xEntry).
(# node, who: @har;
ent er (who, node)
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#);
#); (* permssion *)
devi ce: | ntegerVal ue
(* Integer denoting the device on which the Inode of
* THI S(Uni xEntry) resides

*

(# error: <D skEntryException;
#):
i node: I ntegerVal ue
(* Unanbi gous integer denoting the identity of this unix entry
*

(# error: <D skEntryException;
#);
i sChar Speci al : Bool eanVal ue
(# error: <D skEntryExcepti on;
#);
i sBl ockSpeci al : Bool eanVal ue
(# error:<Di skEntryExcepti on;
#);
i sSynbol i cLi nk: Bool eanVal ue
(* True if THI S(UnixEntry) is a synbolic |ink. Al ways false
* if followinks is set to true (default)
*
(# error: <D skEntryExcepti on;
#):;
i sSocket: Bool eanVal ue
(* True if THI S(Uni xEntry) is a socket *)
(# error:<Di skEntryExcepti on;
#):
har dLi nks: | nt eger Val ue
(* Nunmber of hard links to TH S(Uni XxEntry) *)
(# error: <Di skEntryExcepti on;
#);
devi ceType: I ntegerVal ue
(* If THHS(Uni xEntry) is a device, the integer exited denotes
* the type of the device

(# error: <Di skEntryExcepti on;
#):
owner :
(* Set/get the userid (an integer) denoting the identity of
* the owner of THI S(Uni XEntry)
*
(# uid: @nteger;
error: <Di skEntryExcepti on;

set: (# enter uid do ... #);
get: (# ... exit uid #);
enter set
exit get
#);
group:

(* Set/get the group id (an integer) denoting the identity of
* the group to which the owner of THI S(Uni xEntry) bel ongs

(# gid: @nteger;
error: <Di skEntryExcepti on;
set: (# enter gid do ... #);
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get: (# ... exit gid #);
enter set
exit get
#);
accessTi nme: | ntegerVal ue
(* The (systen) tinme of the last read or wite nmani pul ati on of
* THI S( Uni xEnt ry)

*

(# error:<Di skEntryException
#)
statusTi nme: | ntegerVal ue
(* Systemtine of the last status change of
* THI S(Uni xEntry). |In our case a status change occurs when the
* followi ng operations are activated on TH S(Uni xEntry):
* touch, perm ssion.add, perm ssion.renove

*

(# error:<Di skEntryException
#) ]
opti mal Bl ockSi ze: | nteger Val ue
(# error:<Di skEntryException
#)
bl ocks: | ntegerVal ue
(* The actual nunber of blocks allocated for TH S(Uni xEntry) *)
(# error:<Di skEntryException
#)
i nkTo:
(* Make THI S(Uni xEntry) be a synbolic link to dst. The
* "exists' exception is raised if TH S(Uni xEntry) allready
* exists.
*
(# dst: “text;
error: < Di skEntryException
exi sts: < Uni xEnt r yEXi st ed;
link: ~UniXEntry;
enter dst[]
do ...;
#)
I'i nkFrom
(* Make src be a synbolic link to TH S(Uni xEntry). The
* 'exists' exception is raised if src allready exists. If no
* errors occur, link is a UnixEntry for the link, with
* followinks set to fal se
*
(# src: “text;
error: <Di skEntryExcepti on
exi sts: < Uni XEnt r yEXi st ed;
link: ~UnixXEntry;
enter src[]
do ...;
exit link
#)

#); (* UnixEntry *)
UnixFile: File
(* BETA interface to disk files in UNI X *)
(#
<<SLOT Uni xFil eLib: attributes>>

EntryDesc:: < Uni XEntry
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#)

penExeWite:
(* Like OpenWite,
* executabl e
*
(# ... #);
OpenExeAppend:
(* Like OpenAppend,
* executabl e
*)
(# ... #);

except that the file witten will be

except that the file witten will be



Chapter 10 The unixDirectory
Library

The unixDirectory library defines the UNIX specific properties of the disk entry at-
tributes and directory related attributes of UNIX directories. This is done through
speciaizations of the di skEntry and fil e patterns, namely the uni xEntry and
uni xDi r ect ory patterns.

The uni xEnt ry pattern is the same as the one discussed in the uni xFi | e library, and  uni xDi r ec-
the uni xDi r ect ory pattern only makes the necessary specializations to make thein- tory attributes
herited di r ect or y properties function on the UNIX hierarchical file system.

10.1Using the unixDirectory Fragment

A program using the uni xDi r ect or y fragment will have the following structure:

| NCLUDE ' ~bet a/ uni xlib/v1.5/ uni xDirectory'
--- program descriptor ---

(# ...

ud: @ni xDi rectory;
do ...

"unixDirectory.bet' -> ud.findentry(# ... do ... #);
#)

Please note, that uni xDi rect ory isnot placed in thebasi cl i b directory, but in a
directory uni xli b, holding specific files for the UNIX version of the Mjgner
BETA System.

Listing Unix Directory Example

Program showing a ssimple use of UNIX directory: The directory with the path given
as argument is scanned, and the names of all the entries are printed with an indication
of what type of entry it is. This is done using the sel ect pattern of scanEntri es.
This is a more efficient strategy than using f ound. entry. i sFi | e etc., possibly cor-
recting for the casethat ' d' isnot current working directory.

If the path given is not adirectory, an exception will be raised:

ORIGA N ' ~beta/uni xlib/vl. 5/ unixdirectory';

-- PROGRAM descriptor -- listUnix.bet

(* Program showing a sinple use of UNI X directory: The directory

* with the path given as argunent is scanned, and the names of all

* the entries are printed with an indication of what type of entry it is.
* This is done using the 'select' pattern of 'scanentries'. This is a nore
* efficient startegy than using 'found.entry.isFile' etc., possibly

*

correcting for the case that 'd" is not current working directory.
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If the path given is not a directory, an exception will be raised.

*)

(# arg: “text;
d: @i xDirectory
nl: @ool ean;
full: @ool ean;
usage:
(# do 'Usage: ' -> puttext;
1- >ar gunent s- >put t ext ;
" [-f] path' -> putline;
st op;
#);
do (* Parse conmmand |ine *)
(if noCf Argunent s
/1 1 then '." -> d.nane
/1 2 then
2 -> argunents -> arg[];
(if '-f' -> arg. equa
/'l true then
true -> full;
".' -> d. nang;
/1 false then
arg[] -> d.nane;
if)
/1 3 then
2 -> argunments -> arg[];
(if '-f' -> arg. equa
/1 true then
true -> full;
/1 false then usage;
if);
3 -> argunents -> d.nane
el se
usage;
if);

(* Scan directory *)
new i ne;
' The content of
d. nane -> puttext;
Uods: -> putline;
d. scanEntries
(#
do false -> found. foll owinks
sel ect
(# whenFile::<
(# do '"File: ' -> puttext; #);
whenDir:: <
(# do 'Directory: " -> puttext; #);
whenSocket : : <
(# do ' Socket: ' -> puttext; #);
whenSynbol i clink: : <
(# do 'Link: ' -> puttext; #);
whenChar Speci al : : <
(# do 'Char special: ' -> puttext; #);
whenBl ockSpeci al : : <
(# do ' Bl ock special:
whenQt her: : <
(# do ' (Unknown): ' -> puttext; #);

-> puttext;

-> puttext; #);

#);

(if full

/1 true then foundFull Path -> putline;
/1 false then found.path -> putline;
if);
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#);
new i ne;
#)

10.2Interface Description for the
unixDirectory Library

ORIA N ' ~betal/basiclib/vl.5/directory'
BODY ' privat e/ uni xdi rectory_body';

| NCLUDE ' uni xfile'
---- LIB: attributes ----

uni xdi rectory: directory
(* BETA interface to disk files in UNI X *)
(#
<<SLOT Uni xDi rectoryLib: attributes>>

EntryDesc:: < Uni XEntry

findEntry: dirFindEntry
(#

foundDesc:: < Uni xEntry;

foundFile::< UnixFile;

foundDir:: < UnixDirectory;

select: dirselect

(# whenSocket : < (# do I NNER #);

whenSynboliclink: < (# do | NNER #);
whenChar Speci al : < (# do I NNER #);
whenBl ockSpeci al : < (# do | NNER #);

selectInpl::< (* private *)

(# ... #)
#)
do | NNER
#)
scanEntries: dirScanEntries
(#
foundDesc: : < Uni xEntry;
foundFile:: < UnixFile;
foundDir:: < UnixDirectory;
sel ect: dirsel ect
(# whenSocket : < (# do I NNER #);
whenSynbol i clink: < (# do | NNER #);
whenChar Special : < (# do | NNER #);
whenBl ockSpeci al : < (# do | NNER #);
selectlnpl::< (* private *)
(# ... #)
#) ;
do | NNER
#)

(* idx- *) (* idx- *)
#)

(* I'nstead of scanEntries and findEntry being virtual (i.e.

* prefixes):

*)

vi rtual
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---- DirectoryLib: attributes ----

di r Fi ndEntry:

findeEntry(# do | NNER #);

di r ScanEntries: scanEntries(# do | NNER #);

---- DirFindLib: attributes ----
dirSel ect: sel ect (##);

---- DirScanLib: attributes ----
dirSel ect: select (##);



Chapter 11 The systemEnv
Libraries

The systemEnv libraries define the experimental concurrency system for BETA. The
systemEnv libraries contain five closely related libraries. basi csystenenv. bet,
syst enenv. bet, dpc. bet, ti mehandl er. bet, andi ost at e. bet .

Thebasi csyst emenv. bet fragment contains the core of the concurrency system, and
is the prime fragment for information on the concurrency facilities.

The syst emenv. bet fragment is to be used if the concurrency isto be used in a pro-
gram that is not using any graphical user interface system, such as the X Window
System. Syst enenv. bet does not define any attributes at all.

The dpc. bet fragment contains facilities to overcome a short-coming in the current
BETA runtime system concerning the suspending a BETA component whose stack
contains callbacks from C to BETA.

The ti mehandl er. bet fragment contains facilities for setting timers in the form of
objects to be executed when a given time period have el apsed.

The i ost at e. bet fragment contains facilities for controlling non-blocking 10 on
UNIX file descriptors (i.e. this fragment is UNIX specific, and not available on other
platforms).

The rest of the chapter will only describe the basi csyst emenv. bet fragments. For
details on the use of the other fragments, please see the documentation in the
interface descriptions.

11.1The basicSystemEnv Library

The syst enEnv fragment contains abstract superpatterns for describing the BETA
concepts of concurrent systems. The basic ideas are:

1. Components (coroutines) can be executed concurrently.

2. A primitive semaphor e pattern is available for synchronization. The operations
on asenmaphor e must be executed as an indivisible unit.

3. An abstract pattern Monit or similar to the monitor proposed by Hoare and
Brinch-Hansen.

4. An abstract pattern Syst emis defined. Syst em defines communication between
systems by means of synchronized rendezvous. A concurrency imperative conc
and an alternation imperative al t are defined for syst em

Currently an exploratory style is used to experiment with different variants of the ab-
stract patterns. The current version is thus far from any final form of definition and
may contain errors. The separation into interface and implementation has not been
completely carried out.
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The abstractions defined here are based on the ones described in chapter 12 of the
BETA book.

Changes from original design

The implementation is identical to the design in the BETA book, except for the fol-
lowing changes:

1. Thesyntax of fork is
S[]->fork
and notS. f ork.

2. Thesyntax of conc is
conc(# do Sl[]->start; S2[]->start; S3[]->start #)
andnotconc(# do Sl.start; S2.start; S3.start #).

3. Thesyntax of al t is
alt(#do Sl[]->start; S2[]->start; S3[]->start #)
andnotalt (# do Sl.start; S2.start; S3.start #).

New facilities

Thisimplementation of syst enenv included afew new facilities, not described in the
BETA book:

4. semaphor e have an additional attribute: t r yP, which is a non-blocking call of p.

5. Inadditionto s[]->fork, s[]->kill isnow possible, and in addition to pause,
100- >sl eep ispossible.

6. systemhave a new virtual attribute, onki | | ed, that is invoked before the sys-
tem terminates

7. systenenv has a new virtual attribute, deadl ocked, that is invoked if all pro-
cesses are deadl ocked.

8. Finally, systenenv defines three new attributes to cope with event driven user
interfaces: wi ndowenvType, t heW ndowEnv, and set W ndowenv. See further de-
tails on cooperation with user interface environments below.

The Concurrency is Simulated

In order to implement real concurrency, an interrupt mechanism must be imple-
mented. This is currently not done. A component/system will thus keep the control
until it makes an explicit or implicit SUSPEND. An implicit SUSPEND is made when a
component must wait for a semaphor e, executes the pause pattern, executes the
sl eep pattern, or performs a blocking communication using the shel | Env distribu-
tion libraries (not described in this manual).

Concurrency and User Interface Environments

User interface environments (such as X Window System) are usually event-driven in
the sense that actions in the program are executed as a response to user input events.
To handle this, a number of separate implementations of Syst enEnv exists for the
different user interface libraries, such as xtEnv, awEnv, motifEnv, uiEnv, and
MacEnv:

* Use systenenv. bet as origin for programs not using event-driven user-inter-
face libraries.

e Use ~betal Xt/ current/xsystemenv. bet asorigin for programs using xtEnv,
awEnv or motifEnv.

* Use ~bet a/ ui env/ current/ ui envsyst emenv. bet as origin for programs us-
ing Ulenv.
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See xsyst enmenv and ui envsyst emenv for a description of using syst enenv in con-
junction with X and Ulenv programs, respectively.

See ~bet a/ macenv/ cur r ent / macsyst emenv for a description of using syst enenv in
conjunction with macenv.

For examples of using Syst enEnv, see the deno directory.

Please note, that programs should only use one of the syst enenv, xsyst enenv, and
ui envsyst enenv fragments. It is afairly common mistake in syst enEnv programs
to find more than one of these fragments.

11.2Using the SystemEnv Fragment

A program using the systemEnv fragment will have the following structure:

I NCLUDE ' ~bet a/ basi cli b/v1.5/systenenv'
--- program descriptor ---
syst enenv
(# process: @|system(# ... #);
do ...
process[] -> fork;

#)

The Monitor Example

The following is an example of a producer/consumer system with a shared buffer
(implemented as a 20 element character buffer, protected as anoni t or . The producer
and consumer are concurrent objects.

ORI G N ' ~bet a/ basi clib/v1.5/systenenv'; buffer bet
---program descriptor---
Syst enEnv
(# buffer: @bnitor
(# R [20] @har; in,out: @nteger;
full,empty: @Condition;

put: Entry
(# ch: @har
enter ch
do (if in = out then full.wait if);
ch->R[in]; (in nod R range)+l ->in;
enpty. signal ;
#)
get: Entry
(# ch: @har
do (if in = (out nbd R range)+l then enpty.wait if);
R (out nod R range)+1->out]->ch;
full.signal;
exit ch
#);
init::< (# do 1->in; R range->out #)
#);

prod: @ System(# do cycl e(# do keyboard. get->buffer.put #) #);
cons: @ System(# do cycle(# do buffer.get->screen. put #) #);

do buffer.init;
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conc(# do prod[]->start; cons[]->start #)
#)

The Monitor with Wait Example

This example is similar to the previous, except that wai t is used instead of condi -
ti on to control the medium-term scheduling of accessto the buffer.

ORI G N ' ~bet a/ basi clib/vl.5/systenenv';

Ocbuf.bet
---program descriptor--
syst enenv
(# buffer: @bnitor
(# R [4] @har; in,out: @nteger;
full: (# exit in=out #);
enpty: (#exit (in = (out nod R range)+l) #);
Put: Entry
(# ch: @har
enter ch
do wait(# do (not full)->cond #);
ch->Rin]; (in nmod R range)+1l ->in;
#),
get? Entry
(# ch: @har
do wait(# do (not enpty)->cond #);
R (out mod R range)+1->out]->ch;
exit ch
#)
init::< (# do 1->in; R range->out #)
#)
prod: @ System(# do cycle(# do keyboard. get->buffer.put #) #);
cons: @ System(# do cycle(# do buffer.get->screen.put #) #);
do buffer.init;
conc(# do prod[]->start; cons[]->start #)
#)
The Ports Example
The following is an example of three communicating objects: S, R1 and R2. R1 and R2
are similar (instances of the same Rt ype pattern).
Rt ype defines two ports: p1 and p2, with aget entry inpl and a put entry in p2.
The get entry printsthe value of the x attribute on standard output, and put printsthe
y attribute. Rt ype objects repeatedly accepts pl communications followed by p2
communications (i.e. since in this example, only get is defineinpi, and only put in
p2, thisimplies get followed by put ). Note that the use of ports, allows specidiza-
tions of Rt ype to define new entriesin p1 and/or p2, such that these communications
follow the same communication structure.
The s object defines two internal objects, C1 and c2, which are executed alternating.
C1 isresponsible for the communication with R1 and C2 is responsible with the com-
munication with R2. It isin this way ensured that the communication pattern between
s and R1 follows the get followed by put pattern (the same for s and R2), but these
two communication patterns may be non-deterministically interleaved.
altex1.bet ORI A N ' ~bet a/ basi clib/vl. 5/ systenenv';

---program descriptor--
Syst enkEnv
(# S @ System
(# CL. @ System
(#
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do cycle(# do '1'->put; Rl.get; '2'->put; RLl.put #);

#)
C2: @ System
(#
do cycle(# do 'a'->put; R2.get; 'b'->put; R2.put #)
#)
do alt(# do Cl[]->start; C2[]->start #)

#);

Rt ype: System
(# get: pl.entry(# do x->screen.put; #); pl: @ort;
put: p2.entry(# do y->screen.put; #); p2: @ort;
X,Y: @har
do cycle(# do pl.accept; p2.accept #)
#);
Rl: @ Rtype;
R2: @ Rtype;

do "('->RlL.x; '")'->RlL.y; '['->R2.x; ']'->R2.vy;
conc(# do S[]->start; Rl[]->start; R2[]->start #)
#)

The ObjectPort Example

This example illustrates the use of the Oj ect Port facility. The S object definesf 1,
f2, and f 3 communication entries, where f 1 is controlled by an obj ect Port. This
enables s to control exactly which object which is allowed to communicatef 3’sin an
accept. Note, that initialy, R R1 isallowed, and later R R3 is allowed.

ORI G N ' ~bet a/ basi cli b/v1.5/systenenv'; sysZ.bet
---program descriptor--
Syst enEnv
(# S @ System
(# P1. @xjectPort;
fl1: Pl.entry(# do 'f1 called ->putline #);
P2: @Port;
f2: P2.entry(# do 'f2 called ->putline #);
P3: @ort;
f3: P3.entry(# do 'f3 called ->putline #);
do R R1[]->P1. accept;
P2. accept;
P3. accept;
R R3[]->P1. accept
#)

R @
(#

System

Rl: @ System(# do S.f1; S.f3 #);

R2: @ System(# do S.f2; #);

R3: @ Systen(# do S.f1 #);

do 'Start R ->putlLine;
conc(# do Rl[]->start; R2[]->start; R3[]->start #);
'"End R ->putLine

#);

do 'Start'->putlLine;
conc(# do R ]->start; S[]->start #);
" End' - >put Li ne

#)
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11.3Interface Description for the

systemenv Library

Interface Description for the basicsystemEnv Library

ORIG N ' betaenv';
BODY ' privat e/ basi csyst enmenvbody'
---LIB:attributes---

(*

*

L T B S I T N B R R S T I R B . B N N R I S T R R TR R T N B I

COPYRI GHT

Copyright Mol ner Informatics, 1992-96
Al rights reserved.

This fragnent contains abstract superpatterns for describing the
BETA concepts of concurrent systens.

The basic ideas are

A. Conponents (coroutines) can be executed concurrently

B. Aprinmtive semaphore pattern is available for
syncroni zati on.

C. An abstract pattern 'Mnitor' simlar to the nonitor
proposed by Hoare and Brinch-Hansen

D. An abstract pattern 'System is defined. System defines
conmuni cati on between systens by neans of synchronized
rendezvous. A concurreny inmperative 'conc' is defined for
syst ens.

The abstractions defined here are identical to the ones descri bed
in chapter 12 of the BETA book except for the follow ng points:

1

5.

The syntax of 'fork' is
S[]->fork
and NOT S.fork

The syntax of 'conc' is
conc(# do S1[]->start; S2[]->start; S3[]->start #)
and NOT conc(# do Sl.start; S2.start; S3.start #)

THE CONCURRENCY IS SI MULATED In order to inplenment rea
concurreny, an interrupt nechani smnmust be inplemented. This is
currently NOT done. A conponent/systemw || thus keep the
control until it nmakes an explicit or inplicit SUSPEND. An
inmplicit SUSPEND i s made when a conponent must wait for a
semaphore, executes the pause pattern, executes the sleep
pattern, or perforns a bl ocking comruni cati on using the shell Env
di stribution abstractions. As the concurrency is sinulated,
there is no difference between the inplenentation of the alt and
conc i nperatives.

A program usi ng concurrency nmust have the form
systenenv(# ... do ... #)

Concurrency and X- W ndows/ macenv/ gui env
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User interface environnents are usually event-driven in the
sense that actions in the programare executed as a response to
user input events. To handle this, a nunber of separate

i mpl ement ati ons of SystenkEnv exists for different user interface
libraries:

Use systenenv. bet as origin for prograns not using event-driven
user-interface libraries.

Use ~beta/ Xt/current/xsystemenv.bet as origin for progranms using
Xt Env, AwEnv or Moti f Env.

Use ~bet al/ gui env/current/gui envsystenenv. bet as origin for
programs using GU env (Lidskvjalv).

See xsystemenv and gui envsystenenv for a description of using
systemenv in conjunction with X and GUl env prograns,
respectively.

See ~beta/ macenv/current/ macsystenmenv for a description of using
systenmenv and nacenv.

E N A R N I I I I T R R T

For exanpl es of using SystenmEnv see the deno directory.
*
)
get Syst enEnv:
(* Returns the uni que systenkEnv instance running *)
(# theSystenkEnv: ~systenEnv;
do SystenkEnv## -> object Pool . strucGet
(#init::<
(#
do (failure,
"Program descriptor nust be a subpattern of systenEnv')
-> stop
#)#) -> theSystentnv[];
exit theSystenknv|]
#);
Syst enEnv: SysHead
(# <<SLOT systenlib:attributes >>;
semaphor e:
(* P and V are the usual semaphore operations.

* tryP returns true if the P operation succeded. Returns fal se
if a Pwuld block the caller. In that case the P operation
i s not perforned.

*

*

*

* Count returns the nunber of conponents waiting for the

* semaphor e.

*)

(# P @..;

V: @..;

tryP: @Bool eanVal ue
(# ... #);

Count: @
(# val ue: @nteger;

exit val ue
#) ;
senRep: @..
#)
fork: @
(* Sis put into the queue of schedul ed systens. The calling
* system keeps control, i.e. is not preenpted.
*
(# first: @..;
second: @..;
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S. ™| SysHead
enter 9[]
do first; second; none -> s[];
#)
kill: @
(* Kills S. If Sis the active system this is equivalent to a
* direct suspend.
(# S: M| SysHead; doKill: @..
enter 9[]
do doKil |
#);
pause: @
(* Moves the calling systemto the end of the queue of
* schedul ed systens.

*)
sleep; @
(* Makes the calling systemsleep at least tinme seconds. |If

* time is 0 or negative, sleep has no effect.
*
(# time: @nteger
enter time
#);
Moni t or:
(# (* idx+ *)
Condi tion:
(# g: @emaphore;
Wait: ...;
Signal: ...;
#)
Wi t:
(# cond: @ool ean
do | NNER;
(if not cond then
return; (* exit nmonitor *)
pause;
mutex. P; (* reentry of nonitor *)
restart Wait
if)
#);
Entry: (# do nutex.P; INNER return #);
init:< (# do INNER, nutex.V, #);
(* private:
*

mutex controls entry to the Monitor. urgent delays a
signal li ng process.

return i s executed by processes |eaving the nonitor.
Reacti vat es possi bl e processes waiting for entry: del ayed
signal ling processes (urgent) have first priority

E R

)

nut ex: @enmaphor e;
urgent: @enaphore;
return: @..;
#);
System SysHead
(# Port:
(# mx, m @senaphore;
entry: (# do mP; INNER, nx.V #);
accept: (# do mV;, nx.P #)
#);
RestrictedPort:
(# nx, am @pemaphor e;
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del ayed: @. .;
accept:<(# ... #);

acceptabl e: <(# OK @Bool ean; s: | sysHead enter s[] do | NNER

exit K #);
restrictedEntry:
(# ... #);
#);
bj ectPort: RestrictedPort
(# accept::< (# enter sender[] do none->sender[] #);
acceptable::< (# ... #);
entry: RestrictedEntry (# do | NNER #);
sender: | sysHead
#);
QualifiedPort: RestrictedPort
(# accept::< (# enter sender## do none->sender## #);
acceptable::< (# ... #);
entry: RestrictedEntry(# do I NNER #);
sender: ##sysHead

#);
conc:
(# start:
(# s: N system
enter s[]
#);
concPriv: @..
do INNER;, ...;
#)

alt: conc (# do I NNER #);
onKi | | ed: <
(* Called before this systemterninates. *)
(#
do (if caller[]<>NONE then (* not the outernpst system*)
caller.dec; NONE -> caller[]
if);
I NNER;
#);
caller: ~protectedlnt;
do | NNER;
#)
deadLocked: < Excepti on
(* This exception is called when all coroutines are bl ocked
* and none are waiting for 1/Q
*
)
(#
do | NNER;
(if not continue then
' Basi cSystentnv: Al coroutines bl ocked on senaphores.
-> meg. append;

if);
#) ]
conc:
(# start:
(# s: ™| system
enter s[]
#);
concPriv: @..
do INNER;, ...;
#);
alt:

(* Same as conc as a consequence of non-preentive scheduling.
*

conc (# #);
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ATTRI BUTES FOR EVENT- DRI VEN W NDOW NG ENVI RONVENTS

These attributes are only used when conbi ni ng SystenEnv with
an event-driven w ndow ng environnent. This demands an
alternative inplenentation than the standard SystenkEnv

i npl enentation. See the file: xsystenenv. bet

* % X X X X %

)
wi ndoweEnvType: < Obj ect ;

t heW ndowEnv: “w ndowEnvType;
set W ndowEnv: < bj ect;

(* PRI VATE
*

* BEverything belowis in principle private inplenmentation stuff.
*
)
private: @...;
Basi cSchedul er: o
t heActive: | sysHead;
Protectedl nt: | ntegerOhject
(* Used in inplenmentation of conc. *)
(# mutex: @emaphore;
at Zero: @emaphore;
dec:
(#
do mutex.P; (if (value-1->value)=0 then atZero.V if); nutex.V;
#)
wai t For Zero: (# do atZero.P #);
init: (# enter value do mutex.V #);
#),
i ni t Bef oreSchedul er: <
(* Called before the scheduler is activated and before
* set Wndowknv and the systenmenv INNER is call ed.

*

hj ect;
do ...;
I NNER
#)
cyclicEl m

(# s: ™| SysHead,;
next, prev: “~cyclicE m
due: @ nteger
(* due is used by sleepingQueue. If zero, this elenent is
* currently not in a sleepingQueue.

*)
#);
cycli cQueue:
(# onDel ete: < Object;
onDel : @nDel et e;
onl nsert: < (bject;
onlns: @nlnsert;
first, freeList: “~cyclicBm

insert: @
(# s: ™| sysHead; new. “cyclicE m
enter s[]
exit new]
#);
append: @

(# elm ~cyclicElm
enter elni]
#):
prepend: @
(# elm ~cyclicBElm
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enter eln]
oF
insertBefore: @

(# new, old: “cyclicBElm
enter (new],old[])

#)
getFirst: @
(# elm ~cyclicElm
exit eln]
#)
delete: @

(# elm ~cyclicBElm
enter elnf]

exit eln]
#)
renove: @

(* el mshould not be reused after renove. Use del ete instead.
*

(# elm ~cyclicBlm s: ”|sysHead;
enter eln]

exit s[]
#)
scan:
(# current: ~cyclicElm
#)
size: @nteger;
#)
SysHead:
(# shstatus: @ nteger;

lc: "oject; (* Last errorCatcher for distribution errors.

ce: “cycliceElm (* ce,q <> none => this(sysHead) is ce in q.
g: “cyclicQueue;

do | NNER

#)
(* SysHead. shstatus val ues: *)
SE RUNNING (# exit 1 #); (* Current system *)
SE VAITING (# exit 2 #); (* Blocked on senaphore. *)
SE_READY: (# exit 3 #); (* Ready to run. *)
SE_SLEEPING (# exit 4 #); (* Sleeping. *)

SE_KI LLED: (# exit 5 #);

Interface Description for the systemEnv Library

ORI G N ' basi csystenenv';
BODY ' privat e/ syst enenvbody' ;
(*
COPYRI GHT
Copyright (C) Molner Informatics, 1984-96
Al'l rights reserved.

*
*
*
*
* Use this fragment as the ORIG N for concurrent BETA
* programs NOT using X libraries or other U libraries
* with a central event-1oop.
*
* Prograns should | ook something |ike:
*
*
*

ORIG@ N 'systenenv';
--- programdescriptor ---

*)

*
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*
*
*
*
*
*

syst enknv:

(# ...
do ...
#)

For details about the concurrency abstractions,

* see the file basicsystenenv. bet

*)

Interface Description for the timehandler Library

ORI G N ' basi csystenmenv';
BODY ' private/ti nmehandl er body' ;

(*
* COPYRI GHT
* Copyright (C Molner Informatics, 1984-96
* Al rights reserved.
*
*
--- systenlib:attributes ---
ti meHandl er:
(* timeHandl er handl es the setting and unsetting of tiners.
*
* register takes a time to wait and an object reference. It returns
* aunique id identifying the registration. If the registration is
* not unregistered before the tiner goes off, the object will be
* executed. Due to non-preenptive nultitasking, it can only be
* guaranteed that at least time seconds will elapse before obj is
* execut ed.
*
* unregi ster takes a registration id and unregisters the
* registration. |If this happens before the corresponding tiner
* goes off, the registered object will not be executed.
*
* init should be called before using the tineHandl er.
*
(# register:
(# obj: ~pject; tine: @nteger;
id: @nteger;
enter (obj[],tine)
exit id
#);
unr egi ster:
(# id: @nteger;
enter id
#);
init:
(#
#):

#)

ti meHandl erPrivate: @..;



Chapter 12 The repStream
Library

The repSt ream fragments implements the repetiti onSt r eam pattern, which en-
hances a BETA repetition with stream-like operations.

12.1Using the repStream Fragment

A program using ther epSt r eamfragment will have the following structure:

| NCLUDE ' ~bet a/ basiclib/vl1.5/repStream
- program descriptor ---

(# ...

rs: @epetitionstream
do ...

"Hello world'" -> rs.puttext;
#)

12.2Interface Description for the
repStream Library

ORI A N ' betaenv';
BODY ' privat e/ repstreanbody’

(*

* COPYRI GHT

* Copyright (C Molner Informatics, 1984-96
* Al'l rights reserved.

*

*

- LIB: attributes ---
Repetiti onStream
(# R [1] @nteger;
top: @nteger;

put: @
(# ch: @har;
enter ch

do (if (top>=r.range) then 1000 -> extend if);
ch ->r[top + 1 -> top]
#)
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putint: @
(# i: @nteger;
enter i

do (if (top>=r.range) then 1000 -> extend if);
i ->r[top + 1 -> top]
#);
put Text: @
(# t: “ext;
pt: @..
enter t[]
do pt
#)
get: @
(# exit r[top+l -> top] #);
getint: @
(# exit r[top+l -> top] #);
get Text: @
(# t: "text;
gt: @..
do gt
exit t[]
#)
extend: (# n: @nteger enter n do n -> r.extend #);
#)



Chapter 13 The external
Libbrary

Theext er nal fragment contains a general interface to other programming languages.  Interfacing to C
This interface is provided by the patterns external and cStruct. The external andPascal
pattern is used to interface to procedures and functions written in other languages e.g.

C or Pascal. The cstruct pattern is used to be able to create BETA objects with a

structure similar to C structs or Pascal records. This interface is used heavily in the

system, e.g. in the interface to UNIX and Macintosh, and in the user interface toolkit.

The basic ext er nal andcSt ruct patterns are defined in bet aenv and the ext er nal

fragment defines the specific attributes of these patterns. Furthermore, the ext er nal

fragment defines the ext er nal Recor d pattern, which is used for defining the BETA

interface to data structures, allocated by the external language (e.g. ©).

13.1Using the external Fragment

A program using the ext er nal fragment will have the following structure:

I NCLUDE ' ~bet a/ basi cli b/ v1. 5/ ext er nal
- program descriptor ---

(# foo: external (# ... #)
do ...

... foo ...
#)

Interfacing to External C Functions

When interfacing to C, the pattern cal | C must be called in the do-part of the Ext er -
nal specialization. The BETA compiler will then generate a call to an external rou-
tine with the same name as the BETA pattern, using C’s style of passing parameters.

A pattern of the form
foo: external
(# enter ... docallCexit ... #)

describes the interface to an external C function with entry-point f oo(_f 0o). (The do-
part can be left out.) As a convenience, the call to C above need not be specified in
which case the compiler will insert it automatically.

If you prefer to give the external a different name from the entry-point name, you can
state the entry-point name explicitly. If the entry-point name contains special charac-
ters, you are forced to do this:

foo: external
(# ... enter... do 'X$bar' -> callCexit... #);

113
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This pattern describes the interface to an external C function, whose entry-point name
isX$bar (and not f 0o).

It isimportant that there exist a C function with the same name and exactly the num-
ber of enter parameters corresponds to the number of parameters of the C function. If
the C function returns any results, it is important that an exit parameters is specified
in the BETA externa pattern, and that this exit value is evaluated in all usage's of
this external (due to an error in the current compiler) If the C function does not return
any result, no exit parameters may be specified.

Using call back from C

The following example shows how to install call backs from C to BETA. Readers not
familiar with call backs should skip this section.

We use declarations like:

cal | BackProc: external
(* This pattern describes the interface to the procedure
* that is called on the call back. It may have the
* following type definition in C

*

* typedef void (*call BackProcPtr)(int i)
*

(# i: @nteger;
enter i
(* only the types shortlnt, integer, char and bool ean
* can be used in the enter and exit parts
*
do cExternal Entry;
i nner;
(* Had the return type not been void,
* the exit part should have appeared here.
*)
#)

i nstal |l Cal | Back: external
(* This pattern describes the interface for the C
* function that installs the call back.
* |t has the follow ng C description:

*

* void install Cal |l Back(cal | BackProcPtr theProcPtr,int j)
*
(# theProcPtr: ##call BackProc;
j: @nteger;
enter (theProcPtr##,|)
do cal Il C
#)

When writing the actual procedure to be called on the call back, it is easiest to spe-
cialise the above cal | BackPr oc pattern, asin:

(# ...
myCal | Back: cal | BackProc
(# ...
(* do not specialise the enter part *)
do 'There is a call back.' -> putline;
"Value received in paraneter i is ' -> puttext;
i ->putint; "." -> put; newine;
(* do not specialise the exit part *)
#)
j: @nteger;
do 46 -> j;

(* install the call back: *)
(nmyCal | Back##, j) -> install Call Back;

#)
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Interfacing to External Pascal Procedures

When interfacing to Pascal or another programming language with a similar activa-
tion record organization the pattern Pascal must be called in the do-part of the Ex-
ternal specialization. The BETA compiler will then generate a call to an external
routine with the same name as the BETA pattern, using the Pascal style of passing
parameters.

A pattern of the form
foo: external
(# enter ... do Pascal exit ... #)

describes the interface to an externa Pascal function with entry-point f oo (_f 0o).
(Note the exit parameters that must be present in Pascal function interfaces.

A Pascal procedure can be interfaced to through a pattern of the form
foo: external
(# enter ... do Pascal #)
If the entry-point of the Pascal function or procedure needs to be explicitly specified,
a pattern of the form
foo: external
(# enter ... do 'X$bar' -> Pascal ... #)

can be used to describe the interface to an external Pascal procedure, where the entry-
point for the Pascal procedure is X$bar instead of f oo.

A pattern of the form

f oo: external

(# enter ... do '$...' -> Pascal Trap exit ... #)
or
foo: external
(# enter ... do "{$...,%...,... }' -> Pascal Trap exit ... #)

describes the interface to an external Pascal procedure that is called using Motorola
traps. The string in the first example is in the form of a single hexadecimal number,
preceded witha $ (e.g. ' $A9FF' ). The string in the second example isin the form of a
comma separated list of hexadecimal numbers, each preceded with a$ and enclosed
with braces (e.g. ' { $A9FF, $02F4}' ). Decimal numbers may be used for specifying
the traps. Thisis done by leaving out the $.

Example Interfacing to Pascal

As an example, an interface routine to a Pascal function (NewHand! e) may be imple-
mented in the following way:

NEVWHANDLE: ext er nal
(# theHandl e: @ nteger
do pascal
exit theHandl e
#);

Using call backs from Pascal

Call backs from Pascal is handled similar to call backs from C, except that you
should use pascal Ext er nal Ent ry instead of cExt ernal Entry.

Interfacing to External Data Structures

Transferring data to and from the external languages is dealt with through two specia
purpose patterns: ¢St ruct and ext er nal Recor d.

cStruct isthe means for specifying a BETA object with a specific storage layout,
and with the purpose of transferring this object to the external language for process-
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ing. That is, acStruct object is allocated by BETA and made available for process-
ing by the external language.

Ext er nal Recor d is the means for specifying a BETA interface into some data struc-
tures, allocated by the external language.

cStruct

cStruct defines byt eSi zel that is used for specifying the number of bytes that
should be allocated for the BETA object. For specifying the fields, the local patterns
byt e, short, si gnedShort and | ong are available. These patterns contain a local
virtual attribute, pos, that is used to specify the byte position of this field in the
cStruct object. Note that there is no check for overlapping fields. cStruct aso de-
fines put / get Byt e, put / get Short, put/get Si gnedShort and put/ get Long opera-
tions for accessing the bytes, longs, etc. of thecSt ruct object directly.

ExternalRecord

Ext er nal Recor d defines t he ptr attribute, that is used to contain the memory ad-
dress of the externally allocated data structure. For specifying the interface into the
fields of this data structure, ext er nal Recor d defines byt e, short, si gnedShort and
| ong with local virtual attribute, pos, to describe the byte position of each field (just
ascStruct). Ext er nal Recor d aso defines the put / get Byt e, etc. to make direct ac-
cess to the bytes, shorts, etc. of the external data structure.

The connection between the ext er nal Recor d object and the external data structureis
established by letting some external routine return the address of the external data
structure, and then transfer this integer into the pt r attribute of the ext er nal Recor d
object. If it is necessary to transfer this address back to the external language, it can
be done by transferring the pt r attribute back through some external language rou-
tine.

Example Using cStruct

The following example shows how to interface to the C language using ¢St r uct and
ext ernal . The BETA pattern mySt ruct describes aBETA object to be transferred to
the foo C function. The BETA pattern f oo describes the interface to a C function
called f oo. It isimportant that there exist a C function with the name f oo and exactly
the same parameters and result.

(# myStruct: cStruct
(* nmyStruct describes a cStruct consisting of 8 bytes
* 'a' denotes byte[0]

* 'b'" denotes byte[1]

* '¢' denotes byte[2-5]

* 'd" denotes byte[6-7]

(# byteSize ::< (# do 8 -> value #);
a: byte (# pos ::< (# do 0 -> value #) #);
b: byte (# pos ::< (# do 1 -> value #) #);
c: long (# pos ::< (# do 2 -> value #) #);
d: short (# pos ::< (# do 6 -> value #) #)

#)

foo: external
(* This pattern describes the interface to the foll ow ng
* C function, called 'foo':
*

* int foo(int i, short si, char a, char *t, nmyStruct *r)

*

(# i: @nteger; si: @hortint;

1 Note, that cStruct is defined in bet aenv, and that the ext er nal library
defines additional attributes to this cSt ruct pattern. Byt eSi ze is defined in
bet aenv, whereas the rest of the attributes mentioned here, are described in
ext ernal .
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a: @har; t: [1] @har;
r: ~myStruct;
status: @i nteger;
enter (i, si, a, t, r[])
exit status
#);
theStruct: @myStruct;
m n, status: @nteger;
c. @har;
do ...
m-> theStruct.a; (* overflowis not detected *)
17 -> theStruct.b; ...
(n, 117, ¢, 'smth', theStruct[]) -> foo -> status;
(if status
/1117 then
theStruct.d -> m

i1);
(11, m 'x', '"smth', NONE) -> foo -> status;
#)
Example Using externalRecord

Here TCsbuf f er is the interface into some data structure in some image processing
software. TCAI | oc is the interface into the C routine in that software, allocating this
data structure, and al | ocat e is an example of using this routine for getting access to
the externally allocated data structure. Finally, updat e illustrates how to transfer the
memory address back into the external language.

TCSbuf fer: external Record

(# display: @ong(# pos ::< (# do 0 -> value #)#);
wi ndow: @ong(# pos ::< (# do 4 -> value #)#);
vi sual : @ong(# pos ::< (# do 8 -> value #)#);
col or map: @ong(# pos ::< (# do 12 -> value #)#);
dept h: @ong(# pos ::< (# do 16 -> value #)#);
gc: @ong(# pos ::< (# do 20 -> value #)#);
col or Lookup: @ong(# pos ::< (# do 24 -> value #)#);
wi dt h: @ong(# pos ::< (# do 56 -> value #)#);
hei ght : @ong(# pos ::< (# do 60 -> value #)#);
dat a: @ong(# pos ::< (# do 64 -> value #)#);
xCOf f set : @ong(# pos ::< (# do 68 -> value #)#);
yO fset: @ong(# pos ::< (# do 72 -> value #)#);
zoom @ong(# pos ::< (# do 76 -> value #)#);
updateTil e: @ong(# pos ::< (# do 80 -> value #)#);

#);

TCAl | oc: Ext ernal
(# width, height: @nteger;
buffer: @ nteger
enter (w dth, height)
exit buffer
#);

al | ocat e:

(* allocates a true color buffer of resolution

* width x height

(# width, height: @nteger; buffer: ~TCSbuffer
noMenoryError :< TCSnoMenoryError;

enter (wi dth, height, buffer[])

do (width, height) -> TCALLOC -> buffer.ptr;
(if ptr //-1 then noMenoryError if);
I NNER

#);
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updat e:
(* Draws a region of a true color buffer on the windowit's
* associated with. The x, y, width and hei ght argunents
* give the location and size of the region in BUFFER
* coordi nates, NOT wi ndow coordi nat es.
*)
(# x, y, width, height: @nteger; buffer: ~TCSbuffer
noBuf ferError :< TCSnoBufferError;
internError :< TCSinternError;
enter (buffer, x, y, width, height)
do (if (buffer.ptr, x, y, width, height) -> TCUPDATE
/1 0 then '"update' -> NoBufferError
/1-4 then '"update' -> internError
if);
I NNER
#);

13.2Interface Description for the
external Library

ORI G N ' betaenv';
CStructLib: attributes---

(*

* COPYRI GHT

* Copyri ght Mol ner Informatics, 1992-96
* Al'l rights reserved.

*

***xx% Patterns for external interface ****x*
* |n CStructLib, the operations on a cStruct are defined.
* The pattern External Record is an interface to e.g. CStruct objects
* allocated from C or other external |anguages.
*
)
Cet Byt e:
(# byteoffset: @nteger
ent er byt eof fset
do byt eof f set - >ChkBounds
exit (R byteoffset)->TOS % nxCet Byt e'
#) ;
Put Byt e:
(# val , byteoffset: @nteger
ent er (byt eof f set, val )
do byt eof f set - >ChkBounds; (R, byteoffset,val) ->TOS % nxPut Byt e'
#) ;
Cet Short :
(# byteoffset: @nteger
enter byteoffset do byteoffset->ChkBounds exit (R, byteoffset)-
>TOS' % nxCGet Short'
#)
Put Short :
(# val , byteoffset: @nteger
ent er (byt eof f set, val )
do byt eof f set - >ChkBounds; (R, byteoffset,val) ->TOS % nxPut Short'
#)
CGet Si gnedShort :
(# byteoffset: @nteger
ent er byt eof fset
exit @ 1] +byt eof f set - >TOS' %adr Get Si gnedShort[ 0]
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#);
Cet Long:
(# byteoffset: @ nteger
ent er byt eof f set
do byt eof f set - >ChkBounds
exit (R byteoffset)->TCS % nxGet Long'
#);
Put Long:
(# val , byteoffset: @nteger
ent er (byt eof f set, val )
do byt eof f set - >ChkBounds;
(R, byt eof fset,val) ->TOS % nxPut Long'
#);
Byte: (* Used for declaring CStruct fields *)
(# p: @os; pos:< Integerject; val: @nteger;
set: @# enter val do (R p,val)->TOS % nxPut Byte' #);
enter set
exit (R, p)->TOS % nxGet Byt e’

Shor"[: (* Used for declaring CStruct fields *)
(# p: @os; pos:< Integerject; val: @nteger;
set: @# enter val do (R p,val)->TCS % nxPut Short' #);

enter set
exit (R p)->TCS % nxGet Short'
#);

Si gnédShort:
(# p: @os; pos:< Integerbject; val: @nteger;
set: @# enter val do (R p,val)->TCOS % nxPut Short' #);

enter set
exit @ 1] +p- >TCS' %adr Get Si gnedShort[ 0]
#)

Long: (* Used for declaring CStruct fields *)
(# p: @os; pos:< Integerject; val: @nteger;
set: @# enter val do (R p,val)->TOS % nxPut Long' #);

enter set
exit (R, p)->TCS % nxGet Long'
#)

--LIB: attributes--
Ext er nal Recor d:
(* Super-pattern for describing externally allocated record-structures.
* Acall toe.g. a Croutine nay often return a pointer to a CStruct.
* By assigning such a pointer to the ptr-field of an external Record obj ect
* it is possible to interface to such a CStruct.
*
(# ptr: @nteger; (* pointer to the external record *)
Cet Byt e:
(# byteoffset: @nteger
ent er byteof fset
exit ptr + byteoffset -> TOS %adr Get Byt e'
#) ]
Put Byt e:
(# val , byteoffset: @nteger
ent er (byt eof fset, val )
do (ptr+byteoffset,val) -> TOS %utByte[ 0]’
#) ;
Get Short:
(# byteoffset: @ nteger
ent er byteof fset
exit ptr + byteoffset -> TOS %adr Get Short'
#);
Cet Si gnedShort :
(# byteoffset: @nteger
ent er byt eof fset
exit ptr + byteoffset -> TOS %adr Get Si gnedShort'
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#)

#)

Put Short :
(# val , byteoffset: @nteger
ent er (byt eof f set, val )

do (ptr+byteoffset,val) -> TOS %ut Short[O0]"

#);

Cet Long:
(# byteoffset: @nteger
ent er byt eof f set

exit ptr + byteoffset -> TOS %adr Get Long'

#)

Put Long:
(# val , byteoffset: @nteger
ent er (byt eof f set, val )

#)
Byte: (* For declaring field *)
(# pos:< IntegerVal ue; val: @nteger;
set: @# enter val do (ptr+p,val)
enter set
exit ptr+p -> TOS %adr Get Byt e’

Short: (* For declaring field *)
(# pos:< IntegerValue; val: @nteger;
set: @# enter val do (ptr+p,val)
enter set
exit ptr+p -> TOS %adr Get Short'
#),
Si gnedShort: (* For declaring field *)
(# pos:< IntegerValue; val: @nteger;
set: @# enter val do (ptr+p,val)
enter set
exit ptr+p -> TOS %adr Get Si gnedShort'
#);
Long: (* For declaring field *)
(# pos:< IntegerValue; val: @nteger;
set: @# enter val do (ptr+p,val)
enter set
exit ptr+p-> TOS %adr Get Long'
#);
Doubl eLong: (* For declaring field *)

do (ptr+byteoffset,val) -> TOS %ut Long';

p: @os;
-> TOS %put Byte[ 0]

p: @os;
-> TOS %put Short[ 0]

p: @os;
-> TOS %put Short[0]"

p: @os;
-> TOS %ut Long' #);

(# pos:< IntegerValue; vl,v2: @nteger; p: @oOs;
set: @# enter(vl,v2) do (ptr+p,vl) -> TOS %ut Long';
TCS %ut Long' #);

enter set

#)

#);

#);

(ptr+4+p, vi

exit (ptr+p-> TOS %adr Get Long' , ptr+4+p-> TOS' %adr Get Long' )

(* E;<ternal Record *);

nmakeCBF: Ext er nal
Call this external to install a callback and get

*
(*
*

(#

ent
exi
#);

an integer pointer to it.

pat: ##External;
cb: @ nteger;
er pat##

t cb

freeCBF: External
Call this external with an integer pointer to an installed

(*

* cal | back (obtained via MakeCBF) when it

*
*

*)

cal  back will NOT be called again.

is certain that the

This will free BETA heap space associated with the call back.
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(# cbf: @nteger;
enter cbf
#)
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oo While 14
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findText 21
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. b40
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