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1. The Basic Libraries

This document contains documentation on version 1.6 of the basic libraries of the A programmer
Mijginer System. It is a programmer’s guide. The purpose is to provide the necessary 9!19¢
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 Mjainer
System:

* Dbetaenv. bet contains the most basic library of the Mjginer 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.

* math. bet contains an interface to standard real functions in 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 contains two 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 interface into files, residing on some file system.

* directory. bet contains the genera interface into directories on hierarchica file
system.

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

* uni xDi rectory bet containsthe interface into the hierarchical UNIX file system
directories.

» syst enEnv defines the experimental concurrency system for BETA. SystemEnv
contain three closely related libraries. basi csyst emenv. bet , systenenv. bet ,
andti nehandl er . bet .

* repStreambet contains the definition of a special type of repetitions that has
stream-like operations.



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



2. The betaenv Library

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

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

The patterns in bet aenv 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.

2.1.1 Backward compatability

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

The text attributef i ndch has been renamed tofi ndAl | .

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
bet aenvol d. bet containing these obsolite facilities.
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2.2 Using the betaenv Library

The basic structure of bet aenv isrealized by means of the Mjg@iner fragment system.
It isasfollows:

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

fhéProgram @<SLOT program descri ptor>>;
<<SLOT lib: attributes>>

do thePr ogram
#)

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

ORI A N ' ~bet a/ basi cl i b/ v1. 6/ bet aenv'

--- program descriptor ---

(#

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

Thel i b slot makes it possible to add attributes to bet aenv . An example of thisis lib slot
the following which might bein afile callet ack. bet :

CRIA N ' ~bet a/ basi cli b/ v1. 6/ 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:

ORIA N ' ~bet a/ basi cli b/ vl. 6/ bet aenv' ;
| NCLUDE ' st ack’
--- program descriptor ---
(# s: @tack
do 7 -> s.push;
S.pop -> putint;
#)
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2.3 Basic Patterns

Bet aenv contains definitions of the basic patterns char, integer , real , Simpletypes
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 meansan 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 patterns char , i nteger , real ,
bool ean, true and fal se is somewhat restricted, compared with all other
patterns in the sysem. These restrictions are:

* They cannot be used as superpattern:s to other patterns. E.g. sublnteger: Restrictions
integer(# ... #) isillegal.

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

* Dynamic references to basic patterns cannot be declared. E.g. var: ~int eger
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 overhead
compared with the basic patterns.

2.3.1 The Integer Pattern

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

integer on the machine.

(#1i,j,ki @nteger
do 3 ->i;
'"? '->puttext; getint->; (* read an integer fromkeyboard *)
((i,j) ->Mx, j+5) -> Mn -> k;
'k is '-> puttext; k -> putint; newine;
(if k-1
/1 5 then ...
[l 17 then ...
if)
#)

2.3.2 The Boolean Pattern

In the current implementation, t r ue and f al se return respectively the values 1 and Logical operators
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
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el se. h
(a>7) and (a<l17) -> anot her Bool ean
if)
#)

2.3.3 The Real Pattern

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

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

(# x,y: @eal;

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

new i ne;

X ->Yy,

(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;

#)

2.3.4 The Char Pattern

Thechar pattern enables the manipulation of characters. Characters can be expressed ASCII
as literals or as the corresponding ASCII values. The pattern Asci i defines al non-
printable characters as constants (such as nul |l , nl, cr, esc, del ). New i ne
however, is avariable containing eithenl or cr depending on the computer.

Asci i aso contains local patterns for various conversions and testings of characters.
E.g. the patterns I sDigit , I sLetter , | sUpper and | sLower are provided for
determining 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 usehar andupCase :

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

if)
#)
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2.3.5 The Repetition Pattern

The BETA compiler aso implements repetitions. Betaenv contains the
repetition pattern, defining the available operations on repetitions (apart from the
lookup operation: [] ). 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
allowed to make repetitions of i nt eger , bool ean, char, real , and object
references.

2.4 Basic Object Patterns

The basic object oriented patterns are the obj ect pattern and the object oriented
variants of the basic patterns.

2.4.1 The Object Pattern

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

object: (* general superpattern: *)
(# _struc:
(# R ##obj ect
do ...
exit R##
#);
_new.
(# O "object
do ...
exit ]
#)
do i nner
#);
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 v1.6 for backward-compatability reasons. It will be removed
in next release, since it will become obsolite, since G## is allowed in the case where O
is the name of an object. However, the r4.1 compiler disallows this construct in some
cases due to an error. Only in these cases, it is recommended to use the O. _struc

construct.

The attribute _new returns a new object, that is qualified exactly as THIS(object).
This new object is default initialized.

All patterns except char , i nteger , real , bool ean, true and fal se are
subpatterns; of Qbj ect . To enable handling integers, reals, characters and booleans
like any other objects in the system, the patterns char (bj ect , i nt eger (bj ect
real (bj ect , bool ean(hj ect ,trueChj ect , andfal seChj ect have been
introduced. They are genuine patterns, corresponding to the basic patterns, described
above. They are speciaizations of Cbj ect that can be used instead of the basic

Objects of
simple types
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patterns. They have all properties ordinary patterns have (in contrast to the basic
patterns).

2.4.2 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 avalue of the given type is needed. E.g. abool eanVal ue may be
used assuper pattern: for patterns, returning boolean results.

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

These patterns are subpatterns. of the char Val ue , i nt eger Val ue , etc. patterns
above, and gives the final functionality to alow 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 adata structurel i st which defines its element type as a virtu&bj ect .

list:
(# elenent :< object;
insert: (# e: "elenment enter e[] do ... #)
renove: (# e: "elenment do ... exit e[] #)
#)

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 a list of editors can be declared and
manipul ated:

(# integerList: @ist(# element::< integerCbject #);
editor:
(# wi ndow
nenus:
cut:
copy:
past e:
#);
ed: "editor;
editorList: @ist(# element::< editor #);
i 0: ~integerject;
do & ntegerbject[] ->io[]; 7 ->io;
io[] ->integerlList.insert;

éditorLi st.renove -> ed[];

o

2.5 The Streams Patterns

A st reamisageneralization of internal and external text objects. An internal text ob-
ject (t ext ) is a sequence (repetition) of chars. An external text object (fi | e) corre-
sponds to a traditional text file. Stream, text and fil e are organized in the
following hierarchy:
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stream (# ... #); Stream, text, and
text: strean(# ... #); file
file: stream(# ... #); (* described in a later chapter *)
unixFile: file(# ... #);(* described in a later chapter *)
macFile: file(# ... #); (* described in the Macintosh

* Library manual *)

2.5.1 The Stream Pattern

The st r eam pattern is an abstract superpattern: which provides general stream ma-
nipulating procedure patterns. get Pos, setPos, eos, length, reset,
new i ne, put , get , peek, putint ,getint ,puttext ,hgettext ,putline,
get NonBl ank , getline, get Atom, scan, scanBl anks , scanToNL and
scanAt om. Thest r eam pattern also ddines exception patterns (e.geCSer r or ).

2.5.1.1 Substreams

There is an additiona library called substreans. bet , which implements a substreams.bet
substrems concept (and a subtext concept). A subst r eam refers to a (consequtive)

portion of another st ream. 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.

2.5.2 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.

At ext isasequence of characters. The range of atext object Tis[ 1, T. | engt h] .
A text can be initialized by executing T. cl ear or by assigning it with another
(initialized) text. Like the predefined patterns integer , real , char and
bool ean, Text objectsare self-assignable. A text constant hasthe form' f oo' or
"a' . The' character may by specified as part of a text constant by repeating it, e.g.
'is''s like this' isthetextconstantiis's like this .

Besides defining the implementations of the abstract st r eam operations (e.g. put
and get ), the text pattern defines the following patterns. enpty, cl ear,
i nxGet , i nxPut , append, prepend, scanAl |l , sub, insert, delete,
equal , equal NCS, | ess, greater , makeLC, makeUC, find, findAI ,
findText, findTextAll ,copy,andaslnt.

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

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

where<TH S(t ext ) > isthe text where the error occurred.
2.5.2.1 Text utilities

Thelibrary text Wil s. bet contains a number of additional text attributes, such TextUtils.bet
as get Bool ean, putBoolean, set, setText, setlnt, setBased,
set Real , and set Bool ean . Theinterface fileisnot included in the manual.

The library t ext hash. bet contains a single operation: honeynman , which is an Texthash.bet
efficient and nearly optimal hash-function for text hash keys.
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2.5.2.2 Using Text

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

name Job: aJob Sal ary:aSal ary /
The program shows various patterns for manipulating tieecor ds text:

ORIA N ' ~bet a/ basi cl i b/ v1. 6/ bet aenv' ;
textRecords.bet

--- program descriptor --

(* Deno exanpl e shwoi ng exanpl es of how to use the text concept from betaenv.

* The text object Records, consists of a sequence of records. Each record

* has the form

* name Job: aJob Sal ary: aSal ary /

* The program shows various patterns for mani pul ati ng the Records text.

*

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

Records: @ext;

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

EEEEEE P 2:' ->put Li ne;

(* split Records into atons *)
Records. reset;

scan:
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cycle
(#
do Records. get At om>putline;
(i f Records.eos then | eave scan
i£)#);
B 3: ' ->put Li ne;
(* Find record with name Joan and decode data part *)
(# Nane, Data, Job: @text; Salary: @nteger
do ' Joan' - >Cet Recor d- >( Nane, Dat a) ;
"Ms. ' ->Name. prePend;
" 11" ->pane. 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; Salary->putlint; new ine;
#)

#)

2.6 Exceptions and Program
Termination

The pattern excepti on isused as a superpattern: for all exceptions in the system. Pattern exception

The default action of an exception is to stop the program execution and print an
informative error message on the stream screen. In addition, the file
<pr ogr ammane>. dunp contains a dump of the cal 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 nsg of excepti on isat ext 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.

The exceptions are often defined as virtual procedure patterns of other patterns (such
asthefi | 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, thenoti fi cati on patternisdefined as:

notification: exception(# do true->continue; |N\ER #);

2.6.1 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* PException processing
Error in file "in.bet'
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No such file
Now let us see what can be done by using exceptions.

The binding of noSpaceError shows that a message can be added to nsg. Msg
could also have been overwritten, by first clearing nsg (nsg. cl ear ). The binding of
noSuchFi | 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 another file name. In fact there exists a procedure pattern (exi st s ) that tests for
the existence of afile, but this has not been used in this example.

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

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

"File does not exist!' -> screen.putline;
"Type input file nane: ' -> screen. puttext;
i nFi |l e. readFi | eNane;

true -> X

restart openFile

i f)#);

"out.bet' -> outFile.nane;

out Fil e. openWi te;

readFi | e:

(#

do (if not inFile.eos then
false -> inFile.gettext -> outFile. puttext;
outFile.newine;
restart readFil e

el se | eave readFil e

i f)#);

i nFil e.close;

outFi |l e. cl ose;

#)

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

**xx PException processing
Error in file "in.bet'

File systemis full

It is time to del ete garbage!

The first line is from 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:
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Fil e does not exist!
Type input file nane:

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

2.7 Various Other Patterns

2.7.1 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 *)

(# mn,max,inx: @nteger enter (mn,max) do ... inner; ... #);
cycle: (* executes inner forever *)

(#do I:(#. .. inner; ...#) #),;
loop: (* control pattern for while- and repeat-1oop *)

(# while:< bool eanVal ue(# do ... inner; ... #);

until: < bool eanVal ue(# do ... inner; ... #);
do ... inner;
#)

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

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

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: cycl e
(* increnents inx and executes inner forever *)
(# inx: @nteger
doinx +1 ->inx;
i nner
#);

Findly, 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 sunm1000->val ue #);
sum i: @nteger
do i +sum >sum

#)

2.7.2 Input/Output Patterns

Standard input/output is available through dynamic references to objects that are in- Screen and
stances of the pattern st r eam (see later). These streams are automatically opened. keyboard
Abbreviations for the most often used input/output operations are defined (e.g. put
forscreen. put andget forkeyboard. get).
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(# j: @nteger
do (for i: 5 repeat
'? '-> puttext; getint ->j;
j*j -> putint; newine
for)
#)
The i get. bet library implements immediate character input (i.e. non-buffered
input). Thisis through the i get operation, which returns a single character. i get

returns as soon as a character is typed.

2.7.3 Command Line Arguments

It is possible to let BETA programs access the command line arguments trough the
no Arguments and arguments patterns. NoCOf Argunments  returns the
number of text atoms on the command line, including the program name. The text
atoms are numbered from 1 to noCf Ar gunent s . The program name is obtained by
1 -> argunents ,thefirst argument isobtained by - > ar gunents , etc.

The following example displays the number of arguments of a command line followed
by the arguments.

(# do
"This programwas called with ' -> puttext;
noCf Argunents -> putint; ' argunent(s):' -> putline;
(for i: noCfArgunments repeat
i ->argunents -> puttext; ' ' -> put;
for);
new i ne;
#)

2.7.4 Object Pool

The obj ect Pool is for keeping track of unique instances of patterns. A cal 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. Cbj ect Pool also
definesascan operation which may be used for scanning the objects in the pool. For
more operations, please consult the interface descriptions later.

2.7.5 Concurrency

The current version of the Mj@lner System includes an experimental implementation of
concurrency. The complete environment for concurrency is defined in the
syst entEnv library, described in a later chapter. However, some concurrency facil-
ities are necessarily defined in the bet aenv library. Please refer to the later chapter
on thesyst enEnv library for details.

2.7.6 External Language Interface

Betaenv containsthe short I nt , external andcStruct patternsfor interfacing
into facilities written in other languages, such as C and Pascal . Please refer to the
later chapter on theext er nal library for details.

Single character
input - iget.bet

systemEnv

External and
cStruct
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2.8 Time and Date Library

The basic libraries also contains a library: t i medat e. bet , which defines a series of timedate.bet
patterns for manipulating time and date informations. The interface of
ti medat e. bet isnot further described in this manual.

2.9 Interface Description for the
betaenv Library

BCODY ' pri vat e/ bet aenvbody' ;

(*

* COPYR GHT

* Copyright (© Molner Informatics, 1984-96

* Al rights reserved.

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

)

-- betaenv: descriptor --
(# <<SLOT lib: attributes>>
(* The sinple patterns for sinple values and variables. These
* sinple patterns are treated special by the conpiler.
*)
integer: (* 32 bit signed long *) (# #);
shortlnt: (* 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 nunber *) (# #);

obj ect: (* General superpattern: *)
(# _struc:

(* EXit a pattern reference for TH S((oj ect).
* |'s now obsolete: the new formobj## is preferred
* to the old formaobj.struc
*
(#
exit this(object)##
#);

_new.
(* returns a new object, that is qualified exactly
* as TH S(obj ect)
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*
(# newChj: "object; oType: ##object
do this(object)##- >0Type##; &oType[]->newChj[]; | NNER _new
exit new(bj[]
#)
do | NNER obj ect
#);
(* The followi ng patterns define 'real' patterns corresponding to
* the predefined sinple patterns
*
)
i ntegerVal ue (# value: @nteger do I NNER i ntegerVal ue exit val ue #);
i nt eger Obj ect: integerVal ue(# enter value do | NNER i nt eger bj ect #);
char Val ue: (# value: @har do I NNER charVal ue exit val ue #);
char Obj ect: char Val ue(# enter val ue do | NNER char Qbj ect #);
bool eanVal ue (# val ue: @ool ean do | NNER bool eanVal ue exit val ue #);
bool eanCObj ect: bool eanVal ue(# enter val ue do | NNER bool eanChj ect #);
trueCbj ect: bool eanChj ect (# do true->val ue; | NNER trueChject #);
fal seObj ect: bool eanChj ect (# do | N\ER f al seChj ect #);
real Val ue: (# value: @eal do | NNER real Val ue exit val ue #);
real Obj ect: real Val ue(# enter val ue do I N\NER real Qbj ect #);

(**** Irrpl errentatlon dependent Constants *************************)
max| nt: integerValue(# ... #);

m nlnt: integervalue(# ... #);

maxReal : real Value(# ... #);

m nReal : real Value(# ... #);

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

(***** FUﬂCtIOﬂ&' patterns ***************************************)

mn: (* Returns the mninumof 2 integers *)
(# a,b: @nteger
enter (a,b)
do (if (a <b) then a->b if)
exit b
#);
max: (* Returns the maxi numof 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 patterns ****x*kkkxkkkkxxkkrxx)
keyboard, screen: “stream
get:

(# ch: @har; getC @eyboard.get do getG>ch; I NNER get exit ch #);
put:

(# ch: @har; putC @creen.put enter ch do | NNER put; ch->putC #);
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new i ne:

screen. new i ne(# #);
puti nt:

screen. putint (# do I NNER putint #);
getint:

keyBoard. getint (# do I NNER getint #);
putt ext:

(# t: “text; putT: @creen. puttext

enter t[]

do INNER puttext; t[]->putT

#);
putli ne:

screen. putline(# do I N\NER putline #);
get NonBIl ank:

keyBoar d. get NonBl ank(# do | NNER get NonBl ank #);
scanAt om

keyBoar d. scanAt on(# do | NNER scanAt om #) ;
get At om

(# t: "text; getA @eyBoard. get At om

do get A->t[]; | NNER get At om

exit t[]
#);
getli ne:

(# t: "text; getL: @eyBoard.getline
do getL->t[]; INNER getline

exit t[]

#),

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

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

#):

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

| oop:

(# whil e: < bool eanVal ue(# do true->val ue; INNER while #);
until: < bool eanVal ue;
whi | econdition @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. herw se, a reference

* qualified by "Tn", and referring to the same object as "t1[]’
* is referring, is returned.

*

(# as:< object; R ~object; thisObj: ~as;
quaError: < exception

(# do "Qualification error'->nsg.append; | NNER quaError #)
enter R ]
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exit thisj[]
#)

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

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

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

enter set Pos
exit get Pos
#);
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 TH S(stream|]
#);
peek: < (* looks at the next character of TH S(stream *)
(# ch: @har
do | NNER peek
exit ch
#);
get:< (* reads a character from TH S(stream *)
(# ch: @har
do I NNER get
exit ch
#);
get NonBIl ank:
(* Reads first non-whitespace character from TH S(strean)
* |f called at end-of-streamthe character 'ascii.fs' is
* returned
*
(# ch: @har
ski pbl anks: @canWi t eSpace;
test ECS: @ECS;
get Ch: @et;
exit ch
#);
getint: integerVal ue
(* Reads an integer: skips whitespace characters and
* returns the follow ng digits.

*

* See nunberio.bet for nore nunerical output operations

*

(# syntaxError: < streankException

(#

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

#)

geti: @..
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do geti; INNER getint
#),
get At om <

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

*

(# txt: "text;

do &ext[]->txt[]; INNER get At om

exit txt[]
#);
getline <

(* Reads a sequence of characters until nl-character
* appears and returns the characters read.
(# txt: "text;
do &ext[]->txt[]; INNER getline
exit txt[]
#);
aslnt:
(* converts TH S(text) to an integer value, ignoring
* |eading and trailing whitespace. See nunberio.bet for
* npore numerical conversion operations.
(# 1: @nteger;
synt axError: < streankExcepti on
(# peekCh: @har
enter peekCh
do 'aslnt: syntax error - looking at: "'->nsg.append;
peekCh- >nsg. put; '"'->nsg. put;
| NNER synt axError
#)
exit i
#);
put:< (* wites a character to TH S(stream *)
(# ch: @har
enter ch
do I NNER put
exit TH S(stream|]
#)
new ine: (* wites the nl-character *)
(#
do ascii.new i ne->put
exit TH S(stream|]
#)
puti nt:
(* Wites an integer to TH S(strean); The format nay be
* controlled by the 'signed , 'blankSign', "wdth',
"adjustlLeft’ and 'zeroPaddi ng' variable attributes.
'width' is extended if it is too snall. Exanples:
"10->putint' yields: '10"; '10*pi->putint(# do 10->w dt h;
true->adjustlLeft #)' yields: "10 '; and '10->putint(# do *
rue->zeroPaddi ng #)' yields: '0000000010".

~— % x X X

10->wi dt h;

*
* See nunberio.bet for nore nunerical output operations

*)
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(# n: @nteger;
si gned: @ool ean
(* If integer is positive, a '+ wll always be

* di spl ayed
*)1
bl ankSi gn:. @ool ean
(* If integer is positive, a' ' space is displayed as
* the sign. Ignored if 'signed=true
*)1

wi dt h: @ nt eger

(* “*Mnimumw dth *);

adj ust Left: @ool ean

(* Specifies if the nunber is to be aligned left or

* right, if padding of spaces is necessary to fill up
* the specified w dth.
*)1

zer oPaddi ng @ool ean
(* width is padded with | eading zero instead of

* spaces. Ignored if 'adjustlLeft=true'
*)1
format: < (# do INNER format #);
puti: @..
enter n

do 1->width; format; INNER putint; puti

exit TH S(stream|]

#);

puttext:< (* Wites a text to TH S(stream. *)

(# txt: "text

enter txt[]

do (if txt[]<>NONE then I NNER puttext if)

exit TH S(stream|]

#);

putli ne:

(* "puttext' followed by 'newine *)

(# T: “text; putT: @uttext; newL: @ew ine

enter T[]

do INNER putline; T[]->putT, newL

exit TH S(stream|]

#);

scan:

(* Scan chars fromcurrent position in TH S(stream while
* '(ch->while)=true'; performI|NNER for each char being
* scanned

(# while:<

(# ch: @har; value: @ool ean
enter ch
do true->value; I NNER while
exit val ue

#)

ch: @har;

whi | econdition @hile;

test EOS @CS5;

get Peek: @eek;

get Ch: @et;
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#);

exit TH S(stream|]
#);
scanWhi t eSpace scan
(* Scan whitespace characters *)
(# while::< (# do ch->ascii.isWiteSpace->val ue #);
do I NNER scanWi t eSpace
exit TH S(stream|]
#);
scanAt om
(* Scan until first non-whitespace char. Scan the next
* sequence of non-whitespace chars. Stop at first
* whi tespace char. For each non-whitespace char an | NNER
* is perforned. Usage: 'scanAton(# do ch-><destination> #)'

*

(# ch: @har;
éi(it TH S(stream|[]
#),

scanToN :

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

exit TH S(stream|]
#);
st reamExcepti on exception
(# do I NNER streantxception #);
ECSerror: < streanException
(* 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;
| NNER EGCSerr or
#);
ot her Error: < streankException
(* Raised when sone other kind of streamerror apart from
* the one mentioned above occurs.
*);
get Pos: < (* returns current position of TH S(Strean) *)
i nt eger Val ue;
set Pos: < (* sets current position in TH S(stream) to 'p" *)
(# p: @nteger
enter p
do I NNER set Pos
exit TH S(stream|]
#)
(* pattern stream*)

*kkk*k* R IR R I b b b b b b b I b b b b e b b b b b b b e b b B b b b b b b b b
( Text pattern )

t ext:

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
limt in the size. However, nost of the operations becones
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* |ess efficient with |arger texts.
(# <<SLOT textLib: attributes>>;
length::< (* Returns the length of TH S(text) *)
(# do Il gth->value; INNER length #);
eos::<(# ... #);
enpty:
(# exit (lgth =0) #);
clear: (* Sets the length and position of TH S(text) to zero *)
(#
do 0->pos->Igth
exit TH S(text)[]
#);
equal : bool eanVal ue
(* Tests if TH S(text) is equal to the entered text. If
* "NCS is further bound to '"trueChject', the conparison
* wll be done Non Case Sensitive.

*

(# txt: "text;
NCS: < bool ean(j ect
enter txt[]
#);
equal NCS equal

(* As "equal', except the the conparison will be done Non
* Case Sensitive

*
(# NCS.: true(oject #);
| ess: bool eanVal ue
(* Tests whether the entered text 'T1[1: length]' is less

* than "TH S(text)[1: Til.length]'. The I exicographical
* ordering is used.

*

(# T1. ~text
enter T1[]
#);

gr eat er: bool eanVal ue
(* Tests whether the entered text 'T1[1: length]' is
* greater than 'TH S(text)[1: Tl.length]'. The
* | exi cographi cal ordering is used.

*

(# T1: ~text
enter T1[]
#):

peek: : <

(* Returns the character at current position; does not
* update 'position'
*
(# ... #);
get::<
(* Returns the character at current position; increnments
* 'position

*

(# ... #);
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i nxGet: charVal ue
(* Returns the character at position "i' *)
(# 1: @nteger
iget: @..
enter i
do i get
#);
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
* TH S(text); increments 'position
*
(# ... #);
i nxPut:
(* Replaces the character at position 'i' *)
(# ch: @har
i . @nteger;
iput: @..
enter (ch,i)
do i put
exit TH S(text)[]
#);
puttext::<(# ... #);
append:
(* Appends a text to TH S(text); does not change 'position
*

(# T1. ~text
enter T1[]

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

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

(# T1: "text

enter T1[]

exit TH S(text)[]
#);
i nsert:
(* Inserts a text before the character at position "inx'.
* Note: inx<l neans inx=1; inx>length neans inx=l engt h+1.
* |f '"position>=inx'" then 'position+Tl.|ength->position'.
*
(# T1: ~text;
I nX: @ nt eger
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enter (T1[],inx)

exit TH S(text)[]
#);
del et e:
(* Deletes TH S(text)[i: j]; updates current position:
* | <=position<j => i-1->position
* j<=position => position-(j-i+1)->position
(#1,]: @nteger;
deleteT: @..
enter (i,j)
do del eteT
exit TH 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 THIS(text)[| j1. If oti<lt, it s
adjusted to 1. If "j>length', "j' is adjusted to
* 'length'. |If (after adjustnen ) "i>', an enpty text is
* 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
* TH S(text).length]' do | NNER
(# ch: @har

do (for i: lgth repeat T[i]->ch; INNER scanAll for)
eX|t TH S(text)[]

(* find all occurrences of the character 'ch' in

* TH S(text), executing | NNER for each occurrence found,
* pbeginning at ' TH S(text).position'. 'inx" wll contain
* the position of each "ch' in TH S(text). If 'NCS is

* further bound to 'trueChject', the conparison wll be
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* done Non Case Sensitive. |If '"from is further bound, the
* search will begin at position 'from.
(# ch: @har;
I nX: @ nt eger;
NCS: < bool ean(j ect ;
from< integerject(# do pos->val ue; I NNER from #)
enter ch

exit TH 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 O->val ue #)

do | NNER findAl I
#);
findText:

(* find all occurrences of the "txt' in TH S(text),

* executing INNER for each occurrence found, beginning at
"TH S(text).position'. "inx'" wll contain the position
of the first character of each occurrence found
TH S(text). If "NCS is further bound to 'trueChject’,
the conparison will be done Non Case Sensitive. |If
"from is further bound, the search will begin at
position 'from.

* % X % F F X
~—

(# txt: "text;

I nX: @ nt eger;

NCS: < bool ean(j ect ;

from< integerject(# do pos->val ue; | NNER from #)
enter txt[]

exit TH S(text)[]
#);
findText Al l: findText
(* As "findText', except that the entire text will be
* searched
(# from: (# do O->val ue #)
do I NNER findText Al
#);
ext end:
(* Extend TH S(text) with "L' (undefined) chars. Notice
* that it is only the representation of the TH S(text),
* that is extended, the 'length’ and 'position' are not
* changed.
(# L: @nteger
enter L do L->T.extend
exit TH S(text)[]
#);
i ndexError: < streanException
(* Raised from' Check’ when the index goes outside the
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* range of the text. Message: "Index error in text!".
*
(# inx: @nteger
enter inx
#);
EGCSerror:: <
(* Raised from'get' and 'peek’ when the end of the streamis
* passed.
*
(# ... #);
ot herError::<
(* Raised when an error other than the Index-/ECSerror

* occurs.
*
(# ... #);
setPos::<(# ... #);
get Pos: : <(# do pos->val ue; | NNER get Pos #);
(* Private attributes: !1OBSI! 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;
| gth,pos: (* 16 is default size *) @nteger;
setT: (# enter T do T.range->l gth->pos #)
enter setT
exit T[1: Igth]
#) (* Pattern text *);
(***** ASCI| character constants and attributes ******x*xkkkxxkkrxx)
ascii: @
(# <<SLOT asciilLib: attributes>>
nul: (# exit 0 #);
soh: (# exit 1 #);
stx: (# exit 2 #);
etx: (# exit 3 #);
eot: (# exit 4 #);
eng: (# 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 #);
dc4: (# exit 20 #);
nak: (# exit 21 #);
syn: (# exit 22 #);
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etbh: (# 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 #);
smal |l a: (# exit 97 #);
del: (# exit 127 #);
new i ne: @har;

init: ...;

upCase: @har (bj ect
(# ... #);

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

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

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

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

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

i sLetter: @estChar
(# ... #);

i sSpace: @est Char
(* True if '"ch'
(# ... #);

i s\Whi teSpace @ est Char
(* True if '"ch'

(# ... #);
private @..
#)
(*****
st op:

(* Term nates program executi on:
"ternCode=failure':
abnor nal

* termnation;
* 'ternCode=failureTrace':
* run-time stack on dunp-file;
* screen.
*
(# ternmCode: @nteger; T:
enter (ternCode, T[])
do ...
#);
normal: (# exit 0 #);
failure (# exit -1 #);

M oext

(* either "If" or

‘cr' *)

in sp,cr,nl,np, ht,vt *)

I's a whitespace char *)

EXCeptl on Patter ns ****************************************)

"ter nCode=nornal ' : nor mal
abnornmal term nation;
termnation with trace of

"T" will be printed on the
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failureTrace (# exit -2 #);
exception:
(# <<SLOT exceptionLib: attributes>>;
nNsQ:
(* 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
* fal se: termnate execution by calling "stop'; default
*)1
propagat e <
(* if further bound to trueChject, this(exception) allows
* propagation (i.e. this(exception will _not_ term nate)
*

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;
| NNER;
"***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; | NNER #);
t er nCode: @ nt eger
(* Arg. to pattern '"stop'; initial failureTrace *);
do fail ureTrace- >t er nCode;
| NNER excepti on;
(if not continue and not propagate then
"**** Exception processing' ->nsg. prepend;
(ternCode, nsg[])->stop
i f)
#);
notification exception
(# do true->continue; INNER notification #);
(***** (}3] eCt Pool ***********~k****~k******************************)
obj ect Pool: @
(# <<SLOT obj ect Pool Li b: attri butes>>;
get:
(# type: < object;
obj: “type;
exact : < bool eanVal ue;
init:< object(* Called if an object was created *)
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exit obj[]
stchGet
(# type: ##object;
obj : "obj ect;
exact : < bool eanVal ue;
init:< object(* Called if an object was created *);
enter type##
exit obj[]
sca&
(* 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 |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.

(# obj: "object;
exact : < bool eanVal ue;
al readyTher e: < excepti on;
putbj: @..

enter obj[]

do put (oj

#);

private @..;
#);

(***** Con-n-and ||ne argurrents ************************************)
noOf Argunent s i nt egerval ue

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

(# ... #);
argunment s:

(* Returns argunent nunber argNo.

* Nunber 1 is the programnane, nunber 2 is the first program

* argument, etc.

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

exit theArg[]
#)

kkhkkhkkhkkhkkhkkhkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhk khk kikhk kkikikkk ki k%%

(* External language interface: See file "external.bet' for further
* patterns.

*)
external:
(* I's only neaningful with interface to externals *)
(# call G call Pascal, pascal, pascal Trap, cal | St d,
cExt ernal Entry pascal External 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 vj ect
(* "R is the bytestreamcontaining TH S(cStruct). Mist be
* declared as the first attribute
*)1
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 nmay be used for definining sinple data
* objects. Data-objects have no 'type' information. They can
* thus NOT be allocated dynamcally in the BETA heap. They do * not
have the overhead of extra attributes used for virtual
* di spatch and garbage coll ection. OCne nain use of data-objects
* is as interface to external data such as 'cstruct'. For
* details see the manual s

*

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

machi ne_t ype
(* ExXits areference to a copy of a text indicating the nmachi ne

* type in lowercase, e.g. 'sunds', 'linux', 'nti".
*

(# T. @ext;

do nmachi ne_t ypeext er nal - >T,;

exit T.copy

#);

machi ne_t ypeext er nal: external
(# T. [1] @har; do 'machine type' ->callC exit T #);
program (* descriptor executed by this environment *)
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t heProgram *| program

t heSchedul er: 7| obj ect
(* Scheduler installed by 'basicSystenEnv' (if used in progran) *);

******************************************************************)
(* The follow ng patterns are only used by the conpiler and shoul d
* NOT be used for other purposes.
*
)
repetition
(# range: (* Returns the range of TH S(repetition) *)
(# n: @nteger
exit n
#);
new.
(* Allocates a new repetition of 'n' elenents. The previous
* elements in TH S(repetition) becone inaccessible
* hereafter
*
(# n: @nteger
enter n
#);
ext end:
(* Extends TH S(repetition) by 'n' elenments. The existing
* elenents are retained. The new el enents are all ocated
* after the existing elements (i.e. with index fromthe
* 'range+l')
*
(# n: @nteger
enter n
#)
#);
error Name: (# #)
(******************************************************************)
do ...;
& prograni]->thePrograni];
t hePr ogr am
(i f theSchedul er[] <>NONE t hen theSchedul er if);

#)



3. The math Library

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

3.1 Using the math Fragment

A program using themat h fragment will have the following structure:

| NCLUDE ' ~bet a/ basiclib/vl. 6/ math
- program descriptor ---

(# ...
r: @eal;

do ...
1.234 -> sin ->r;

o
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3.2 Interface Description for the math
Library

ORIA N ' betaenv';

*

* COPYRI GHT

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

* Math. bet: mathematical functions

* This library provides mathematical patterns: trigononetric,
* hyperbolic, exponential and logarithmc, floating point
* mani pul ati on and m scel | aneous constants.

*

--- LIB: Attributes ---
(* mscel |l aneous constants *)

e: (# Exit 2.7182818284590452354 #):
| og2e:  (# Exit 1.4426950408889634074 #);
| og10e: (# Exit 0.43429448190325182765 #);

| n2: (# Exit 0.69314718055994530942 #);
| n10: (# Exit 2.30258509299404568402 #);
pi : (# Exit 3.14159265358979323846 #):

pi hal f: (# Exit 1.57079632679489661923 #);
piforth: (# Exit 0.78539816339744830962 #);

(* trigononetric functions *)

acos: externa
(* 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 isaNaNor if |x|] > 1.0.

*

(# x,res: @real

enter X
exit res
#);

asi n: external
(* returns the arcsine of x inradians, in the range -pi/2 to pi/?2.
* |If xis aMNaNor if the absolute value of x exceeds 1.0, asin
* returns a NaN.  Invalid operation/DOVAIN error is signaled if x
*isaMNaNor if [x] > 1.0.
*
)
(# x,res: @real
enter Xx
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exit res
#);
at an: 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

#)
at an2: externa

(* returns the arctangent of y/x in radians, in the range -pi to
pi, using the signs of both argunments to determ ne the quadrant
of the return val ue.

If xisaMNNor if yisaMNaNor 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

* % X % * X X

*

(# y,x,res: @Real;
enter (y,X)
exit res
#)
co0S: externa

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

*

* The cos function uses an argunent reduction based on the

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

* respect to pi, so its period differs slightly fromits

* mat hematical counterpart and diverges fromits counterpart when
* the argunent becones very | arge.

*

*If xisinfinite or a NaN, then cos returns a NaN and signal s

*

i nval i d/ DOVAI N error.
*
(# x,res: @real
enter Xx
exit res
#)
si n: external
(* conputes the sine of x, where x is expressed in radi ans.

The sin function uses an argunent 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 hemati cal counterpart and diverges fromits counterpart when
t he argunent becones very | arge.

If x isinfinite or a NaN, then sin returns a NaN and signal s
i nval i d/ DOVAI N error.

* % Xk F X X * X
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*
)
(# x,res: @real
enter Xx
exit res
#)
tan: externa
(* conputes the tangent of x, where x is expressed in radians.

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 ¥ * F

*

(# x,res: @real

enter X
exit res
#);

(* hyperbolic functions *)

cosh: externa
(* returns the hyberbolic cosine of x.
*

* If x is a NaN, cosh returns a NaN

*

(# x,res: @real

enter X
exit res
#);

si nh: externa
(* returns the hyberbolic sine of x.
*

* 1f xis a NaN, sinh returns a NaN

*

(# x,res: @real

enter X
exit res
#);

t anh: externa
(* returns the hyberbolic tangent of x.
*

* 1f xis a NaN, tanh returns a NaN

*

(# x,res: @real

enter X
exit res
#);

(* exponential and |ogarithmc functions *)

exp: externa
(* returns the base-e or natural exponential e”x.
*
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Speci al cases for exp:

*
*
* If 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 x
exit res
#);

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

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

*

* Speci al cases for |og:

*

*If xis +infinity, then log returns +infinity and signals no
* exceptions. If xis 0, then log returns -infinity and signals
* divide-by-zero. If x <0, then log returns a NaN and signal s
* invalid/ DOVAI N error.

*

(# x,res: @real

enter Xx

exit res

#);

| 0g10: externa
(* returns the base 10 | ogarithm of x.

*
* If xis aNaNor is negative, 10910 returns a NaN If x is
* +infinity, 10gl0(x) returns +infinity. |If x is zero, |10gl0
* returns -infinity and signals divide by zero/ SING error.
*

(# x,res: @real

enter X

exit res

#);

(* floating point manipulation *)

nodf: external

(* 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.

*

ipPtr to x. If xis a NaN, nod returns a NaN and sets ipPtr to

*
*
*If xisinfinite, nodf returns a zero with the sign of x and sets
*
* the same NaN

*

)
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(# x,res: @real
i pPtr: @nteger;
enter (x,ipPtr)
exit res
#)
pow externa
(* returns xty *)
(# x,y,res: @real;
enter (Xx,y)
exit res
#);
sqrt: external
(* conputes the square root of x.

*

* Special cases for sgrt:
*
* If xis a NaN sqgrt returns a NaN and signals no exceptions. |If
*xisaMNNor if x <0, sqrt returns a NaN and signals invalid
* operation/ DOVAI N error

*

(# x,res: @real

enter x

exit res

#),

ceil: externa

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

* than x.

returns x. Invalid operation is signaled by ceil if x is a NaN

*
* [ f xis a NaN, ceil returns a NaN. If x is infinite, cei
*
*

If x is a non-integral finite value, ceil

*

(# x,res: @real
enter x
exit res
#)
fmn (* Returns the mninumof 2 reals *)
(# a,b: @eal
enter (a,b)
do (if (a <b) then a->b if)
exit b
#)
fmax: (* Returns the maximumof 2 reals *)
(# a,b: @eal
enter (a,b)
do (if (a <b) then b->a if)
exit a
#)
fabs: externa
(* returns | x|, the absolute value of x *)
(# x,res: @real
enter x
exit res
#)

si gnal s i nexact
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floor: externa
(* largest integer value (in real format) not greater than x.
*
* [ f xis 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 xis anon-integral finite value, floor signals inexact.
*
)
(# x,res: @real
enter x
exit res
#);
f rod: ext ernal
(* Whenever possible, the fnod pattern returns the nunber f with
* the same sign as x, such that x =i*y + f for sone integer i, and
*|f] <]y|]. If yis O, frnod returns a NaN.
*

(# x,y,f: @Real
enter (Xx,y)
exit f

#)



4. The numberio Library

Nunberi o is a library for reading and writing numerals (integers, based integers, Based integers

radix integers, and reals). The format of these numerals corresponds directly to the 2nd reals
format of these numerals as defined by the BETA language (except for radix integers
that are not supported by the BETA language). Nunberi o also contains a general
get Nunber operation, that is able to read any numeral, and return the proper value
read.
The following grammar defines the exact syntax of the numerals: Grammar for
N::= D+ int 314 getNumber
| D+'.' D+ r eal 3.14 operation
| Dr'.' D+'E E r eal 3. 14E8
real 3. 14E+8
real 3. 14E-8
| D+ 'E E real 3E8
real 3E+8
real 3E-8
| D+r'X (DL)+ based 2X0101
based 8x0845
based 16xAF12
| (DL)+ radi x AF12
D::='0 | . | '9
L::="A | | 'Z
E:.= D+
| '+ D+
| '-' D+

Integer examples:10, 0, 123.
A based integer has the formkbase>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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4.1 Using the numberio Fragment

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

| NCLUDE ' ~bet a/ basi cl i b/ v1. 6/ nunberi o
--- program descriptor ---

(# ...

r: @eal;
do ...

getReal ->r;
#

4.1.1 Reading numbers from standard input

The following example illustrates using numberio to read general numerics, as well as
based, integer and reals from keyboard.

CRIA N ' ~bet a/ basi cli b/ v1. 6/ nunberi o' ;

--- program descriptor --- NumberioDemo.bet

(#
do L: (#
do 'Enter a general nunber: '->puttext;
get Nunber
(# valueError::< (# do nsg[]->screen. putline; true->continue #);
syntaxError::< (# do nsg[]->screen. putline; get; true->continue #);
baseError::< (# do nsg[]->screen.putline; true->continue #);
i nt eger Val ue: : <
(# do '"\tinteger="->puttext; value->putlnt #);
basedVal ue: : <
(#
do '\tBase='->puttext; base->putint;
" Val ue='->puttext; value->putlnt;
' BasedVal ue='->puttext; (base, val ue)->putBased;
#);
real Val ue: : <
(#
do '\tReal =" ->puttext;
val ue- >screen. put Real (# format:: < (# do exp->style; true->upcase
#)
#) #);
do new i ne;
#)
"Enter a based nunber: '->puttext;
get Based

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

do '\tBase='->puttext; b->putint;

" Val ue='->puttext; i->putlnt;

' BasedVal ue='->puttext; (b,i)->putBased;
#); newine;
"Enter a real nunber: '->puttext;
get Real

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

do '\tReal =" - >putt ext
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new i ne;

#)

#)

#)->screen. putreal (# fornmat:: < (# 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 '\tlInteger="->puttext

#)->putlnt; newine;

restart L
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4.2 Interface Description for the
numberio Library

ORIA N ' bet aenv' ;
BODY ' pri vat e/ nunberi oBody"

* COPYR GHT

* Copyright (© Molner Informatics, 1992-96
Al rights reserved.

This fragment inplenents the foll ow ng stream operations:
get Nunber * reads a nunber from TH S(strean).

* The nunber may be either an integer,
* a based nunber or a real nunber
getBased * reads a based nunber from TH S(strean)
getRadix * reads a based nunber from TH S(strean),
* without the 'bbx' part
getinteger * reads an integer nunber from TH S(stream
get Real * reads a real nunber from TH S(stream
put Real * appends a textual rep. of a real value to
* TH S(stream
put Based * appends a textual rep. of a integer value in a
* particular to TH S(stream). The textual
* representation in in the given base
put Radi x * as putBased, 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 * simlar 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 byt

asNunber * abstract pattern for the foll owi ng asBased,
* asRadi x, and asReal operations
asBased * returns the based nunber present in
* TH S(stream
asRadi x * returns the based nunber present in
* TH S(strean), w thout the 'bbx' part
asReal * returns the real nunber present in
* TH S(stream

The correspondi ng short-cuts for keyboard. get Nunber, etc, and
screen.putReal, etc. are also included in this fragnent.

Si nce the asNunber operations does not nake sence for keyboard,
no short-cuts are defined for these.

L I T B T R TR R RN S N R R N S T R R R R R T R R T T S R
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--- StreanLib: attributes ---
get Nunber:
(* getNunber 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.
| nt eger 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, nunber= 8*1 + 1*2 = 10

16x2A1 base=16, nunber= 256*2 + 16*10 + 1*1 = 673
0x2Al base=16, i.e. base=0 is interpreted as base=16

Exanpl es of reals are:
3.14, 3.14E-8, 3E+8
The fol l owi ng granmar defines the exact syntax of the nunbers:

N ::= D+ I nt 314
| D+ '".' Dt r eal 3. 14
| D+'.'" Dr'E E r eal 3. 14E8
real 3. 14E+8
r eal 3. 14E-8
| D+ 'E E r eal 3E8
real 3E+8
real 3E-8
| 'X D] L+ based 2X0101
based 8x0845
based 16xXAF12
D::="'0" | . | 9
L::="A | . | 'Z
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.

b B I T B B R T R R N TR S N N N N N N N R

*

(# integerVal ue <
(* the nunber 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 nunber has the form
* bXy
* base contains the base nunber
* val ue contains the integer value (in base 10)
*
basedVal uePt n;
basedVal uePt n
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(# base,value: @nteger enter (base,value) do | NNER #);

real Val ue: <
(* the nunber has the form

* X.YEz
* | is the nunber of leading zero's iny.
* 3.0017E-12, x=3, y=17,1=2 and z=-12

* val ue contains the real val ue

*

r eal Val uePt n;
r eal Val uePt n

i.e. in

(# x,y,1,z: @eal; value: @eal enter(x,y,l,z, value)

do | NNER #);

synt axError: < streankException
(# peekCh: @har
enter peekCh

do 'get Nunber: Syntax error - looking at: "'->nsg.append,
(if peekCh = ascii.nul then 'NU'->nsg. puttext

el se peekCh->nsg. put if);
"M ->msg. put; I NNER #);
baseError: < streankException
(# base: @nteger

enter base
do 'getNunber: Error in base - |ooking at: "'->nsg. append;
base->nsg. putint; '"'->nsg.put; | NNER #);

val ueError: < streankxception
(# peekCh: @har
enter peekCh
do 'get Nunber: Il egal value type - |ooking at:
peekCh- >nsg. put; '"'->nsg. put; | NNER #);
getn: @..
do getn;
| NNER get Nunber
#);
get Real : get Nunber
(# r: @eal;
real Val ue:: < (# do val ue->r #);
do | NNER get Real
exit r
#);
get Based: get Nunber
(# i, b: @nteger;
basedVal ue : < (# do val ue->i; base->b #);
do | NNER get Based
exit (b,i)
#)
get | nt eger: get Nunber
(# i: @nteger;
i nteger Val ue : < (# do val ue->i #);
do | NNER get | nt eger
exit i
#);
get Radi x:

"' ->nsQg. append;

(* gets a nunber in the specified radix. GetRadix is simlar to
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* get Based, except that is does NOT expect the 'bbx' prefix
*
)
(# radi x, value: @nteger;
radi XError: < streanException
(# radi x: @nteger
enter radix
#);
getr: (* private *) @..
enter radix
do getr;
| NNER get Radi x
exit val ue
#)

put Based:

(* Takes a nunber and a base, and prints the nunber in that base.

* |f base is 0, base 16 is assuned, and the format "Oxnnn" is used.
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 format may be controlled by the

si gned, bl ankSi gn, upcase, uppercase, w dth, adjustLeft,

zer oPaddi ng, noBasePrefix, baseWdth and baseZeroPaddi ng vari abl e
attributes. If noBasePrefix is true, the "bbx" part is omtted.

* % Xk F X X * X

*)
(# val ue, base: @nteger;
baseError: < streankException
(# base: @nteger

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

(* The format nmay be further controlled by the signed, blankSign,
* wdth, adjustLeft and zeroPaddi ng vari able attri butes.
* wdth is extended if it is too snall

*

* Exanpl es:

* (10, 10) - >put Based

* yi el ds: ' 10x10

* (2,5)->put Based(# do 10->wi dth; true->adjustLeft #);

* yields: '2x101 '

* (2,5)->put Based(# do 10->wi dth; true->zeroPaddi ng #);

* yi el ds: ' 2x00000101'

*)

si gned:
(* I'f the nunber is positive, a'+ wll always be displ ayed
@ool ean

bl ankSi gn:
(* If the nunber is positive, a' ' space is displayed as the

* sign. lgnored if signed=true

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

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

zer oPaddi ng
(* width is padded with | eadi ng zero instead of spaces.
* Ignored if adjustLeft=true

*

@ool ean

noBasePrefix (* If true, the "bbx' part is omtted *)
@ool ean

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

baseZer oPaddi ng
(* baseWdth is padded with | eading zero instead of spaces *)
@ool ean
format: < (# do I NNER #);
putb: @..
enter (base, val ue)
do | NNER put Based; putb
#);
put Real :
(* Append a real to TH S(strean). The format nay be controlled by
* the style, signed, blankSign, precision, upcase, w dth,
* adj ustLeft and zeroPaddi ng vari able attributes
*)
(# r: @eal;
style: @nteger
(* Controls the style, and may be one of plain, exp and noexp
* (noexp is the default)
*)’
noexp: (* The notation [-]mm dddddd is used *)
(# exit 0 #);
exp: (* The notation [-]mddddddE +| -] xx i s 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 bei ng
* printed. Exp style is used only if the exponent is |ess
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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 decinal point is
printed if not followed by a digit

E I I

*

(# exit 2 #);

signed: (* If real is positive, a '+ wll always be displayed *)
@ool ean

bl ankSi gn:
(* If real is positive, a' ' space is displayed as the sign

* Ignored 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 |lowase 'e' is the
* pbe used in the exp style.

*)’
width: (* Mnimumwidth *)
@ nt eger ;

adj ust Left: @ool ean
(* Specifies if the nunber is to be aligned left or right,

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

zer oPaddi ng
(* width is padded with | eadi ng zero instead of spaces.
* |gnored if adjustlLeft=true
@ool ean

(* Exanpl es:

* 10*pi -> putreal;
yi el ds: '31. 415926

10*pi -> putreal (# do 10->wi 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'

* % X % F X X

*

format: < (# do I NNER #);
putr: @..
enter r
do 1->width; 6->precision; format; |NNER putReal; putr
#);
put Radi x: put Based
(#
do true->noBasePrefix; | NNER put Radi x
#);

put Hex:
(* prints a hexadeci mal representation of x (as unsigned word) on
* this(strean). Simlar to
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* (16, x) - >put Radi x(# do true->zeroPaddi ng; 8->w dth #)
* pbut nore efficient.

*

(# x: @nteger;
putH (*private*)@..

enter Xx
do | NNER put Hex; putH
#);

put Byt eHex:

(* prints a hexadeci mal representation of byte "byte' in x (as
* unsi gned word) on this(stream
*)
(# 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 unsigned word) on
* this(strean). Simlar to

* (2,x)->put Radi x(# do true->zeroPaddi ng; 32->w dth #)
* 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' of x (as unsigned
* word) on this(stream

(# xX: @nteger;

byte: @nteger;

put BB. (*private*)@..
enter (x, byte)
do | NNER put Byt eBi nary; put BB
#);

get Hex:

(* reads a hexadeci nal nunber fromthis(strean) and returns the

* value in x (as unsigned word). Simlar to 16->get Radi x but nore
* efficient.

*

(# xX: @nteger;
noNunber Error: < streanExcepti on
(# peekCh: @har
enter peekCh
do 'get Hex: the nunber begins with: "'->nsg. append;
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(if peekCh = ascii.nul then 'NU'->nsg. puttext
el se peekCh->nsg. put if);
"". Not a legal hexadecimal digit'->nsg.puttext;
| NNER noNunber Er r or
#);
getH (*private*)...
do I NNER get Hex; getH

exit x
#);
get Bi nary:

(* reads a binary nunber fromthis(strean) and returns the value in
* x (as unsigned word). Simlar to 2->getRadix but nore efficient.
*)
(# x: @nteger;
noNumrber Err or: < streankException
(# peekCh: @har
enter peekCh
do 'getBinary: the nunber begins with: "'->nsg. append;
(if peekCh = ascii.nul then 'NUL'->nsg. puttext
el se peekCh->nsg. put if);
"". Not alegal binary digit'->nsg.puttext;
| NNER noNunber Er r or
#);
getB:. (*private*)...
do I NNER get Bi nary; getB
exit X
#)

asNunber:
(# syntaxError: < streanException

(# peekCh: @har

enter peekCh

do 'asNunber: Syntax error - |ooking at: "'->nsg.append;
peekCh- >nsg. put; '"'->msg. put;
| NNER synt axError

#);

baseError: < streankxception
(# base: @nteger

enter base
do 'asNunber: Error in base - looking at: "'->nsg.append,
base->nsg. putlint; '"'->nsg. put;

| NNER baseEr r or
#)
val ueError: < streankException
(# peekCh: @har
enter peekCh

do 'asNunber: Il egal value type - looking at: "'->nsg.append,;
peekCh- >nsg. put; '"'->nsg. put;
| NNER val ueError
#),
do reset;

| NNER asNunber ;
ScanWi t eSpace; (if not eos then peek->syntaxError if)

#) ;
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asReal : asNunber
(# r: @eal

exit r
#);

asBased: asNunber
(# 1, b: @nteger

exit (b,i)
#)
asRadi x: asNunber
(# radi x, value: @nteger
enter radix

exit val ue
#)

asl nt eger: asNunber
(# i: @nteger

exit i
#)

--- lib: attributes ---

get Nunber: keyboard. get Nunber
(# do I NNER get Nunber #);

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

get Based: keyboar d. get Based
(# do I NNER get based #);

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

get | nt eger: keyboard. get | nt eger
(# do | NNER get I nteger #);

put Real : screen. put Real
(# do I NNER put Real #);

put Based: screen. put Based
(# do I NNER put Based #);

put Radi x: screen. put Radi x
(# do | NNER put Radi x #);

get Hex: keyboar d. get Hex
(# do | NNER get Hex #);

get Bi nary. keyboard. get Bi nary
(# do I NNER getBinary #);

put Hex: screen. put Hex
(# do | NNER put Hex #);
put Byt eHex: screen. put Byt eHex
(# do I NNER put Byt eHex #);
put Bi nary: screen. putBi nary
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(# do INNER putBinary #);
put Byt eBi nary. screen. put Byt eBi nary
(# do I NNER put ByteBinary #);



5. The formatio Library

This library provides facilities for formatted input and output (similar to the scanf
and printf functionsin C). These facilities are implemented in the form of the
get For mat and put For mat operations that are added as stream attributes, making
formatted input and output available for any stream.

Both get For mat and put For mat take a text 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 aleading % . 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]wi dth][.[[O]precision]]di oxXr RoBf eEQGcsn%

Asit can be seen, the marker syntax isvery similar.

Corresponding to every marker type (given by the di oxXr RoBf eEgCcsn  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 called 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;
theNane: ~text; theVal ue: integer;
do 'nane: tenperature value: 72 name: speed value: 35 ->t;
0->t. pos;
"narme: % val ue: %'
-> t.getFormat (# do s->theNane[]; d->theVal ue #);
"The nane is % and the value is %\ n'
-> s.put Format (# do theNane[]->s; theVal ue->d #);
‘narme: % val ue: %'
-> t.getFormat (# do s->theNane[]; d->theVal ue #);
"The nane is: % and the value is: %l\n'
-> s.put Format (# do theNane[]->s; theVal ue->d #)
#)

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

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

The get Format and put Format operations raise exceptions if the format
specificdions are not satisfied.

Formatted
input/output

Format string

Marker type
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57

5.1 Using the formatio Fragment

A program using thef or mati o fragment will have the following structure:

| NCLUDE ' ~bet a/ basi clib/vl. 6/formatio
--- program descriptor ---

(# ...

r. @eal;
do ...

‘real value: %' -> putformat(# do
#)

5.1.1 lllustrating putFormat

CRIA N ' ~betal/basiclib/vl. 6/formatio';

--- program descriptor ---

(#

do 'string=%, integer=%,
-> put Format (# do 'abc' ->s;

' (1234567) { 12345678} [ 123456789] \ n'

(W) {Bi}[Wi]\n\n'" -> putFormat (# do 27->i; 30-
'"O8s, W6, WBE" = U, %, B\ n\n'

-> putFormat (# do '27'->s; 'Hello' ->s; '-45'->s
' 123456789  1234567890123456 12345678\ n'

' x=98. 3f , y=946. e, z=% 8f \ n\ n’
-> put Format (# do 27.5->f;

' 1234567890 1234567890
"x=06.*f,y=9%.2e, z=98. *f\n\n'

-> put Format (# do 10->w dt h; 3->preci sion;

#)

5.1.2 lllustrating getFormat

CRIA N ' ~betal/basiclib/vl. 6/formatio';

--- program descriptor ---
(#1i1, i2, i3, i4, i5 @nteger;
sl, s2: "text;
rl, r2, r3:. @eal;
chr: @har;
t, fm: ~text;

do ' 123, %56, 789 JorgenLKnudsen 1.2, 2+2=43.45, 67.89 abc,

101xxx' ->t[];
0->t. pos;

"input:\t"%"\n\n'
"% ,9%86, %' ->fm[]

"format:\t%\nread:\t%, %,
-> put Format (# do fnt[]->s;

30. 5->¢;
12345678\ n’

-> put Fornat (# do t[]->s #);

r->e #);

real =%\ n\n'
-30->i ;

3.14->f #);

-> put For nat ;

-45.5->f #);

->t.getFormat (# do i->i1;
%\n\n'
i1->i;

i2->1; i3->i

27. 5-

putformatDemo.bet

-> put For nat ;

>i; -45->1 #);

#)

-> put For mat ;

>f; 30.5->e; -45.5->f #);

getformatDemo.bet

101, 0Ox101, 0101,

new i ne;

i->12; i->3#);

#);
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"%s% %' -> fm[] ->t.getFormat (# do s->s1[];

"format:\t"9%"\nread:\t"9%", "%", "%"\n\n'
-> putFormat (# do fmt[]->s; sl1[]->s; chr->c; s2[]

'of, 2+2=4%, %' -> fni[]

"format:\t"%"\nread:\t%, %, %\n\n'
-> putFormat (# do fmt[]->s; rl->f; r2->f; r3->f #);

"o, %, %, %, %%

-> fmJ]

->t.getFormat (# do x->i1; 0->12; i->3; i->4; i
"format:\t"%"\nread:\t%, %, %, %, %, "%"\n'
-> putFormat (# do fmi[]->s; il->i; i2->i; i3->i;

'123, %56, 124 %orgenLKnudsen 1.2, 2+2=43.45, 67.89 abc,

111xxx' ->t[];
0->t. pos;
“\n\ninput:\t"%"\n\n'

"%, %8, % Y%Bs%Ys%'’
f->rl; #);

-> put Format (# do t[]->s #);

c->chr;

->t.getFormat (# do f->r1; e->r2;

->s #);

-> 5; s->s1[]

i4->i; i5->i;

new i ne;

s->s2[] #);

f->r3 #);

#);

si[]->s #);

111, Ox111, 0111,

->fm[] ->t.getFormat(# do i->i1; i; i->2;, s; c;

"format:\t%\nread:\t%, %, %\n\n'
-> putFormat (# do fmi[]->s; il->i; i2->i; rl->f;

#)

#);
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5.2 Interface Description for the
formatio Library

ORIA N ' bet aenv' ;
BODY ' privat e/ f or mati oBody"

(*

* COPYR GHT

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

--- streankib: attributes ---
get Format: formatter
(* getFormat accepts the followi ng syntax for narkers:

% w dth][.[precision]]d oxXr RoBf eEgGcsn%

where width is a (unsigned) decimal nunber (or '*'), and
precision is a (unsigned) decimal nunber (or '*"),

and where
[ ... ] means that the encl odes is optional
and ... means one if the enclosed characters.
Wdth is only interpreted in conjunction with the 's" marker
Precision is only interpreted in conjunction with the
'r' and 'R rmarkers.
For all but the 'c' narker, |eading white space are ski pped.
The "% marker nmeans that a '% is expected on the input stream

Actual | y, getFormat accepts the sanme syntax as put Format (see
later):

%+ [[O]Jwidth][.[[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 allow
a format string to be used both for getFormat and put For mat.

xR R R S I B I I R R R B T S S
~

wi dt h:
(* sets the default precision to be used in future '*' wdth
* specifications
*
(# w @nteger enter w... #);
preci sion:

(
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(* sets the default precision to be used in future '*'
* precision specifications
*
(# p: @nteger enter p ... #);
mar ker: scanFor Mar ker
(# format ECS: : (# do nark->m ssi nghar ker #)

#):;
d: nmarker (* read a decimal nunber *)
(# mark:: (# do 'd'->val ue #)
val ue: @nteger

exit val ue
#)

i : marker
(* read a nunber, either decinmal, octal or hexadecinmal using C
* conventions: Onnn inplies octal, Oxnnn inplies hexadeci mal,
* deci mal ot herw se.

*

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

exit val ue

#)

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

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

exit val ue
#);
uR marker
(* read a nunber in radix given by precision. ldentical to
* 't
*

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

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

exit (base, val ue)
#)
uB: marker
(* read a nunber as based nunber (i.e. in the bbxnnn format).
* ldentical to 'b
(# mark:: (# do 'B ->val ue #);
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. ldentical to 'f"' *)

(# mark:: (# do 'E ->val ue #);
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. ldentical to 'f" *)

(# mark:: (# do 'G ->val ue #);
val ue: @eal

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

(* read a text atom (i.e. a sequence of non-white space

* characters, termnated by a white space character - simlar
* to getAtom). If width is non-zero, at nost wi dth characters
* are read. Qherw se, characters are read until next

* whi t espace character

*

(# mark:: (# do 's'->value #);

val ue: "text

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

exit val ue
#);
match:: (* private *)
(# ... #)
do | NNER get For mat
#)

put Format: fornmatter
(* put Format accepts the followi ng syntax for narkers:

%+ [[O]Jwidth][.[[O]precision]]di oxXr RoBf eEgGcsn%

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

[ ... ] means that the encl odes is optional
and ... nmeans one if the encl osed characters.

"-'" inplies output leftjustified in field
"+ inplies output nunbers signed (always with l[eading '+ or

positive)
"0" in front of either width or precision inplies zero paddi ng
wi dth specifies the mnimun width of the output field.
precision is interpreted for various things in the 'rRoBf eEgG
mar ker s.

*
*
*
*
*
*
*
*
*
*
*
* -
* ' ' inplies output nunbers with blank sign (i.e. leading ' " if
*
*
*
*
*
*
* The "% nmarker neans that a '% is put on the output stream
*

# wi dt h:

(* sets the default precision to be used in future '*' width

* specifications

*

(#w @nteger enter w... #);

(
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preci sion:
(* sets the default precision to be used in future '*'
* precision specifications
*
(# p: @nteger enter p ... #);
mar ker: scanFor Mar ker
(# format ECS: : (# do nark->m ssi nghar ker #)

#)
d: marker (* insert the integer *)
(# mark:: (# do 'd' ->value #);
val ue: @nteger
enter val ue

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

val ue: @nteger
enter val ue
#)
o: marker (* insert the integer in octal *)
(# mark:: (# do 'o' ->val ue #);
val ue: @nteger
enter val ue
#);
x: marker (* insert the integer in hexadecimal *)
(# mark:: (# do 'x'->value #);
val ue: @nteger
enter val ue
#)
uxX: marker
(* insert the integer in hexadeci mal, using uppercase letters
*
(# mark:: (# do ' X ->val ue #);
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
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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 ->val ue #);
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
enter val ue
#)
UE: marker (* insert the real in exp style and upcase 'E *)
(# mark:: (# do 'E ->val ue #);
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 ->val ue #);
val ue: @eal
enter val ue
#)
c: marker (* insert the char *)
(# mark:: (# do 'c'->value #);
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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'->val ue #)
val ue: @nteger

exit val ue

#);
match:: (* private *)
(# ... #)
do | NNER put For mat
#)
formatter: (* superpattern: for putFormat and get Format *)
(# i1l egal Format: < exception
(# mark: @har
enter mark
#);

m ssi ngMar ker: < excepti on
(# mark: @har
enter nmark
#)
m ssi ngFi el d < exception
(# ... #);
i nput Error: < exception
(# chFound, chExpected: @har
enter (chFound, chExpected)
#)
scanFor Marker: (* Private *)
(# mar k: < char Val ue;
f or mat ECS. < excepti on;
fiel dWdth, precisionSpec: @nteger;
| eft Fl ag, signedFl ag, bl ankFl ag,
al ternativeFl ag, zeroFl ag, |ongFlag: @ool ean
#);
mat ch: < (* private *)
(# ch: @har

enter ch
do | NNER nmat ch
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#);

private @..;

format Str: ~text
enter format Str[]

éi(i't this(strean[]
#);

--- lib: attributes ---
get For mat: keyboard. get Format (# do | NNER get For nat #) ;

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



6. 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 smple 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 isalso available in thei gnui n vari-
ant which returns a uniformly distributed integer in arange specified by the user.

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

simple random
generator :

i gnl gi
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6.1 Using the random Fragment

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

I NCLUDE ' ~bet a/ basi cl i b/ v1. 6/ random
--- program descriptor ---
(# ...
i: @nteger;
do ...
(123, 456) -> setsd;

(1 100) -> inguin ->i;

#)

6.1.1 lllustrating Integer Random Generator

ORIA@ N ' ~bet a/ basi cl i b/ v1. 6/ randon ;
--- program descriptor ---

(# testlgn:
(# iarray: [nxint] @nteger;
itnp: @nteger;
lo, hi, i, up: @nteger

do (for i:nrep repeat
(1, nxi nt)->i gnui n->i t np;
i tnp->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 CGenerated:'->putline;
(* Print 10 to a line using 7 characters for each field.
nxi nt - >up; 1->lo;
[: (if lo<=up then
(1 0+9, up) - >m n->hi ;
| 0->i;
[l: (if i<=hi then
iarray[i]->screen.putint(# do 7->width #);
i+1->i;
restart ||
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 mumuni forminteger: '->puttext;
getint->nxint;

tstign.bet

*)



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

testlgn;
#)

6.2 Interface Description for the
random Library

ORIA@ N ' bet aenv' ;
BCODY ' pri vat e/ randonbody’ ;

(*

* CCOPYR GHT

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

--- lib: attributes ---

i nitgn: external

(*

* INT-ialize current Ge-Nerator

* Reinitializes the state of the current generator

*

* Argunents

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

* 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 fromPascal to Fortran of routine
* Init_Cenerator fromthe paper

* L' Ecuyer, P. and Cote, S. "Inplenmenting a Random Nunber
* Package with Splitting Facilities.” ACM Transactions on

*

Mat hematical Software, 17:98-111 (1991)

*

(# isdtyp: @nteger
enter (isdtyp)
#);

gscgn: external
*

* Get/Set GeNerator
* Gets or returns in Gthe nunber of the current generator
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*

* Argunents

* getset --> 0 Gt 1 Set

* g <-- Nunber of the current random nunber generator (1..32)
*)

(# getset, g. @nteger
enter (getset, Q)
#);

set sd: externa
(*

* 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 renain
unchanged.

Ar gurrent s

i seedl -> First integer seed

i seed2 -> Second integer seed
Met hod

This is a transcription fromPascal 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)

N B R . N

*

(# 1iseedl, iseed2 @nteger
enter (iseedl, iseed2)
#);

get sd: externa

*

* CGET SeeD

* Returns the value of two integer seeds of the current

* gener at or

* Argunent s

* iseedl <- First integer seed of generator G

* i seed2 <- Second integer seed of generator G

* Met hod

* This is a transcription fromPascal to Fortran of routine
* Cet_State 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)
*

(# iseedl, iseed2 @nteger

enter (iseedl, iseed2)

#);

setall: externa
(*
SET ALL random nunber generators
Sets the initial seed of generator 1 to | SEEDL and
| SEED2. The initial seeds of the other generators are set
accordingly, and all generators states are set to these seeds.

* % X ¥ * F

Ar gunent s



* iseedl -> First of two integer seeds
* i seed2 -> Second of two integer seeds
*
* Met hod
* This is a transcription fromPascal to Fortran of routine
* Set _Initial _Seed fromthe paper L' Ecuyer, P. and Cote,
* S, "Inplenenting a Random Nunber Package with Splitting
* Facilities.” ACM Transactions on Mat hematical Software,
* 17:98-111 (1991)
*
)

(# iseedl, iseed2 @nteger
enter (iseedl, iseed2)

#);
setant: externa

(*

* SET ANTithetic Sets whether the current generator produces

* antithetic values. If Xis the value nornally returned from
* a uniform[0,1] random nunber generator then 1 - X is the

* antithetic value. If Xis the value normally returned froma
* uniform [0, N random nunber generator then N- 1 - X is the
* antithetic value. All generators are initialized to NOT

* generate antithetic val ues.

* Argunents

* 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)

*

(# qval ue: @nteger
enter gval ue
#);

advnst: externa

(*

*

ADV-a-N-ce ST-ate
Advances the state of the current generator by 2"K val ues
and resets the initial seed to that val ue.

Ar gurrent s
k -> The generator is advanced by2"K val ues

Met hod: routine Advance_State fromthe paper L' Ecuyer, P. and
Cote, S. "Inplenenting a Random Nunber Package with
Splitting Facilities.”" ACM Transactions on Mathemati ca
Software, 17:98-111 (1991)

* % X % F F X F

*

(# k: @nteger
enter k
#)

(* *)
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(*===== I nteger random nunber generators *)
(* x
i gnl gi: external

(*

* Integer GeNerate LarCGe | nteger
Returns a randominteger follow ng a uniformdistribution
over (1, 2147483562) using the current generator.

Met hod

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

* % X % F F X F

*

(# random @nteger
exit random

#);
i gnui n: external
(*
* GeNerate Uniform | N eger
* Cenerates an integer uniformy distributed between LOVNand
* H GH
*
* Argunents
* | ow --> Low bound (inclusive) on integer value to be
* gener at ed
* hi gh --> H gh bound (inclusive) on integer value to be
* gener at ed
*
* Note
* If (HG+LON > 2,147,483,561 prints error message on * unit
*

and stops the program
(# low, high: @nteger;
random @ nteger
enter (low, high)
exit random
#);

i gnbi n: external
(*
* Integer GeNerate Bl Nom al random devi at e
* Cenerates a single randomdeviate froma bi nom al

* distribution 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 generated.

* p --> The probability of an event in each trial of the

* bi nomal distribution fromwhich a randomdeviate is

*

to be generat ed.



* ignbin <-- 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 algorithmBTPE from Kachitvichyanukul, V. and

* Schneiser, B. W Binomal Random Vari ate Generati on.

* Communi cations of the ACM 31, 2 (February, 1988) 216.

*)

(# n: @nteger;

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

i gnnbn: external
(*

* Integer GeNerate Negative Bi Nom al random devi ate

* CGenerates a single randomdevi ate froma negative bi nom al
* distribution.

*

* Argunents

* N --> The nunber of trials in the negative bi nom al

* di stribution fromwhich a randomdeviate is to be

* gener at ed.

* P --> The probability of an event.

* Met hod

* Al gorithmfrom page 480 of Devroye, Luc, Non-Uniform Random
* Variate Generation. Springer-Verlag, New York, 1986.

*

)
(# n: @nteger;

p: @eal;

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

i gnpoi: external
*

* CENerate PO sson random devi ate
* Cenerates a single random devi ate froma Poi sson
distribution with nean AV

Argunent s
mu --> The mean of the Poisson distribution fromwhich a
random devi ate is to be generated.

Met hod

Renames KPA'S from TOVS as slightly nodified by BWB to use
RANF i nstead of SUNNF. For details see: Ahrens, J.H and D eter,
U Conputer Ceneration of Poisson Deviates From Modified Nornal
Distributions. ACMTrans. Math. Software, 8, 2 (June
1982), 163-179

% % %k Sk F Xk F X X *

*)
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(# mu: @eal;
random @ nteger

enter nu

exit random

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

(*

* RANnom nunber generator as a Function

* Returns a random fl oating poi nt nunber froma uniform

* distribution over O - 1 (endpoints of this interval are not

* returned) using the current generator

*

* Met hod

* This is a transcription fromPascal to Fortran of routine

* UniformOl fromthe paper L' Ecuyer, P. and Cote, S. "Inplenenting

* a Random Nunber Package with Splitting Facilities.”" ACM

* Transactions on Mathemati cal Software, 17:98-111 (1991)

*

(# random @eal

exit random

#);

genunf: external

*
*
*

*
*
*
*

*

(#

GENerate UN Form real
Cenerates a real uniformy distributed between LONand H GH

Argunents | ow --> Low bound (exclusive) on real value to be
generated high --> H gh bound (exclusive) on real value to
be generated

| ow, high: @eal;
random @ eal

enter (low, high)

exi
#);

t random

genbet: external

(*

*
*
*
*
*
*
*
*
*
*

CGeNer at e BETa random devi at e

Returns a single randomdeviate 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

Ar gurrent s
aa --> First paraneter of the beta distribution
bb --> Second paraneter of the beta distribution Method

Met hod: described in R C H Cheng CGenerating Beta Variatew with



* Noni nt egral Shape Paraneters Conmmuni cations of the ACM
* 21:317-322 (1978) (Al gorithns BB and BQO)
(# aa, bb: @eal;
random @ eal
enter (aa, bb)
exit random
#)

genchi: external
(*
* CENerate randomval ue of CH square vari abl e
Cenerates randomdeviate fromthe distribution of a
chisquare with DF degrees of freedomrandom vari abl e.

Ar gurrent s
df --> Degrees of freedomof the chisquare (Mist be
posi tive)

* % Xk F X X * X

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

*
(# df: @eal;

random @ eal
enter df
exit random
#);

genexp: external
(*
* CENerate EXPonenti al random devi at e
CGenerates a single random devi ate froman exponenti al
distribution with nmean AV.

Ar gunent s

av --> The nmean of the exponential distribution fromwhich a

random deviate is to be generated. Method:
Renanmes SEXPO from TOVS as slightly nodified by BWB to use

For details see: Ahrens, J.H and D eter,

U Conputer Methods for Sanpling Fromthe Exponential and Nor nal

*

*

*

*

*

*

*

*

* RANF i nstead of SUN F.

*

*

* Distributions. Comm ACM 15,10 (Cct. 1972), 873 - 882.
*

(# av: @eal;

random @ eal

enter av
exit random
#);

genf: external
*

* CENerate randomdeviate fromthe F distribution
* Cenerates a randomdeviate fromthe F (variance ratio)
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* distribution with DFN degrees of freedomin the nunerator and DFD
* degrees of freedomin the denom nator.

*

* Argunents

* dfn --> Numerat or degrees of freedom (Mist be positive)

* df d --> Denom nator degrees of freedom (Mist be positive)

*

* Met hod

*

Drectly generates ratio of chisquare variates

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

enter (dfn, dfd)

exit random

#)

gengam ext er nal
(* CENerates random devi ates from GAMra di stri bution

* Cenerates random devi ates fromthe gama di stribution whose
* density is (A**R/Gma(R * X**(R 1) * Exp(-A*X

* Argunent s

* a --> Location paraneter of Gamma distribution

* r --> Shape paraneter of Gamma distribution

* Met hod

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

* Rejection Technique. Comm ACM 25,1 (Jan. 1982), 47 - 54.

* Agorithm @ (Case 0.0 <= R<= 1.0) Ahrens, J.H and D eter, U.

* Conputer Methods for Sanpling from Gamma, Beta, Poi sson and

* Binomal D stributions. GConputing, 12 (1974), 223-246/ Adapted
* al gorithm GS.

*)

(# a, r: @eal;
random @ eal

enter (a, r)

exit random

#)

gennch: external
(* CENerate random val ue of Noncentral CH square variable
Cenerates randomdeviate fromthe distribution of a
noncentral chisquare with DF degrees of freedomand noncentrality
par anet er xnonc.

Ar gurrent s
df --> Degrees of freedomof the chisquare (Mist 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

L R R . I



*
*

(#

a nornmal deviate with nean XNONC and standard devi ati on 1.

df, xnonc: @eal;
random @ eal

enter (df, xnonc)

exi
#);

t random

gennf: external

(*

R T T I S T R R T

*

(#

CENer at e random devi ate fromthe Noncentral F distribution

CGenerates a randomdeviate fromthe noncentral F (variance
ratio) distribution with DFN degrees of freedomin the nunerator,
and DFD degrees of freedomin the denom nator, and noncentrality
par amet er XNONC.

Ar gurrent s
dfn --> Numerator degrees of freedom (Mist be >= 1.0)
df d --> Denom nator degrees of freedom (Mist be positive)
xnonc --> Noncentrality paraneter (Mist be nonnegative)

Met hod
Drectly generates rati o of noncentral numerator chisquare
variate to central denom nator chisquare variate.

df n, dfd, xnonc: @eal;
random @ eal

enter (dfn, dfd, xnonc)

exi
#);

t random

gennor: external

(*

(

ok ok 2k ko 2k X 2k X X 2k X Xk
~

CGENerate random devi ate froma NORval distribution
Cenerates a single randomdeviate froma normal distribution
with nean, AV, and standard devi ati on, SD.

Argunent s
av --> Mean of the normal distribution.
sd --> Standard devi ation of the nornmal distribution.

Met hod

Renames SNCRM from TOVS as slightly nodified by BWB to use
RANF i nstead of SUNNF. For details see: Ahrens, J.H and D eter,
U  Extensions of Forsythe's Method for Random Sanpling fromthe
Normal Distribution. Math. Conput., 27,124 (Cct. 1973), 927 -
937.

av, sd: @eal;
random @ eal

enter (av, sd)

exi
#);

t random

sexpo: external
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(*

* Standard EXPonential distribution

* Met hod

* For details see: Ahrens, J.H and Deter, U Conputer

* Met hods For Sanpling From The Exponential And Nor nal

* Dstributions. Ccow ACM 15,10 (Cct. 1972), 873 - 882. Al
* statenent nunbers correspond to the steps of algorithm'SA in
* the above paper (slightly nodified inplenentation) Mdified by
* Barry W Brown, Feb 3, 1988 to use RANF instead of SUNFF. The
* argunent | R thus goes away.

* QN = SUMALOZ 2.0)**K/KI') K=1,..,N, The highest N (here

8) is determned by QN =1.0 within standard preci sion
(# random @eal

exit random

#);

sgamra: ext er nal

*

* Standard GAMVA di stri bution

*

Sanpl e 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)

Ar gurrent s

A ---> Paraneter (nmean) of the standard GAMVA di stri bution
Met hod

CASE A>= 1.0

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

CASE 0.0 < A< 1.0!

For details see: Ahrens, J.H and Deter, U Conputer
Met hods for Sanpling from GAMVA, BETA, Poi sson and Bi nom al
D stributions. COWUTING 12 (1974), 223 - 246. (adapted
i mpl enentation of algorithm'GS in the above paper)

R T R O . T R R R N N R N N R

*

(# a: @eal;
random @ eal

enter a

exit random

#);

snorm external

*

* Standard NORmal distribution

*



Met hod

For details see: Ahrens, J.H and Deter, U Extensions of
Forsythe's nethod for Random Sanpling fromthe NORVAL
distribution. MATH COWPUT., 27,124 (COCT. 1973), 927 - 937.
Al statenment nunbers correspond to the steps of algorithm'FL
(M=5) in the above paper (slightly nodified inplenentation)
Modified by Barry W Brown, Feb 3, 1988 to use RANF instead of
SUNIF. The argunent |R thus goes away.

* % X %k F X X F

*

(# random @eal
exit random
#);
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The regexplibrary augments the text pattern in betaenv with four new attributes:

regexp_nat 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- Regular
sibly an infinite set. Searching for matches for a regexp is a very powerful operation €XPresston
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 ' wor d' or ' Wor d' . The four operations offers dightly different
possibilities, described below:

7.1.1 regexp_match

Takes aregexp as enter parameter (in the form of a reference to atext, containing the
regexp. Matches THI S(text) against the regexp. | NNER is executed if
TH S(t ext) matches the regexp, and the virtual notification noMat ch is invoked
otherwise. Returnst r ue if a match isfound, f al se otherwise. The regexp must be
found starting at the current position offH S(t ext) .

7.1.2 regexp_search

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

7.1.3 regexp_replace

Liker egexp_sear ch , except that it takes a second enter parameter, r epl ace -
nment _string . Regexp_repl ace searches for the regexp, and replaces the
matched substring of THI S(t ext) with the replacement string. The replacement
string may contain \0, \1, ..., \9, representing the substring matched by the i'th
parenthesis in the regexp. \O represents the entire substring matched. | NNER is
executed after the replace have taken place.

7.1.4 regexp_replace_literally

Liker egexp_repl ace , except that the replacement string is taken literaly (i.e. \O,
\1, etc. are not representing any matched substrings)
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All four regexp operations defines the same local attributes:

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

limt: end position for search inmH S(text) . Default:1 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. novat 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 arecompiled implicitly by the operations to ensure efficient match-
ing in al operations. If the same r egexp_string isto be used several times, the
repetition of this compilation can be avoided by generating an instance of the operation
(say r egexp_sear ch ), and then use that instance repeatedly (asis illustrated in the
following example):

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

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

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

o

7.1.5 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 special constructs and
the rest are ordinary. An ordinary character is a smple regular expron which
matches that character and nothing else. The specid charactersare' $' , '~ , "'

PR L2 [, ] and '\ no new specia characters will bedehned Any
other character appearing in a regular expression is ordinary, unless &' precedesit.

For example, ' ' is not a specia character, so it is ordinary, and therefore' f' isa
regular expression that matchesthe string ' f' and no other string. (It does not match
thestring' ff' .) Likewise,' 0' isaregular expression that matchesonlyo' .

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 asimple 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.
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is a specia 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' .

is not a construct by itsalf; it is a suffix, which means the preceding
regular expression is to be repeated as many times as possible. In
"fo*' ,the'*' appliestothe' o', s0' fo*' matchesone' f' followed
by any number of ' o' s. The case of zero ' o' sisalowed: ' fo*' does
match' f' .

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

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 tries to match all three' a' s; but the
rest of the patternis' ar' and thereisonly ' r' left to match, so this
try fails. The next aternativeisfor ' a*' to match only two ' a' s. With
this choice, the rest of the regexp matches successfully.

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

"[' begins a character set, which is terminated by a']1' . 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' , €tc.

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

Note that the usual special characters are not special any more inside a
character set. A completely different set of specia characters exists
inside character sets:' ' ,'-' and' ' .

Toincludea']' in acharacter set, you must make it the first charac-
ter. For example, []a]' matches']' or'a' . Toincludea'-', write

', which is a range containing only ' -* . To include ' ~' , make it
other than the first character in the set.

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

List of special
characters
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'~ isnot specia in a character set unless it 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, ' ~foo' matches a' foo' which occurs at the
beginning of aline.

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

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

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

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

Note: for historical compatibility, specia characters are treated as ordinary ones if they
are in contexts where their specia meanings make no sense. For example, ' *f 00’
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 severa exceptions: characters which, when preceded by ' \ ' , are spe-
cia constructs. Such characters are always ordinary when encountered on their own.
Hereisatableof' \ ' constructs.

l\ll

"\ (..

)

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,' foo\ | bar' matches eitherf oo’ or 'bar' but no other string.

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

Full backtracking capability exists to handle multiple uses'of| ' .

IS agrouping construct that serves three purposes:

1. Toencloseasetof '\|' aternatives for other operations. Thus,
\ (foo\|bar\)x'" matcheseither foox' or 'barx' .

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

3. To mark amatched substring for future reference.

This last application is not a consequence of the idea of a parenthetical
grouping; it is a separate feature which happens to be assigned as a

Table of "\’
constructs
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second meaning to thesame'\( ... \)' construct because there is
no conflict in practice between the two meanings. Here is an expla-
nation of this feature:

"\DQ@T 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 DiG T to mean

“match the same text maiched the DG T'thtime 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.
"\ 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 ' foo' as a sepa-
rate word. '\ bbal | s?\b' matches 'ball' or 'bal I'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. OCDE is a character which
represents a syntax code: thus, 'w for word constituent, ' -' for
whitespace,' (' for open-parenthesis, etc.

'\ SOODE matches any character whose syntax is natcDE.

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 backdash as part of theregexp, ' \'t' forataband'\n'
for anewline.

T2V T )TNV (BN VNN ] A 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 backdash-parentheses that matches end-of-line, a tab or two
gpaces; and a character set matching whitespace characters, repeated any number of
times.

A complicated
regexp
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7.2 Reqgular Expression Registers

The special regexp parenthesis (i.e. \( ... \) ) are used for three different
puUrposes:

(1) to make 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, etc.).

(2) todelimit alternatives: e.g1\ (2\| 3\)4 matches124 and 134.

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

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

"sum \([0-9]+\)\V.\([0-9]\) US$
-> t.regexp_search

(#

do ' The amount is: '->puttext;
(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
anount is: XXX dollars and YYY cents'

Notetheuseof i ->regs. start andi->regs. end , which returns the character
positions 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).

7.3 Known bugs or Inconveniences

D \i (i=0, 1, ...,9) machestheempty string if it is positioned before the i’th
parenthesis. According to the specification, \i should match 'i' if postioned
before the i’th parenthesis. E.g\ 1 matches the empty string in1\ (2\) 3.
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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.

7.4 Using the regexp Fragment

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

| NCLUDE ' ~bet a/ basi cl i b/ v1. 6/ regexp
--- program descriptor ---

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

t[] -> putline; (* prints "Hello world chanpi on' *)

#)
7.5 Regexp Demos

7.5.1 Search for regexp

The following example is a smple 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:

ORIA N ' ~bet a/ basi cli b/ v1. 6/ 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 leave loop if);
0 -> string. pos;
regex[] -> string.regexp_search
(# noMvatch::< (# do "\tNo match' -> putline #)
do (for i: regexp_nunmber ™ 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;
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"I '->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 natch
Search for: 1\ (234\)5 in:

Search for: \(22\).*\1

Search for: \(22\).*\1 in: xxx22yyy2zzz
No mat ch

Search for: \(22\).*\1 in: xxx22yyy22zzz
register 0: 3 to 10: 22yyy22
register 1. 3 to 5 22

7.5.2 Replace with aregexp

The following example is nearly identical to the previous, except that it allows for the
specification of a replacement string:

CRIA N ' ~bet a/ basi cli b/ v1. 6/ regexp';

--- program descriptor --- replaceDemo.bet

(#
do | oop
(# regex: "text;
do 'Replace: ' -> puttext; getLine -> regex[];
(if regex.length = 0 then leave loop if);
| oop:
(# string: "text;
do 'Repl ace: '->puttext; regex[]->puttext;
'"in: ' ->puttext; getline -> string[];
(if string.length = 0 then leave loop 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 replacement.length = 0 then | eave | oop if);
(regex[], replacenent[]) -> t.regexp_repl ace
(# novatch::< (# do "\tNo match'->screen. putline #) #);

'Repl ace: '->puttext; regex[]->puttext;
"in: ' -> puttext; string[]->puttext;
"'with: '->puttext; replacenment[]->puttext;
" gives: '->puttext; t[] -> putline;

restart | oop
#);
restart | oop
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#);
restart | oop
#)
#)

Output from the demo might be:

Repl ace: [WM ord

Repl ace: [Wjord in: This Wrd is in capital

Replace: [WWord in: This Wrd is in capital with: sentence

Replace: [Wjord in: This Wrd is in capital with: sentence gives: This sentence
isin capital
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7.6 Interface Description for the
Regexp Library

ORIA N ' betaenv';

BODY
(*

"private/regexplib';

* COPYRI GHT

*
*
*

Copyright (© Molner Informatics, 1992-96
Al rights reserved.

--- textlib: attributes ---
regexp_operation

(* generic superpattern: for all regexp text operations:
* regexp_mat ch, regexp_search, regexp_repl ace,
* 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 TH S(text).
* Default: length
* posToMatchEnd: if true, nove TH S(text).pos to the end of the
* mat ched substri ng.
* Default: fal se
* regs: structure for getting access to the matched substring.
* novatch: invoked if no matches are found.
* regexpError: is invoked if syntax error occurs in the specified
* regexp.
*
* value: true, if any match is found.
*
)
(# regexp_string "text;
start: < integer(bject(# do pos -> value; | NNER #);
limt:< integer(bject(# do length -> value; I NNER #);
posToMat chEnd < bool ean(hj ect ;
regs. @egexp_registers;
noMat ch: < Notification
regexpError: < Exception(# do 'Syntax error in regular expression' -
>nsqg #);
val ue: @ool ean;
private: @* private *)...
enter (#
enter regexp_string[]
do ...
#)
do | NNER regexp_operation
exit val ue

#);
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regexp_mat ch regexp_operation

(* Takes a regexp as enter paranmeter (in the formof a reference to a
* text, containing the regexp. Mtches TH S(text) against the

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

* the virtual notification noMatch is invoked ot herwi se. Returns

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

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

*

(# do ... #);

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 TH S(text).

*

(# do ... #);

regexp_replace regexp_search

(* Like regexp_search, except that it takes a second enter paraneter,
* replace_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.

*

(# replace_string "text;

enter replace_string[]

do ...

#);

regexp_repl ace_gl obal:
(* replaces all occurences of mwith r in TH S(text) using
* regexp_replace, starting fromTH S(text). pos.
(# mr: ~Text; nore: @ool ean;
repl aceOp. @egexp_repl ace
(# noMvatch:: (# do fal se->nore #);
posToMat chEnd: : (# do true->val ue #)
#);
enter (ni],r[])
do true->nore
(ni],r[])->replacep;
| oop:
(if nmore and not eos then
repl aceQp;
restart | oop
if)
#)

regexp_replace_ literally regexp_search

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

* substrings).
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*
)
(# replace_string “text
enter replace_string[]
do ...
#);

regexp_replace_ literally_ gl obat
(* replaces all occurences of mwith r in TH S(text) using
* regexp_replace literally, starting fromTH S(text). pos.
*)
(# mr: ~Text; nore: @ool ean;
repl aceOp. @egexp_replace literally
(# noMVatch:: (# do fal se->nore #);
posToMat chEnd: : (# do true->val ue #)
#);
enter (nf],r[])
do true->nore
(m],r[])->repl aceC;
| oop:
(if nmore and not eos then
repl aceQp;
restart | oop
if)
#)

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

regexp_registers GCstruct
(* Structure for accessing the substrings matched by sone regexp. *)
(# get Regi sterVal ue
(# regNr, value: @nteger;
pos: < i nt eger Val ue;
t hePos: @os (* private: for efficiency *)
enter reghr
do ...
exit val ue
#);
start: @etRegi sterVal ue
(# pos::< (# do 0 -> value #) #);
end: @et Regi sterVal ue
(# pos::< (# do 40 -> value #) #);
byteSi ze:: < (* private *) (# do regexp_nunber 0 Regi sters*2*4 -> va
#)
#)



8. The file Library

The file library implements the di skEntry , fil e, fil eRep, patterns, all used to
model external storage media such as disk files.

8.1.1 File and diskEntry

Thefil e 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 ream, specifying
the machine independent attributes of such media. Specific subpatterns. exists for the
different machine types such as UNIX and Macintosh (uni xFi | e, respectively
macFi | e, seelater).

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

The disk entry attributes are defined in the di skEntry pattern: pat h, si ze,
readable,witable,isFile,isDrectory, exists, nodti ne, touch,
and renane. Also related to the disk entry are the following exceptions:
di skEnt r yExi st sException |, di skEnt ryModt i meException
di skEnt ryTouchException , and di skEnt ryRe nameException . These
attributes are accessed through the ent ry attribute of afile, eg. if aFi | e isafile
object, then aFi | e. entry. nodti me will return the last modification time of the
associated disk file.

The contents related attributes are: entry, name, t ouch, del et e, openRead ,
openWite, openAppend, openReadWite , openReadAppend , fl ush,
and cl ose. Note that fi | e aso inherits al the st r eam attributes (further binding
several of them). Fi | e also defines the following exceptions: openExcepti on ,
accessError | witeError , readError , noSuchFi | eError ,
fileExi stsError ,noSpaceError ,andotherError .

8.1.2 FileRep

Thefil 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:top-1] are saved (top is an attribute of
fileRep) and when restoring, t op will become equal to range of the stored
repetition. The repetition is in the R attribute, and save and rest ore is used for
saving and restoring the repetition onto some file.

Disk entry
attributes

File attributes
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8.2 Using the file Fragment

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

| NCLUDE ' ~beta/basiclib/vl.6/file
--- program descriptor ---
(# ...
f: @ile;
do ...
"Hello world -> f.putline;

#)

8.2.1 Using diskEntry

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

CRIA N '~betal/basiclib/vl. 6/file';
decompose.bet
--- program descriptor ---
(* An exanple showing the use of the 'path' attribute of D skEntry: The path
* specified on the command line is deconposed, and the various parts of it are
. .
print ed.

*)

(# e: @iskentry;
do (if noOf Argunents <> 2 then

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

i)

2 -> argunents -> e. path;

"The path '''->puttext;

e.path -> puttext;

""" is conposed like this:'->putline;

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

' Narre: ->puttext; e.path.name -> putline;

"Prefix of nare: ->puttext; e.path.nane.prefix -> putline;
"Suffix of nare: ->puttext; e.path.nane.suffix -> putline;

' Extension of nane: '->puttext; e.path.nane.extension -> putline;
(if e.exists then '(and the entry exists on disk)' -> putline;
else '(there is no such entry on disk)' -> putline;

if);

#)

8.2.2 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 attributesexi st s of di skEnt ry could have been used.

If the output file could not be opened, the exception noSpaceEr r or is raised, and
this exception is further bound to print a message:
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ORI

(

L R S T I R

~—

(#

do

#)

G N ' ~beta/basiclib/vil.6/file'; )

. fileerror.bet
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

NoSuchFil eError is raised. In this exanple, it is further bound

speci fying that the program shoul d continue after the exception is raised.

Then a new file nane is pronpted for.

Instead of this approach, of course, the attributes 'exists' of D skEntry

coul d have been used.

If the output file could not be opened, the excepti on NoSpaceError is raised,

and this exception is further bound to print a nessage.

outFile: @ile
(# NoSpaceError ::<
(#do "It is time to delete garbage!' -> nsg. putlLine #);
#);
inFile: @file
(# NoSuchFileError ::< (# do true -> continue; false -> (K #);
#);
K. @bool ean;

(i f noF Argunents <> 2 then
"Usage: ' -> puttext; 1->argunents->puttext; ' out-file' -> putline;
st op;

i)
2 -> argunents -> outFil e. name;
outFile. penWite;

‘nofile.bet' ->inFile.namg;
true -> K
openFi | e:
(#
do i nFil e. OpenRead;
(if not K then
"File does not exist: ' -> screen. puttext;
infile.nane -> putline;
"Type input file name:
i nFi | e. nane. r ead;
true -> K
restart openFile

-> screen. put Text;

if);
#);
readFi | e:
(#

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

"Tokens from'''->puttext; infile.nane -> puttext;
""" copied to '''->puttext; outfile.name -> puttext;
"t ->putlione;
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8.3 Interface Description for the file
Library

ORIA N ' bet aenv' ;

BODY 'private/fil ebody';

(*

* COPYR GHT

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

The BETA interface to disk-entries in a hierarchic file system
files, and directories is organised as foll ows:

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

Uni XEnt ry: Uni x specific specialization of D skEntry
(file "unixfile.bet").

MacEnt ry: 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 D skEntry (file "file.bet').

Uni xFi | 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 "nmacfile.bet').

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

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

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

bR I B R T R B . S N R T I R S R S N B N N N S N

)
-- LIB: Attributes --

Di skEntry:
(* Pattern describing various attributes of disk-entries like files
* and directories in a hierarchic file system

*

(# <<SLOT D skEntryLib: attributes>>;

(* DI SK ENTRY EXCEPTI ONS *)

Di skEntryExcepti on Exception
(* CGeneral exception for disk entries *)
(# ... #);
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Di skEntryExi st sExcepti on D skEntryException
(* Raised if a test for disk entry existence has
* failed. Message: "Test for disk entry existence failed.",
* and an indication of why it failed.
(# ... #);
Di skEntryModti neExcepti on D skEntryException
(* Raised if examnation or setting of disk entry nodti ne has
fail ed.
* Message: "Exam nation/setting of disk entry nodtine failed.",
and an
* indication of why it failed.
(# ... #);
Di skEntryTouchExcepti on D skEntryException
(* Raised if touch of a disk entry has fail ed. Message: "Touch
* of disk entry failed.”, and an indication of why it fail ed.
(# ... #);
Di skEntryRenaneExcepti on D skEntryException
(* Raised if rename of a disk entry has failed. Message:
* "Renanme of disk entry failed.”, and an indication of why it
* failed.
(# ... #);
pat hDesc: <
(* Avirtual descriptor for the full or relative path of
* TH S(Di skEntry)
(# head: <
(* The head of the path, e.g. head of '/usr/smth/foo.bet’
*is "fusr/smth’

*

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

naneDesc: <
(* The actual name-part of the path, e.g. nane part of
* *Jusr/smth/foo.bet' is 'foo.bet’
*)
(# prefix <
(* exits the prefix part of the nane, i.e. what is
* pefore the last dot (.), e.g 'foo' for 'foo.bet’

*

(# p: “text

exit p[]
#)
ext ensi on: <
(* exits the extension part of the name, i.e. what
* is after the last dot (.), e.g. "bet' for 'foo.bet’

*

(# e: "text

exit e[]
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#);
suffix: <
(* 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
#);
name: @aneDesc;
set: <
(* set the entire path *)
(# p: “text
enter p[]
#);
get: <
(* get the entire path *)
(# p: “text
exit p[]
enter set
do | NNER
exit get

#);
pat h: @at hDesc
exi sts: Bool eanVal ue
(* exits a bool ean indicating whether the disk entry
* corresponding to the current setting of path actually exists

*

(# error:< D skEntryExi st sExcepti on
#):
nodt i nme:

(* exits an integer denoting the (system tinme of the |ast
* nodi fi cation
*
(# time: @nteger
error: <D skEnt r yModTi meExcepti on

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

t ouch:

(* Updates the nodtine to the current (system time. *)
(# error:< D skEntryTouchExcepti on;

#);
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renane:
(* Renane the disk entry. Changes the physical disk entry and

* updates TH S(D skEntry). path

*

(# newpat h: “text;
error: < D skEntryRenaneExcepti on;

enter newpat h[ ]

#):
si ze: IntegerVal ue
(* exits the size of TH S(D skEntry) in bytes *)

(# error: <D skEntryExcepti on;

#)
r eadabl e Bool eanVal ue
(* exits true if TH S(D skEntry) can be read *)

(# error:< D skEntryExcepti on;

#);
writ eabl e Bool eanVal ue
(* exits true if TH S(D skEntry) can be witten to *)
(# error:< D skEntryException;
checkwite: @..;
do checkwite
#);
i sFi | e Bool eanVal ue
(* True if TH S(D skEntry) is a regular file *)

(# error:< D skEntryExcepti on;
#):
i sDirectory. Bool eanVal ue

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

#);

private: @..

do | NNER
#); (* DskEntry *)

(* 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[0:File.Length-1].
(# exit 0 #);

FromCurrent:
(* Seeks relative to the current position. *)

(# exit 1 #);

Fr omEnd:
(* Seeks relative to the end of a file. *)

(# exit 2 #);

File: Stream
(* Ceneralization of disk file. Describes the stream aspects of

* files, providing buffered I/Q and contains a D skEntry object
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* describing the other properties of a file.

*

(# <<SLOT FileLib: attributes>>;

EntryDesc: < D 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:< (# ... #);
Lengt h:: <
(* Returns the byte size of TH S(file). Notice that this is
* not always the same as entry.size, which is how many bytes
* TH S(file) occupies on the disk

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

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

* FronBegi nning, FronmCQurrent, FronEnd. Returns the absolute
* position seeked to [O..File.Length-1].

*

(# node, newpos: @ nt eger

enter node

exit newpos
#)
Eos::< (# ... #);
touch: entry.touch
(* If the disk entry does not exist, an enpty file will be
* created.
(# ... #);
del et e:
(* Deletes THS(File) *)
(# ... #);
bi nary: < bool eanval ue
(* THS(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,
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* whereas a non-binary file may treat some characters, notably
* the end-of-line marker, differently.
*)’

openRead:
(* opens THHS(File) for reading, starting at the beginning *)
(# ... #);

openWite
(* Qpens THHS(File) for witing. truncates the contents of
* the disk file if it already existed, and creates the disk
* file if not
(# ... #);

openAppend:
(* Qpens THHS(File) for witing at the end. Setpos cannot be
* used to wite other places than at the end. C(eates the
* fileif it did not exist.
(# ... #);

openReadWite
(* Opens TH S(File) for both reading and witing. The fileis
* positioned at the beginning. To switch between witing and
* reading an internedi ate setpos nmay be necessary.
(# ... #);

openReadAppend
(* Like QpenReadWite, but positiones at the end *)
(# ... #);

flush:
(* Flushes THS(File). Affects only files opened for output *)
(# ... #);

close: (* Aoses THS(File) *)
(# ... #);

(* FILE EXCEPTI ON\S *)

Fi | eException StreanException
(* CGeneral File exception *)
(# m “text
enter nj]
#);
OpenException Fil eException
(* Raised if opening of a file has failed. Message: "Cannot
* open file".
*
(# ... #);
AccessError: < QpenExcepti on
(* Raised on attenpt to access a file with insufficient
* privilegies. Mssage: "lInsufficient access privilegies".
*
(# ... #);
WiteError:< Fil eException
(* Raised fromPut, PutText and Flush on attenpt to wite on a
* non-exi sting bl ock. Message: "Wite block error”.
*
)
(# ... #);
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ReadError: < Fi | eException
(* Raised fromGet and Peek on attenpt to read a non-existing
* bl ock. Message: "Read bl ock error”.
*
)
(# ... #);
ECSerror::< (# ... #);
NoSuchFi | eError: < Fi | eException
(* Raised on attenpt to open a non-existing file. Message:
* "File does not exist”
*
(# ... #);
Fi |l eExi stsError: < Fi | eException
(* Raised when creating an already existing file. Message:
* "File does already exist".

*

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

Ot her Error: < Fil eException
(* Raised when errors other than the above occur *)

(# ... #);
private @...;
get Rep:

(* OBSOLETE - only supplied for conpatibility.
* The operation getBytes frombinfile shoul d be used i nstead.
(# repAdr (* @rep[inx]: start address *),
length (* max. no. of elenents to read *): @nteger;
ent er (repAdr, | engt h)

exit(length div 4)
#);
put Rep:
(* OBSOLETE - only supplied for conpatibility.
* The operation putBytes frombinfile shoul d be used instead.
(# repAdr (* @@ep[inx]: start address *),
length (* no. of rep-elenents to be and was witten
*): @nteger;
ent er (repAdr, | engt h)

exit (length div 4)
#)
#); (* pattern File *)



9. The directory Library

Thedi rectory library definesthedi rect ory pattern that is the interface into file
directories in a hierarchical file system. D rect ory is an abstract pattern, specifying
the machine independent attributes of such directories. Specific subpatterns: exists for
the different machine types such as UNIX and Macintosh (uni xDirectory ,
respectivelymacDi r ect ory , see later).

Similar to fi | e, the attributes of di rect ory are divided into two parts. the disk
entry attributes and the directory related attributes. The disk entry attributes are
located in the entry attribute of directory, whereas the directory related
attributes are ordnary attributes ofdi rectory .

The disk entry attributes of di r ect ory arethesameasfor fil e, and will therefore
not be discussed here (see previous chapter).

The directory related attributes are: entry, name, touch, delete, Directory
createFile, deleteFile, createDir, deleteDir, noOEntries, 2tributes
enpty, findEntry , and scankEntries. D rectory aso definesthe following
exceptions: ent r yExi st Excepti on di r ScanException ,

di r Sear chExcepti on , noSuchExcepti on , andnot FoundEx cepti on.

9.1 Using the directory Fragment

A program using thedi r ect ory fragment will have the following structure:

| NCLUDE ' ~bet a/ basiclib/vl. 6/directory
--- program descriptor ---
(# ...

dir: @irectory;

do ...
' ~beta/ basiclib/vl.6/" -> dir.narne;
dir.scanEntries(# do found. nane -> putline #);

o

9.1.1 Listing a directory

Program showing a simple use of di r ect ory : The directory with the path given as
argument is scanned, and the names of al the entries are printed with an indication of
what type of entry it is. Thisis done using the sel ect pattern of scanentries .
This is a more efficient strategy than using f ound. entry. i sFi |l e etc., possbly
correcting for the case that' d' is not current working directory.

If the path given is not adirectory, an exception will be raised:
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ORIG N ' ~beta/basiclib/vl.6/directory'; listDir bet

--- program descriptor ---

(* Program showing a sinple use of directory: The directory with the path
* given as argunent is scanned, and the nanes 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.
* |f the path given is not a directory, an exception will be raised.
*

)
(# arg: "text;

d: @lirectory;

nl: @ool ean;

full: @ool ean;

usage:

(# do 'Usage: ' -> puttext;

1->ar gunent s- >put t ext ;
" [-f] path' -> putline;
st op;

#);

do (* Parse command |ine *)

(i f noCF Argurent s

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

/1 2 then
2 -> argunents -> arg[];
(if '-f' -> arg.equal then

true -> full;

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

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

el se usage;

if);

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

usage;
if);

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

-> puttext;

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

#);

new i ne;
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#)

9.2 Interface Description for the
directory Library

ORIAN 'file';

BODY ' privat e/ di rect orybody' ;

(*

* COPYRI GHT

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

---- LIB attributes ----
di rectory:
(* 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: < D skEntry;
entry: @ntryDesc
(* The item hol di ng nost characterizing attributes of
* TH S(directory)

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

enter entry.path
exit entry.path
#);

(* Drectory 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: "D rectory
* entry allready exist”
*
(# do ...; INNER #);
Di r ScanException D rException
(* Raised if a scan of TH S(directory) has failed. Message:
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* "Scan of directory failed.”, and an indication of why it
* failed.
(# do ...; INNER #);

Di r Sear chExcepti on D rException
(* Raised if afind in TH S(directory) has failed. Message:

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

NoSuchExcepti on D rException
(* Raised on attenpt to delete a file or directory that did
* not exist in TH S(directory). Message: "Attenpt to delete a
* nonexi sting entry."”
*
(# do ...; INNER #);

Not FoundExcepti on D rException
(* 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 #);
(* Mani pul ations of TH S(directory) *)

touch: entry.touch
(* If the disk entry does not exist, an enpty directory wll
* be creat ed.
*
(# touchD @..;
do touchD
#)
del et e:
(* Delete TH S(directory) *)
(# nosuch: < NoSuchExcepti on
(* Raised if there was no disk entry corresponding to
* TH S(Directory)
*)’
error:< entry. D skEnt ryExcepti on
(* Raised if other errors occurred *);
deleteD @..;
do del eteD
#)
createFil e
(* Geate a file nanmed 'nanme’ in TH S(Directory) *)
(# name: “text;
newentry: “EntryDesc;
exi sts: < EntryExi st Exception
(* Raised if en entry of that name already existed *);
error: < D rException
(* Raised if other errors occurred *);
enter nane[]

éﬁ(i.t newent ryJ[ ]
#);
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del eteFi |l e
(* Delete a file naned "nanme' in TH S(Drectory) *)
(# name: “text;
nosuch: < NoSuchExcepti on
(* Raised if there was no disk entry in TH S(Di rectory)
* npaned ' nane'
*)’
error: <D rException
(* Raised if other errors occured *)
enter nane[]
#);
createDir:
(* Geate a directory naned 'nane' in TH S(Drectory) *)
(# name: “text;
newentry: “EntryDesc;
exi sts: < EntryExi st Exception
(* Raised if en entry of that name already existed *);
error: < D rException
(* Raised if other errors occurred *);
enter nane[]

exit newentryl]
#);
del eteDir:
(* Delete a directory naned 'nane' in TH S(Drectory) *)
(# name: “text;
nosuch: < NoSuchExcepti on
(* Raised if there was no disk entry in TH S(Directory)
* npaned ' nane'
*)’
error: < D rException
(* Raised if other errors occured *)
enter nane[]
#);
noOf Entri es: | ntegerVal ue
(* exit the nunber of entries in TH S(directory) *)
(# error: <D rException;
#);
enpty: Bool eanVal ue
(* TRUE iff TH S(directory) is enpty. Note that this does not
* always inmply NoOF Entries=0
*
(# error: <D rException;
#)
findEntry:

(* Calls INNER if entry was found in TH S(directory), and
* ot herwi se calls not Found
*
(# <<SLOT D rFindLib: attributes>>;
candi dat e ~text;
(* The nane of the entry to search for *)
f oundDesc: < Di skEntry;
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(* Qualification of "found" *)

f ound: ~foundDesc;

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

* % X % F X X
~—

foundFil e < File;

(* Qualification of file generated in

* select.whenfile.thefile

*)

foundDir:< Drectory;

(* Qualification of directory generated in
* select.whendir.thedir

foundFul | Path (* Fullpath of "found" *)
(# p: ~ext 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

*)

(# error:< found. D skEntryExcepti on;
whenFi | e: <
(* Called when the entry found is a file *)
(# thefile:

(* CGenerate 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

TH S(D rectory).

b I R

*

(# f: ~MoundFile

do ...

exit f[]

#)
do I NNER
#);
whenDir: <
(* Called when the entry found is a directory *)
(# theDr:

(* CGenerate an instance of foundDr

* corresponding to the entry found. Notice that
"found’ and 'd.entry' are two distinct
objects; 'd.entry' has a full path, 'found
may or nmay not have a path relative to
TH S(D rectory).

* % X

*

(# d: ~MoundDir
do ...
exit d[]
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#);
do | NNER
#);
whenO her: <

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

f oundDesc: < Di skEntry;

(* Qualification of "found" *)

f ound: ~foundDesc;

(* Reference to entry, if found. Notice that 'found. path’
is relative to TH S(directory). The full path may be
obt ai ned by 'foundFul | Path' Al so 'foundFul |l Path ->
found. path’ nmay be needed before is queried for nodtine
etc., if THS(D rectory) is not the current working
directory.

* % X % F X X
~—

foundFil e < File;

(* Qualification of file generated in

* select.whenfile.thefile

*)

foundDir:< Drectory;

(* Qualification of directory generated in

* select.whendir.thedir

foundFul | Path (* Fullpath of "found" *)
(# p: ~ext do ... exit p[] #);

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

*)
(# error:< found. D skEntryExcepti on;
whenFi | e: <
(* Called when the entry found is a file *)
(# thefile:

(* CGenerate an instance of foundFile
* corresponding to the entry found. Notice that
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"found' and 'f.entry' are two distinct
objects; 'f.entry' has a full path, 'found
may or nmay not have a path relative to

TH S(Di rectory).

* % X

*

(# f: ~MoundFile

do ...
exit f[]
#)
do I NNER
#)
whenDi r: <
(* Called when the entry found is a directory *)
(# theDr:
(* CGenerate an instance of foundDr
* 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: ~MoundDir
do ...
exit d[]
#)
do I NNER
#)
whenQt her: <

(* Called when the entry found is neither a file nor
*adirectory
(# do I NNER #) ;
selectlnpl:< (* private *)
(# sel ectedl nlnner: @ool ean
do ...;
INNER, .. .
#)
do sel ectlnpl;
#); (* select *)
error: < D rScanException
(* Raised if the scan fails *);
(* idx- *) (* idx- *)
do ...;
#); (* scanEntries *)
private @..;
#) (* directory *)



10. The unixFile Library

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

Uni xEntry defines many new attributes, such as perm ssion, owner , unixFile
accessTime, etc, and unixFile defines only two additional attributes; 2tributes
openExeWit e andopenExeAppend .

10.1 Using the unixFile Fragment

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

| NCLUDE ' ~bet a/ uni xI i b/ v1. 6/ uni xFil e'
- program descriptor ---
(# ...
uf : @ni xFil e;
do ...
("a','r") -> uf.entry. perm ssion. add;

.

Please note, that uni xFi | e is not placed in the basi cl i b directory, but in a
directory uni xI i b, holding specific files for the UNIX version of the Mjgalner
System.

10.1.1 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 is then
various other UNIX specific attributes are examined. It is examined whether the entry
isasymbolic link or not, only if links should not be followed.

Finally it is attempted to change the owner of it to 675:

CRIA N ' ~beta/ uni xl'i b/v1. 6/ unixfile'; .
| NCLUDE ' ~bet a/ sysutils/vl.6/tine' ; unixgntry.bet
---- PROGRAM descriptor ----

(* An exanple of using UnixEntry: First the user is asked if synbolic |inks shoul d

* be followed or not. If the UnixEntry specified on the conmand

* line exists, it is then various other unix specific attributes are exam ned.
* |t is exam ned whether the entry is a synbolic link or not, only if links
shoul d
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* not be foll owed.
* Finally it is attenpted to change the owner of it to 675

*)

(# e: @nixentry; follow @ool ean
do (if noOfArgunents <> 2 //true then
'Usage: ' -> puttext; 1->argunents->puttext;
st op;
i)

2 -> argunents -> e. path;

path' -> putline;

' Exam ne synbolic links thenselves? (y/n) ' -> puttext;
(Keyboard.get="n") -> e.followinks

e.path -> puttext;
(if e.exists
/] true then
" exists. It" -> putline;
(if e.followinks // false then
(if e.isSynbolicLink // true then
" is asynbolic link' -> putline;

if);

if);

' was last nodified ' -> puttext;

e.nmodtine -> formattinme -> 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

[/l true then 'has wite permssion to the disk entry' -> putline;

[/ false then 'does not have wite permssion to the disk entry’
-> putline;

if);

"Now lets try to change the owner id to 675.' -> puttext;

675 -> e.owner;

' That succeeded!' -> putline;
// false then
' does not exist.' -> putline;

if);
#)

10.1.2 Split executable file

A smple example of using uni xFi | e : Thefile'i n. bet "isread 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 appended
toit.:

ORIA N ' ~beta/ uni xli b/vl. 6/ unixfile';

---- PROGRAM descriptor ---- splitexe.bet

(* A sinple exanpl e of using UnixFile: The file "input’ is read word by word,
and each word is printed on the output file specified on the command |i ne.

file will be executabl e.

meani ng that the output file will be executable after the line of text
has been appended to it.

* % 3k X Xk

This output file has been opened with (penExeWite, nmening that the resulting

After this, the output file is opened again, this time wth QenExeAppend,
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(#inFile, outFile: @unixfile;
do (if noOrArgunents <> 2 //true then
"Usage: ' -> puttext; 1->argunents->puttext;
st op;
i)
2 -> argunents -> out Fil e. naneg;
out Fil e. penExeWi t e;

out-file" -> putline;

"input' -> inFile.nane,
i nFi | e. QpenRead;

readFi | e:
(#
do (if inFile.eos
/! false then
inFile.get Atom-> outFil e. put Text;
out Fi | e. newLi ne;
restart readFile
/! true then
| eave readFil e
if)
#);
inFile.close
out Fi |l e. cl ose;

(* Nowwe'll append a little too *)
outfil e. OpenExeAppend;

"This is one |line appended’ -> outfile.putline;
outfile.newine;

outfile.close;

"The tokens fromthe file ""input'' has been put into the file' -> putline;
""'"'->put; outFile.name -> puttext;
"', and an extra line of text has been appended.' -> putline;

#)
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10.2 Interface Description for the
unixFile Library

ORIAN '"~beta/basiclib/vl.6/file";
BODY ' privat e/ uni xfile_body';

---- LIB: attributes ----

Uni xEntry: D skEntry
(* Pattern describing unix specific attributes of disk-entries |ike
* files and directories in a hierarchic unix file system
*
(#
<<SLOT Uni xEntryLi b: attributes>>;

Uni XEnt r yEXxi sted Exception
(* Raised on attenpt to nake an existing unix entry into a
* synbolic link using |IinkTo or |inkFrom Message: "Attenpt to
* make an existing Uni xEntry into a synbolic Iink"
*)
(# ... #);

followinks:
(* If the disk entry corresponding to TH S(Uni XEntry). path
* exists and is a link to sone other entry, then if
* followinks is true the disk entry pointed to is nmani 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 #)
#);

perm ssi on. @erm ssi ondesc
(* An object to mani pulate the protecti on and node of
* TH S(Uni xEntry). This gives a nore fine-grained access to

* the unix permssions than the inherited attributes

* "readable" and "witeable". Al operations on "permssion"
* are used like this :

*

* (who, node) -> perm ssion.operation ... ;

*

* "who" denotes a category of users : 'a -- all, "u -- user
* (owner), 'g" -- group, 'O -- other.

*

* "nmode" denotes the node of TH S(Uni xEntry) : 'r' -- read,

*

'w -- wite, 'X' -- execute.
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*),
per m ssi ondesc <
(# <<SLOT Wni xFil ePernii b: attributes>>;

(* PERM SSI ON EXCEPTI ONS *)

W ongUser Error: < Excepti on
(* Raised if sonething other than "a', 'u', 'g", or 'o
* is specified for "who". Message: "Wong user
* specification for disk entry permssion."

*

(# ... #);
W ongMbdeEr r or: < Excepti on
(* Raised if sonething other than 'r', "W, or "X is

* gspecified for "node". Message: "Wong node
* gspecification for disk entry permssion.”
*)
(# ... #);
ChangePer nEr r or: < D skEnt ryException
(* Raised if a change of perm ssions has failed for
* TH S(Uni xEntry). Message: "Failed to change perm ssion
* for disk entry.”
(# ... #);
Ot her Error: < D skEnt ryException
(* Raised if other errors occurred *);

has:
(* True if "who" has the "nobde" access to
* TH S(Uni xEntry).
(# node, who: @har
result: @ool ean;
enter (who, node)

exit result
#)
add:
(* Gve "who" the "node" access to TH S(Uni xEntry) *)
(# node, who: @har
enter (who, node)
#)
r enpve:
(* Renove the "node" fromthe way "who" nay access
* TH S(Uni xEntry).
(# node, who: @har
enter (who, node)
#)
#); (* permssion *)
devi ce: IntegerVal ue

(* Integer denoting the device on which the Inode of
* TH S(Uni xEntry) resides
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*

(# error: <D skEntryExcepti on;
#):
i node: I ntegerVal ue
(* Unanbi gous integer denoting the identity of this unix entry
*

(# error: <D skEntryExcepti on;
#):

i sChar Speci al: Bool eanVal ue
(# error: <D skEntryExcepti on;
#):

i sBl ockSpeci al: Bool eanVal ue
(# error: <D skEntryExcepti on;
#):

i sSynbol i cLi nk Bool eanVal ue

(* True if TH S(UnixEntry) is a synbolic link. A ways false
* if followinks is set to true (default)

*
(# error: <D skEntryExcepti on;
#)
i sSocket: Bool eanVal ue

(* True if TH S(Uni xEntry) is a socket *)
(# error: <D skEntryExcepti on;

#)
har dLi nks: | nteger Val ue
(* Nunber of hard links to TH S(Uni xEntry) *)
(# error: <D skEntryExcepti on;
#);
devi ceType | ntegerVal ue
(* If TH S(UnixEntry) is a device, the integer exited denotes
* the type of the device

(# error: <D skEntryExcepti on;
#):
owner:
(* Set/get the userid (an integer) denoting the identity of
* the owner of TH S(Uni xEntry)
(# uid: @nteger;
error: <D skEnt ryExcepti on;

set: (# enter uid do ... #);
get: (# ... exit uid #);
enter set
exit get

#);
gr oup:
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(* Set/get the group id (an integer) denoting the identity of
* the group to which the owner of TH S(Uni xEntry) bel ongs
(# gid: @nteger;

error: <D skEnt ryException

set: (# enter gid do ... #);
get: (# ... exit gid #);
enter set
exit get

#);

accessTi me | ntegerVal ue
(* The (systen) time of the last read or wite mani pul ati on of
* TH S(Uni xEnt ry)

*

(# error: <D skEntryException
#);
statusTi me: | ntegerVal ue
(* Systemtime of the |ast status change of
* TH S(Uni xEntry). In our case a status change occurs when the
* follow ng operations are activated on TH S(Uni xEntry):
* touch, permssion.add, perm ssion.renove

*

(# error: <D skEntryException
#)
opti mal Bl ockSi ze |ntegerVal ue
(# error: <D skEntryException
#)
bl ocks: IntegerVal ue
(* The actual nunber of blocks allocated for TH S(Uni XEntry) *)
(# error: <D skEntryException
#);
i nkTo:
(* Make TH S(Uni xEntry) be a synbolic link to dst. The
* 'exists' exceptionis raised if TH S(Uni xEntry) allready
* exists.
*
(# dst: ~text;
error: < Di skEntryExcepti on;
exi sts: < Uni xEnt ryExi st ed;
[ink: ~UniXxEntry;
enter dst[]
do ...;
#);
i nkFrom
(* Make src be a synbolic link to TH S(Uni xEntry). The
* 'exists' exceptionis raised if src allready exists. If no
* errors occur, link is a UnixEntry for the link, with
* followinks set to fal se.

*

(# src: "text;
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error: <D skEntryExcepti on;
exi sts: < Uni xEnt ryExi st ed;
[ink: ~UniXxEntry;

enter src[]

do ...;

exit |ink

#)

#); (* UnixEntry *)

Uni xFile File
(* BETAinterface to disk files in UNX *)
(#
<<SLOT Uni xFi | eLi b: attri butes>>;

EntryDesc:: < Uni XEntry;

OpenExeWite
(* Like QpenWite, except that the file witten will be
* execut abl e
(# ... #);

OpenExeAppend
(* Li ke QpenAppend, except that the file witten will be
* execut abl e
(# ... #);

#)



11. 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
specializations of the di skEntry and fi |l e patterns, namely the uni xEntry and
uni xDi rectory patterns.

The uni XEntry pattern is the same as the one discussed in the uni xFi | e library, uni xDi rec-
and the uni xDi rect ory pattern only makes the necessary speciaizations to make t°rYy attributes
theinheriteddi r ect ory properties function on the UNIX hierarchical file system.

11.1 Using the unixDirectory Fragment

A program using theuni xDi r ect ory fragment will have the following structure:
| NCLUDE ' ~bet a/ uni xI i b/ v1. 6/ uni xD rectory
--- program descriptor ---
(# ...
ud: @ni xDirectory;
do ...
"uni xDirectory.bet' -> ud.findentry(# ... do ... #);
#)
Please note, that uni xDi r ect or yisnot placed in thebasi cl i bdirectory, but

in a directory uni x| i b, holding specific files for the UNIX version of the
Mjglner System.

11.1.1 Listing Unix Directory Example

Program showing a simple 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. Thisisdone using the sel ect pattern of scanEntri es .
This is a more efficient strategy than using f ound. entry. i sFil e eic., possbly
correcting for the case that' d' is not current working directory.

If the path given is not a directory, an exception will be raised:
ORIG N ' ~beta/uni xlib/vl. 6/unixdirectory'; listUnix bet
-- PROGRAM descriptor --

Program showing a sinple use of UNIX directory: The directory with the path
given as argunent is scanned, and the nanes 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.

(

* % 3k X Xk
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* |f the path given is not a directory

*)

(# 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 *)
(i f noCF Argurent s
[/ 1 then'.' -> d.nane
/[l 2 then
2 -> argunents -> arg[];
(if "-f' -> arg. equa
/1 true then
true -> full;
".' ->d. nanme
/] false then
arg[] -> d.nang;
if)
t

i
[/l 3 then

2 -> argunents -> arg[];

(if "-f' -> arg. equa

[/ true then

true -> full;

/Il false then usage;

if);

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

usage;
if);

(* Scan directory *)
new i ne;
" The content of
d. nane -> puttext;
""" is: ' -> putline;
d. scankEntries
(#
do false -> found. fol |l ow i nks;
sel ect
(# whenFile::<
(# do '"File:
whenDir:: <
(# do 'Directory:
whenSocket : : <
(# do ' Socket:
whenSynbol i clink:: <
(# do 'Link:
whenChar Speci al : : <
(# do ' Char special:
whenBl ockSpeci al : : <
(# do ' Bl ock speci al
whenQt her: : <
(# do ' (Unknown):

-> puttext;

(if full

put t ext ;
put t ext ;
put t ext ;
put t ext ;
put t ext ;
put t ext ;

put t ext ;

/1 true then foundFul | Path -> putli ne;
/1 false then found. path -> putline;

if);
#)
new i ne;

an exception wll

be rai sed.
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#)
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11.2 Interface Description for the
unixDirectory Library

ORIA@ N ' ~beta/basiclib/vl. 6/directory';
BODY ' privat e/ uni xdi rectory_body' ;

| NCLUDE " uni xfile';
---- LIB: attributes ----

uni xdi rectory. directory
(* BETAinterface to disk files in UNX *)
(#
<<SLOT Uni xDirectoryLib: attributes>>;

EntryDesc: : < Uni XEntry;

findEntry: dirFi ndEntry
(#

f oundDesc: : < Uni xEntry;

foundFil e : < Uni xFil e;

foundDir::< UnixDrectory;

sel ect: dirselect

(# whenSocket: < (# do I N\NER #);

whenSynbol i clink < (# do | NNER #);
whenChar Speci al: < (# do I N\ER #);
whenBl ockSpeci al: < (# do | NNER #);

selectlnpl::< (* private *)

(# ... #)
#);
do | NNER
#);
scanEntries: dirScanEntries
(#

f oundDesc: : < Uni xEntry;

foundFi |l e : < Uni xFile;

foundDir::< UnixDrectory;

sel ect: dirsel ect

(# whenSocket: < (# do I N\NER #);

whenSynbol i clink < (# do | NNER #);
whenChar Speci al: < (# do I N\ER #);
whenBl ockSpeci al: < (# do | NNER #);

selectlnpl::< (* private *)
(# ... #)
#);
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do | NNER
#);
(* idx- *) (* idx- *)
#)

(* Instead of scanEntries and findEntry being virtual (i.e. virtual
* prefixes):

*)

---- DrectoryLib: attributes ----

di rFindEntry. findEntry(# do | NNER #);

di rScanEntries scankEntries(# do | NNER #);

---- DirFindLib: attributes ----
di r Sel ect: sel ect (##);

---- DirScanLib: attributes ----
di r Sel ect: sel ect (##);



12. The systemEnv Libraries

The systemEnv libraries define the experimental concurrency system for BETA. The
systemEnv libraries contain five closely related libraries. basi csyst enmenv. bet
syst emenv. bet ,andti nehandl er. bet .

The basi csyst enenv. bet fragment contains the core of the concurrency
system, and is the prime fragment for information on the concurrency facilities.

basicsystemenv

The syst enmenv. bet fragment is to be used if the concurrency is to be used in a systemenv

program that is not using any graphical user interface system, such as the X Window
System.Syst enenv. bet does not define any new attributes at all.

Theti nmehandl 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 rest of the chapter will only describe the basi csyst enenv . bet fragments.
For details on the use of the other fragments, please see the documentation in the
interface descriptions.

12.1 The basicSystemEnv Library

The syst enEnv fragment contains abstract superpattern:s 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 asemaphor e must be executed as an indivisible unit.

3. An abstract pattern Monitor Similar to the monitor proposed by Hoare and
Brinch-Hansen.

4. An abstract pattern Syst em is defined. Syst em defines communication between
systems by means of synchronized rendezvous. A concurrency imperative conc
and an alternation imperativel t are defined forsyst 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.

The abstractions defined here are based on the ones described in chapter 12 of the
BETA book.

Basic concepts
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12.1.1 Changes from original design

The implementation is identical to the design in the BETA book, except for the fol-
lowing changes:
1. Thesyntax off ork is
S[]->fork
andnotS. fork.

2. The syntax ofconc is
conc(# do Si[]->start; S2[]->start; S3[]->start #)

andnot conc(# do Sl.start; S2.start; S3.start #).

3. Thesyntax ofal t is
alt(#do S1[]->start; S2[]->start; S3[]->start #)

andnotalt(# do Sl.start; S2.start; S3.start #).

12.1.2 New facilities

Thisimplementation of syst enenv included afew new facilities, not described in the
BETA book:

4. semaphore have an additional attributet r yP, which is a non-blocking call of.

5. Inadditiontos[]->fork, s[]->kill isnow possible, and in addition to pause,
100- >sl eep ispossible.

6. system have anew virtual attribute, onki | | ed, that is invoked before the system
terminates

7. systemenv has a new virtual attribute, deadl ocked , that is invoked if al pro-
cesses are deadlocked.

8. Findly, systemenv defines three new attributes to cope with event driven user
interfaces. wi ndowEnvType , t heW ndowEnv , and set W ndoweEnv . See further de-
tails on cooperation with user interface environments below.

12.1.3 The Concurrency is Simulated

In order to implement real concurrency, an interrupt mechanism must be implemented.
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).

12.1.4 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:

* Usesystenenv. bet asorigin for programs not using event-driven user-interface
libraries.

» Use ~beta/ Xt/ current/xsystemenv .bet as origin for programs using xtEnv,
awEnv or motifEnv.
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» Use~bet a/ ui env/ current/ ui envsystemenv . bet asorigin for programs using
Ulenv.

See xsyst enmenv and ui envsyst emenv for a description of using syst emenv
in corjunction with X and Ulenv programs, respectively.

See ~bet a/ nacenv/current/ macsystenenv  for a description of using
syst emenv in conjunction with macenv.

For examples of usingSyst entnv , see thedeno directory.

Please note, that programs should only use one of the syst enenv , xsyst enenv ,
and ui envsyst enenv fragments. It is a fairly common mistake in syst enEnv
programs to find more than one of these fragments.

12.2 Using the SystemEnv Fragment

A program using the systemEnv fragment will have the following structure:

I NCLUDE ' ~bet a/ basi cl i b/ v1. 6/ syst emrenv’
--- program descriptor ---
syst enenv
(# process: @]|systen(# ... #);
do ...
process[] -> fork;

#)

12.2.1 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 a nonitor . The
producer and consumer are concurrent objects:

ORIA N ' ~bet a/ basi cli b/ v1. 6/ syst ermenv' ; buffer bet
---program descriptor---
Syst enEnv
(# buffer: @bnitor
(# R [20] @har; in,out: @nteger;
full,enpty: @ondition;

put: Entry
(# ch: @har
enter ch
do (if in=out then full.wait if);
ch->Rin]; (in nod Rrange)+l ->in;
enpty. signal;
#);
get: Entry
(# ch: @har
do (if in = (out nod Rrange)+1 then enpty.wait if);
R (out nmod R range) +1->out] - >ch;
full.signal;
exit ch
#);
init::< (# do 1->n; R range->out #)
#);
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prod: @ System(# do cycle(# do keyboard. get->buffer.put #) #);
cons: @ Systen(# do cycl e(# do buffer.get->screen.put #) #);

do buffer.init;
conc(# do prod[]->start; cons[]->start #)
#)

12.2.2 The Monitor with Wait Example

This example is similar to the previous, except that wai t is used instead of condi -
t i on to control the medium-term scheduling of access to the buffer.

ORIA N ' ~bet a/ basi cli b/ vl1. 6/ syst ermenv' ;
Ochuf.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: @bhar
enter ch
do wait(# do (not full)->cond #);
ch->Rin]; (in nod Rrange)+l ->in;
#);
get: Entry
(# ch: @har
do wait(# do (not enpty)->cond #);
R (out nmod R range) +1->out] - >ch;
exit ch
#);
init::< (# do 1->n; R range->out #)
#);

prod: @ System(# do cycle(# do keyboard. get->buffer.put #) #);
cons: @ Systen(# do cycl e(# do buffer.get->screen.put #) #);

do buffer.init;
conc(# do prod[]->start; cons[]->start #)
#)

12.2.3 The Ports Example

The following is an example of three communicating objects: S, R1 and R2. R1L and
R2 are similar (instances of the sam& ype pattern).

Rt ype definestwo ports: p1 and p2, withaget entry inpl andaput entry in
p2. The get entry prints the value of the x attribute on standard output, and put

prints the y attribute. Rt ype objects repeatedly accepts pl communications
followed by p2 communications (i.e. since in this example, only get is definein p1,
and only put in p2, thisimplies get followed by put ). Note that the use of ports,
allows specidizations of Rt ype to define new entriesin p1 and/or p2, such that these
communications follow the same communication structure.
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The S object defines two internal objects, C1 and C2, which are executed alternating.
Clisresponsible 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
Sand Rl followstheget followed by put pattern (the same for S and R2), but these
two communication patterns may be non-deterministically interleaved.

ORIA N ' ~bet a/ basi cl i b/ v1. 6/ syst emenv' ;

---program descriptor--
Syst enEnv
(# S @ System
(# Cl: @ System
(#

#) ;
do cycle(# do 'a' ->put; R2.get; 'b'->put;
#)

do alt(# do Cl[]->start; Q[]->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:. @ Rype;

R2: @ Ruype;

do " ("->RLx; ")"->Rly; "['->R.x; "]'->R2.y;

conc(# do §]->start; Ri[]->start; RZ[]->start #)
#)

12.2.4 The ObjectPort Example

This example illustrates the use of the Cbj ect Port facility. The S object definesf 1,
f 2, 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 communicate f 3’sin an
accept. Note, that initiallyR RL isallowed, and laterR R3 is allowed:

ORIA N ' ~bet a/ basi cl i b/ v1. 6/ syst emenv' ;

---program descriptor--
Syst enkEnv
(# S @ System
(# P1: @bjectPort;
fl1: Pl.entry(# do 'f1l called ->putline #);
P2: @ort;
f2: P2.entry(# do 'f2 called ->putline #);
P3: @ort;
f3: P3.entry(# do 'f3 called ->putline #);
do R Rl[]->P1. accept;
P2. accept;
P3. accept;
R R3[]->P1. accept
#);

R @ System
(# RI: @ Systenm(# do S.f1; S f3 #);

do cycle(# do '1'->put; Rl.get; '2'->put; Rl put #);

altex1.bet

sysl.bet
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R2: @ Systen(# do S.f2; #);
R3: @ Systen(# do S.f1 #);
do 'Start R ->putLine;
conc(# do Ri[]->start; R2[]->start; R3[]->start #);
"End R ->putLine
#);

do 'Start'->putlLine;
conc(# do R ]->start; g ]->start #);
" End' - >put Li ne

#)
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12.3 Interface Description for the
systemenv Library

12.3.1 Interface Description for the basicsystemEnv Library

ORIA N ' bet aenv' ;

BODY ' pri vat e/ basi csyst emrenvbody'

---LIB attributes---

(*

* COPYR GHT

Copyright Mol ner Informatics, 1992-96
Al rights reserved.

This fragment contains abstract superpattern:s for describing the
BETA concepts of concurrent systens.

The basic ideas are
A. Conponents (coroutines) can be executed concurrently

B. Aprimtive semaphore pattern is avail able for
syncroni zati on.

C. An abstract pattern 'Monitor' simlar to the nonitor
proposed by Hoare and Brinch- Hansen

D. An abstract pattern 'System is defined. System defines
comuni cati on between systens by neans of synchroni zed
rendezvous. A concurreny inperative '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. The syntax of 'fork' is
S[]->fork
and NOT S.fork

2. The syntax of 'conc' is
conc(# do Sl[]->start; S2[]->start; S3[]->start #)
and NOT conc(# do Sl.start; S2.start; S3.start #)

4. THE CONCURRENCY |'S SI MULATED In order to inplenent rea
concurreny, an interrupt mechani smnust be inplenented. This is
currently NOT done. A conponent/systemw |l thus keep the
control until it makes an explicit or inplicit SUSPEND. An
inplicit SUSPEND i s made when a conponent nust wait for a

L R R T R B N N R N N R S N R B S L B N N N N R T
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semaphore, executes the pause pattern, executes the sleep
pattern, or perforns a bl ocki ng comuni cation using the shell Env
distribution abstractions. As the concurrency is simlated,
there is no difference between the inplenentation of the alt and
conc inperatives.

5. A program usi ng concurrency nust have the form
systenenv(# ... do ... #)

6. Concurrency and X- Wndows/ macenv/ gui env
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 npl ement ati ons of SystenkEnv exists for different user interface
l'i braries:

Use systenenv.bet as origin for prograns not using event-driven
user-interface libraries.

Use ~beta/ Xt/current/xsystenenv.bet as origin for prograns using
Xt Env, AwEnv or Moti f Env.

Use ~bet a/ gui env/ current/ gui envsystenenv. bet as origin for
prograns using GJenv (Lidskvjalv).

See xsystenenv and gui envsystenenv for a description of using
systenenv in conjunction with X and GJ env prograns,
respectively.

See ~bet a/ macenv/ current/ macsystenenv for a description of using
systemenv and nacenv.

R I T R R T R R S R S R B N B T DR R R R R R

For exanpl es of using SystentEnv see the deno directory.
)
get Syst enEnv.

(* Returns the unique systentnv instance running *)
(# theSystenEnv. “systentnv
do SystenkEnv## -> obj ect Pool . st rucGCet
(#init::<
(#
do (failure,
"Program descriptor nust be a subpattern of systentnv')
-> stop
#)#) -> theSystenkEnv[];
exit theSystenknv|]
#)
Syst enEnv: SysHead
(# <<SLOT systemib: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
* is not perforned.
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*

* Count returns the nunber of conponents waiting for the

* senmaphor e.
(#P @..;
Vi @..;
tryP:. @Bool eanVal ue
(# ... #);
Count: @
(# value: @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: @..;
S. | SysHead
enter §]
do first; second; none -> s[];
#);
kill: @

(* Kills S. If Sis the active system this is equivalent to a
* direct suspend.
(# S N SysHead; doKill: @..
enter §]
do doKil |
#)
pause: @
(* Moves the calling systemto the end of the queue of
* schedul ed systens.

*)
sleep: @
(* Makes the calling systemsleep at |east tine seconds. |If
* time is O or negative, sleep has no effect.
*)
(# time: @Real
enter tine
#);
sl eepUnti |:
(* Makes the calling systemsleep until at least tine. |If
* time is less than the current time, sleepUntil has no effect.
*
(# time: @Real
enter tine

#);
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ti meStanm:
(# val ue: @Real
exit val ue
#)
Moni t or:
(# (* idx+ *)
Condi ti on:
(# g: @enaphor e;
Wait: ...;
Signal: ...;
#)
Wi t:
(# cond: @ool ean
do | NN\ER;

(if not cond then
return; (* exit nmonitor *)

pause;
mutex.P; (* reentry of nmonitor *)
restart Wit

if)
#);
Entry: (# do mutex.P; INNER return #);
init:< (# do INNER nutex.V; #);

(* private:

*

* mutex controls entry to the Monitor. wurgent delays a
* signalling process.

*

* return is executed by processes |eaving the nonitor.
*

Reacti vat es possi bl e processes waiting for entry: del ayed
* signalling processes (urgent) have first priority

*)

nut ex: @enmaphor e;

urgent: @enaphore;

return: @..;
#);
System SysHead
(# Port:

(# nmx, m @senaphor e;
entry: (# do mP;, INNER nx.V #);
accept: (# do mV; nx.P #)
#);
Restri ct edPor t:
(# nx, am @enaphore;
del ayed: @..;
accept:<(# ... #);
accept abl e: <
(# K @ool ean; s: | sysHead
enter s[]
do I NNER
exit K
#)
restrictedentry:
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(# ... #);
#)
Obj ect Port: RestrictedPort
(# accept::< (# enter sender[] do none->sender[] #);
acceptable::< (# ... #);
entry: RestrictedEntry (# do | NNER #);
sender: ”|sysHead
#);
Qual i fiedPort: RestrictedPort
(# accept::< (# enter sender## do none->sender ## #);
acceptable::< (# ... #);
entry: RestrictedEntry(# do | N\NER #);
sender: ##sysHead

#);
conc:
(# start:
(# s: | system
enter s[]
#);
concPriv: @..
do INNER, ...;
#)

alt: conc (# do I NNER #);
onKil | ed: <
(* Called before this systemtermnates. *)
(#
do (if caller[]<>NONE then (* not the outernost system *)
caller.dec; NONE -> caller[]
if);
I

NNER;
#);
cal l er: "protectedlnt;
do | NN\NER;
#);
deadLocked < Exception
(* This exception is called when all coroutines are bl ocked
* and none are waiting for 1/Q
*
(#
do | NN\NER;
(if not continue then
' BasicSystenEnv. Al coroutines bl ocked on senaphores.’
-> nsg. append;

if);
#);
conc:
(# start:
(# s: | system
enter s[]
#);

concPriv: @..
do INNER, .. .;
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#);
al t:

(* Sanme as conc as a consequence of non-preentive scheduling.
*

conc (# #);

(* ATTRI BUTES FOR EVENT- DRI VEN W NDON NG ENVI RONMVENTS

*
These attributes are only used when conbi ning SystenEnv with
an event-driven w ndowi ng environnent. This demands an
alternative inplenentation than the standard Systentnv

i npl ementation. See the file: xsystenenv. bet

* % ¥ * F

)
w ndowEnvType < (bj ect;

t heW ndowEnv. "wi ndoweEnvType;
set W ndowEnv. < (bj ect;

(* PR VATE
*

* Everything belowis in principle private inplenentation stuff.
*
)
private: @...;
Basi cSchedul er: ...;
t heActive: ”|sysHead,;
Protectedl nt: | ntegerject
(* Used in inplenmentation of conc. *)
(# mutex: @enaphore;
at Zero: @enaphore;
dec:
(#
do nutex.P
(if (value-1->value)=0 then atZero.Vif);
mut ex. V;
#)
wai t For Zero: (# do atZero.P #);
init: (# enter value do nutex.V #);
#)
i ni t Bef or eSchedul er: <
(* Called before the scheduler is activated and before
* set WndowEnv and the systenenv INNER is call ed.

*

oj ect;
do ...;

| NNER
#);
cyclicEm

(# s: ™| SysHead;
next, prev: “cyclicE m
due: @Rreal
(* due is used by sleepingQueue. If zero, this elenent is
* currently not in a sleepi ngQueue.
*)
#);
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cycl i cQueue:
(# onDel ete: < (bj ect;
onDel : @nDel et €;
onl nsert: < (oj ect;
onlns: @nlnsert;
first, freeList: “cyclicE m

insert: @
(# s: | sysHead; new “cyclicE m
enter s[]
exit new]
#)
append: @

(# elm ~cyclicE m
enter elnj]
#):

prepend: @
(# elm ~cyclicE m
enter elnj]
#)

insertBefore: @

(# new, old: ~cyclicEHm
enter (new],old[])

#)
getFirst: @
(# elm ~cyclicE m
exit elnf]
#),
delete: @

(# elm ~cyclicE m
enter elnj]

exit elnf]
#);
renove: @

(* el mshould not be reused after renmove. Use del ete instead.
*

(# elm ~cyclicEBm s: ”|sysHead;

enter elnj]

exit s[]
#);
scan:
(# current: “cyclicE m
#);
size: @nteger;
#);
SysHead:
(# shstatus: @nteger;
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lc: "(bject; (* Last errorCatcher for distribution errors. *)
ce: ~cyclicBEEm (* ce,q <> none => this(sysHead) is ceingg. *)

g: “cyclicQueue;

do | NNER

#);
(* SysHead. shstatus val ues: *)
SERINNING (# exit 1 #); (* Qurrent system *)
SE WVAITING (# exit 2 #); (* Blocked on senaphore. *)
SE_READY: (# exit 3 #); (* Ready to run. *)
SE SLEEPING (# exit 4 #); (* Sl eeping. *)

SE KI LLED: (# exit 5 #);

12.3.2 Interface Description for the systemEnv Library

ORIA N ' basi csystenenv' ;
BCODY ' pri vat e/ syst enmenvbody’ ;
(*
* CCOPYR GHT
Copyright (© Molner Informatics, 1984-96
Al rights reserved.

Use this fragnment as the CRIA N for concurrent BETA
prograns NOT using X libraries or other U libraries
with a central event-Ioop.

Prograns shoul d | ook sonething |ike:

CRIG@ N 'systenenv';
--- programdescriptor ---
syst enkEnv:

(# ...

do ...

#)

L I R I T R R T R T

For details about the concurrency abstractions,
* see the file basicsystenenv. bet

*)
12.3.3 Interface Description for the timehandler Library

ORIA N ' basi csystenenv' ;
BCODY ' privat e/ ti mehandl er body' ;

* COPYR GHT
* Copyright (© 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
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*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 |east time seconds will elapse before obj is
* execut ed.
*
* unregister takes a registration id and unregi sters 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: "(bject; tine: @nteger;

id: @nteger;

enter (obj[],time)

exit id

#);

unregi ster:

(# 1d: @nteger;

enter id

#);

init:
(#
#):

#)

tineHandl erPrivate: @..;



13. The external Library

The external fragment contains a genera interface to other programming Interfacingto C
languages. This interface is provided by the patterns ext er nal and cSt ruct . The 2nd Pascal
ext ernal pattern is used to interface to procedures and functions written in other

languages e.g. C or Pascal. The cSt ruct 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 external and cStruct patterns are defined in

bet aenv and the external fragment defines the specific attributes of these

patterns. Furthermore, the ext ernal fragment defines the ext er nal Record

pattern, which is used for defining the BETA interface to data structures, allocated by

the external language (e.gC).

13.1 Using the external Fragment

A program using theext er nal fragment will have the following structure:

I NCLUDE ' ~bet a/ basi cl i b/ v1. 6/ ext er nal
--- program descriptor ---
(# foo: external (# ... #)

do ...
... foo ...
#)

13.1.1 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 speciaization. The BETA compiler will then generate a call to an externd
routine 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 00). (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:
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foo: external
(# ... enter... do 'X$bar' ->callCexit... #);

This pattern describes the interface to an external C function, whose entry-point name
isX$bar (andnotf 00).

It isimportant that there exist a C function with the same name and exactly the number
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 external 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.

13.1.1.1 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 definitionin C
*

* typedef void (*callBackProcPtr)(int i)
*

(# i: ©@nteger;
enter i
(* only the types shortint, 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 shoul d have appeared here.
*)
#);

instal | Cal | Back: external
(* This pattern describes the interface for the C
* function that installs the call back.

It has the follow ng C description:

*
*
* void install Call Back(cal | BackProcPtr theProcPtr,int j)
*
(# theProcPtr: ##cal | BackProc;

j: @nteger;
enter (theProcPtr##,j)
do call C
#);

When writing the actual procedure to be called on the call back, it is easiest to spe-
cialise the abovecal | BackPr oc pattern, asin:

(# ...
nyCal | Back: cal | BackProc
(# ...
(* do not specialise the enter part *)
do 'There is a call back.' -> putline;
"Val ue received in paranmeter i is ' -> puttext;
i ->putint; "." -> put; newine;
(* do not specialise the exit part *)
#);
j: @nteger;

do 46 -> j;
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(* install the call back: *)
(nyCal | Back##, j) -> install Cal |l Back;

#)

13.1.2 Interfacing to External Pascal Procedures

When interfacing to Pascal or another programming language with a similar activation
record organization the pattern Pascal must be called in the do-part of the Ex-
ternal gspecidization. The BETA compiler will then generate a call to an externa
routine with the same name as the BETA pattern, using the Pascal style of passing pa-
rameters.

A pattern of the form

foo: external
(# enter ... do Pascal exit ... #)

describes the interface to an external Pascal function with entry-point f oo (_f 00).
(Note the exit parameters thatmust 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<$bar instead off 0o.

A pattern of the form

foo: 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 with a$ (e.g. ' $AOFF' ). The string in the second example is in the form of
a comma separated list of hexadecima numbers, each preceded with a $ and enclosed
with braces (e.g. ' { SA9FF, $02F4}" ). Decimal numbers may be used for specifying
the traps. Thisis done by leaving out thé.

13.1.2.1 Example Interfacing to Pascal

As an example, an interface routine to a Pascal function (NewHandl e ) may be imple-
mented in the following way:

NEWHANDLE: ext er nal
(# theHandl e: @nt eger
do pascal
exit theHandl e
#);
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13.1.2.2 Using call backs from Pascal

Call backs from Pascal is handled similar to call backs from C, except that you should
usepascal External Entry instead ofcExternal Entry .

13.1.3 Interfacing to External Data Structures

Transferring data to and from the external languages is dealt with through two special
purpose patterns.cSt r uct andext er nal Record .

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 processing.
Thatis,acStruct object isallocated by BETA and made available for processing by
the external language.

Ext er nal Record is the means for specifying a BETA interface into some data
structures, allocated by the external language.

13.1.3.1 cStruct

cStruct defines byt eSi ze ! that is used for specifying the number of bytes that
should be alocated for the BETA object. For specifying the fields, the local patterns
byt e, short, signedShort 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
defines put/getByte, put/getShort , put/getSi gnedShort and
put / get Long operations for accessing the bytes, longs, etc. of thecSt r uct object
directly.

13.1.3.2 ExternalRecord

Ext ernal Record definest he ptr attribute, that is used to contain the memory
address of the externally allocated data structure. For specifying the interface into the
fields of this data structure, external Record defines byte, short,
si gnedShort and | ong with local virtual attribute, pos, to describe the byte
position of each field (just as cStruct ). External Record aso defines the
put / get Byt e , etc. to make direct access to the bytes, shorts, etc. of the external
data structure.

The connection between the ext ernal Record object and the external data
structure is established by letting some externa routine return the address of the
external data structure, and then transfer this integer into the ptr attribute of the
ext ernal Record 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 rotine.

13.1.3.3 Example Using cStruct

The following example shows how to interface to the C language using cSt r uct and
external . The BETA pattern nyStruct describes a BETA object to be
transferred to the f oo C function. The BETA pattern f o0 describes the interface to a

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
external .
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C function called f 00. It isimportant that there exist a C function with the name f 0o
and exactly the same parameters and result.

(# nyStruct: cStruct

(* nyStruct describes a cStruct consisting of 8 bytes

* 'a' denotes byte[0]

* 'pb'" 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 follow ng
* Cfunction, called 'foo':
*

* int foo(int i,
*
(#1: @nteger; si: @hortint;
a: @har; t: [1] @bhar;
r: “nyStruct;
status: @i nteger;
enter (i, si, a, t, r[])
exit status

#);
theStruct: @yStruct;
status: @nteger;

short si, char a, char *t, nyStruct *r)

m n,
c: @har;

do ...
m-> theStruct. a;
17 -> theStruct. b;

(* overflowis not detected *)

(n, 117, c, '"smth', theStruct[]) -> foo -> status;
(i f status
/1117 then
theStruct.d -> m
if);
(11, m 'x', 'smth', NONE) -> foo -> status;

#)
13.1.3.4 Example Using externalRecord

Here TCSbuf f er isthe interface into some data structure in some image processing
software. TCAl | oc is the interface into the C routine in that software, allocating this
data structure, and al | ocat e isan 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.

TCShuffer: external Record

(# displ ay: @ong(# pos ::< (# do 0 -> value ##);
W 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 -> val ue #)#);
hei ght : @ong(# pos ::< (# do 60 -> value #)#);
dat a: @ong(# pos ::< (# do 64 -> value #)#);
xO fset: @ong(# pos ::< (# do 68 -> value #)#);
yOf f set: @ong(# pos ::< (# do 72 -> value #)#);
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zoom @ong(# pos ::< (# do 76 -> value #)#);
updateTile: @ong(# pos ::< (# do 80 -> val ue #)#);
#);

TCAl | oc: External
(# width, height: @nteger;
buffer: @nteger
enter (width, height)
exit buffer
#);

al | ocat e:

(* allocates a true color buffer of resolution

* width x height

*

(# width, height: @nteger; buffer: ~ATCSbuffer
noMenor yError : < TCSnoMenoryError;

enter(w dth, height, buffer[])

do (width, height) -> TCALLCC -> buffer.ptr;
(if ptr //-1 then noMenoryError if);
I NNER

#);

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 coor di 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
//-4 then '"update' -> internError
if);
I NNER
#);

13.2 Interface Description for the
external Library

ORIA N ' bet aenv' ;
CStructLib: attributes---

* CCPYR GHT
* Copyright Mol ner Informatics, 1992-96
* Al rights reserved.

*xxx%* Patterns for external interface *****

*

* In CStructLib, the operations on a cStruct are defi ned.

* The pattern External Record is an interface to e.g. CStruct objects
* allocated fromC or other external |anguages.

*)
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Cet Byt e:
(# byteoffset: @nteger
enter byt eoffset
do byt eof f set - >ChkBounds
exit (R byteoffset)->TCS % nxCet Byt €'
#);
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’
#);
Get Shor t:
(# byteoffset: @nteger
enter byteoffset do byteoffset->ChkBounds exit (R byteoffset)-
>TCS % nxCet 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 gnedShor t:
(# byteoffset: @nteger
enter byteoffset
exit @ 1] +byt eof f set - >TOS %adr Get Si gnedShort [ 0]
#)
Get Long:
(# byteoffset: @nteger
enter byt eoffset
do byt eof f set - >ChkBounds
exit (R byteoffset)->TCS % nxCet Long'
#)
Put Long:
(# val , byteoffset: @nteger
ent er (byt eof f set, val )
do byt eof f set - >ChkBounds;
(R byteoffset,val) ->TCS % nxPut Long'
#)
Byte: (* Used for declaring CStruct fields *)
(# p: @os; pos:< Integer(bject; val: @nteger;
set: @# enter val do (R p,val)->TOS % nxPut Byte' #);
enter set
exit (R p)->TCS % nxCet Byt e’
#);
Short: (* Used for declaring CStruct fields *)
(# p: @os; pos:< Integer(hject; val: @nteger;
set: @# enter val do (R p,val)->TCS % nxPut Short' #);
enter set
exit (R p)->TCS % nxGet Short'
#)
Si gnedShor t:
(# p: @os; pos:< Integer(bject; val: @nteger;
set: @# enter val do (R p,val)->TCS % nxPut Short' #);
enter set
exit @ 1] +p- >TCS %adr Get Si gnedShort[ 0]
#)
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Long: (* Used for declaring CStruct fields *)
(# p: @os; pos:< Integer(hject; val: @nteger;
set: @# enter val do (R p,val)->TCS % nxPut Long' #);

enter set
exit (R p)->TCS % nxCet Long'
#);

--LIB: attributes--
Ext er nal Recor d
(* Super-pattern for describing externally allocated record-structures.
* Acall toe.g. aCroutine may 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
enter byt eof fset
exit ptr + byteoffset -> TCOS %adr Get Byt €
#);
Put Byt e:
(# val , byteoffset: @nteger
ent er (byt eof f set, val )
do (ptr+byteoffset,val) -> TOS %ut Byte[ 0]’
#);
Get Shor t:
(# byteoffset: @nteger
enter byt eof fset
exit ptr + byteoffset -> TGS %adr Get Short'
#);
CGet Si gnedShor t:
(# byteoffset: @nteger
enter byt eof fset
exit ptr + byteoffset -> TCS %adr Get Si gnedShort'
#);
Put Short:
(# val , byteoffset: @nteger
ent er (byt eof f set, val )
do (ptr+byteoffset,val) -> TCS %ut Short[ 0]’
#);
Get Long:
(# byteoffset: @nteger
enter byt eoffset
exit ptr + byteoffset -> TCS %adr Get Long'
#);
Put Long:
(# val , byteoffset: @nteger
ent er (byt eof f set, val )
do (ptr+byteoffset,val) -> TOS %ut Long' ;
#);
Byte: (* For declaring field *)
(# pos: < IntegerValue; val: @nteger; p: @os;
set: @# enter val do (ptr+p,val) -> TOS %utByte[0]" #)
enter set
exit ptr+p -> TOS %adr CGet Byt €'
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#);
Short: (* For declaring field *)
(# pos:< IntegerValue; val: @nteger; p: @os;
set: @# enter val do (ptr+p,val) -> TGS %ut Short[0]" #);

enter set
exit ptr+p -> TOS %adr Get Short'
#);

Si gnedShort: (* For declaring field *)
(# pos: < IntegerValue; val: @nteger; p: @os;
set: @# enter val do (ptr+p,val) -> TGS %ut Short[0]" #);

enter set
exit ptr+p -> TOS %adr Get Si gnedShort'
#);

Long: (* For declaring field *)
(# pos: < IntegerValue; val: @nteger; p: @os;
set: @# enter val do (ptr+p,val) -> TGS %ut Long' #);

enter set
exit ptr+p-> TOS %adr Cet Long'
#);

Doubl eLong: (* For declaring field *)
(# pos: < IntegerValue; vl,v2: @nteger; p: @os;
set: @# enter(vl,v2) do (ptr+p,vl) -> TCS %ut Long' ;
(ptr+4+p,v2) -> TCS %ut Long' #);

enter set
exit (ptr+p-> TCS %adr Cet Long' , ptr+4+p-> TOS %adr Get Long' )
#);

#) (* E;<ternal Record *);

makeCBF. Ext ernal
(* Call this external to install a callback and get
* an integer pointer to it.
*
(# pat: ##External;
cb: ©@nteger;
enter pat##
exit cb
#);

freeCBF. External
(* Call this external with an integer pointer to an installed
* cal | back (obtained via MakeCBF) when it is certain that the
* cal l back will NOT be called again.
* This will free BETA heap space associated with the call back.
*
(# cbf: @nteger;
enter cbf
#)



14. Index

The entries in the index are the identifiers defined in the public interface of the
libraries: The minor level entries refer to identifiers defined local to the identifier of
the magjor level entry. For those index entries referring to patterns with super- or
subpatterns within the library, these patterns are specified in special sections of the

minor level index for that identifier.

AUMP. e 15
NEW et e et e e e e eie e e e e e s an e e e e e eann e e e e eannn s 19
NEW ettt eeere e e e e e ere e e e e e s e e e e e ean e e e e eannn s 11
LS Lo 19
LS Lo 11
A
a 41;76; 78
A0S .. 20
ACCESSEITON......uvvviiiiiiiieeeeeeee e 100
ACCESSTIME ..o i i 116
= To: 30
= 010 TP 37
res37
superpattern
EXEEIMNAl .. 37
x 37
AAA....coe e 114
AdjUSLLEft.....oovieeeiee e 24; 50; 51
P20 Y/ 01 R 71
k 71
superpattern
EXEEIMNA .. 71
alt 133; 134
alt 123
ANONYMOUS
ADS .. 20
AFGUMENTS.....ovviiiiiiiie e 33
oS o | RO 30
ACK ..o 30
bel 30
booleanValue
subpatterns
tEeStChar.. ... 31
bs 30

CAPA .t 31
cr 30
o (o3 OO 30
Lo (o7 30
Lo [ SO 30
Lo (&7 30
del31
dle30
em3l
1< 010 PP 30
eot30
esc3l
etb31
etx30
fs 31
gs 31
ht 30
1 O 31
(151D T T SRR 31
(S 1 (= RPN 31
ISLOWET ... 31
ISSPACE......eeeeeeesiree et 31
ISUPPEN .ttt 31
ISWhiteSpace..........cccovereenienienieenee e 31
[OWCASE. ...t 31
NAK e 30
NEWIINE. ... 31
nl 30
np 30
1 | SO 30
PrVEALE. ... 31
rs 31
si 30
SMAA...eeiiiiiiiieiieeee s 31
so 30
[ o] o R 30
sp 31
stx 30
SUD ..o 31
SYN ittt 30
tESICNAN .vviciveee e 31
superpattern
booleanValue..........ccccvveeviivvnnenne 146
UPCBSE. ...ttt 31
us 31
vt 30
DOOIEAN ..o 19
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subpatterns
faAlSE. it 19
TrUC e 19
booleanODJeCt.........ccvvviiriirec e 20
subpatterns
falseObject......ccvviveivir e 20
trUEODJECT ... 20
superpattern
booleanValue..........ccceovvvivrieninnnnn. 146
booleanValue.........c.ccoceeveeeiiieiiiie e 20
subpatterns
booleanObject.........cccevvereerieniiinne 20
Char ... 19
CharODjeCt.......cccveviiiie e 20
superpattern
charValue......cccoooveivieiiece e 146
charValue.......ccocoveiiiii e 20
subpatterns
charObject.........cccooeviieiieeceee e 20
CSETUCE. ...t e ettt 34
DYLESIZE....oieeee e 34
ChKBOUNdS.......c.ccocieiiiieiie e 34
R 34
CYClE i 21
(0= - VUSRI 34
(0 [0 € O PRR 34
EITOINAME.....evieie e 35
EXCEPLION. ... 32
CONLINUE.....eveieiiee ettt see e 32
BITON ettt e e e e e e e e 32
subpatterns
NOLTY..covieiieie e 32
MST v e 32
NOLITY..coieeieee e 32
superpattern
BITON e 146
Propagate.........ccoevveriiiiniiie e 32
subpatterns
NOLIfICALION......ceeevveeeiee e 32
termCode.......oovcvveeiiee e 32
EXEEINA ..eiivii e 34
CAllC . 34
CallPascal........ccceevveeiiiieee e 34
CallSt.....ooeiiieeii e 34
CEXternalEntry .......ccccevvvviiiieiree e 34
PASCAl.....ee et 34
pascal External Entry..........ccocvveviiennenne 34
PASCA TIAD. ... eeveeieeireesieeee e 34
StAEXternal ENtry........ccocovevviveeiieniine 34
subpatterns
machine_typeexternal............c.ccooeenee. 34
falUre. .o 31
falureTrace......cocovvveeiiiesee e 32
FAISE.c i 19
superpattern
bool€an. ........cocvveeiieeiie e 146
falseObhjeCt......ccccveiiieeee e 20
superpattern
booleanObject..........ccceovvrcivreeiiinenn. 146
FOITO i 21
get20
JEEATOM ...t 21
GELNE ..ot 21
QELINE. ..o 21
QEtNONBIaNK........ccoeiiiiiiiieieeeeeeeee 21
INFREAL.....cviieee e 20

superpattern

realValue........ccoovviiniiiieeiineee 146
(1010 [ PP 19
INtegerObJECL......c.evveiieeiee e 20

superpattern

integerValue.........ccceevvniiiieniinnn. 146
integerValue........ccocoeevveiieienie e 20

subpatterns

iNtegerObjECL........covvereiriesierec e 20

MAXINE e 20

MININE ... 20

NOOFATGUMENES......coivveiiireeieesire e 33
keyboard.........cccoeriiniie e 20
JOOP. ettt 21

booleanValue

subpatterns

WHIlE...ooiiiieieeec e 21
UNE e 21
untilcondition...........cevveieeneenen e 21
WHIlE...oiiiiii e 21
superpattern
booleanValue..........cccccoevvvriieennen. 146
Whilecondition..........cceeveieiieeniniecee 21
MACNINE_LYPE...covieeierieireeieesiee e 34
T 34
machine_typeexternal.............cccoovevveeeeniennn 34
superpattern
EXLEINA ... 146
T 34
0 PP PRRPPPRN 20
MAXINL e 20
superpattern

integerValue.........ccoeevvriiiineniinnnen. 146
MAXREA......ccviiiiiiiii e 20

superpattern

realValue........ccoeviiniiiiieieneeee 146
0011 PP PURPPPRN 20
MININE .. 20

superpattern

integervalue.........ccooeeveeieiineniennns 146
MINREAl .....cocvvieiiiiier e 20

superpattern

realValue........ccoeviiniiiiieiineeene 146
NEWIINE......oiiiieiiie et 21
NOOFATGUMENES......viieiiieere e 33

superpattern

integervalue.........ccooveveeieieeniinnns 146
NOMMAL ..cviieiiie e e 31
NOLIfICATON.......eeiieiiicie e 32

superpattern

EXCEPLION. ..o 146
ODJECE. ...t 19

NEW ...ttt ere e e e e e e e s 19
_SITUC. et 19
ODJECLPOO......cveeiieiieieeeeee e 32
get32
PrVEALE. ... 33
PUL Lo 33
SCAN. ... eieeerreee e e e e e e e s e e e e e e s e 33
SITUCGEL ... 33
SITUCSCAN......co it 33
PrOgraML.....ccvvieeiiieie e s 34
PUL e e 20
PULINE e 21
PULHINE. ..o 21
PULEEXL...ceiiiiiiie s, 21
[0 1 PP 21
as 21
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149

exception
subpatterns
QUAEITON ... 21
QUEEITON ...t 21
superpattern
EXCEPLION. ... 146
R 21
thISOD] .. 21
== RS 19
FEAIODJECT .....eoveeiierieereeee e 20
superpattern
realValue.......cocooineenieniciineeeen, 146
FEAlValU......ccoeeiiiiieie e 20
subpatterns
INFRE&AL.....cveeiiie e 20
MAXREA.......coeieeeeieeeeesee e 20
MINREAl ......coccvveviieie e 20
rEalODJECT ......oveeiieeiiee e 20
FEPELITION. ... 35
EXEENG ... 35
NIEW ..ttt e e e e s 35
FANGE....oviii it 35
SCANATOM.....eiiiiiieree e 21
SCIEEN....ci ittt et e e e e e e s e e e e e e e e e e snnnees 20
SNOMINE. ... 19
SLOP vttt 31
SIFEAIM ...t 22
BSINE.cce 23
BOS ...ttt e e 22
EOSEITON.....oo e 25
superpattern
streamEXception............cceeeveeeenne. 146
exception
subpatterns
streamEXception...........ccoeevvvvennen. 25
get22
QELATOM...eiiiiiee e 23
GELNE ..ot 22
superpattern
integerValue.........ccoooveviriieinennne 146
QELINE....eeiiee e 23
getNONBlaNK........cccccvveiiriiieee s 22
OEtPOS.....oiieiec e 25
integerValue
subpatterns
OELNE ..o 22
length........cooveiene, 22
length.......ccoooieii 22
superpattern
integerValue.........ccoooevvvrieiienne 146
NEWIINE......oeiiiie e 23
OtNEFEITON....c.eeiiieece e 25
PEEK ..ttt 22
POSITION ..ot 22
PUL e 23
PULINE e 23
AAJUSILEft. ..o 24
blankSigN......coeoveieeiieeeee e 24
fOrMat ... 24
n 24
PULE e 24
SIONEA e 24
WIAEN. e 24
zeroPadding........cocveveenienieneeseeenn 24
PULHINE. ... 24
PULEEXT. ...oveiiiiiiii e, 24

SCAN. ... eereerreer e e e e e s e s e e e e e e e s 24
ch 24
QELCN ... 24
OEtPEEK ... 24
subpatterns
scanWhiteSpace...........ccovevvreennene 25
tESEOS..... e 24
WHIlE...ooiiie e 24
whilecondition...........ccceeveeviiieeiinennne 24
SCANATOM.....eeviie e 25
SCANTONL.ceveieiiecee e 25
scanWhiteSpace.........ccceveereereenieeneene. 25
superpattern
SCAN....evrerreee e e e e e e e e 146
SEIPOS ... 25
StreamEXCEPLion........cccveveereerieniee e 25
subpatterns
EOSEITOr....cviiiiiiie e 25
superpattern
EXCEPLION. ..o 146
subpatterns
TEXE e 25
LEXE e 25
BPPENG ... 27
booleanValue
subpatterns
EQUEL ... 26
(0[S 1 S 26
[ESS it 26
charValue
subpatterns
INXGEL....oeiiiecie e 27
ClBAN .ottt 26
(607 0P UR PN 28
delete. ..o 28
EMPLY ..evviii i 26
BOS ...etrrreereee e e e e e e 26
EOSEITON....eiiiiiiiiie it 30
EQUEL ... 26
subpatterns
eqUaINCS......ccoii e 26
superpattern
booleanValue...........ccccccevvvnennen. 146
eQUAINCS... ..o 26
superpattern
EQUEL ... 146
EXEENA . 29
FING e 28
subpatterns
FINAAT oo 29
FINAAT oo 29
superpattern
FiNd .o, 146
FINATEXE ..o, 29
subpatterns
fiNdTeXtAll ..., 29
FINATEXTAI .o 29
superpattern
findTexXt ..o, 146
get26
OELATOM....eeieiee e 27
QELINE. ..ot 27
OELPOS....co e 30
[0 [ 1 PR 26
superpattern
booleanValue...........cccccoervvnennen. 146
INAEXEITON......vve e 29
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superpattern
streamEXception............cceeeeneene. 146
(145 o TR 27
TNXGEL. ..o 27
superpattern
charValue.......ccccoeveeiiiieee e, 146
TNXPUL e 27
length........cooeeiii 26
[ESS. .ttt 26
superpattern
booleanValue.........cc.ccocvveeevnnenn. 146
MAKELC ......vveeeeccreee et 28
MaKEUC........ccceeeiieeeee e 28
OthEIEITOr......cc i 30
PEEK ...ttt 26
Prepend.......oocv e 27
PUL oo 27
PULEEXT....oviiiiiiiii e, 27
SCANAIL ... 28
SELPOS......cceieeeeee e 30
streamException
subpatterns
INAEXEITOr ... 29
LS U o 28
superpattern
LS 1 o N 146
thEPrOgramL......oieeeieree e 35
theScheduler ........ocvvveiiiiieeeccee s 35
ITUC e e 19
superpattern
{010 10] =7 [ 146
trUEODJECT ... 20
superpattern
booleanObject..........ccceovvvcvvrverninnn. 146
APPENG ..ot 27
AFGUMENTS.....oviiiiiiiie e 33
AFGUMENTS.....oviiiiiiiie e 18
as 21
ASBASEd.....ceiiiiii i 54
b 54
i 54
superpattern
ASNUMDES .......coiiieieeeeee s 54
=S o | OO 30
ASCH v 10
=S ] S 37
res37
superpattern
EXEEINAl .. 37
x 37
ASINE . 23
ASINEEOES......eeeieee et 54
i 54
superpattern
ASNUMDES .......coiiiiieeeee s 54
ASNUMDES .....coiiiiieeeeee e 53
0= 4 (0] R 53
superpattern
StreamEXCeption...........cccvevveereenieenne. 146
streamException
subpatterns
{0725 4 (0] O 53
SYNEAXEIOL....coiiiiei e 53
V= 10 1< 4 o 53
subpatterns
ASBASEd......coovviiiiii s 54

ASINEEJES......eei et 54

ASRAAIX.....cooiiie 54
BSREAl ...eei i 54
SYNEAXEITON .. 53
superpattern
StreamEXCception...........ccceeveveeieeennen. 146
VAIUEETITON .. 53
superpattern
StreamEXCception...........cccoceeveeieeennen. 146
ASRAAIX....coi i 54
(=0 | N 54
superpattern
ASNUMDET ...t 54
AVZ= 1N (TN 54
BSREAl ...eiiiiee e 54
r 54
superpattern
ASNUMDET ... 54
AAN ... 38
res38
superpattern
EXtErNAl ..o 38
x 38
= =10 2 38
res38
superpattern
EXtErNal. ..o 38
x 38
y 38
av 75; 77
B
b 41; 48; 54; 61; 64
DBSE ..t 49
based INtEJErS........ccviieriirieee e 43
basedValue......cccveeeeeeeeieiiieecieeeeee e 47: 48
basedValUePtN..........cooovviiiiiiiieeeee s 47
DaSEEITOr ..., 48; 49; 53
basSEWIALN........evveeeiiiieece e 50
baseZeroPadding..........cccceveenieniinineenee 50
BasiCSYStEMENV.........ccoviiiiiiiericeeeec e 133
basSiCSYStEMENV......oiviiieceecee e 123
bb 75
bel 30
0= = 1< |V 5
DINAY....eeiiii e 99
blankSigN......cceevieiiieeeecen e 24, 49; 51
0|01 S 116
DOOIEAN ..o 19
0 010] <7 o 9
booleaNODJECL.........ceviveeiieece e 20
bo0leaNODJECL.........ceviveeiiiiec e 11
booleanValUe..........cocoveveriiiiiei e 20
booleanValUe..........cocoveveriiiiiei e 12
bs 30
DY, e 52; 144; 145
DYLESIZE.... i e 34;91
C
c 61;64
C 139
Call DACKS.......ccceveeeiiiiieeee e 139
(o7 | [ O 34
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(o= |1 1< SO 133
CaAllPASCAl........cooeeeeieiee e 34
(o= 1 1 (o T 34
Lo | U 31
(o= 00 ([0 = (NP 106
CAPA. .ottt 31
cb 146
chf146
(o<1 41
res4l
superpattern
EXEEIMNAl .. 41
X 41
CEXtErnalENtry .......oocviveeiiieeee e 34
ch 24
ChangePermEITOr.........ccooovvveiiieiie e 114

CharValUB..........ooeeeieeiieee e 12
ChKBoUNdS.........ccocviiiiieiiee e 34
(o317 S 26
ClOSE.... ettt 100
(0] TSP 133
(o] TSP 123
CONCPYIV et 133
CONCUITENCY......cosceiernrreeeeeeeeeessssesnnneeeeeeas 18; 123
(©00] 210 [ (o] P 132
(o001 1] 310 [T 32
CONLINUE......eivieieeteeie e (Exception)
(60 0P 28
001 U 38
res38
superpattern
EXEEIMNAl .. 38
x 38
(001 I 39
res39
superpattern
EXEEIMNAl .. 39
x 39
cr 30
(o1 (=7 (<. D 1 R 106
CreateFile.. ..o 105
CSIIUCT. ...eiiiieie e 34
subpatterns
regeXP_registers......cooveeeneeneenieenieeenne 91
CSIIUCK....iiieiieieeeeeeeeeeere e 18; 138; 141
CYCl e 21
CYClE e 17
D
d 60; 63
(0 - VT 34
o (o3 30
[0 (o7 30
[0 [ S 30
ACA. . 30
deadL OCKE.........cccovvviiiiiiieee e 133
del31
(0 1< 1< (TN 28; 99; 105
(0 1< 1< (< 1 R 106

EVICE ....iiiieieee e 114
EVICETYPR ..o 115
df 75; 77
O e 76; 77
AF N e 76, 77
ITECLOMY.. et 104
BooleanValue
subpatterns
EMPLY ..eviiii i 106
CreatEDIN ..o 106
Createlile. ..o 105
elete.. oo 105
deleteDir. ..o 106
deleteFile. ... 106
DIrEXCEPiON....ccvvieeeieeie e 104
subpatterns
DirScanException..........cccoceeveeneeenne. 104
DirSearchException...........cccccovevennee. 105
EntryEXiStEXCEpLion.........ccccceveenen. 104
NOSUChEXCEPLioN.......ccccvevveerieeienne. 105
NotFoundEXxception............ccceveenee. 105
superpattern
EXCEPLioN........cviieiiieieeee e 146
DirScanEXception..........ccccoveveereenieeneenens 104
superpattern
DIrEXCEption.......covvveveeieenienieenienens 146
DirSearchEXCeption.........cccevvvreeivenvennne. 105
superpattern
DIrEXCEption.......covvenveeieenieneenienens 146
EMPLY .evviiiiirice i 106
superpattern
BooleanValue.........cccooveveenieniciinenns 146
ENMMY.eiiie 104
ENtryDESC......ooicieeerieriee e 104
EntryEXiStEXCEPLION.......covvveeiiieeiieeee e 104
superpattern
DIrEXCEption.......ccvcvevveeieeseeneeiienens 146
Exception
subpatterns
DIrEXCEption........ccvvveneeieenieneenienens 104
FINAENLIY..cooviiieee e 106
candidate..........coevvireeiienii e 106

foundFullPath........ccccccovvveviiiiiene s 107
NOtFOUND.......vvvieeiiiieeeieeeee e, 107
SEIECL.... e 107
[ (] (T 107
selectimpl.....ccooeiie e 108
WHENDIT ...t 107
WhenFile......veevvieiiiieeee 107
whenOther ..o, 108
IntegerValue
subpatterns
NOOFENLHES.....c.vvveeeiveee e, 106
7211 01 104
(1010 = (=N 106
superpattern
IntegerValue.......cccooevineiieniinne 146
NOSUChEXCEPLION.......eeviereeiieiceieeieeeen 105
superpattern
DIrEXCEption.......ccocvveneeieenienecnienens 146
NotFoOUNdEXCEption...........coocvvveeiieniennne. 105
superpattern
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DIirEXCeption........ccoevevvireeneenienne 146
PrVELE. ..ottt 109
SCANENLITES......eiieeiieeie e 108
< o PP 109
FOUND.....ooiiiii e 108
fOUNADESC.......c.vveveeieeieeie e 108
FOUNADIN....ccveeiieieieee e 108
fOUNdFIle.. ..o 108
foundFullPath..........ccoeviviieniiieie 108
[ONQESE ...t 108
SEIECL. ... 108
< o T 108
selectimpl.....cocvveeie e 109
WheNDIT ... 109
WhenFile.......ccoeeieneee, 108
WhenOther ........oocvviriieeee 109
subpatterns
UNIXAITECLONY ... 121
TOUCK ... 105
(o [T = v o] RS 5; 102
DIrEXCEPLION.....coitieeieieesieeieesee s 104
irFINAENLIY....coeeiieiiiie e 122
superpattern
FINAENLIY...ooeiiiieeeee e 122
dirSCaNENLMES.....cveeieie e 122
superpattern
SCANENLITES......eeveeiiie e 122
DirScanEXCeption.........cccoveereerieneenieeneennenn 104
DirSearchEXCEPtion.........cccveveenvenieniineieeneen 105
IrSElECt......ooiiieeeee e 122
superpattern
SEIECL. ... 122
DiSKENTIY...c.eoiiiieiie e 95
BooleanValue
subpatterns
EXISES. et 97
ISDIFECLONY ... 98
ISFTE. e 98
readable........cccceviieiiiiieni e 98
WHtEable......vvviii 98
DisKENtryEXCEPLion.........cccccvvrvvreeiieninennens 95
subpatterns
DiskEntryExistsException.................. 96
DiskEntryM odtimeException.............. 96
DiskEntryRenameException............... 96
DiskEntryTouchException.................. 96
superpattern
EXCEPLioN......ccoveiirieeieeie e 146
DiskEntryEXiStSEXCEption...........ccccevveeeeenne. 96
superpattern
DiskEntryEXception............ccccveveene. 146
DiskEntryM odtimeEXxception.............ccoeene.. 96
superpattern
DiskEntryEXception............ccccveveene. 146
DiskEntryRenameException...........c.cccoeeenee. 96
superpattern
DiskEntryEXception...........ccccveveene. 146
DiskEntry TOUChEXCEPLION.........cccveerieeernnee. 96
superpattern
DiskEntryEXception............cccceeveene. 146
Exception
subpatterns
DiskEntryEXCeption...........ccecvvrevernnen. 95
EXISES. ettt 97
superpattern
BooleanValue........cccovvvrevivennnnnnn. 146
IntegerValue

subpatterns
SIZE it 98
ISDIFECIONY ...ttt 98
superpattern
BooleanValue.........ccccoveveenieniciinenns 146
TSI 98
superpattern
BooleanValue.........cccooveveeneeneciinens 146
MOALIME. ..o 97
PAEN. ... 97
PANDESC........eeivieiiirieeree e 96
get97
head ..o 96
NAME...ciiiiiiiiiirrreree e 97
NAMEDESC......ocvviieeriieie e 96
EXEENSION. ..ot 96
get97
PrEfiX .o 96
SUFFIX 1o 97
set 97
PrVELE. ..o 98
readable........cccovviiiiiiii e 98
superpattern
BooleanValue.........ccccoveieenieniciinenns 146
FENAIME......oi e ee e e e e e e e 98
SIZE it 98
superpattern
IntegerValue.......ccoooeviieiieniinene 146
subpatterns
UNIXENIIY ..o 113
TOUCK. ... 97
WHEEADIE......eei e 98
superpattern
BooleanValue.........cccooeeveenieniciieens 146
AISKENLIY....oeeiieeecie e 92
DisKENtryEXCEPLION........eevvverieerieeriiesiie e 95
DiskEntryEXistSEXCeption..........ccccovvereenernnene. 96
DiskEntryM odtimeEXCeption...........cccocvvveernens 96
DiskEntryRenameEXception..........c.ccovevvveennens 96
DiskEntry TOUChEXCEPLION......c.eevvvirieeriieiienies 96
dle30
JOGC ... .o 34
DoUBIELONG.....coivieiieieeieeeee e 146
E
e 37,61, 64
em31
EMPLY ..evviii i 26; 106
< 0o TS OTR 91
1< 0T PP 30
ENtry ..o 99; 104; 132
ENntryDesC.......cccccvevvvveeieiiiieeennn 99; 104; 117; 121
EntryEXiStEXCEPLION......covveiiieiieeecie e 104
<01 TS 22; 26; 99
EOSEITOr......coeeeeveeviciceeeee e 25; 30; 101
eot30
EOUEL ... e 26
EQUAINCS ... 26
L ] (TS 32; 107; 108; 109
EITOINAME. ... 35
esc3l
etb31
etx30
EXCEPLION. .. 32

EXCEPLION. ...eeeiiie et 15
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EXISES. et 97 GetSignedShort.........cccevireeiieni e 145
EXP e 39; 40; 50 LONG ..ttt 146
res40 ptr 145
superpattern PULBYLE. ... 145
EXEEINA ..o 39 PULLONG....coiieiiieeeee e 145
PUtShOrt.......ovvvveiiiiieeeeeeeeeeeee e 145
LS 1o o SR 146
SIgNEdShOrL......eeieiie e 146
externalRecord............cooovvevvvvvveeiiieeee, 138; 141
F
f 42;61; 64
FADS. e 41
res4l
superpattern
eXtErNal ..o 41
X 41
FalUrE. ..o 31
fAlUrETIACE. ..ccii i 32
FAlSB i 19
FAlSB i —— 9
fAlSEODJECL.....ccveveiiec e 20
fAlSEODJECL.....civiveiee e 11
FilE e 98
ACCESSEITON.......cceeveeveiriiiiiciieene e eeeeeeanns 100
superpattern
OpenEXCEPLion.........cevvereerieenieeriens 146
DINAIY....ooiiii e 99
ClOSE..uttiiiiiiie e 100
(0 1< 1< (T 99
ENtrY . 99
ENtryDESC......oiiiiieeiee e 99
EOS ..o 99
EOSEITON ..o 101
Fil€EXCEPLION......viieeiiieeiece e 100
subpatterns
FIleEXIStSErTor.......ccccvvvvveieeeeeeeeeene 101
NOSPACEEITO........ccvvereerieceree e 101
NOSUChFIIEEITOr.......ceeevciveeeeiireeen, 101
OpenEXCEPLioN.......ccccevvereerieenieeriees 100
OtherError......cccvvvvieeeeeeeeeeeecnevvies 101
(RS0 | (o] 101
WIHEEITON e 100
superpattern
StreamEXCePLioN.........cevvverevrvennene 146
FIlEEXIStSEITOr......co oo 101
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FileEXCEPLION.......eevvieeeeiieesieeiee e 146
FIUSN. e 100
(T RSP 929
(C1: 72N (0] 1 1 T U UO PR 99
GELLINE ..o 99
GELPOS......cvtviccieeeieeeeeeeee e 99
OEtRED. ..o 101
Length.......oooieieeiiereee e 99
7211 01 99
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external data.........cccoeeveeviieeniee e 141 sup'(:e_r |p en
ExternalRECOrd..........ccovvvvveiiviieeiine e 145 HEEXCEPLON. ovrs vt 146
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DoubleLong.......cccvevveieniieniie e 146 FileExcention 146
GEBYLE...ooorvvvvveeveeeeeeeeeeeeeeesessssssssesseeeeees 145 Ao PO 100
GELLONG. 1o eeveeeeeeeeeeeeeeeeeneeeseesseesseeeeeeees 145 g T 100
GEESNOM. ..o 145 PEMEXCEDUON o oooeerrrrrssrrrsssssssssssniis e
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ACCESSEITON......uvvveeieeeeeeeeieicivvvneenaens 100
superpattern
FileEXCEPLioN.......cocvereireeiieeeiee e 146
OPENREAd. ..o 100
openReadAPPENd.........cccocvvreeieerieninseee 100
OPENREAAWTILE. .....ooei e 100
OPENWIITE ... 100
(@101 0 = (o] TR 101
superpattern
FileEXCEPtioNn.......ccccveveireeieeeeeene 146
PEEK ... 929
PrVELE. ..ottt 101
PUL ... 99
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REAdEITOr... ... 101
superpattern
FileEXCEPLioN........cocveveireeieeeee e 146
SEPOS. ... ciiiiiieeeeeeeee s 99
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subpatterns
FileEXCEPLioN........covvereireeiieecee e 100
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UNIXFIlE...oooiiiieeee i 117
superpattern
SUEAM....coiiiiii e 98
(018t o P 99
WIHEEITON ...t 100
superpattern
FileEXCEPtioNn........ccccvevvireeieeiie e, 146
T e 5;12; 92
FilEEXCEPLION. ...ccviieieieeieeieeeese e 100
[T S S = o (N 101
FIERED ..o 92
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FINAATL ..o 29
FINAENLIY...ooiiieeie e 106; 121
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dirFiNdENLIY.......coooveiiineenieee e 122
FINATEXE ... 29
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EXEEIMNAl ..o 42
X 42
L 10 o TS 100
L 0T 41
a 41
b 41
FMIN e 41
a 41
b 41
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X 42
y 42
FOHOWIINKS.....vvviieiieecc e 113
FOTK ettt 131
FOTK ettt 124
L0017 24; 50; 51
FOrmMatio.....occceeeiiiiieee e 5
L0 G = A | R 66
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FOrMALtEr ... 65

exception
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FOrMALSE ... 66
illegalFormat..........ccoveeriiiiiinieeee e 65
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EXCEPLION. ..o 146
INPUEEITON ... 65
superpattern
EXCEPLION. ... 146
MELCH....coiiie e 65
MISSINGFIEd.......eeiiiiiieeee e 65
superpattern
EXCEPLION. ..o 146
MISSINGMArKEN .....ccviiiieieeeeeeeesee e 65
superpattern
EXCEPLION. ..o 146
PrVELE. ..o 66
scanFOrMarker.........ccoeevenicineiee e 65
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OEtFOIrMAL.......eeeieeieeeecee e 59
PULFOIMAEL .......eeeiieeeiee e 62
Lo g o SRR 21
Lo g o RSP 17
found........coovviiiiieeee e 107; 108
founNdDESC......coovveeeeiiiiiiiiieeeeeeee 106; 108; 121
fouNdDIr .....vvveeeeieeeeieeeeeee 107; 108; 121
foundFile......cevevveeiiiiiiiiiieeeee 107; 108; 121
foundFullPath.........ccoouvvveeiiiiiiiiiiiieiies 107; 108
FrEECBF ...t 146
cbf146
superpattern
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FromCurrent.......ccoocveee e 98
FrOMENQ......coiiiiiieie e 98
fs 31
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g 61;64;, 70
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bb 75
(721910 (0] o ¢ ISR SR 75
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EXEENAl ..o 74
aa 75
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df 75
(721910 (0] o ¢ ISR 75
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EXEENAl ..o 75
JENEXP ceiviiiriiie it 75
av 75
(721910 (0] o ¢ ISR SRR 75
superpattern
EXEENAl ..o 75
OEN e 75
(0 1o RS 76
AN 76
(721910 (0] o ¢ ISR SRS 76
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df 77
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superpattern
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Afd e 77
AFN e 77
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superpattern
EXEEIMNA v 77
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(015 00 o TN 77
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sd 77
superpattern
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RGN 74
JOW ..ttt 74
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EXEEIMNAl ..o 74
get20; 22; 26; 32; 97; 99
OELALOM..ceciiiiee e 21; 23; 27; 99
BB i s 53
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b 48
basedValUue........cccoovvvveeeiieeiiiieceeeeeeeeeee 48
i 48
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QELBINAIY.....ccviieeeiiee e 53; 54
OEEB .ot 53
NONUMDBEIEITOr.....covvveeiiieiiiiieeeeeeee e 53
superpattern
StreamEXCeption...........ccceveereenieenne. 146
streamException
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NONUMDErEITor.........cooovveiviviieeeee. 53
X 53
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OEECN .. 24
QEtFOrMaL........coviiiieee e 59; 66
b 61
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(1S O 146
c 61
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d 60
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e 61
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(1S 146
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g 61
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i 60
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X 60
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superpattern
MArKEr ..o 146
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ux 60
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integerValue........ccooveieeiienieieeee e 47
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streamException
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OEtINtEOEN ... . 48
OEtREA. ... 48
SYNEAXEITON. ... 48
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StreamEXCeption...........cccveveereenieenne. 146
VAIUEEITON .....vve et 48
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QEIPOS. ....eeei e 25; 30; 99
0 | PP 49
(01 (R o ) RS 48; 54
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FAOIX oo 49
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StreamEXCeption...........cccveveereenieenne. 146
streamException
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VAIUB.....oi i e 49
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r 48
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1SEEAL ..o 70
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superpattern

EXEEINAl ..coeiee e 70

GELSEL . 70

GELSNOIt.....co e 144; 145

GetSignedShort.......ceeevveevcee e, 144; 145

ELSYSIEMENV......coiiiiiiie e 130
theSYSteMENVL........coovviiiiieececsccees 130

OFEALET....eeiee e 26
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gs 31

[0 oo o PP PP PP 69
g 70
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n 73
p 73
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n 73
p 73
(=100 (0] 1 o VO 73
superpattern
EXtErNal ..o 73
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ISAEYD . e 69
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EXLEINA ..o 69
INOE......eei e 115
INPUE/OULPUL. ... 17
INPUEEITON .. 65
1S SRS TR 27
L1010 [ TN 19
INEEOET ....viiii i 9
INtEgErObJECL.....cccvieiieireeieeeee e 20
INtEgErObJECL.....ccvvieiieiteeieeee e 11
integerValue........ccccooveviieiie e 20; 47; 48
INtegerValUe.......cccveviiiiiesieic e 12
integerValuePN.........cocovvivieiiini e 47
INXGEL. ... 27
INXPUL L. 27
TPPEE e 41
ISBIOCKSPECIE.......veevieeiiiieiesee e 115
ISCharSPeCial........ccoovveveeiienienec e 115
ISDIGIT. ettt e 31
ISDIFECLONY ...ttt 98
ISAEYP et 69
TS S0 SO 70; 71
1SS0 2SO 70; 71
TS T (USRS 98
ISL IO e 31
(S 0= SRR 31
ISSOCKEL ....cvei et 115
ISSPBCE. ..ottt 31
ISSYMBOlICLINK. .....oocviiiieiecccee e 115
ISUPPES .o 31
ISWhItESPACE......cci i 31
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k 71
Keyboard..........cooviiiieiie e 20
keyboard..........ccoviiiiiiie e 17
KL e 131
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TAEXP e 40
EXPrriie ittt 40
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EXEEINA .eeiiiiieiee e 40
x 40
10T |1 PP US 22; 26; 99
[ESS. ettt s 26
[ID SIOt. .. 8
ML 89
1] 01 4 o o PR 116
1] 01 o TSR 116
INL0.. . e 37
IN2 1o 37
log40
res40
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EXEEINA .eeiiiiieciie e 40
x 40
10010, 40
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EXEEINA .o 40
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[OQL0 . .....eiieeceee e 37
(0026, 37
LONG ..ttt 145; 146
[ONQESE ... 108
To o] o SRR 21; 90; 91
JOOP. et 17
JOW. ettt 72; 74
[OWCASE. ... .ttt saraeeees 31
M
m 90; 91
MACNINE_LYPE...cevirieeireree e 34
machine_typeexternal...........c.ccoveeveeneeneeeninenne 34
MACSYSEEMENV.......civiriiiiiiriie e 125
MAKECBF.......uveeiieieie e 146

cb 146

pat146

superpattern

EXternal ......ccoovvvveeeeeiiieeeieeeeee e, 146

MAKELC ... 28
MAKEUC . ... ..ot sarnnees 28
(00 G 60; 63
(00 (o o P 62; 65
MALN ..o 5
mathematical patterns.........ccooeveeneeneenenenieenne 36
0 = TS 20
MAXINE....oiiieeeie e 20
MAXREAL........uvvviiiiieiiii e 20
0 01 0 TS 20
MININE. ..o 20
MINREA ......evviiiiiiieeci e 20
MISSINGFIE.....coeieiie e 65
MISSINGMArKEr ......eeeiiiieeecee e 65
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TPPEE e 41
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X 41
0000 1111 11X 97
1Y/ o] g1 (o] 132
[0070] 81 (o ) SR 123
[0 010 (Y 90; 91
L1150 PR PP 32
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n 24, 62; 65; 73
7= 30
47210 01 Y 97; 99; 104
NAMEDESC......coevvvevvveiiceie i e e e eeeeraa e 96
NIEW oottt e ettt e e e e e e e e e e e eaaa e e e e eraan e e srean 35
NEBW ..ot (repetition)
NEWIINE. ... 21; 23; 31
nl 30
NOBASEPTEf I X....coeiiiiieecieeeeieee e 50
L0107 C TP 50
[10]1Y = (" o SRR 89
NONUMDBETEITOr.......occvviiiiieeeee s 52; 53

NOOFATGUMENES......eeiiiiiieiieerieeiee e 33
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NOOFENLIES .....veiiieiie e 106
NOMMEL ...t 31
NOSPACEEITON.......cooiveeiieiiieee e 101
NOSUChEXCEPLION......cueeiviiiiiriiesiie e 105
NOSUChFIIEEITOr ..o 101
NOtFOUNG......eviiieiii e 107
NOtFOUNAEXCEPLION......cceevieieeieiieieeeiee e 105
NOLIfICAHTON. ....c.veeiieiieeeseee e 32
NOLIfICAHTON. ......veeiieiieieeseeee e 15
NOLTY.ccveeieeie e 32
np 30
MU e 30
U aa] o1t Lo VN 5; 43
O
0 60; 63
ODJECE ...ttt 19
ODJECE ...ttt 11
ODJECLPOO ... 32
ODJECLPOO ... 18
ODBJECIPOI......ei et 133
ONKITTEd.....oiiiec e 133
OPENAPPEND. ...t 100
OPENEXCEPLION......veevieieeiieeieeiee e 100
OPEnEXEAPPENT.......covveiiiriirreee e 117
OPENEXEWTITE. ....c.eeiieieeiieeeesiee e 117
OPENREAA. ..o 100
openReadAPPENd.........ccooovvrviiienie e 100
OPENREAAWIITE. .....eevieeeieee e 100
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OtherError.........ooooevvviieiiieeeee, 25; 30; 101; 114
(011 0T PPN 115
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p 73
PBSCAl.....eeetieteee e 34
PaSCal......cceeiiiiieiee e 140
pascal EXternal ENtry.........cccooveieenieneeiicieeniens 34
PASCA TIAD. ...ttt 34
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PAEN. .. 97
PANDESC.....c.eeiiiieeiii e 96
PAUSE......oviiiiiiiiii e 131
PEEK ettt 22; 26; 99
PEMMISSION.....eeiiiiiiiieie e 113
PErMISSIONAESC. .....veeuvieieeieeie et e 114
pi 37
PIFOIN. e 37
PINAIT oo 37
PlaIN. .. 50
POt ... 132
POSITION ..ot 22
POSTOMAELChENC.........oieiiiiieccie e 89
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PreEPENd......oocveieeee e 27
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Propagate..........cccvveiiiiiiiie i 32
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PUL e 20; 23; 27; 33; 99
PULD oo 50; 52
PULBESEd........eeveciieeeiee e 49; 54
AOJUSILEft.....eeeeeeeeeee e 50
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DBSEEITON ... 49
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baseWidth..........cccoviiiieiieiceeen 50
baseZeroPadding..........ccccveveeiieneennenieennenn 50
DlaNKSIgN...cveiiieieee e 49
FOrMAL ... 50
NOBASEPTEfiX.....cveeriieriieieesiie e 50
PUED . 50
SIONEA .t 49
streamException
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DESEEITON ..o 49
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PULRAIX ..o 51
UPCBSE....ciiiiirieeiiirrie sttt 50
UPPEICBSE. ...ovviiiiriiieiirrie e 50
VAIUB....ooiieie e 49
WIAEN. e 50
ZeroPadding.......coooveieenieenienee e 50
PUEBB ...t 52
PUEBH ..o 52
PUEBINAIY ..o 52; 54
PUEB ...t 52
X 52
PULBOOIEAN........eeiieiieieeeee e 13
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PULBYEBINAY.......oieeii e 52; 55
DYLE. e 52
PUEBB ... 52
X 52
PULBYIEHEX. ..o 52; 54
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b 64
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c 64
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e 64
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f 64
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i 63 EXP ittt 50
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superpattern FANCOML....oviiiiiieree e 5; 67
MAIKEN ..eeeieeeeiiie e 146 FANF Lot 74
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superpattern superpattern
MAKEN ..eeeieieeciie e 146 EXLEINEA ... 74
uG64 FANGE. ..eeeeeeeeeiree ettt e e e e 35
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MAKEN ..o ieieeciie et 146 FEAValUB.....c.eeeviie e 20; 48
WAL, .o 62 FEAIValUE......cueiiiieeeeeeseeee e 12
X 63 realValuePtn........ccoooviiiiiiece e 48
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MAIKE ... 146 FEgEXP_MALCK......eiiieiiieie e 90
PULFOIMEL......eoiiiiiiiieeiieee e 56 superpattern
PUEH ..o e 52 regexp_OPeration...........ceevvereereeninenenens 90
PUEHEX ..o 51; 54 FEgEXP_MALCK......eireeiiieie e 80
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X 52 rEgEXP_OPEratioN........ceviveeriereere et 89
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PULINE Lo 21; 23 subpatterns
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SLAIT..ceeeeee e 89
LM 89
superpattern
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SLAIT..eeeeeee e 91
superpattern
CSUCE ..t 91
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superpattern
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superpattern
regexp_Operation..........cceevveeeeeeenveesnenes 90
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SCANWhItESPECE........ceiveeiiireeieeee e 25
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