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1 Introduction
"Standards are great. Everyone should have one of their-odwron.

Pascalinas a formal statement of a language that was created over the p@88do 2008 in a series

of extensiongo ISO 7185 Pascal. The nafiiascaline'vaschoserboth toshow that the language is
designed to be %100 compatibh the original language, and to continue the langltages c a | 6 s
tribute toBlaisePascalThe Pascaline beirfg a s ccalduldos, Pascaline the languageihe

machine Pascal built", or the "Machine that runs Pascal".

In 2008, there are several defacto standards for an extended Pascal, and one official one, the ISO
10206 standard. | have been dissatisfied with these exestiegsiongor the simple reason that

instead of extending Pascal, they are nadia to redesigns of the language. In particular, the addition
of the ability tocoin pointer addresses to any variable and perform "type escapes" at will rraove
stroke # of the type security Wirth designed into Pascal. | think a gtedthition of what | mean by
"redesign"” would be the introduction afeaturethat is designed to replace or duplicate a construct of
original Pascal.

At the same time, | wanted Pascalinathievea level of completeness that theaguage never
achievedn its original form. My goal was not to create instructionalanguagebutacomplete and
practical implementation thabuld address current preohs in computing without furthextensions
or special support packages.

To design Pascaline | have enumerated a set of goals for the language design:
1 To be completely upward and downward compatible with ISO 7185 standard Pascal.

1 To be a"logicakxtension" of original Pascal. That is, to extend Passiafthe same
working theories and means as the original language, and posksmemt that does not
interoperate completely with the original language.

1 To provide a reasonablipgrade to the langge capabilitythatcanbe implemented using
using an existing standard compiler witlnor effort compared to the original implementation
of the compiler.

1 To implement only features that could be inmpénted efficiently usingxising computing
hardwae.

Pascalinavas designed in a series of steps starting in 1993. For each featim, more proposals
were made. Then, the proposals weveluateda winnerchosenandatest implementation in the
compiler was made. Then, any adjustments requirgdebgxperience of actual use were performed.
Every elemenin Pascaline is backed by a real implementation thefficient and tested.

As for most modern languages, the major thrust of Pascaline is for extendiaggihege via libraries,
objects and @de reuse. Pascaline will, and shouldsteteitself" by allowing user writteextensions
to such a point that the major thrust of development with the language exdme that of
developindibraries of functions to cover new areas in computer agijuits.

This very ability to extend the language also forms the basis of a new prabkandard
implementation that, although it has existed frtbmtime Pascalvasoriginally designedn the 1970s,
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hasbecome ever more pressing. That isdbénition of standard libraries and platforms. Towards this
end, thePascalinestandardasin the standard for most bf o d dagpgdages, is divided into thase
standard and a "platform", consisting of a series of librarieh#ratlecommon 1/O and support
problems in a machine and system independent way.

Thesdibrariesare attached here aanexs. There is also a seriesafnexs covering issues such as
character handling, striregcapesindother'recommended practices" for Pascaline. The result should
greatly aid the abilityo write nontrivial Pascaline programs that are truly portable across machines,
systems and implementations.

As | haveoffered in the past for Pascal, | extend the offer now, that lkewéluate Pascaline
implementations for confmance to the Pascaline standardmatterwhatthe purposeof that
implementation, public or private, profit oonprofit. | only make the conditions that my acceshieo
implementatiorbereasonablehat the authors provide me with a listawine)esthat are comlied

with, and that an option exists in the ileymentation teerforce strict corpliancewith Pascaline
regardless of any othextensionghat might be presewtver and above Pascaline. This last is the same
requirement thathe SO 7185Paschstandard states.

This authorfurther respectfully requests that the name "Pascaline" be appligtb an

implementation that has been foundtamply with the language spécation here,and by the tests |
provide freeof charge or restrictiorizurther, unlike the 1ISO 7185 standard, | ask that no exceptions be
allowed forthelanguage (ISO 7185 5.1). A language may well glyrwith part of this specifidaon,

and be called a Pascal, or some other name. lashihatit notbecalled "Pascalinetinless it can
process the full languagaside fro the appendiciesithout exception.

Scott A. Moore

July, 2008
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2 Summary of Pascaline extensions to Pascal

Pascal defined a program as a series of nested blocks, one inside the othwers{lbesic block was

the program block, which could contain any nested seripgogdureandfunction blocks. Each

block can contain a series of declaratioostaining labels, constants, types, variables, procedures and
functions.Eachblock contains the code that executesalgorithmscontained in the block.

Theblocksof Pascal define a closed collection of these declarations wittieaface that consists of a
parameter list. In Pascaline terminology, this ito@" interface, as the block communicates with the
outdde of the block via amterface at the "top" of the block:

N <> Parameter list

Each block can also interface, informally, with declarations irstineoundingblock. This isreferred
to in Pascaline terminology as the "side" interface:

Surrounding block |

|

|

|

|

|| | --- < Variable declarations |
| | Block | --- < Procedures |
|| | — <. |

I

I

Each block can import declarations from the surrounding block.

Pascal envisoned a program as a tower of blocks resting one atop the othearadigmis a good

one, but views the program asnonoithic whole. Theprovisionof fixed types without ta ability to
extend them witlthange also contributes to the model of a program created as a static structure of
code.

Pascaline's main thrust is to add extensibility to Pascal, and tluaéby greatlyaugmentinghe
methods to create side blocks. Pascaline views progiam@series aidjoiningtiles:

| | --- <> Variable declarations <> — |
| Block | --- <> Procedures <>--- | Block |
| - <> <> -
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In Pascaline, the program block is such an adjoiblagk, andaddsseveralbtherblock types that
have this ability texport their declarations directly other blocks. The primary of these is the
module, which has all the powersagbrogramblock, but adds the ability to specify both code that
executes whethe program starts, and code that executes when the progdamirghis way, modules
appeaias "service blocks" whose point is to provide constants, typeabples, procedures and
functions to the program, along with a method hiotbet up such items as well as shut them down.

Theprogramand module blocks form group exeuting the same thread of exé&oun for a program.
Another module is the process, which defines a new threaxkgtuitionasidefrom the main program.
Process modules cannot directly acqasgiram or module blocks, but the two can communidata
monitor block, whichautomaticallyimplementghe multitasking primitives needed to coordinate such
an exchange. A share block gives a way to defamestantstypes,proceduregndfunctions that are
usable by any task without the overhead of nmadkitcoordination.

Pascalinealsodefines a new level of block that anintermediatébetween ao-called"global” block
such as a program, module, monitor, etc. Those blockstatie, with variables that are allocated for
the duration of the prograrhisis a naturaloutermosblock, since any programitimatelyis rooted

in suchprogram constructs. The class block fits between the level of global landksocedure and
function blocks. A class block has the ability to share its declarations Visidie&, but also can have
its variablescreateddynamically or as part of the local variables in a blo€lrther,classediavethe
ability to be extended to any levény new class has the the ability to be based on a previously
defined class, aniw have that class accepted as compatible with the base class.

Becauseslasseglefine both declarations such as constants and types thatdnallecation, as well as
variables that dahe class must be instantiated either as part of the variable deiaaoeference.

Any number of instances of a class may easstociateavith such references. The instance of a class
is called an object, and it &true dynamicallycreatedset of the datassociateavith a class. The class
containghe declaration ate format of the object it creates, and thus it is a "clas®ind" for all of
the objects created using it.

Because class defines both a series of constants, types, variables, apdogisdures and functions

that can operate on those declaratiovisich are knowras"methods"”,An objectforms a true dynamic
instance of a module. Classes complete the idea of "object orientation" which dictates that data exists
as pairedvith the procedures or functions, referred to as "methods", needed to maxtipataata.

Because classes that inherit from eattteralsohavereferenceshatarecompatible classes can

extend each other to any number of levelsrjplement program concepts.

To allow the static idea of parameter lists in Pascal to be exteRdschlinemplementshe
"overload"concept. Procedures, functions and methods can"fgnoaps" under the same name that
are differentiated by kindype andnumbersuchthatcalls to such procedures and functions are sent to
the instance thdtas the caect interface to operate on thelRuilt in expression operators can be
overloaded, thus completing a full circle of data abstraction.

The concept oéxtendibilityis further enhancebly the ability to overridexisting procedures,
functions and methoddlew modules and classes can overtigeprevious meaning of them, and also
extend them by performing nesperationsand calling the original definitions.

Pascalindhas"container'types for arrays that do not specify an exact Jihese types can be us®
form a template to create such arrafa runtimedetermined size at runtime. This allows procedures
and functions to accept arbitrarily sized arrays to any dimension, and allows such arrays to be
dynamicallycreated agariables angbointer types awell.
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Thecommoncaseof an integer indexed array can be specified by a short fehich also underscores
the idea of container types.

Pascaline introduces the break character, 0r'béthidentifiersandnunbers. This aids readability for
long identifiers and numbers.

Gotolabels are freed from the restriction that they must appearmabers, and can assume the same
form as an identifier. Goto labels ba#taintheir status as an interprocedure deep nested branching,
but also allow for itermodular branching via a procedure or function call.

Pascaline implements the method of structured exception handlagdtedeepnested returns. This
allows code to be written that delivers exceptionsigher level code without needing knowledge of
the surroundingcode. This furtheenhancegxtendibility, and finally allows for complete replacement
of figotoods.

Constant expressions can be used wherever congtargsused in Pascal. This makes it pdesi
use formulas for thesmnstantsnstead of precalculated numbers.

Booleanoperations on integers are permitted, and a new operator, "xor", is implemented for both
boolean and integer operands.

For procedures, functions and methods, a new parabnedele” is implemented, the "view" mode.
This isidentical to value parametsemanticsexcept that thparameters protectedrom all
modification. This makes certain compiler optimizations possible.

Case statements now have an "else" clause camygsrof case constants are pitrbe.
Case variant declarations can also use ranges of case constants.

Write/writeln can specify left justified fields, and a special malflavsthe output of right padded
strings in their natural length.

A newdeclaratiorexists "fixed", which can be useahywherea variablecan,but cannotbe modified.
This allows the compile time specification of fixed tablasjlameliorateshe need to create blocks of
assignments at the start of a program.

Pascalinentroduces a linted typeconversiofrestriction operation to convarsetween scalar types.
This relieves the need to produce special handlingpiovertenumeratedypesto integer. It also
introduces the ability to directgpecify the precision needed within integerresgions, instead of
alwayspromotingsuchoperationdo the full size of integer. This allows mag#ficient numeric
processing on small word size processmgarbitraryword length proessors.

Pascalinestandardizea series of procedures and funcsdar files, such abinding to external file
names, opening and closing a series of filegxingwithin files, finding the length of a file, uptiag
existing files, and appeim to the end of such files, checking the existence of a file, and dedeithg
changing the name of a file.

A few new standard header parameters are introduced, including an erroralibar print)
output, and a command line or file input.
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The strict order of declarations from Pascaklaxedin Pascalinelabel,const, type, var and fixed
declarations can occur in any order. This aids imtbdular structure of Pascaline.

When a forwarded procedure, function or method appears astti@declarationthe parametefist
can be repeated. It is checked for coegrewith the original. This allows such declarations to be
created by cut and pastmdis more readable than the original method of having the actual
declarationgar from their forwarded declarations.

Procedures and functions can be declared as,siahonrrecursive This allows the creation of more
efficient code on some processors.

Asserts are implemented, allowing the incorporation of runtime cliecksdebeing debugged that
can be removed without modifying the source.

Pascaline allowssubrange" types to be created that are larger than the raascdl range of an
integer (maxint..maxint).This allows an implementatido implementtypes that utilize double more
precision while taking longer feerform them, so called "extended rahtypes. It also implements a
set of predefined types that give an implementation defirteaf sesigned and signedterded range
types.

There is a predefined constant for the maxin character value in an impientation.

A way to specify a function seilt that obeys the rule of single entry/single exit with the result formed
at the end. This is also required for operator overloads.

Besidegheextensiondo the base Pascal language, Pascaline defines acg#ionfalextension
modules that define the Pascaline "platform”. Thirsdto thefactthatthe set of support calls for
an implementation make as mutifference to portability for a program as the base language does.




February 15,
2009

THE LANGUAGE PASCALNE

3 EBNF and syntax used in this document

For the purpose of describing syntax elements of Pascaline, the EBNF or ExBecladNaur
Format as used in the ISO 7185 standard is used. The syntax that appears here consists of the syntax
elements from the ISO 7185 standasinodified fa Pascaline use.
name = syntaxiescription .
Describes the syntaxpansiorof the syntax element by name of "name", whicteiminated by ".".
alb
Either construct a azonstructob may appear, but not both.
{a}
Construct a is repeated 0 oora times.
[a]
Construct a is repeated 0 or 1 times (it is optional).
‘abc’
The characters "abc" appear literally.
(ab)
The elements a and b are grouped together.
The syntax expansions that appear in this document mirror thebyaraenein the SO 7185
document. If a syntax element by name matches a name usediactiment, and is different from
the one contaied there, theit representa Pascalinextensiorto ISO 7185 Pascal, and replaces the

original syntax defintion.

Note the ISO 718bise of ">" or "alternate" is not used here, bec®Rasralineloesnot usethe "level
1" extension®f ISO 7185. The syntax for the levekttensionsvas removed.

AnnexA contains a full syntax for Pascaline.
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4 Relationship to ISO 7185

4.1 Pascaline as a series of extentions

The Pascaline standard accepts the entire language defined in the standard defined in ISO 7185 such
that the set of features defined by Pascaline qu

4.2 Additional reserved word-symbols

As allowed, the following particular spellings of identifiers are prohibited because of their use as
word-symbols in the Pascaline standard:

forward module uses private external
view fixed process monitor share
class is overload override reference
joins static inherited self virtual

try except extends on result
operator instance start

These woresymbols are all new worslymbols defined by Pascaline. The fact that certain identifiers
are prohibited in Pascatay cause ISO 7185 compliant programs to fail to compile for this reason. To
use a Pascaline implementation for such programs, one of two methods are used:

1. The |1 SO 7185 compliance switch is enabled (se
2. The identifieran the program that overlap the above list are changed.

4.3 Lack of compliance with ISO 7185

| SO 7185 5.2 AProcessorso allows an i mplementat.i
by a list of the requirements for which it does not compiscahe specifically does not allow such
exceptions. A processor is not Pascaline compliant only if it has the following characteristics:

1. The complete requirements of ISO 7185 are followed, without exception.
2. The complete requirements of Pascaline, in theudwnt, are followed without exception.

That is, the dAlist of requirements not complied
point for Pascaline, nor carried forward into the language Pascaline.

Level O only
Pascaline is compliant wiin | e v e | 00 Pascal onl vy, as all owed for
5 AComplianceo). Conformant arrays are not speci:

under Pascaline. However, such conformant arrays could well be implementesktenéon to
Pascaline.
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5 Language extensions for pascaline

5.1 Word-symbols

word-symbol ='and' | 'array’ | 'begin’ | 'case’ | 'const' | 'di@’ || 'downto’ | 'else’ | 'end’ | file' | for' |
‘function’ | 'goto’ | if' | 'in' | 'label' | ‘'mod’ | 'hihot' | 'of* | 'or' | 'packed’ | ‘procedure’ |
‘program’ | 'record’ | ‘repeat’ | 'set’ | 'then' | 'to’ | ‘type’ | 'until’ | 'var' | ‘while" | ‘with' |
‘forward' | 'module’ | 'uses' | ‘private’ | 'external’ | 'view' | fixed' | ‘process' | 'monitor’ | '
share' |class' | 'is' | 'overload' | 'override' | 'reference | ‘joinatif'qt'inherited’ | 'self' |
virtual'|'try' | 'except’ | 'extends’ qom& esul t 6 | poperatodd | O

Note that the directives "external" and "forwanad standard Pascal are promodtoword-symbok in
Pascaline.

5.2 Special symbols

speciaisymbol ="+" |- | *" | '/ | '="|'<"| > T
|')'|'@" iword-symbol .

T

CEEIT N PCLY P R

5.3 Identifiers

Identifiers in Pascaline are identical to Pascal, with the addition of the divaedcter ' _". An identifier
can start with any of 'a’..'z' or ' _', and contimuih 'a’..'z', '_"and '0'..'9". As in original Pascal,
identifiers are not casgensitive.

identifier = letter | '_' { letter | digit | '_' }.

Example identifiers:

one_more_time

_last_time

5.4 Labels

Labels,usedfor gotopurposes, can use the same format as identifiers @adealine. The original
"apparent valuehumeric labels of Pascateaccepteds well.

label = digitsequence | identifier .

Example label:
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programp ;
label  exit;
{ declarations }
begin
goto exit
{ statements to be skipped }
exit:
end.

5.5 Numeric constants

unsignednteger =decimalinteger | hexnteger | octalnteger | binaryinteger .
decimatinteger = digitsequence .

hexinteger = '$' hexdigit-sequence .

octatinteger = '&' octadigit-sequence .

binary-integer = '%' binandigit-sequence .

digit-sequence = digit ¢ligit | '_'} .

hex-digit-sequence = hedigit { hex-digit }

octatdigit-sequence = octaligit { octal-digit }

binary-digit-sequence = octaligit { binary-digit }
digit='0"|"1"|'2"|'3"|'4"|'5'|'6"|'7"|'8"]|'9".

hexdigit ="0"|'1"| 2" '3"|'4"|'5'|'6'| '7"|'8"|'9"|'a"|'b"|'c'|'d" | e |'f]|"".
octakdigit="0"|'1"|'2"|'3"|'4"|'5"'|'6"|'7"|"_".

binarydigit="0"|'1"'|"'_".

Both standard integer and real specificationseaalable. In addition, thregadix specifier" formats
are available:
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$1234- Specifies hexadecimal format
&1234 - Specifies octal format
%1010- Specifies binary format

Each alternative format is specifiadth a"radix introduction”characterTheseformatscan be
specified anywhere the Pascal construct unsigoedtanis specified.

Pascaline accepts a "break character" within numeric constants. Thetatteihcan be used
anywhere within a number:

123 456 789
It cannotbeusedas the first chracter of a number, which would make itid@entifier.

The meaning of the number is considengthout the breakcharactersBreakcharacterganbeusedin
any radix. They arasefulfor grouping digits sehat the result is more readable:

12 334 222 fmarked in thousands }
$5566_1212 { marked in 16 bit sections }

5.6 Constant expressions

constant = [ sign ] constatgrm { addingoperator constasierm } .
constartterm = constantactor { multiplying-operator constasfactor } .

constanffactor = '(‘constant *)' | 'not' constafactor | charactestring | constaAtentifier | unsigned
integer .

multiplying-operator ="' | '/* | 'div' | 'mod' | 'and" .

addingoperator = '+' }"| 'or' | 'xor" .

Whenever a constant appears in Pascal, Pastaiée toaccepta constanexpressionConstant
expressions have a syntépat is similar, but not idem#l to standard expressions in Pascal. However,
constants caanly operateon other constants, and cannot include variables.

The new operatoxor is defined in the next section.

5.7 Boolean integer operations
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expression = simplexpression [ relationalperator simplexpression | .
simpleexpression = [ sign ] term { addiraperator term } .

term = factor { multiplyingoperator factor } .

factor = \ariableaccess | unsignambnstant | functiomlesignator | typ&entifier '(* expression )" | set
constructor | '(" expression )" | 'not' factor .

multiplying-operator ="' | '/' | 'div' | 'mod' | ‘and' .
addingoperator ='+' }"| 'or' | 'xor" .

Besidegheuse of and, or and not @ooleansn Pascal, Pascaline allows thee of and, or and not
with integer operands. The result is the bitwise '@hd@,r 6 or o6not éof the bits in

In addition, Pasaline defines a new operatanr, which has the san@ecalenceasand. It gives the
bitwise exclusive or of integers. It can alsoused on boolean types, but in that case is equivalent to
the operation a <> b.

Boolean operations on negative values are not defined, and may be treatedsasaught at either
compile time or run time, by the implementation.

5.8 View parameters

formalparametetist = '(' formalparametesection{ ;' formal-parametessection } *)' .

formalparametessection = valugparametespecification variableparmameterspecification| view
parametespecification| proceduraparametesspecification| functional
parametespecification .

valueparametesspecification = identifiefist "' typeidentifier .

variableparametespecification = 'var' identifielist ":' type-identifier .

view-parametesspecification = 'view' identifielist "' typeidentifier .

proceduralparametespecification = proceduseeading .

functionalparametespecification = functiofheading .

A parameter to a procedure or functiasha type and a "modahatindicatesthe method of its
passage.

Besideghe Pascal parameter modes of var aatlie, Pascaline adds a modi&aduced byiew:
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program p;
type a= packed array [1..100] of char;
procedure  x( view b: a);
begin
{ use, but donét change, b }
end;

begin

end.

View parameters have the same characteristics as value parameters, aidfaoulte treated

identically to value parameters. A view parameter cannot be modified or "threatened" in the procedure
or function it belongs to. The meaning'tiireatened" is the same as for "for" index variables of ISO
7185 (6.8.3.9), antheans that the parameter cannot be assigned, used as an indexdoa tor

passed to another routine as a var parameter.

View paranetersenablethe underlying implementation to create more efficatte in many cases. If
the above example was:

program p;
type a= packed array [1..100] of char;
procedure  x(b: a);
begin

{ code to use array b }
end;

begin
end.

The code wouldhave to copy the actual parameteb, which can be very ineéfient for large arrays.
The use of the view parameter allows the system tottregiarameter as a var parameter, but allow
any expression tbe passedisavalue parameter would.

5.9 Extended case statements
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casestatement = 'case' cagglex 'of' casdist-element ';' caselist-element } [ ;'] 'end' .
caselist-element = casbst-statement | cadest-default .
caselist-statemat = caseconstardist ":' statement .
caselist-default="else’ statement .
caseconstardist = caseconstantrange{ ',' caseconstantange } .
caseconstarfrange = caseonstant [ '..' caseonstant | .
caseindex = expression .
A case statement can feature an "else" clause at the end of aélsade foa given case statement:
program p (output);
var y: integer;
begin
{code that sets y }
case y of
1: write('one";
2: write('two')
else write(‘'value unknown')
end

end.

The statement indicated as "else" willdbecuted if the case select value dogsmatch any of the
values in the case list.

A case select value can appear as a range of values:
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program X
var y:integer;
begin
case x of
1: write('one’);
2: write('two');
3..5:  write('three to five')
end
end.
is shorthand for:
program p;
var y:integer;
begin
{ statements that sety }
case y of
1: write('one";
2: write(‘two');
3, 4, 5: write('three to five')
end

end.

5.10 Variant record case ranges

The case constants on a variant record specification can appear as ranges:
recordtype = 'record' fieldist 'end" .

field-list = [ ( fixed-part [ ;' variardpart ] | variarpart ) [;']] .

variantpart = ‘case' variargtelector 'of' varian{ ;' variant } .

variant = caseonstardist "' ‘(" fieldHist *)" .

caseconstardist = caseconstartrange { ',' caseonstantrange } .

caseconstantrange = caseonstant [ .. caseonstant ] .
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program p;
type sr=1..5;
var r. record

I integer,;
case S:sr of

1: (g: integer; b: boolean);
2: (z: real; t: array 10 of integer);
3..5: (o: set of char;j: integer)

end;

begin {programp}
end.

For each case range, ttarting constant must be less than or equal to the ending constant.

5.11 Extended write/writeln statements

Pascalineextendghe meaning of field width parameters in ISO 7185 6.9.3idctade negative or
zero field widths. The appearance of a negativeewada field width has the same effect as the
absolute value of the field width, excepat the resulting character translation is set left justified
within its field. l.e., the spaces that are specified to pad each output format to the fieldngiditput
after the contents of the field, not before.

write(f, i: - 10);

Would output to file f the integer i in 10 s at least, with any paddit@the right side of the
number.

A zerofield parameter is only applicable for stritype parameter&Jsually,the field width for a
string parameter means to output exactly that many charaéties string, tracating or padding the
string as required. The appearan€a zero field width with a string indicatesattihe number of
characters oputwill bedefinedasthe number of characters from the first index ofdtrag (1), to
the last norblank character of the string. If there arenam-blank characters in the string, then no
characters are output at all.
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program p;

var f:text;
s: packed array 30 of char;

begin
write(f, s:0);
end.
Thezero field parameterxtensiorprovides a simple method to output so callguhce padded"
strings, which are Pascal strings with padding added to thesidghto make them effectivefixed

character arrays.

5.12 Array type shorthand

arraytype = 'array' [ dimensieapecifier ] 'of' componestiype .

dimensionspecifier = indexspecifier | rangspecifier .

indexspecifier = '[' indextype { ', indextype } ' .

rangespecifier = unsigedinteger { ', unsignednhteger } .

Pascalindeatures a special declaration format for the most common case of integer indexed arrays:

ty pe x= packed array 10 of char;
type y= array 20,10 of integer;

are equivalent to:

packed array [1..10] of char;
array [1..20,1..10] of inte ger;

type X
type 'y

Denotinganarrayindex by size, instead of by an index specification, uskeaent syntax, without
the '[' 1" characters, to make it clear what kiridirray specification is being used.

5.13 Container arrays

arraytype = 'array' [ demensiespecifier ] 'of' componertipe .

The specification of only fixed arrays in origirPascal caused several preatissues with the
language. Pascaline has the conceptaoiitainerarrays”,which are arratypes specified without
index specifications.

type a= array of integer,;

Containerarraysarea "template type" which cannbe used to directly specify a static type. For
example:
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programp ;
type a= array of integer;

var b:a;

begin
end.

Would not be correct because tygpdoes not contain enough informatiommelythe size of the
array, to define the static variable b.

Thepowerof container arrays is their ability to be bound to a fully defistatic array at a time later
than when th program is compiled:his can happeim two different ways:

1. When a parameter is accepted for a procedure or function.
2. As a result of the creation of an anonymous array in dynamic storage.
3. By use of a parameterized variable declaration (covered in ¥hsextion).
It is importantto understand that Pascaline does not specify what are tdyteaimic arrays"”, which is
the ability to resize an array mmtime. Rather Pascalinesimply provides the means to create fixed
arrays of any size at runtime abithd to them, or to create generptgposeprocedure®sr functions
that can bind to any size array at runtime. ™issinctionmay seem to bennecessarybut in practice
it dramatically simplifes implementatioof the corcept.
Container types can hawmultiple index levels:
type a= array of array of array of boolean;
Container array types are compatible with other containdrfixedarray types that:
1. Have the same base types.
2. Have the same packed/unpacked status.
3. Have the same number of indexels.
Thus, the following types are compatible:
type a= packed array [1..100] of char;
and
type b= packed array of char;
type a= array [1..10,1..100] of integer;
and

type b= array of array of integer;

A container array can be used fgoracedure or function parameter:
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type string = packed array of char;
procedure  x( var s: string);

As with normalPascahkrray parameters, if the parameter is passed by \hkre, can be considerable
expenseassociateavith copying thearrayto privatelocation for the procedure or function.

When container arrays are used as parameters, they are simply serving asdradesgisting array.

In the case of variable parameters, the array was crelsahere in the code and the parameter

simply pointsto it. In the case of value parameters, the array is created anew in a private location, and
the existingarraycopiedto it. In both cases, the inforiti@an needed to complete the telate for the

array exists elsewhere.

Another way to allocate eontainer array isotuse "new" to allocatié dynamically:

program p;

= packed array of char;

begin

new(b, 10);
b :="'hi there ";

end.
Containerarrays have the interesting propettgt they are free ohdex typng. Container arrays are
considered to be compatible with otlaerays(standard or container) that have the same number of

base elements.

This means that the followirgssignmentare possible:
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program p;
type a= packed array [20..120] of char;
b= array of char,
c ="b;

var q:a;
X: C;

begin

new(x, 100);

X:=0;

end.

It does not matter what the first or last element of the array is. When elareotypied from or to a
compatible container, or whercantainers usedto referencea standardarray, the elements are
matched up from the first to thest without regard to the exact number of the index used. In the last
exampleg[20] and x[1] refer to the same element.

Whena container array is indexetie method of specifying iiadicesis always the integers 1 to n,
where n is last element of the array. The last elewfeamtontainer array, which happens to also be its
length, can be found by tipeedefined function:

max(a, I);

where a is the coainer array, and | is the indexing level. For example:

program p;

type a= array of array of array of integer;
b ="a;

var c:.b;
i integer;

begin
new(c, 10, 20, 30);
i .= max(c, 2);
end.

Finds the second level index length ofatich is 20.
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Specifying a level fomax is optional. The function call:
max(a);

is equivalent to:

max(a, 1);

5.14 Parameterized Variables

Although containers cannot be directly used as the type of a variable, or part of a variable, they can be
used for tle type of a parameterized variable declaration:

variabledeclaration = identifietist[ 6 ( 6 expr es s i o'htypddendter6 expressi on
variabledeclaratioppart = [ 'var' variablaleclaration ";{ variable-declaration ';' } ] .

program p;

type z= array of integer,;

procedure  q(i: integer; v: z);

var a(max(v)): array of integer;
begin
for i:=1 to max(v) do a[i:=v[i]+1
end;
begin
end.

Variables which are declared using containers use a parameterized form that takes one or more
expressions on the left side, which are used to fufil the indicies that appear in the type of the variable
on the right side.

The parameter expressions must be integer.
Each expression will be used to match an index in the type. If the type is fisaomed nested
declaration, the indicies are processed from the outermost declaration to innermost. If multiple

dimension arrays exist, the indicies appear from major to minor.

Every index in the type must be matched. If there are more or fewer indessapsethat there are
indicies in the type, it is an error.

The expression used for an index parameter is not limited. Variables, parameters and functions can be
used, but all of the elements used must be fully defined.
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The evaluation of the index paratees are evaluated before the code in the block for which the

variable is declared exists. The indicies do not vary during the execution of the declaring block.

If a parameterized variable statement contains only constant parameters, the compilert iy trea
variable as equivalent to a fikdype with the same parameters.

If the parameterized variable statement contains local variables, it is an error, since such variables are,
by definition, undefined at the start of the block. Note that this doesppdt to parameters, which are
initialized externally to the procedure or function that contains the parameterized variable statement.

5.15 Type converters/restrictors

expression = simpiexpression [ relationalperator simplexpression | .
simpleexpressin = [ sign ] term { addingperator term } .
term = factor { multiplyingoperator factor } .

factor = variableaccess | unsignembnstant | functiowlesignator | typ&entifier ‘(' expression )" | set
constructor | '(* expression *)' | 'not' factor .

multiplying-operator ="' | '/* | 'div' | 'mod' | 'and" .

addingoperator = '+' }"| 'or' | 'xor" .

Pascal defines the function "ord" to convert any scalar or character type to iatetyiines the
function "chr" to conve integer to charactePascéine extends this system to include any scalpet
by use of dtype converer":

program p;

type a = (one, two, three);
b =20..30;

var X:a,
y: integer;

begin

x = a(l);
y :=b(y+1);

end.

The first assignmentieldsthe value for "two'(Pascal enumerated types arérdal as the integers
from O to n). The second assignment would seem to maienction. However, the compiler can take
this & a hint that instead of proning the expression y+1 to the full size ofiateger, that the
operation can bperformedn only the precision required for lees within 20..30. This can able
more efficient processing of expressions on some machines.
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When a type restrictor appears, the compiler can generate an error forivaheesestricted value that
cannot fit in the range of the target type. Type converters and restrictors never simply discard values.

5.16 Fixed objects
block = { declaration } [ 'private’ declaration ] statemepatt [ ;' statemerpart ] .

declaration =dbeldeclaratiorpart | constandefinition-part | typedefinition-part | variable
declaratiorpart |fixeddeclaratiorpart | procedurdeclaration ;' | functicdeclaration ;' .

fixed-declaratiorpart = [ 'fixed' fixeddeclaration '{ fixed-declaration ;' }] .
fixed-declaration = identifielist ' typedenoter '=' valugonstructor.
value-constructor = arrayalueconstructor | recordalueconstructor | constant .
arrayvalueconstructor = 'array' valseonstructor { ',' valueonstructor } '‘end' .
recordvalueconstructor = 'record’ valusonstructof ', value-constructor } 'end' .

In additionto declaring variables, Pascaline can declare a program corthitiappears anywhere a
variable can, but is defined completelycatnpile time:

program p;

fixed a:integer =1;
b: array [1..10] of integer =
array 5,6,8,2,3,5/9,1,12,85 end;
record a:integer; b: charend = record 1,'a' end;
s array [1..5] of packed array [1..5] of char= array

a0

'tooth’,
‘trap ',
'same ',
‘fall ',
radio’

end;

begin
end.

The declaration of a fixed is similar to a var declaration, but each varigiilerisa "value" part that
contains a value constructor.

Fixedtypes can be usethywherea variable type can, but a fixed type cannofttheeatened" in the
sense of the "for" variable threat of ISO 7185 (6.8.3.9).

5.17 Extended file procedures and functions
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Pascaline defines several additional functions dealitiyfiles. Filesthatare not declared as external
via the program header are normally given the property that they are anonymous and may be deleted at
the end of theprogram. In Pascaline, such files can also be namedguisie functiorassign:
progra m p;
var f:text;
begin
assign(f, 'myfile";
{ statements to use file f }
end.
Assign takes any string (defined in original Pascal as a packed array of characters with a starting
index of 1 and any length). The fornadtthefile namecontainedn the string is entirely
implementain dependent, but most implent&tons will honor, at minimum, the conventions that:
1. Leading and trailing spaces in the name are ignoredieemovedf required.
2. Thatthecharactersn the set ['a'..'z', 'A".."Z0"..'9", '_"] are valid in a filename.

3. The filename must begin with characters from the set ['a'..'z', 'A".."Z"," .

Notethat this is only a subset of implementation defined filename conventibegarticular
Pascaline implementation will have its madditionalrequirementgor the formatting of filenames.

ThePascalinestandardibrary extlib will has higher level structuring difenames that are upward
compatible with the above. SéanexC.

The existence of a named file implies, but does rptire, thathefile is notdeleted at the end of the
program run. Itdirther implies that applying set to a named file will allow its preexisting contents to
be accessed.

As in standard Pascal, applying reset or rewrite to a file céusBe to changerom the "undefined"
state to "readfor reset, andwrite" for rewrite It is an error to apply assign to a file that is nahim
undefinedstate, that is, to rename it while it is active.

To allow the processing of multgfiles by name, therpcedureclose exists:
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program p;

var f:text;
names: array 5of packed array 10 of char= array

@ D DD
O OO O O

end;
I integer,;

begin
for i:=1to5 do begin
assign(f, namesi] );
{ statements that use file f }
close(f)
end
end.
Close causes bond between the file variable and the named file itself to be tap#ehe file state to
be returned back to undefindd.this state, it cahaveassign applied again. In this way, a sequaen
of named filexanbe processedClose implies that if the file is anonymous, it is deleted, and that the
file returns to being anonymous unless assigned again.
Because in Pascaling named file is implied to persist beyahe endof a programiit is also implied
that each file that exists in a read or write skate aclose performed on it automatically either when

the programends,or when the file variable falls out of activatioor some combination of both.

StandardPascabefines files as a series of elements which can be examihauthifPascalindefines
the standard functiolength to give the number of einents within a file:

program p;

var f: file of integer;

begin
assign(f, oOomyfiled),;
writeln('The length of the file is: ', length(f));
close(f)

end.
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The function length is equivalent to:
program p;
type fi: file of integer;
function length( var f:fi) . Icardinal ;
var | integer;
begin
| :=0;
res et(f);
while  not eof(f) do begin get(f); | :=1+1 end;
length := | { return length }

end;

begin
end.

Exceptthat the built in Pascaline function does not change the location Withiiie. The length
function cannot be applied to a file of tyf@xt, becausehelengthof line endings is implementation
defined, so the length of a tdite is as well.
Each element of a Pascal file can be enumerated. In Pascaline, the eleméggtaitas not of type
text are numbered from 1 to n, wheris the last element of the file. The current location within the
file is found withthebuilt in function location:
program p(output);
var f: file of integer;
begin

writeIn('The location in the file is: ', location(f));

end.

Thecurrentlocationwithin a file can be set by the built in procedure "position™:




February 15

" THE LANGUAGE PASCALNE

2009
program p;
var f: file of integer;
begin
position(f, 10)
{ statements to use f}
end.
Position will work with any element from 1 to n+1, where n islds®telementof the file.Position
:Irl]ccajws the location to be set one beyond the length dfléhso that the file can be extended at the

As with length, there is no way to apply either location or position to dilext

In standard Pascal, there is no way to updateexmting file with new datdn Pascaline the
proceduraipdate can be used instead idwrite:

program p;
var f: file of integer;
begin

assign(f, 'myfile");
update(f);

{ statements to use f}
end.
As forrewrite, update places the file in write mode. Howevempdate doesnotclear the previous
contents of the fileUpdate sets the location within thde at 1, just aseset does. If the common
operation of updating a file at tieead is wanted, the following code doeisth
program p;
var f: file of integer;
begin
assign(f, 'myfile";
update(f);
position(f, length(f)+1);

{ statements to use f}

end.
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Update only works with nortextfiles. The built in procedurappend performsthe same action as
above but works with both text and nesgxt files:

program p(output);
var f:text;
begin
assign(f, 'myfile");
append(f);
writeln(f, 'hi there");
end.
To determine if a file by name exists in the system, the funetitscanbe used:

if  exists('thisfile") then { operate on o6thisfileo6 }

Theexistsfunction takes a variable reference to a Pascal string, and ratbhomdean value that is true
if the file exists.

Theexistsfunction can be used tetérmine beforehand ifrasetwill yieldan error because of a non
existentfile.

To delete a file by name, tldeleteprocedure is used:
delete('oldfile");

Deleteaccepts a variable reference to a string, and causes the file to be removed from the system. It is
an error if the file does not exist.

To change the name of an existing file, the change() procedure is used:
change('newname’, 'oldname);

The file withthe name of the second parameter is changed to be the first par@ottgrarameters

are variable references to strings. It is an afribie second parameter does not exist in the system, and
aso if the firstpaameterexists before thehange call. It is also an error if any differencegist in

the names besides just their priratipames. Thisule forbids, forexample, the changing of the

location or system parameters of the file usingctih@nge call.

5.18 Files of files
ISO 7185forbids files to cotain any other files, either directly, or as part of a substructure (see ISO

7185 6. 4t.y3p.ebs ON)F.i Ilen Pascaline, this restriction i
type either a file, or a structure containing a file at any level:
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program p;
type textlist: file  of text

var fl: textlist;
procedure  getfilelist( var |: textlist);
begin
{ get list of text files }
end;
begin

getfilelst(fl);
while  not eof(fl) do begin {traverse files list}

while  not eof(fl") do begin { read file}

if f1 ~" > tiden 6{processnon - space char};
read(fl  #, c) { next character }

end;
get(fl); { next text file }

end
end.

Files of files are a convienent method to represent arbitrary lists of fileex&aomple, a call to present

a Auser file dialogd which allows a user to

resulting list as a file of files.

5.19 Added program header standard bindings

Besides the standard Pasadtfile external bindigs ofinput andoutput, there are three new
external bindings defined by Pascaline:

error
This file can be used to output error messages or warnings to. It may be t@liasgaut on
an implementation. The purpose of #greor file is to providea outputfile that will always go
to the user's console, and cannot be redefiseduted to another display device.

list

This file is used to output for what is assumed to be printout from any attaaitedopy
device. The implementan may alias thiile to theoutput file if such a device is not
available, or if hard copy is not desired.

sel ec
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command

Thecommand file is a text line or series of text line that deliver instructimtfie running
program. Most commonly, it carries a single line contaitit@gemaining text of the
command line that activated the running program, aftecah@manchame itself is discarded.
However, it can contain any instruction lirgad can even be directed to be an entire file
containing such commands.

The exact formavf the commands and parameters contained in filaxgiementation
dependentf the implementation has no concept of a command lindilé¢hean be assigned to
another file, or may appear empty.

Since on many systems a command line exists as a lte&toh memory, noaspartof afile
system, it is understood that the implementation will simuleeaccess to such a line as a
file, if that is required.

In this Pascaline specificatioimplementersare reminded atherequirement®f ISO 71856.10
"Programs" wherein it is an error if a program parametactisd on and cannot complete that action.
This clause of SO 7185Pascal specifically forbids ignoring the program parameters.

Further, in Pascaline it is strongly suggested that the programetra whiclkare common text files
be connected, or can be caus®donnectto externalffiles by binding. Seé&nnexM.

5.20 Redeclaration of forwarded procedures and functions

In Pascaline, the parameters of a forwarded procedure or function can be repeai¢dO 7185

Pascal, the names of the parameters are the same as the pagigalin the forwarded header. The

new names, if they happen to be different in the repeated header, are ignored. However, the two
parametetists arecheckedor "congruency using the same rules as procedure and function

parameters n | SO 7185 6.6.3.6. nParameter | ist congruit

Repeating the parameters in a forwarded procedure or function both increasdsdbeumenting
nature of a program, by keeping the parametesedo the actual body of the procedure or function,
as well as making #asierto createsuch headers, by simple block copy.

5.21 Unnamed function result

Pascaline haan alternate method to indicate a function result;

functiondeclaration = functiomeading ";'directive functionridentification ;' functiorblock |
functionheading ;' functiotblock .

function-block = block .
block = { declaration } [ 'private’ { declaration } ] statemepart [ ';' statemerpart | .
compounestatement = 'begin’ seahentsequencé oOr esul t'énd'ex pr essi on ]

At the end of the main block of a function, a result statement can appear:
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program p;
function y(a, b: integer): integer;
begin
result  a+b
end;
The result statement is an alternative to the I1$8b7arrangement of assigning the result to the name
of a function that is active. It can only be used in a function, and it can only be used at the end of the
function. Itcanonly givethe result of the enclosing functi@im contrast to ISO 7185 functiorsults).
It cannot be used in conjunction with a ISO 7185 assignment to the name of the function appearing in
either the block of the function whose result is to be set, nor any nested block. Thus, the following
example is illegal:
{illegal example }
program p;
function y(a, b: integer): integer;

procedure q;

begin

result a+b
end;

But this example is legal
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program p;
function y(a, b: integer): integer;

function g: integer,;

begin
y = atb;
result 1
end;
begin
a:= q
end;

The assignment to the function resuis legal ing, even thougly is using the result method, because
the functiony is using the ISO 7185 named function result method.

Unnamed function results give a clear way to indicatduhetion result, that obeys the single
entry/single exit rule with the function result formed at the exit. They are also required in order to
indicate the result of arperator overload function (See 4)23

5.22 Extended Function results

Function results cabe any type, including structured:
program p;

type a: array 10 of integer;

function y: a;

var z:a;
i integer;

begin

for i=1 to 10 do z[i]:=i+10;
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Such extended function results imply greater costs due teetdebto copy the structure back to the
caller.

Files cannot be returned as a function result.

5.23 Overloading of procedures and functions

procedureheading = attribute 'procedure’ identifier [ forrpalrametetist ].
functionheading = attributéunction’ identifier [ formalparametetist ] ":' resulttype.
attribute = 'overload' | 'static' | 'virtual' | 'override' 6 o p.er at or 6

Theword-symbol"overload"canbe used to specify that one procedure or fundtboms an overload
set with another

program p;
procedure  X(y: integer);
begin
{ statements of to operate on parametery }
end;
overload  procedure  x(c: char);
begin
{ statements to operate on parameter c }
end;
Any number of procedures or functions with the same name gainked thisway into anoverload
group. When the procedure or function is called, the comgé@armines which of the procedures or
functions in the overload grouptis beusedto satisfy the call. Thus, both of these calls are possible

with the definitons above:

x(1);
x('c’);
The compiler considers three things when determining which procedure or fusfctiomverload

group is meant:

1. If the called context is a procedure or function call.
2. The number of parameters.
3. The type compatibility of thparameters.
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Overloadgroupsarenot allowedto be ambiguous. There is no "preference"poiority” involved with

overloads. If two overloads are ambiguous wéspecto eachother, then an error will result at the

time ofthe definition of the conflighg overload.

Two callsareambiguouswith each other if they match for procedure/functtatus, have the same

number of parameters, and {hgrameterarecompatiblebetween lists, using the ISO 7185 definition

of compatibilityaccor di ng tad it.l4. 58 yfp@smp «io mp a4 (wharei A$ yido g n m
either parameter could be assignment compatible with the other), and also if one parameter is char

while the other is a single character strifis means, for example, that having one parametgpef

real, and the other of type integer, means those parameters are ambiguous with each other.

When parameter lists are compared, the mode of the parametex;ar, itsew or value status is
ignored.

Further,it is an error if two parameter listsonverge" with different mode3wo parameter lists are
said to converge at any point in the list if that parameteall parameters to the left of it are found to
_be compatible using threiles above. An example of an overload declaration that is dhlvglthisrule
is
program p;
procedure  a(i: integer; c: char; b: boolean);
begin
{ statements of first overload of a }
end;
overload procedure af(i: integer; var c: char; b: boolean; r: real);
begin
{ statements of second overload of a }

end;

begin
end.

Eventhoughthetwo parameter lists would be distinct because they diffaumber, the lists are
convergent at parameterand parametarhas conflictingnodes, the first beg value, and the second
beingvar.

The purpose of the convexgce rule is to relieve compilers from having to stdréhe parameters in a
procedure or function call before determining which routine of an overload group matches the call.

Overloadgroupsmust be completed within the same declaration bIDdkerent modules, classes,
procedures and functions cannot adddohotheiGs overloadgroups.
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5.24 Operator overloads

proceduredeclaration = procedwteeading ';' directive | proceduigentification ;' procedurélock |
procedureheading ';' procedu#ealock .

procedureheading = attribute 'procedufermalidentifier [ formatparametefist | .

function-declaration = functiomeading ";'directivefunctionidentification ;' functiorblock |
functionheading ;' functiotblock .

functionheading = #iribute ‘functionformatidentifier [ formalparametetist | ' resulttype .
attribute = 'overload' | 'static' | 'virtual' | 'override' 6 o p.er at or 6

formaki dent i f i
6>=6 | O6ind | O6isd | 6:=6

Besides overloading procedures and functions, it is also possible to overload expression operators:

program p;
type string = packed array of integer;
pstring = Astring

operator  function +(a, b:  string): pstring ;
begin
{ code to concatenate strings aand b }
end;
operator  procedure = (a, b: string) ;
begin
{ code to assign string b to a }
end;

begin
end.

Wher e f+0 tlheopmbratistooverladeThe following operator overloads are possible:

er = i dertiéfider [6/®ndt @d|i|vodeFHo |6 mpod=60 ||
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operator  function not (a): r;
operator function +(@[; b]):r;
operator function -(af; b]):r;
operator function *(a; b):r;
operator function /(a; b):r;
operator function div (a; b):r;
operator  function mod(a; b): r;
operator function and(a; b):r;
operator function or (a; b):r;
operator function <(a; b):r;
operator function >(a, b):r;
operator function =(a, b): r;
operator function <=(a, b): r;
operator function >=(a, b): r;
operator function in (a, b):r;
operator function is (a, b):r;
operator procedure =(a, b):r;

Note that each andb above indicatea full parameter with type, andindicates a return type.

The éand 6+6 operators can be botptioritiesnTheexactand bi na
type of operator is indicated by the number of parameters that appear. There is only one operator
procedure, which is assignment (6:=06).

The parameters to an operator procedure or function can be any type, but caramqidrametes.

The results of a operator function cannot be established via a ISO 7185 by name function result
assignment. Instead, thenamed result form is used (see 4.20

The existence of an operator overload does not change the priority of the operator.

Opemator overloads follow the same rules as standard overloads. Specifically, operator overloads
cannot be ambiguous with either each other, or thereas of standard , built in operators

The types of built in operators appears in ISO 71856 M2p er at or s 0.

The existence of an operator overload will not cause the built in operator to be altered in any way. An
operator overload simply adds behavior where the built in operator would indicate a type error.

5.25 Static procedures and functions

procedue-heading = attribute 'procedure’ identifidormal-parametetist ].
functionheading = attribute ‘function' identifier [ formphrametetist ] ":' resulttype.
attribute = 'overload' | 'static' | 'virtual' | ‘'override' 6 o p.er at or 6

Pascalinalefines a "static" attribut@ord-symbolthat is used before any functionprocedure to
indicate that it is used statically.
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program p;
static procedure  z;
var Xx,y:integer;
begin
{ statements of z }
end;
static  function y;
{ statements of y }
end;

begin
end.

Thestatic word-symbolis used to indicate to the compiler titla procedure or function with that
attributewill not recursively calitself.

Onsomeprocessors with limited addressing resources, Ui can result in smaller and faster
executablgrograms, sometimes dramatically so. Compilers targeting more advanced processors
typically ignore thestatic word-symbol

In the case where the procedure or function is cont&ngcelywithin a moduleand is not visible
outside the model (it is within the private séion), the compiler can automatically detenenithe static
status of a prociureor function. However, if it is visible outside the module, the compiler must
assume it may be recursivedglled. In this case, the sta#tiribute is required to obtain the improved
code.

The compiler may also detect thadtatic attributedprocedure or function calls itself, either directly
or indirectly via another procedure or function, and issue an.err

If a static attributed procedure or function recursively calls itself, the result is undefined, and programs
should specifically not count on the resulting behavior.

5.26 Relaxation of declaration order

block = { declaration } statemeiutart .

declaratbn = labeldeclaratiorpart | constandefinition-part | typedefinition-part | variable
declarationpart | fixeddeclarationpart | procedureeclaration ';' | functicdeclaration ;'

The declaration order in standard pascal of labels, consiges, variableghen procedures and
functions is relaxed. These constructs can appear in any order. However, the rule remains that each
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identifier must be declared before ise with the normal ISO 7185 Pascal exceptionpointer
declarations

Relaxng declaration order in Pascaline is a more natural match for modular compilation.

5.27 Exception handling

try-statement = 'try(statemensequenc¢ O s(éx@eptderies | excepinconditional) ‘else’
statement ] .

exceptseries =exceptclause{ exceptspecifier} [ exceptunconditional .
exceptuncondi ti onal = bdexceptd statement
exceptspecifier= 6 oné -edeeptfoer dbdexceptd statement
Themostcommon use for interprocedure gotos is to handle error returns feasilgeep nested
procedures. Pascaline provides an alternatiugcture. Thetry statement executes one or more
statements with an "exception guard":
program p;
var myexception: exception;
begin

try

{ code to be guarded }

on myexception except {statementto execute on myexception }

except { statement to be executed on any exception }

else {statement to be executed if no exception occurs }
end.
If anywhere within the guarded execution the statement:
throw myexception ;
or
throw;
is executed, any active procedures or nesigeistents are removed, and exeruresumes with the
statement aftegither the exception clause that matches the given exception, or the general exception

statementlf no exceptioroccurs,execuion continueseither with theelse statement, if specified, or
the nexistatement after thigy statement.
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Thetry statement may carry a specific list of exceptions, followed by an optional unconditional
exception, or simply an unconditional exception. An unconditieregéption matches any exception.
A specific exception only matches the named exception.

When an unspecified exception is thrown, the result is as if an exception was thrown that does not
appear anywhere in the pr ogwaysexistditanyippgramhe fimast er

Try statements may nest. The result of executing "throw" is to return to the innésrsigement
currently executing. If goto is used to branch outsidé thetry statement, then it will be effectively
removed fromactivation,andanythrow statements will go to the neatitertry statementThis

means that goto statement must be ready to unwind &mystatements within its scope as required.
If an exception is thrown, and either there igmostatement activegr notry statement matches the
exception indicated, then the result is an error. The result of unhandled exceptions tsyas if a
statement exists outside of the program that catches any exceptions thaharedhed within it, and
handle the exceptioby termination.

Exceptions are represented by a special wvariable
type:

module throwit;
var myexception: exception;
procedure fault;
begin
throw myexception
end;

begin {throwit }
end.{ throwit}

In order to throw aexception, both the thrower and the catcher must be able to see the exception
variable. The exception to this rule is the unspecified exception, which is available program wide.

The exception handler itself can thrawother exception, including an unspecified one. However,
exceptions do not stack, nor is there any state, such as handled or unhandled, associated with
exceptions.

Note:

Exceptions do not cross thread or process boundaries. A thrown exception widtanfyto the same
thread, and only to an active outer block of that thread.

A special version of the try statement exists for module contructor sectios328éeMo d ul ar i t y o) .

is common for modules, which only execute when the program starts up and shuts down, to register
handlers for all of the exceptions that are thrown in that module. The reason is to allow the program
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and other modules to handle the exie, but ultimately handle the exception in the originating
module.

module m;
var FaultException: exception;
procedure  doit;
begin

throw FaultException
end;
begin { constructor }

try start
on FaultException except writeln(o6*** module fault occurr

end; { constructor }

begin { destructor }
end. { destructor }

atry start statement can only be used in a module constructor block, and it must be the last statement
in that block.

5.28 Assert Procedure

Theassert procedure generates a runtime error if its expression is true:
assert - statement = ‘assert' ‘(' ex pression [ character - string | b))

The expression can be any expression with agaootesult type. If thexpresion evaluates at runtime
as true, then therogram faults, otherwisécontirues to run.

I f a string constant i s present after the except
assert. Typically it contains the reason for the exception. It may be printed as part of any error
messge. Alternatively, it may have no effect.

Theassert procedure enables placing a large number of consistency checksaxitbgrambeing
developed that can be automatically removed from the codedmypiler option.

In addition, an implementation camnovide extended debuggiimformationwhenthe assert occurs,
such as program location, registers, etc.

5.29 Extended range types

Stardard Pascabefinestheresultsof integer expressions to lie within thenge-maxint..maxint. The
size of an integer is by definitiarhoserno be thesize that is most efficient and natural on the target
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machine. Just as Pascaluhefines operations to restrict results to numbers smaller than integer,
defines the abilityo find results larger than a standard integer. If largerititager variables and
operations are specified, it is assumed that gmnaltyin terms of time, space or both will be added.

To specify an extended range value, a subrange is specifiedeootshe rangemaxint..maxint. For
example:

var li: 0..maxint*2;

Pascaline does not define the maximum length of such extended rangd& lygyesay be so large as
to be unrepresentable.

Whenanextended range value appears in an expression, theagiigeresulwill have a range
according to the following rules:

1. If either type is signed, the resultasignedtype
2. |If either type is extended range, the resuftriextended rangype.

Operations with extended types are N@Eranteedo keep all the values dbthoperandsThe
implementation is only required to maintain at least the rangaloés in integer.

In addition, the programmer can specify the exact length of result gioamyn the evaluation of an
expression using rge specifications. The only way &ehieve an exact range of values throughout a
calculation is to specify it.

Pascalingredefines three new types of integer:

cardinal

Cardinal types represent the positive integers only. The range of cardinal is:

0..maxcrd;

Wheremaxcrd is a predefined constamhaxcrd is the maximum unsigned value of a

machineword on the target machine. It could also be equal to maxint on an implementation that does
support extended cardinal types.

linteger

Long integer typegepresent an extended, signed integer type, defined as:

- maxlint..maxlint;

Wheremaxlint is a predefined constant. maxlint is typically theximumvalueof a "double length"
result on the target machine, that is, a value formed tsimgnachine worddt can also be equal to

maxint on an implementation that doest support extended linteger types.

Icardinal

Long cardinal types represent the positive integers only. The rahgardinal
is defined as:
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0..maxlcrd;

Wheremaxlcrd is a predefined constant. maxicrd is the maximum unsigned ebai&glouble
length"result on the target machine, that is, a value formed isimgnachine words. It can also be
equal to maxint on an implementation that deessupport extended Icardirtgpes.

The interactions of binary operators on all integer based types is as follows:

TYPEA TYPE B RESULT TYPE

integer integer integer
cardinal cardinal cardinal
linteger linteger linteger

Icardinal Icardinal Icardinal
integer cardinal integer
linteger Icardinal linteger
linteger cardinal linteger
integer Icardinal linteger
linteger integer linteger
Icardinal cardinal Icardinal

5.30 Character limit determination

Besides the originamaxint constant, Pascaline provides a constantifiaracter set implementation
limits:

maxchr
This character constant defines the maximum value of a character in the range:
chr(0)..chr(maxchr);

maxchr is a numeric constant, because on most implementations it is an unprintable character, and
has more meaning as a value than a character.

5.31 Matrix mathematics

One dimensional arrays of integers or reals and two dimensional arrays of integers or reals can
participate in expression operations:

Operator Function

+a matrix affirmation

-a Matrix negation

a+b matrix Addition

a-b matrix S  ubtraction
a*b matrix  Multiplication
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program p;

type ai: array 10 of integer;
var ail, ai2: ai;

begin

ail := ail+ai2;
ail := ail+1;

end.
Any single dimension array of integers or reals withintegestarting index of 1 qualifies as a vector.
Any two dimensional array of integers or reals with botegerstarting indexes of 1 qualifies as a

matrix. The allowable operands are:

Operator Operands

at+b a or b may be matrix, integer or real.
a-b a or b may be matrix, integer or real.
a*b a or b may be matrix, integer or real.

For two vector or matrix operands to be compatible with each other, they must bothdsae
type, vector or matrix and both integer or raad have the same number of elemant$ dimensions
The result of a vector or matrix operation is a vector or matrix of the same type and size as the
operand(s).

The operands of * (multiply) must belsdtr single dimension or square 2 dimensional matricies. This
means that 2 dimensional matricies must have an equal number of indicies in x and y.

One of the operands of 4,0r * can bean integer or real when the otlséde is a matrix. The result of

this is a vector or matrix with the given operation performed on each element of the matrix using the
single real or integer. However, a single real can not be used with a integer matrix, as this would imply
convertion of eal to integer.

Matrices can also be assigned as a whole:

program p;

type ai: array 10 of integer;

var ail: ai;
begin

ail:=1
end.
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Such a matrix assignment causes the expression to be assigned to each of the elements of the matrix.
Theassignment compatibility rules are the same asmatnix assignment. If individual elements of

the matrix are assignment compatible with the expression, then the entire matrix is also assignment
compatible.

Matix expression operators do not perform afiom that could not be added to Pascaline as a library

function. Their primary reason for being here is that such operations can often be translated to efficient
operations directly in the target hardware.

5.32 Modularity

module = moduléeading ';" modukblock "." .

moduleheading= moduletype identifier [ '(' modulgoarametetist )'] .
moduletype = 'program’ | 'module’ | ‘process' | 'monitor’ | 'share’ .

moduleblock = usegleclaratiorpart { moduledeclaration } [ 'private' { moduleleclaration }]
statemenpart [ ;' statemerpart ] .

moduledeclaration = declaratigrclassdeclaration .

usesdeclarationpart = [ link-specification modul@mame{ '’ modulename } ] .
link-specification = 'uses' | 'joins’ .

modulename = identifier .

ISO 7185 Pascal expresses programs as a series of nested lilookprogramgo procedures and
functions. Unfortunately, this model tends to require compilation as a single unit.

Pascaline defines a series of modules whicle the same status and levebggogram block, but
exist in separate files. The basic module appears as:

module x(input, output);
uses mymodule;

var X:integer;

private

var y:integer;

begin
end.

A moduleappears very much like a program block. It exists in a separatk éitmhave header
parameters. It has a main blottkalsohasan"ending"block. Unlike the program block, Modules are
not typically designed to execuis the duration of the program, but rather to run at some time before
theprogram block. A module initiates its variables, then passes control on to editier modules, or
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the program block. If the module has a termination blockvilishe executedsome time after the
program block completes. This allows thedule toperformclean up on termination, sl as closing
files, etc.

Modules allow a collection of resources todoeated, such dabels, constants, types, variables, fixed,
procedures, and functions. These are colleasea unit to serve the program. A program block can be
thought of as specialcase of a module that has no termination block.

Thebonding of modules and programs into an executable unit, as well as the order in which the startup
blocks and terminatiohlocks are executed is implentation defined.

Theuseof a module by asther module or program specifiedby theuses or joins declaration:

uses modl,mod2;
or

joins  modl,mod2;

Theuses andjoins specifiers musprecedeany other declaration withimprogram or module. There
can be only one uses and one join specifieppegram omodule.

Both auses and goins specification cause thaeclarationgontainedwithin thespecified module to

be imported to theuterblock declarations of the importing module or program. This importation is
logically done as ithe sourcefile itself wereactually read. However, the equivalent of this action may
be performednsteadby reading a preprocessequivalentof the target program anodule.

A uses orjoins specification only imports that specific module. If the importextiuleitself imports
further modules, which it may require to complete its declarat@nssuch import must occur without
exposing that secondary modulehe original importing module. This is a-salled "ircidental

import", and necessarguchimports will be completed such that their declarations are available to the
requesting module, but not the original importing modtités cancreatethe situation that the

importing module receivaedeclaration®f whichit cannot access the component declarationsinvitf

the importing module mustccess such components, it must specify the containing modules&sa

or joins specification. This prevents "zipper effect", where a importing magktigan unintended

series of submodules included.

Importedand imporing modules can contain loops or mutually referring modidesvever, thdSO
7185Pascalule remains that aidentifier must be definetiefore its use, with the exception of
pointers. Further, pointer declarations mu@hplete within the same module.dort loops can create
nonobviousdefinition problems:
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module x;
uses v,
type q = integer;

begin
end.

module v;
uses X;
type r=q;

begin
end.

Will result in an undefined declaration error because modudes not completed trieclaratiorof
at the time module y is processed.

Imports obey the rule that no module is read twice. This preventethi@uougprocessing of
modules.

The appearance ofuses specification causesdhdentifiers within the impoed module to be

merged without quélcation to the importing module or programamespaceThe identifiers can be
directly used, and an error will be flaggéthere is a duplicate name between importing and imported
modules.

The appearance ofjains specification causes the identifiers to be makdlable in "qualified" form.
A qualification appears as follows:

qualifiedridentifier=modulename { 6. 6 i denti fier }
For example:
mod1l.alpha
Qualificationpreventghe collision of name spaces and is the preferred metidahporting modules.
Notes:
1. Without auses orjoins specificationmodules and programs will nobnflict even if there
are one or more names that are identical between them.
2. Because of the circular natureinfports, it is possible to refer to the components of a module
before it has executed its start block. This is an error that may or may not be caught at runtime.
3. ltis an error to goto a procedure or function that is not active. This is an error that may o

not be caught at runtime.

Pascaline provides a way to create declarations in a module that are nobyisiperting modules

or programs with therivate specification:
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module x;

type alpha= array 10 of char;
private

var Xx: alpha;

begin
end.

Theprivate word-symbolcanappear anywhere between declarations. It indicasgsall further
declarations in in a module cannot be exported.afipearancef the private word-symbol

essentially divides theuterdeclarations of a modulato a "pubic” section that appears first, and a
private section thdbllows. The declarations for a module can thus be set up as a set of public
declarationghat define the external interface for the module, and a set of private declarations that
perform the worlof defining the functionality of the module.

Thepublic and private areas cannot be mixed or changed in order. Specifigalhot possible to
create a public definition that is built with private declarations in Pascaline (so called "opaque" types).
However, the converse is possible, private declarations based on public declarations.

Procedures and functions can be forwarded across froputiie areato the privatearea.Thus,it is
possible to create procedures &mctionsthat useprivatedeclaationssuch as variables and other
procedures and functions.

Pascaline does not enforce the structure of intermodule links, nor is thistivélpower of a

language. However, the most reliable structure for modukesree with the program modulethe

top, andsuccessivéayers ofserviceandsupportroutines below that. This kind of structure necessarily
excludes loopgheallowanceof which was required to enable intermodule gotos to process
exceptions. The modern means to do that is with exceptions.

Note that implementations may optionally flag module loops as errors.
5.32.1 Definition vs. implementation modules

Pascaline does not dedi a special definition as opposedtimplementatiormodule. An
implementation module, a module containing all of the source code required to define the contents of
the module, also serves as its definitlodule.

If it is required to construct a molducontaining just the definitions withinmaodule, and not the
implementation source, the common method used"strip" the moduleto arrive at a defacto
definition module. Stripping means to remalkdefinitions that are private, and to remove the
contents of any publiprocedureor function. This will give a module that can be used to define the
interface to the module for other modules, but cannot be used to build the nitaduigically used

in conjunctionwith modules that have already beempletely processed to object code in the target
processor.
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Such definition modules can be manually or automatically constructed byplgnentation.
Definition modules can be verified by compilation with sufficieptions to ignore unreferenced
definitions, and lack of functiomesultassignments.

5.32.2 Overrides

procedureneading = attribute 'procedure’ identifier [ formpalrametetist ].

functionheading = attribute ‘function' identifieformal-parametetist ] ":' resulttype.

attribute ='overlod' | 'static' | 'virtual' | 'override’ 60 o p.er at or 0

A function or procedure can be specified as capable of being overridden by higher level modules (or
even the same module). In order to be overridable, the procedure or function roifigtisae
capability using theirtual word-symbol

module m;

virtual procedure  X;

begin

end;

begin
end.

Whenspecifyinga procedureor function as virtual, the user should realizat there is a small cost in
program run time, program space both to handl¢he requirements of a virtual procedure or
function.

To override the praure or function, the worslymboloverride is used:

module m;

override procedure  Xx;

begin
end;

begin
end.

In many cases, a procedure or function that overadegher will extend ochange it by handling the
new features of the procedure or functitzelf, but then send the unchanged part of the service back to
the overriddenprocedure or furt@on. This can be done via tieherited word-symbol
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module m;
override procedure  x(q: integer);
begin
if g=1 then inherited x(q) else {perform here}
end;

begin
end.

Theinherited word-symbolspecifies that the following procedure or function calbibe sent back
to the original overridden version.

If multiple overrides of a function or procedure exist, they will nest. The procedure or function that is
actually performed is the last override that was perforfied.function or procedure that is performed
when inherited is specified the function or mrcedure that was current at the time of the override.

Only one override for the same procedure or function can exist in a motdeiaheritedversion of a
procedure or function can only be called from the mothdeoverrides it.

The order in which carrides are executed is the saméha®rderof moduleor objectinitializations

Override procedures and functions can only exist at the outer block of a module. They may not be
nested.

The virtual procedure or function and its overrider must be congru

No overloads can exist tovartual or override procedure or function.

5.32.3 Parallel modules

A modulein Pascalindormsthe bag structure of a program. Thirogram block itself is actually a
special instance of modulewhich hasno endingblock. Togetherprogram modules and common
modules form a group that runs timain task of the program.

Theprocess module appears just apaogram module. It has only atartingcodeblock, and no

ending code block. It can accept header parameters. Theeddéebetween a process and a program is

that the process definemawtaskwithin the program that runs in parallel with the main task, or any
other process blocks.
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process mythread(input, output);
uses mymonitor;

var X, Y;

procedure q;

begin
end;

begin
while true do { process statements }
end.

A process can run "forever", in which case it simply terminateenthe maintask terminates, or it
can run for a time and then stop. A process stops wieitstfrom its startup block.

A process ca have aises statement, but it cannot ugest anymodule.To do sowould be to conflict
with the main task run by the program module. No othemusam process module. A process can use
its own globals or routines, and can asaonitor.

A monitormodule appears just as normal, program callable module:
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monitor  m(output);
procedure locked; forward ;
private
var XY,
procedure locked;
begin

x:=1
end;
begin

{ startup statements }
end;
begin

{ shutdown statements }
end.
Themonitormodule is a multitask "hard" module. Each of its publicly callpbteedures and
functions have a special locking function that is executed on triing routine, and unlocked on exit.
The net effect is that only one taslining under Pascaling allowed within a monitor at one time.
This preventghe data corruption that would otherwise occur in a multitasking system.
Monitors have other special requirements that prevent data corruption. A ntamitart have global
variable definitions. Alglobal variablesnustbe definedwithin the private section. Procedures and
functions can be defined in the global section, which means that they are multitask locked procedures
and functionsbutto accomplish usefwvork, they must typically be forwaedlinto the private
section.
Monitors have a further special restriction on global procecamdfunctionsthat none of the
parameters can be, or have as a component, any pointer. fidgsiired because otherwise a monitor
could import or export directreferencdo a monitor variable, or pass a reference from one task to
another, and bypag$ise monitor protection system.
Finally, monitors cannot usaar or call by reference for any catl anothergxternal procedure or
function. This is, again, to piect the locking of a monitor. Monitors can have a public proceature

functionwith var parametersThis means that a monitor routine can access the variables of its calling
task,but cannot export such references, nor export the monitorslataim avar passed variable.
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Monitorscan use other monitors, but cannot upeacess, program or module. However there is
a final module form that can be udgglanyothermodule,all of process, progranmodule and
monitor, known as ahare module:

share mylibrary(output);
procedure  X;

begin
end;

begin
end.

Share modules cannot have any global variables at all. Because of #isglias no startup or
shutdown code blocks. There is nothing share to set up oto shut down.

The advantage to aate is that it can containsariesof supportroutinesthat can be accessed by any
caller. A share acts as a monitor without any glolagh, but does not have the locking overhead of a
monitor.

5.32.4 Monitor signaling

Monitors serve as more than judtlaary of procedures and functionallableby any task. Because a
module has state in the form of globals, it can sengecsnmunications method between tasks. In
Pascaline, thenonitor is how multipletasks coordinate their actions.

Givenjustthe ddinition of monitors above, it would be possible for tasksdmmunicate by using
status routines to flag conditions betwéleam.However,each task would have to poll, or continually
call a monitor function to find oubat status. This wastes compuigere that multitasking is supposed
to useefficiently.

Instead Pascalinalefinesa special variable calleds@maphore, and a fewspecial routines that can
be used witlthem,thesignal, signalone, andwait procedures.
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monitor  queue;

type byte =0..255 ; { data type for queue }

procedure inqueue(b: byte); forward ;
procedure  outqueue(var b: byte); forward ;
private

const maxque = 100; { maximum length of queue }
type queinx = 1..maxque; { pointers for queue }
var fifo: array [queinx] of byte; {fi fo for queue }
inptr: queinx; {in pointer }
outptr: queinx; {out pointer}
notempty: semaphore; { not empty signal }
notfull: semaphore; { not full signal }
{ queue pointer iterator }

function next(i: queinx): queinx;

begin
if i=maxque then i:=1{queue has wrapped }
else i:=i+l; { next location}

next :=i{ return result }
end;
{ test queue is full }
function empty: boolean;
begin
empty := inptr = outptr { pointers are equal }
end;
{test queue i s empty }
function full: boolean;
begin

full := next(inptr) = outptr { next input location is out
location }
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end;

{ place byte in queue }
procedure inqueue(b: byte);
begin

{if full, wait until a byte clears }
while  full  do wait(notfull);

{ place input byte }
fifo[inptr] := b;

{ set next input location }
inptr := next(inptr);

{ signal queue is now not empty }
signal(notempty)

end;

{getbyt e fromqueue}

procedure  outqueue( var b: byte);
begin

{ if empty, wait until a byte is available }
while empty do wait(notempty);

{ get output byte }
b := fifo[outptr];

{ set next output location }
outptr := next(outptr);

{ signal queue is now not full }
signal(notfull)

end;
begin { constructor }

{ set input = output, and queue is empty }
inptr = 1;

outptr=1

end.

2009
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Thewait procedure acts just as a loop to poll if the condition representint Isgmaphe has
occurred, but it is implemented efficientipderPascalineTypically, the calling task is put to sleep
until the signal occurs, then itwgoken up again to continue.

When asignal call is made, this causes any and all tasks waiting osighalto be freed to run. If the
signaling tasks knows that only one task can actuskythe signal, it can use thignalone call
instead. This will only fre@p a single task, and leave the rest to wait for the next signal.

Semaphoregive tasksan easy nthod to flag a given event between them. TaAeymost commonly
used to pass data between tasks. A "data provideriwiasld placedata into global structures in the
monitor, then signal to any "data consumer" tasks that the monitor has data.

Semaphoresan only be used within a monitor, which is the only place tiaegmeaning A wait call
would not be useful if it left the monitor lock in effebtpcking any other task from signaling to it.
The wait call releases the lock thre monitor that calls itntil it is signaled and emerges from the
wait. Thenit reasserts the lock and continues.

Semaphores are implemented under Pascaline as talrdyingthe propertythattasksthat wait for a
semaphore receive the signal on a "first cdirst serve” bais. However,fithe signal procedurds
usedto signalmultiple tasks (as opposed tesggnalone call), it is possible that one or more of the
signaled tasks could find that the condition being awaitad isngertrue,sinceanothentaskhas
serviced iffirst. For this reason, wait is typicallysed in a loop that checks for the condition being true.
while boolean - expression do wait(sig);

5.33 Classes

classdeclaration = ‘class' identifief tlassparametetist ] ;' [ 'extends' clasaame ;' Jolock '. .
classparametet i st =p adn dmetl eampa{r abmed ecr|l a}s s6) 6

classpar ameter = [- 6%t eidediftet.t y@genti fier

classname = qualifieddentifier .

block = { declaration } [ 'private' { declaration } ] statemepart [ '; statemenpart ] .

declaration = labetfleclaratiorpart | constandefinition-part | typedefinition-part | variable
declaratiorpart |fixed-declaratiorpart | procedureeclaration ;' | functioxdeclaration

Modules in Pascaline provide a waypackagdypes,variables proceduresfunctionsand other
definitions together as a unit to be used by other patteqgfrogram. Classes extend this further by
providing a general description ofreodule that the program can create any number of ivesaof
dynamically.

In the Pascaline model, modules are both a description of a class, and an instance of it.

Classes fit in the prograhierarchybetween modules and procedures/functions:
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Modules
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\/
Classes

|

\/
Procedures/functions
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Theclassis a collection of types, variables and procedures called "membatksit has peinstance

data.

A class is declared by theord-symbol*“class”, and it can appeanywherdn thedeclarations of a
global module such as a program or module, etc.

program p(input, output)
uses mylib;
class myclass;
label 1, 2;
type a=char;
var c,d:integer;
procedure  X;
begin
end;
private
procedure v;
begin
{ optional constructor }
end;
begin
{ optional destructor }
end.

begin {program}
end.




February 15

" THE LANGUAGE PASCALNE

2009

Whena procedure or function appears in a class, it is referred to as a mettiasgls can refer to any
of the declarations the surroundingnodule. The methodf a class can refer to both the variables
inside the class as well #s variablesn the module that surrounds it.

As a nodule can, a class can use pinevate word-symbolto specifydeclarationsvithin the class that
are private.

A classdoes not create any actual variables, procedures and functions wghaefihed A class is a

templ ate for a type. To create an Aobjecto from a
class a complete set of locations in memory. If that memory is static, the instance is static. If the

memory is allocated dynamically, the instancdyisamic.

5.33.1 Static objects

To create a static instance, the class is used to form a type as follows:

type si= instance of c;

Which can be used to form static instances of the class:

var z:Ssi;

The clasg is not itself a type, nor can it be used ashssi, however, is a type. To use a class as a
type, the compiler must know if a static or dynamic instance is meant.

A static instance is static even if it is a local of a procedure or function, or instantiated within another
class. An instance does rmcome dynamic unless it is allocated dynamicallyneia.

5.33.2 Dynamic objects

To create a dynamic instance, the class is used to form a type as follows:
type di= reference to c¢;

Which can be used to form a dynamic reference to objects of the class:
var z: reference to c;

Wherec is a classThis creates a special variable used to access the "objecth8tantiates'the
class. The actual creation of the object is done by the standard progesluranddispose:

new(z); { create new object, referred tobyz}
dispose(z); { destroy  existing object referred to by z }

The definitions for the object referenced by z can be accbysb@ same notation as fojans
module:

zc :=1;{as sign value to object variable }
z.x; { call object procedure x }
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A reference variable can point to any object defined with a compatible cleas.dtso point to no
object at all:

z :=nil;

Justas a pointer variable can. Further, two references can be comparedigireas just as pointers
can:

program p;
cla ss c;

begin
end.

var z,q: reference to c;

begin

if z= nil then {perform actions on nil}
if g=z then {performactionsonqgq=2}

end.
In fact, a reference behaves just as a pointer, but without the ngeectfya dereference ("").
Anytime a qualifier (".") follows a reference, it is understood that the object referenced is being

accessed.

Just as for pointer a reference can appear iwiah statement:

program p;
class ¢
begin

end.

var z: reference to c;
begin
with  z do {statements}
end.
This effectively opens up the scope of the object within the code.

References are treated as pointers with respect to monitors. A referencebesexymirted by a

monitor routine.
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5.33.3 Class parameters

Classes acceparameters that are a subset of procedure and function parameters. Only value and
view parameters are accepted in a class parameter list.

program p
class a(la: integer; b: char);

var n(la): array of integer;
i integer,

procedure  addup;
var i:integer;
begin

a:=0;
for i:=1 to la do a:=a+n[i]+ord(b)

end;
begin { constructor }

for i:=1 to la do n[i]:=0;
end.

begin
end.

Class parameters are special in that they are specified when the object formed from templass
is instantiated. The class parameters are evaluated, and kept as long as the object exists. The
constructor, the destructor, and all of the methods of the class can access the class parameters.
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program p

class a(la: integer; b: char);

var n(10, Oc ingtance of a;
r- reference to a;
begin
new(r, 20, 6g6);
end.

Note that the actual parameter list for the class appears where it is instantiated. For static instances, this
is the variable declaration for it. For dynamic instances, it is¢e statement that creates the object.

Typically, class parameters perffoem igeomet ry o change within the obj
parameter different from just applying a method to it after its constructor executes. A method could not
specify the creation of the parameterized arrapove However, class parametersvhanany uses,

and be used to specify any class configuration parameter.

5.33.4 Inheritance

classdeclaration = ‘class' identifief tlassparametetist ] ;' [ 'extends' claseame ;' Jblock '." .

expression = simplexpression [ relationalperator simplexpression ] .

relationaloperator = '="| '<> | '<" | >' | '<=" | '>="|"Iin" | "I’ .

Classes can "inherit" the definitions contained in other classes:

program p;

class x;

begin
end.

class v;
extends X;

begin
end.

begin { program main block }
end.
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Theextends word-symbol is followed by the class that is inherited.

Themeaningof thisis thatthe new class receives all of the definitigm&sent in the inherited class,
and can then add its own. Objects havesgiecialproperty that all refereces to a class are compatible
with any class thds built byinheritingdefinitions from its reference class. Because class references
can be freely assigned between compatible classes, this means that references are effectively
compatible with the class thait inherits,aswell. This means that it is possible for some part of the
definitions for a referencetlass to be negxistent Pascaline can detect and flag an erroafosccess

to amissingdefinition in a referenced object either at comfitee or runtime.

When a program needs to determine ifdlénitionsit needs to access in an object exist can use a
special expression operator:

IS - operator = expression 'is' class - name

Theis operatoliis trueif the referenced object either is thdigatedclass, or is a class that inherits
from that class. Ieithercasejt meanghatall of the definitions from the class defined as the base of
the referencexist.

5.33.5 Inherited class parameters

Derived classes can access all of the parameterspihediain the base clagheycan also add new
parameters:

program p;
class x(i: integer) ;

begin
end.

class y(b: char);
extends Xx;

begin
end.

begin { program main block }
end.

Here, clasx has one parametér,and clasy has two parametersandb.
When the class is instantiated, the parameter list given in a parameterized variable or new construct

must have all of the parameters given for all the base classes of a derived class, from the ultimate base
class to the ultimate derived classléft to right order:
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program p;

class x(i: integer) ;

class y(b: char);

extends X;

var cr: reference to y;
ci (10, 6cb6): instance of vy

begin { program main block }
new(cr, 20, 6ud) ;

end.

5.33.6 Overrides for objects

Just as static modulean, classes can override inherited proceduresusations.
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program p;

class x;

virtual procedure v;
begin

end;

begin { constructor for x }
end.

class z;
extends x;
override procedure v;

begin
end;

begin { constructor for z }
end.

begin { main block for p }
end.

Themaindifferencefor the use of overrides with objects is thatitietances of the original object
keep their original proceduresmdfunctions,and only derived classes have the procedure or function
replaced. Static moduddave the original procedure or function replaced for all callers.

Just as for a module, the origirddfinition of a procedure or functiotenbeaccessed by using the
inherited word-symbol

inherited y; { call the original definition of member procedure y }

Only one override can exist for the same method in a object. The inherited version of a method can
only be accessed within the object wheredberrideexists.

5.33.7 Self referencing

Within thecodethat makes up the object, its procedures, functions andisthexit blocks, referring
to definitions within the object is done fas anymodule,dynamicor static.However, an object
frequently needs to access tieéerence that defines access tostyell. This is most commadn the
casewheretheobjectexistsin alist of objects, and is done via therd-symbolself:




February 15,

THE LANGUAGE PASCALNE

2009
program p;
class list;
var next: reference to |list;
procedure  next;
begin

if self <> nil do
self = next{ next list item }

end;

begin { constructor for list }
end.

begin  { main block }
end.

self stands in for the reference that the object being operatedandsrom.
5.33.8 Constructors and destructors

If a constructor or constructor addstructor exists for a class, they are execwteeh the object is

createdbynew, or at the start o &andwherthemljgctesadispdosedgtli e f i ni ni
dispose, or at the end of The tosstrustorijsexedutédsanaweahdithei ng bl o ¢
destructor is execetl on "dispose". Just as for a static module, constructorsugfgportunity toset

up and tear down an object.

Whenan object has inherited classes, it has a set of constructors and destructors from all of the
inheited classes. Thes®nstructorareexecutedn theorder of inheritance onew, that is from base
class to derived class. The destructors arewd®e in the opposite order dispose. This gives each
baseclassthe ability to set itself up first, thenhsn the inherited class hasdtastructor executed, the
inherited class is fully initialized.

When an object is torn down, the derived class has the ability to deactivate itself before the class it is
based on is deactivated.
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A Annex A: Collected syntax

actualparameter = expression | variahlecess | procedurdentifier | functionidentifier .
actuatparametetist = ‘(' actualparameter {',' actuglarameter } )" .
addingoperator = '+' }"| 'or' | 'xor" .

apostropheémage = " .

arraytype = 'array' [ dimensieapecifier ] 'of' componestiype .
arrayvalueconstructor = ‘array' valseonstructor { ',' valueonstructor } ‘'end’ .
arrayvariable = variableaccess .

assignmenstatement = ( variablaccess functionidentifier ) :=" expression .
attribute = 'overload' | 'static' | 'virtual' | 'overrifle’ 6 o p.er at or 6
basetype = ordinaltype .

binarydigit="'0"]"1"|"_".

binary-digit-sequence = octaligit { binary-digit }

binaryinteger = '%binary-digit-sequence .

block = { declaration } [ 'private’ { declaration } ] statemeggsrt [ ;' statemerpart | .
Booleanexpression = expression .

buffer-variable = filevariable " .

caseconstant = constant .

caseconstardrange = caseonstan[ ..' caseconstant ] .

caseconstardist = caseconstantrange { ', caseonstantrange } .

caseindex = expression .

caselist-element = cashst-statement | cadest-default .

caselist-default = 'else’ statement .

caselist-statemat = caseconstarist "' statement .

casestatement = 'case’ cagglex 'of' casdist-element ';' caselist-element } [ ;'] 'end' .

charactesstring = ™ stringelement { stringelement } ™ .
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classdeclaration = ‘class' identifief tlassparamger-list | ;' [ 'extends’ claseame ;' [block "." .
classname = qualifieddentifier .

classparametet i st =padnM @dmetl eampa{r abmed ecr|l a}s s6) 6
classpar ameter = [-l 68t eidediftet.t ygenti fier
componentype = typedenoter .

componentvariable = indexedariable | fielddesignator .

compoundstatement = 'begin’ statemesgtquenc¢ o6r esul t'énd'ex pr essi on
conditionalstatement = istatement | casgtatement | trgtatement .

constant = [ sign ] constatdrm { addingoperator constasterm } .

constandefinition = identifier '=" constant .

constandefinition-part = [ ‘const' constaitefinition ';'{ constantdefinition ;" } ] .

constanffactor = '(* constant ')’ | 'not' constdactor [charactesstring | constaAtentifier | unsigned
integer .

constardidentifier = qualifiedidentifier .

constarterm = constantactor { multiplying-operator constasfactor } .
controtvariable = entirevariable .

decimalinteger = digitsequence .

declaration = labefleclaratiorpart | constandefinition-part |type-definition-part | variable
declarationpart |fixed-declarationpart | procedureeclaration ';' functiondeclaration ';' .

digit='0"|"1"|'2"|'3"|'4"|'5'| '6'| 'B'|"9".
digit-sequence = digit { digit | '_"}.
dimensionspecifier = indexspecifier | rangspecifier .
directive = letter { letter | digit } .

domaintype = typeidentifier .

elsepart = 'else’ statement .

emptystatement = .

]
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entirevariable= variableidentifier | 'self' .
enumeratedype = '(‘ identifiedist )" .
exceptseries = exceptlause { excepspecifier } [ excepiunconditional ] .
excepts peci fi er =i ddeomtdi feixecre pddxonept 6 st at ement

exceptuncondi ti ostadmert. 0exceptd
expression = simplexpression [ relationalperator simplexpression | .

factor = variableaccess | unsignezbnstant | functiowesignator fype-identifier '(* expression )" | set
constructor |(* expression ')’ | 'not' factor .

field-designator = recordariable '." fieldspecifier | fielddesignatoiidentifier .
field-designatotidentifier = qualifiedidentifier .

field-identifier = qualifiedidentifier .

field-list = [ ( fixed-part [ ;' variantpart | | variarpart ) [ ']].
field-specifier = fieldidentifier .

file-type = 'file' 'of' componertype .

file-variable = variableccess .

final-value = expression .

fixed-declaration = identifielist ' typedenoter '=' valugonstructor .
fixed-declaratioppart = ['fixed' fixed-declaration '{ fixed-declaration ;' } ] .
fixed-part = recoresection { ;' recoresection } .

for-statement = 'for' contrelariable ":=" initialvalue ( 'to' | 'downto'final-value 'do’ statement .

formaki denti fier = | édenrt i6f*iber |6/ Onddotrd@ d|i vdd+<qd 6|6 b @& & 6 |
6>=6 | 6ind | o6iso6 | O6:=0

formalparametetist = '(' formalparametesection{ ;' formal-parametessection } ')' .

formalparanetersection = valugarametesspecification variableparametesspecification| view
parametespecification proceduraparametesspecification| functionatparametespecification .

fractionatpart = digitsequence .

function-block = block .




February 15

" THE LANGUAGE PASCALNE

2009

function-declaration = functioeading ";'directivefunctiorridentification ;' functiorblock |
functionheading ;' functiotblock .

function-designator = functioidentifier [ actualparametetist ] .

functionheading = attribute ‘functiofdrmatidentfier [ formal-parametetist | ' resulttype .
functionridentification = attribute 'function' identifier .

function-identifier = qualifiedidentifier .

functionalparametesspecification = functiomheading .

goto-statement = 'goto’ label .
hexdigit="0"]"1"|'2"|'3"|'4"|'5'|'6'|'7'|'8'|'9"|'a"|'b"|'c'|'d"|'e|'f|""
hexdigit-sequence = hedigit { hex-digit } .

hexinteger = '$' hexdigit-sequence .

identifiedtvariable = pointewvariable ™ .

identifier = letter | '_' { letter | digit | '_"} .

identifier-list = identifier { ', identifier } .

if-statement = 'if' Booleaaxpression 'then' statement [ et ] .
indexexpression = expression .

indexspecifier = [ indexype { ', indextype } " .

indextype = ordinaltype .

indexedvariable = arrayvariable T indexexpressior ', index-expression } 7' .
initial-value = expression.

instancetype = 'instance' '0tlassname .

label = digitsequence | identifier .

labetdeclaratiorpart = [ 'label’ label {,' label } ;"] .

e u| v
IIFI |T|

W 91|

letter="a'|'b"|'c'| 'd' | |
| (R

'Z'|'A"|'B'"|'C'|'D'|"
XYz

AR AR AR AN

| ['u'|'v
['G"|'H [T "I |'L"|'M ['N"['O"['P"|'Q"|'R"|'S"| T'|

I
B
link-specification = 'uses' | 'joins' .
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memberdesignator = expression [ .."' expression | .
module = moduldheading ';' mode-block "." .

moduleblock = usegleclaratiorpart { moduledeclaration }| ‘private’ { moduledeclaration } ]
statemenpart[ ;' statemenpart ] .

moduledeclaration = declaratigrclassdeclaration .
moduleheading = modul¢ype identifier [ '(moduleparametetist )'] .
modulename = identifier .

moduleparametetist = identifierlist .

moduletype = 'program’ | 'module’ | ‘process' | 'monitor’ | 'share’ .
multiplying-operator ="' | '/* | 'div' | '‘mod' | ‘and" .

new-ordinattype =enumeratedype | subranggype .
new-pointertype = 'N' domairtype .

newstructuredtype = [ 'packed' ] unpackedructureetype .
newtype = newordinattype | newstructurectype | newpointertype .
octakdigit="0"|'1"|'2"|'3"|'4' | 'B®'| '7"|"_".
octakdigit-sequence = octaligit { octal-digit } .

octatinteger = '&' octadigit-sequence .

ordinattype = newordinattype | ordinatype-identifier .
ordinattype-identifier = typeidentifier .

pointertype = newpointertype | pointertype-identifier .
pointertype-identifier = typeidentifier .

pointervariable = variableaccess .
procedurajparametespecification = proceduseeading .
procedureandfunction-declaratiorpart = { ( proceduraleclaratior| functiondeclaation ) ;' } .
procedureblock = block .

proceduredeclaration = proceduteeading ;' directive | proceduidentification ';' procedurblock |

procedureheading ;' procedusielock .
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procedureheading = attribute 'procedufermalidentifier [ formalparametefist | .
procedurddentification = attribute ‘procedure’ identifier .
procedureadentifier = qualifiedidentifier .

procedurestatement = procedwidentifier ( [ actualparametetist | | readparametetist | readln
parametetist | write-parametetist | writelnparametetist ) .

qualified-identifier = identifier { "." identifier } .

rangespecifier = unsignethteger { ', unsignednhteger } .

readparametetist = (' [ file-variable ',' ] variableaccesq ', variableaccesg )’ .
readinparametetist = [ '(" ( file-variable | variablaccess ', variableaccess } ')'] .
reattype-identifier = typeidentifier .

recordsection = identifiefist "' typedenoter .

recordtype = 'record' fieldist 'end" .

recordvalue-constructor = 'record’ valusonstructor { ', valueonstructor }end' .
recordvariable = variableaccess .

recordvariablelist = recordvariable { ', recorévariable } .

referenceype = 'reference’ 'to’ clasame .

relationatoperator = '=| '<> | '<"|>' | '<="|>="|"in" | 'is".

repeatstatement = ‘repeat’ statemertjuence 'until' Booleaxpression .
repetitivestatement = repeatatement | whilstatement | festatement .
resulttype = simpletype-identifier | pointettype-identifier .

scalefactor = [ sign ] digitsequence .

setconstructor = ' [ membetesignator {',' membedesignator }] 17" .

settype = 'set' 'of' basgype .

sign ="+'[-".

signedinteger = [ sign ] unsigneihteger .

signednumber = signedhteger | signedeal .
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signedreal = [ sign ] unsignedeal .

simpleexpression = [ sign ] term { addiraperator term } .

simplestatement = emptgtatement | assignmesiatement procedurestatement | gotstatement .
simpletype = ordinaltype |reattype-identifier .

simpletype-identifier = typeidentifier .

Specia‘lsymbol - I+l |_l | ! | I/l | I:I | I<l | I>I | I[I | I]I | I.I’Ill I:l | I;I | INY | l(l | I)I | l<>l | I<:l | I>:I | l:j_T:I” l(.l
|')'|'@" | woresymbol .

statement = [ label ' :' ] ( simplatement | structuredfatement ) .
statemenpart = compoundtatement .

statemensequence = statement { ;' statement } .

string-character = onef-a-setof-implementatiordefinedcharacters .
stringelement = apstropheimage | stringcharacter .

structuredstatement = compourgtatement | conditionatatement repetitivestatement | with
statement .

structuredtype = newstructureetype | structuredype-identifier .
structuredtype-identifier = typeidentifier .

subrangdype = constant '.." constant .

tagfield = identifier .

tagtype = ordinattype-identifier .

term = factor { multiplyingoperator factor }.

try-statement = 'try(statemensequenc¢ O s(éx@epideries | excepinconditional) ‘else’
statement ] .

type-definition = identifier '=' typedenoter .
type-definition-part = [ 'type' typealefinition ' ;' { typedefinition ;' } ] .
type-denoter = typadentifier | newtype .

type-identifier = qualifiedidentifier .
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unpackeestructuedtype = arraytype | recoreype | setype | filetype |referenceype| instancetype

unsignedconstant = unsignedumber | charactestring | constaridentifier | 'nil’ .

unsignednteger = decimainteger | hexnteger | octainteger | binaryinteger .

unsigneenumber = unsignethteger | unsignedeal .

unsignedreal = digitsequence "." fractionglart [ 'e' scaldactor ]| digit-sequence 'e' scalactor .
usesdeclaratiorpart = [ link-specification modul@ame {'," modulename } ] .

value-constructor = arrayalue-constructor | recordalue-constructor gonstant .
valueparametesspecification = identifietist "' typeidentifier .

variableaccess = entireariable | componentariable | identifiedsariable| buffervariable .
variabledeclaration = identifietist[ 6 ( 6 expr es s i o:htypddenbter6 expressi on
variabledeclaratioppart = [ 'var' variableleclaration '{ variable-declaration ;' } ] .
variableidentifier = qualifiedidentifier .

variableparamegr-specification = 'var' identifielist ":' typeidentifier .

variant = caseonstardist "' ‘(" field-list *)" .

variantpart = 'case' variargelector 'of' variant { ;' variant } .

variantselector = [ tadield "' ] tagtype .

view-parametesspecification = 'view' identifiedist "' typeidentifier .

while-statement = ‘while' Booleagxpression 'do' statement .

with-statement = ‘with' recordariablelist 'do’ statement .

word-symbol = 'and' | 'array' | 'begin’ | ‘case' | ‘const’ | 'div' [[downto' | 'else’ | 'end’ | file' | 'for" |
‘function’ | 'goto’ §f* | 'in" | 'label’ | 'mod’ | 'nil' | 'not’ | 'of' | 'oipécked' | ‘procedure’ | ‘program’ | 'record’
| repeat’ | 'set'then’ | 'to' | 'type’ | 'until’ | ‘var' | ‘whiléN|th' | 'forward' | 'module’ | 'uses' | ‘private’ |

‘external’ | 'view''fixed' | '‘process' | 'monitor’ | 'share' | ‘class' [dgéfload' | 'override' | 'reference |
joins' | 'static’ | 'inherited' | 'self' | 'virtuglry' | 'except’ | 'extels’| 'on’ | result' | ‘operator’ | ‘instarice’

A

O6st.artod
write-parameter = expression [ ' expression [ ' expression]] .
write-parametetist = '(" [ file-variable ', ] writeparametef ',' write-parameter } )" .

writeln-parametetist = [ ‘(' ( file-variable | writeparameter ) {',' writgparameter } ")'] .
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B Annex B: Overview of standard libraries and modularity

In theannexeghat follow, several standard libraries argoduced Theintroduction of standard
libraries into a standard is based on the following icheas:

1. Pascaline has sufficieaktendibilitythat majomewapplicationscanbe coveredwith
extensiomrmodules using the standard language, and not chantieshiase language.
2. Atypical Pascalinprogram is going to have library dependencies in additidanguage
dependencies.
The modules in the standard set are divided into two basic types:

1. Basicextensionsised by programs regardless of extra devices or capalaiédable.
2. Extensionghatintroduce new device capabilities.

The following extention libraries will be shown in this standard:

AnnexC: Extensionlibrary - Directory lists, file name handling, paths, environment, program
execution, date and timmternationalization.

AnnexD: Stringlibrary - String routines, leernate base I/O, formatting.

AnnexE: Terminal library- Output totext surface, advanced input.

AnnexF: Graphicallibrary - Output to graphical surface.

AnnexG: Windowing library- Managenent of multiple windows.

AnnexH: Widget library- Buttons lists, dialogsrelevantto screen basgarograms.

Annexl: Sound library- Midi and wave input and output.

AnnexJ: networklibrary - Network progranaccess.

The library series in this version of the Pascaline standard was designed using a previous version of
Pascaline that di dnThecall entanedheraaes thesefore,retirelp bj ect s .
procedural. Object based orientation is expected taltdedain a later version of this standard.

B.1 Basic Language Support

B.1.1 extlib

extlib contains a series of operating system support extensions such as filename/path handling,
directory listings, time and date, environment strings, executing other progransgndadfunctions.

B.1.2 strlib
Implements common string handling routines, dynamic string management, numeric convertion to and
from a string, advanced numeric formatting to and from both strings and files, string search and

replace, and similar functions.

B.2 Advanced User I/O and Presentation Management

The advanced user I/O modules are a family that implement a series of advancing levels that match
advancing levels in I/O capabilities, including:
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Terminal character presentation

Gives the ability to placeharacters on a gridr a typical fixed size character display.
Graphical presentation

Gives the ability to draw figures, and place characters with proportional fonts.
Window management

Divides the display surface into a series of independent windows.
Widget placement and management

Gives a library of common controls, layered components and dialogs.
All of the supported display modes are upward compatible, and fixed size character presentation is
always available in any graphic mode. The resutias there is two possible stacking levels of

presentation:

Terminal - > Single fixed display - > Windowed display - > Widgets
Graphical - > Single fixed display - > Windowed display - > Widgets

The terminal, graphical, window management and widget libramgea aet of librariethat implement
a series of screen surface operating standards in an ascending sequence of capability:

serial 1/0 - 1/O of single charac ters with line orientation and
| blocking on input.
+-- Terminal I/O - l/IOtoan X -Y fi xed font surface with arbitrary
| posi tioning and event driven 1/0O.
+-- Graphical I1/10 - 1/O to arbitrary pixel locations and multiple
| figure types.
+-mee Multiple windows - 1/O to multiple windows.
Fommemeem Widget - Catalog of predefined widgets and dialogs

These layers are all forward and backward compatible, sanlétwer level canbeused in any
higher level. For example, a standard Pascal/Pascaline program that only inputs and detpossoin
characters formatted termsof lines can be run under any level all the way up to a multiple
windowing environment with widgets without source change.

The primary method for performing this is the use of the "character grid", whavhswherethe cells
of screen characters exist in a graphical systemchlecter grid is onlyelevantto characters as a
figure, and not tdinesor otherfigures,andoutput to the grid is the default. A program use arbitrary
character placement by explicitlpecifying it, and it can turn otheautomatic character wrapping
features of the grid.

Similarly, all text and graphical windows are buffered in a multiple windowsigiem, so that they
need not be aware of t@ndowsmanagemeninlesstheywish to.

Seriall/O is the namegiven here of the default method of Pascal/Pascaliieh goes back to its
origin, and includes the writegad,writeln, readin,page and similar built in procedures.
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Terminall/O is so named after the terminals that were wgdd computers foseveral decades, and
for text mode still in use even in windowed operatggtems.

Fromhere, twadistinctbranches exist, one witAnd one without graphics cdgity. For example, it
is possible to have both multiple windowsdget anddialogsall while staying within the capability
of a character I/0 only terminal. Therefore, there exists both a graphics versionvaofdbess
managemenribrary and the windows library, and one of each with character only ability.

Thenames of th libraries, as appears in a uses or joins statement, is as follows:

Name Contents Call model

trmlib  Terminal 1/0 Terminal

gralib Graphical /O Graphical

manlib Mana ged windowing Terminal and graphical
widlib Widgets and dialogs Terminal and graphical

The serial level does not require an explicit library, since that isahmall/O method specified in
Pascal/Pascaline.

The key to understanding the variation in libraries is thedes or joins of aparticular library does
not necessarily lead to a completely different blotkode.A system that only has graphical output
modes will implement the terminbibrary byaliasing that to the graphical libraiyis alsocommon
for agraphicalor terminal mode library to include all of the window managementdddet/dialog
function in the same module. Thugjses orjoins of thewindowsmanagement libraries does not
cauwse a specific library to linked as much as tlagt the program will be using these features.

B.3 Advanced device libraries

B.3.1 sndlib

sndlib gives the ability to drive a midi output, perform sequencing, and output wave files.
B.3.2 netlib

netlib allows access ta network using the standard Pascal file model.

B.4 Library procedure and function notation

Notethatfor purposes of brevity, BNF notation is used tovgloptional constructs, and théew and
overload word-symbok have been omitted.
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C Annex C: Extention Library

extlib containscommon operating system reldtiasks, including directory eess, time and date, files
and paths, file attributes, environmetrings,thelocal option character, and execution of external
programs.

C.1 Filenames and Paths

A file specification is composed of a path, name exténsion
<path><name><ext>

Theexact format of a file specification changes with the operating systemoiitieebrknam takes

a file specification and breaks it down into its path, namgextensiorcomponentsTheroutine

maknam does the opposite, creating@mposite name from the three components. When a file
specification has no patit,means that it refers to the default path. When a file specification needs to
be printed or saveid an absolute format, with the path alwagecified thefulnam routine is used to
"normalize" the file specificatiohy filling out the complete path

To parsefile specificationgrom the user, the routinklchar returns acharacter set of all possdé
characters in a filename. This can be usegkta sequence of characters from a string or file that can
constitute a file specification. Once the potential file specification has been loadadtig, it can

be checked for validity as a file spication byvalidfile, and as @ath byvalidpath.

Filenames are based on the idea thete is a set of characters that may be used for filenames in a
particular installation, and the characters outside that set are used to delimit between filE€hismes.
characteristic of filenames allows a program to
structure using subsequent callee program may remove certain characters from the set of filename
characters to be able to parse command lines.

A common method is used to represent filenames in command lines and other text when the characters
allowed in a filename are essentially unlimited is to quote the filename. Using this method, the
filename appears as:

Amyfileo
or
6myfilebd

This can workkogether with limited character set filenames by recognizing the leading quote. If both
types of quotes are allowed, then the leading quote should match the trailing quote. Additionally, the

program should be able to rrecognize a fAquote i ma
Ao Doubl e quote A

66 Single quote 0

\0 Forced doubl e quote i

\b6 Force single quote 0O

A robust program would recognize all of these forms.
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Note thatextlib does not contain any method to parse filenames.

If a file specification contains wildcards, this can be determinesili. extlib does not define what
wildcards characters or specifiers are used, or their fommgt.simply indicates that the filename
contains a wildcard specification that may resulnultiple files being indicated by the same file
specification.

C.2 Predefined paths

To find common objects that a program needs, three predefined paths are provided:
Program path

Is the path that the program was executed from. This is used wefiaithataccompaniedhe
program, and system wide option filgetpgm is used to reathe path.

User Path

This is the path for the current user's home directory. Thisddto storeoptionsthat only
apply to the current usegetusr is used to read theath.

Current Path
The default path is used to find options that apply only to the current file Wweitkgdon.
Unlike the other path types, the current path can be both read and set. Setting the current path
will set the default path used to finish imeplete file specificationsgetcur is used to read the
path, andsetcur is used to set.

Note that if the the system has no concept of a current path, this property is used to form full
path names from default path namesatib.

C.3 Time and Date

Time is kept in two different formats axtlib. The first is seconds timandthe seconds "clock"
time. Seconds time is literally a count of the numbeseabnds since a fixed reference time. Clock
timeis a free running clocthatticks every 100 Micoseconds.

Secondgimeis returnedby thetime function. It is in a format callet52000", and it$ the number of
seconds relative to midnight on thmrningof Januaryl, year 2000. This means that S2000 has a
negative value for years before 2000, and a positive value afteB#I0 time is dependent on the
representation of dinteger. This results in the following limits according to bit size:

Bits  Farthest year intthe past Farthest year into the future

32 1932 2068

64 -1608591645726 1608591649726
Note that these times dondét account for | eap year

casel6 bits cannoteasonablye used to represent a time, since the seconds in a year exceed the
format.
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This represents i@asonable range of tinfier 32 bits and by the year(58 it is likely that the time
will universallybe 64 bits or better. Note thatloes not matter how many bits are returnetirng, so
that transition will occur seamlessBecause 64 bits is already in excess of what is needed for
computer based timekeeping, it is likely that time in 64 or more bits will actually contain fitsyer b
despite théinteger represention.

S2000 is self relative, meanitigat times relative to the year 2000 are measured by a fixed number of
secondsS2000 only matched UTC time once, exactly at midnight on the morning of January 1, year
2000. All timesafter that or before that or after that are increasingly diverge from UTC. In particular,
this means that the current time and date will not match current UTC.

There are two types of calculations that can be applied to UTC, fixed and dynamic. The fixed
calculation typically finds UTC by applying leap year corrections, then a fixed table of leap second
years. The fixed calculation will fall out of accuracy from the time that the system is released. It is
impossible for it to be otherwise, since UTC is lobge astronomical observation.

The dynamic calculation relys on receiving a current table of corrections from the network or other
communications method. This is typically the same calculation as fixed time, but with a continually
updated table of leap gends.

When an S2000 time is not available, it is customary to setritaxlint, whichmakes it clear that
the time was not set.

Thetimereturned bytime is in GMT or "universal" time. To convert to lodahe, the functionocal
is used. It takes thgiven GMT S2000 time, and offsdtdy the local time zone offset, and by
daylight savings time, and returns @mjusted local time.

The time can be placed, in character format, to a stringr®s, and writterto either an output file, or
the standard output lwritetime. The date can bglaced, in character format, to a stringdates,
and writtento eitheranoutput file, or the standard output Wyitedate.

Clock timeis typically derived from a free runngncounter kept in the hosomputer and it is
represented bicardinal values It may or may not be syncronised to the values returned by time. For
this reason¢lock should be treated as sefflative and not compared tione in any way.

Clock time is teated differently fromtime. Since it freaquns,you mustbe preparedor it to "wrap",
or suddely start counting up from zerd@his can baletermined by if any stored time is greater, or
later in time, than theurrentclock value.Thefunctionelapsed takes a reference time, and
determines hownuch time has passed from that, including compensation for wrapaithamexact
count at which thelock count wraps is system deuiemt.

The total amount of time that can be representedatitbk is determiné not only by the bit sizeof
theclock return value, but also by the size of tminter the host computer maintains. All that is
guaranteed is thatock will be able to keep a unique time for at least 24 hours.

Theactualincrementof time for eachick of the clock is determined by thest computer. If the host
cannot time to 10@nicrosecondccuracythentheclock time will increment in multiples > 1, or
effectively a running approximation of the actual timer. For this reason, there may nabtsecatime
lengthbetween successive counts of the timer.




February 15

" THE LANGUAGE PASCALNE

2009

C.4 Directory Structures

Thelist procedurdakes a file specificain, including wildcards, andttens a linked list of all of the
matching directory entries:

{ attributes }

attribute = (atexec, {is an executable file type }
atarc, { has been archived since last modification }
atsys, {is a system special file }
atdir, {is a directory special file }
atloop); { contains heriarchy loop }

attrset = set of attribute; { attributes in a set }
{ permissions }

permission = (pmread, { may be read }
pmwrite, { may be written }
pmexec, { may be executed }
pmdel, {may be deleted }
pmvis, { may be seen in directory listings }
pmcopy, { may be copied }
pmren); { may be renamed/moved }

permset= set of permission;{permissions in a set}
{ standard directory format }

filptr = Milrec; { pointer to file records }
filrec = record

name: pstring; {name of file }

size: Icardinal; { size of file }

alloc: Icardinal; { allocation of file }

attr: attrset; { attributes }

create: linteger; {time of creation }
modify: linteger; {t ime of last modification }
access: linteger; {time of last access }
backup: linteger; {time of last backup }
user: permset; {user permissions }
group: permset; {group permissions }
other: permset; { other permissions }
next: filptr  { nextentry in list}

end;

Each directory file entry has the name of the file, along with a sefrésscriptive data fathe file.
These are divided fa attributes and permissionsn attribute is a characteristic of the fileyda
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generallydoesnot changePermissionsndicatewhatcan be done with the file, and are divided into
theuser, group and other permissions.

Not all attributes nor all permissions are available on every opesatatgmlf a particular permission
or atribute is not implemented on a given operasggtem, then setting it will have no effect, and
reading it willalwaysreturnunset.

Thesize of the file is its size in bytes. The allocation is the total spaceupies on the storage

medium, which maype different from its size for severaasonsTheblockingmaybe such that the

size is rounded up to the nearelsick. The operating system may have the ability to reserve space for
thefile beyondwhatit is currently using, or may not release sphaek to the fregpace pool if the

file is truncated.

The times of interesting events in the files life are available, in "S2000" féameady discussédif a
particular time is not available, then it is setrtaxlint.

The file structure is aollection of items that may be implemented on any gojgsratingsystem The
way to prevent the need to decide what is and what isnpdéémented on a particular system is to
focus on what is essential for all systefgr examplethe size of a file isisually present, as well as
the lastmodification time. The last modification tinean be used to determine wherbackup files,

by comparing it to the date of the backup copy of the samefite,the modification date of the
archive conmainingthefile. Similarly, a"make" style program can determine when to remake a file by
looking at the modification time.

C.5 File Attributes and Permissions

The attributes of a file can be set by name withsitatr command. It takea setof attributesandthe
filename, and sets all the given attributes orfitaeThe routineresatr resets attributes. The user
permissions for a filareset and reset tgetuper andresuper. The group permissions are set and
reset bysetgper andresgper. The other permissions foffite are set and resby setoper and
resoper.

C.6 Environment Strings

Theenvironmenis a collection of strings that is kept by the executive, @ambed to programs when
they are started. Each string has a nanda value,bothof which are arbitrary sings. An
environment string can be retrievedrmme bygetenv, and set bgetenv. The entire environment
string set caberetrievedat one time by thallenv routine, which uses a linked list to represent the
environment strings:

{ environment strings }
envptr = *envrec; { pointer to environment record }
envrec = packed record

name: pstring; { name of string }

data: pstring; { data in string }

next: envptr { next entry in list }

end;
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The standard format for environment string names isdhee for Pascaline identifieig., a character
in the sequence 'A'..'Z', 'a'..'z', ' ', followedamy number of characters in the sequence 'A'..'Z', 'a'..'z,

' ','0'.."9'Thedata in the string can be a series of any valid characters.

Thereason for retrieving the entire environment is to pass it on to other programsxiecan
statement.

Althoughmost availableperating systems implement the environngribhgconcept, it has fallen out
of favor in modern programs. Placing the neectmafiguration strings for a particular program into a
place whergheexecutivewill useit bothrequires special calls, and places individual program data
into apool wherdt can be deleted or corrupted.

Some current systems use a repository concepiwitegram data is kept in a central tree structured
database. This is not convereceitlib, and would be covered in another library.

A better method is to use a file containthg configuration information for the program in its startup
directory,then optionally another version in the user direct@nyd finally one in the current directory
This allows optionghataffect all runs on the current machine to be kept in one file, while the options
for a particular user are kept in another,fdad lady the options in use in the current project in the
current directoryThis system has the advantage that it addresses concerns in a multiuser operating
system, and allows each program to maintain its own startup data.

For systems that do not implementemvironment string capabilitymplementation®f Pascaline
commonly keep a file in the user path area that contairstrihgs. This ighen used just for that
program, that is, the set of environment strings are kept just for the accessing program.

C.7 Executing Other Programs

An external program can be executecekgc, which takes theommandine for the program,
including the program name, and all of its parameters and other options on the same line after one or
more spaces:

cmd parameter parameteparameter

This is passed as a string to theec routine.Whenprogramsareexecutedhis way, the executing
program does not need to await the finish of the program, nor can it find out if the program ran
correctly. If this is required, th®utineexecw is used.execw will wait for the program to complete,
thenplace the error return for the program in a variable. This variable will bia@ ffrogram ran
correctly, or noreero if it didn't. The exact numerical meanwighe error is up to the pgoam
executed.

If the environment is to be set for the executed program, thexadle canbe used which takesan
environment list. This allows the environment to be retrieved from the current environment at create
as new, modified or added asneede, thenpassedo the executed prograraxecew does the same
thing, butwaits for the program to finish, and returns an error code.

If a command line concept does not exist on the target system, an implemesaatjmss it via
another means, such adla br environmental variablélternately, it could simply be ignored.
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C.8 Error Return Code

Eachprogramwhenit completes, returns an error code. By convention, iEther code is 0, then no
error occurred. If the code is not 0, then an error occuaratithe meaning of the number is defined
by the application.

When a program under Pascaline exits, it returns a code that was set to 0 by default when the program
started. The procedus®terr can be used to set a aperocode, which will be returnegdhen the

progam exits. Note that it doe®t cause the current program to exit, it simply sets the code that will

be returnedvhenit does.It does not matter how the program exits, from the main proglack, or a

halt statemenbr exception

C.9 Creating or Removing Paths

A file path, or directory, is created nyakpth, and removed byempth. If thedirectoryhasfilesin

it, then it cannot be removed until all the fil@sd directories) under it have been removdis

means by implication that each 8en of a path must be removed separately, and a tree structured
delete would have to repeatedly remove the contents of one element of the path, then remove the path
section itself, and so on.

C.10 Option Character

When parsing commands, the option chardatethe current operating systaéafound withoptchr.
extlib does not define the exact format of command line options. The option character is an aid to
portability.

C.11 Path Character

Thepah characteis used to separate path components, usdabgtoriesin a tree structured file
systemwithin a path for the given system. It can be found withptitrechr function.extlib does not
define the contents, structuse meaning of a path. The path division character is an aid to portability.

C.12 Exceptions

The followingexceptions are generatedextlib:

NameToolLong The filename passed was too long foreatlib internal buffer.
FileSizeToolLarge The file(s) being processed were too large.

StringNil The string passed was nil.

StringTooSmallForTime The string result buffer was too small to hold the time.
StringTooSmallForDate The string result buffer was too small to hold the date.
EnvironmentStringTooLarge A system environment string was too large foeatiib buffer.
CommandStringEmpty The commad string passed was empty.
ProgramNotFound External program not found.

CurrentPathToolLong Current path is too long faxtlib buffer.
FilenameStringEmpty The filename passed was empty.

CannotDetermineProgramPathihe progranpath could not be determined

Extlib establishes a series of exception handlers for each of the above exceptions during startup.
Exceptions not handled by a client progranexiiib will go back toextlib, then print a message

specific to the error, then the general exceptiontyelthrown.
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Not all procedures and functions throw all exceptions. See each procedure or function description for a
list of exceptions throwriA client of extlib need only capture the exceptions occurring in the
procedure or function that is called.

C.13 Functions and procedures in extlib

procedure listff: [p]string; var I: filptr);
Form a file listfrom the filenamédn, and return in the file entry lit The flenamdn may
contain wildcards, and may be fulhathed, or refer to the current directolfyno files are
found, then thdist pointer is returnedil.

Exceptions: FileSizeToolLarge, StringNil

procedure times(va: string; t: linteger);
functiontimes(t:linteger):pstring;

Placetime fromS2000 time in strings.
ExceptionsStringTooSmallForTime

proceduralates(vas: string;t: linteger);
functiondates(t: linteger)pstring;

Placedate fromS2000timet in strings.

Exceptions: StringTooSmallForDate
procedure writetime([var f: text;] t: linteger);

Write time fromS2000 time to text file f, or by default, the standard output file.
procedure writedate([var f: text;] linteger);

Write date fromS2000timet to text file f, or by default, the standard output file.
function time: linteger;

Returns current S20@ne in GMT
function local(t: linteger): linteger;

Converts the given GMT S2000 tirhéo local time, using the time zone offsetd daylight
savings status in the host computard returns the result

function clock: Icardinal

Returns 100 microsecdnfree running time.
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function elapsed(rchardina): Icardinal

Given astoredclock timer, will check the currentlock time and find the totalumber of
100 microsecond ticks since the given tjrtten return thatAccounts for timewraparound.

function validfile(s: [p]string): boolean;

Parses and checks tfile specifications for a valid filename on theurrent system. Returns
true if valid.

Exceptions: StringNil
function validpath(s: [p]string): boolean;

Parses and checks tfile specifications for a valid path on theurrent system. Returns true if
valid, otherwise false

Exceptions: StringNil

function wild(s [p]string): boolean;
Checks if the file specificatios contains wildcards. Returns true if, sgherwise false
Exceptions: StringNil

procedure getenv(ls: stringar ds:string);
functiongetenv(lsstring): pstring;

Finds and returns an environment strirsgcontains the name of the string to look dp,or
the return value contains the resulting string asdotfrthere is no environment string by that
name, the return is either all blanks, or nil.
Exceptions: EnvironmentStringToolLarge

procedure setenv(sn: [p]string; sd: [p]string);
Finds and sets an environment strisiy.contains the string name to setidad contains the
contents to set it to. If there is no string by that name, it is created, otherwise the old string is
replaced.
Exceptions: StringNil

procedure allenv(var el: envptr);

Returns a complete list of the strings in the environrteeet.
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procedure remenv(sn: [p]string);

Remove a stringn from the environment. The string is found by name, r@ntbvedrom the
environment. No error results if the string does not exist.

Exceptions: StringNil
procedure exec(cmd: [p]string);

Executeexternal program, with parameteiom the stringgmd. Does not wait for the
program to finish, and cannot detect if it finished with an error.

Exceptions: CommandStringEmpty, ProgramNotFoB8tdngNil

procedure exece(cmd: [p]string; el: envptr);
Exeate external program, with parametéian the stringcmd and full environment. The
environment is passed as a liseinDoes not wait for the program to finish, and cannot detect
if it finished with an error.
Exceptions: CommandStringEmpty, ProgramMatid StringNil

procedure execw(cmd: [p]string; var e: integer);
Execute external program, with paramefeosn the stringcmd. Waits for the program to
finish, and returns its error codea@nThe error code is O for no error, otherwise the error is a
code specified by the program executed.
Exceptions: CommandStringEmpty, ProgramNotFouBtdngNil

procedure execew(cmd: [p]string; el: envptr; var e: integer);
Execute external program, with paramefeosn the stringcmd and full environment. The
environment is passed as a listeh Waits for the program to finish, and returns its error code
in e. The error code is O for no error, otherwise the error is a code specified by the program
executed.

Exceptions: CommandStringEmpty, ProgramNotFouBtdng\il

procedure getcur(var fn: string);
function getcur: pstring;

Get current patto fn or the resultReturns the current directory path.

Exceptions: CurrentPathTooLong
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procedure setcur(fn: [p]string);
Set current patfrom stringfn. Sets the defauftath for all file specifications.
Exceptions: StringNil

procedure getpgm(var string);
function getpgm: pstring;

Get the program patio s or returns it Returns the program path, which is the path the
programrunning was loaded from.

ExceptionsCannotDetermineProgramPath

procedure getusr(var fn: string);
function getusr: pstring;

Get user patho fn or returns it Return the user path, which is a path specific to each user.
procedure brknam(fn: [p]string; var p, n, e: [p]string);

Break downife specification. Breaks the file specificatitmdown intopathp, namen, and

extensiore. Note that any one of the resultiogmponents could be blank, if it does not exist

in the name.

Exceptions: FilenameStringEmpty, StringNil

procedurenaknam(vafn: string; view p, n, e: string);
function maknam(pfp]string; n: [p]string; e: [p]string): pstring;

Create file specification from components. Creates file specificatifrom pathp, namen,
andextensiore. Components may be blank, but the patth toie name cannot both be blank.

Exceptions: NameTooLong, StringNil

procedure fulnam(var fn: string);
function fulnam(fn: string): pstring;

Create full file specification frora partialfile specificationfn. Given a file specification with
anincomplete path (either by using the default path, or mnemonic shddcthigs like
parent directory), creates a fully pathed name of staridard This can "normalize" file
specifications, for comparisons, and to sttvecomplete path for tHae. The fully pathed
result is returned ifn or as the function result.

procedure setatr(fn: [p]string; a: attrset);
Set attributes. Given a file by narirg the attributes in the satare set true for the file.

Exceptions: StringNil
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procedure reggfn: [p]string; a: attrset);
Reset attributes. Given a file by nafne the attributes in the satareset false for the file.
Exceptions: StringNil

procedure bakupd(fn: [p]string);

Set backup time current. Given a file by ndmgsets the backujnte forthe file as current.
Backup programs should also reset the archive bit to show that backup has occurred.

Exceptions: StringNil
procedure setuper(fn: [p]string; p: permset);

Set user permissions. Given a file by ndmgthe permissions in the getre set true for the
file.

Exceptions: StringNil
procedure resuper(fn: [p]string; p: permset);

Reset user permissions. Given a file by ndmehe permissions in the gefare set false for
the file.

Exceptions: StringNi
procedure setgper(fn: [p]string; p: permset);

Set group permissions. Given a file by namethe permissions in the getare set true for the
file.

Exceptions: StringNil
procedure resgper(fn: [p]string; p: permset);

Reset group permissions. Given a file by ndmehe permissions in the getare set false for
the file.

Exceptions: StringNil
procedure setoper(fn: [p]string; p: permset);

Set other permissions. Given a file by ndmethe permissions in the getre set true for the
file.

Exceptions: StringNil
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procedure resoper(fn: [p]string; p: permset);

Reset group permissions. Given a file by ndmehe permissions in the getare set false for
the file.

Exceptions: StringNil
procedure seterr{@nteger);

Set program return errer. The error code returned by the current prograsetsThis has no
effect until the program exits.

procedure makpth(fn: [p]string);
Make pathusingfn. Creates a new path or directory. If the path already exist@nierror.
Exceptions: StringNil

procedure rempth(fn: [p]string);

Remove patlin. Removes a path, or directory. The directory must exist, andoauwshpty of
any files or other directories, or an error results.

Exceptions: StringNil
procedure filch(var fc: chrset);
Returns the set of valid filename characterk.

function optchr: char;

Find the option characteReturnghe character that is used to introduce options in command

liens on the current system.
function pthchr: char;

Returns theharacter used to separate components in darp#tik current system
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D Annex D: String Library

The string library implements various useful string functions. Strings areohtidtf arrays of
characters in Pascal, and extendeBascalinestrlib unifiestwo schemes. The first is the space
padded right scheme familiar from standard Pa3¢ed.second is dynamic strings.

Dynamic stringsarealmost the ideal string type. They are unlimited in length, they can be returned
from a function. And because their storageecycledthey are space efficient. They can also be fairly
speed efficient by managing when and if they are recycled.

The declarations for padded or fixed, and dynamic strings appear as:

type string = packed array of char;
pstring = "\string;

Thestringfunctionsareoftenoverloadedsothat they take both types sirings.

D.1 Conventions

In some cases, it is ambiguous whether a padded or dystriinigargumenis meant.Forexample,
thestring compare facilitgloes not know which type itsperands are, and it makes a difference to the
result, since length plays a partstringcomparisonFor these situations, a "p" (for padded) is
appended tthe name of the procedure or function.

Many functions and procedwgenust know if casmatters For example stringcomparecanbewith

case, or caseless. For these procedures and funttieresjs appendeal"c" to the ones that case does
matter.

A few functions and procedures perform different actions on stringhasacters. For the string
versions, an "s" is appended to the name.

D.2 Words

Someof thefunctionsand procedures treat the strings as a series of wWhialsls are a series of non
space characters surrounded by one or more spacesxdfople:

6 ther e George
Has three words, 'hi', 'there’, and 'george’. Such words can be counted, amtkrattacted.

D.3 Format Strings

Some routines accept a "format string" to output numbers with. The foraranisige of theoutput
string the number is converted into. The string will contageries of formatharacters. The entire
format string is copied to the resstting,but the special format characters are replaced with parts of
the numbeto be converted.

The numbefii maged contained within the format string
spaces, followed bgny number of trailing spaces. The spaces are significant, and will appear in the
result.
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The first thing the format routines do is match the fartoahe number for decimal point position. For
example:

+999,999.999 Format characters
50.12 Actual number

Then, the meaning of each format character depends on if that character appears to the left or to the
right of the decimal poinfThere can only be one decimal point in the format string, or it is an error.

Each format character operates on the digitihatt c hes it 6s position after de
The format characters are:
9

Representsdi git. To the | eft of the decddigtal point,
from thenumber If there is ndigit in the number at that position, aaspreplacegheformat

characterTo the right of the decimal poirif,the digit position is nofzero, orthere are non

zero digits to the right, the digit replaces the format character,otherwise space.

As"9" above, but "0" replaces the digit if sBmnificant digit is found, instead of spashen
to the left of the decimal pointo the right of the decimal point the digit paition is non
zero, then iteplaces the format character, otherwise remains 0.

Representthe sign.To the left of tle decimal pontfithe number is negative, it is left alone. If
the numbers positive, it is replaced by a salf the sign was already output, then it is
replaced by space. It is an error if this format character is used to the right of the decimal
point.

As "-", but "+" appears instead of space on a positive number.
$, & %

These characters are used to indicate if the number is hex (or USA dollars), octal ofTlinary.
the left of the decimal pointf & significant digit can be matched to thissition,thatis
output,otherwise githerthe characterpr a space is placed. The spacplésed ifany of the

f or mat char act er aready®dpeared.i& én,errooif thisdorttat chaeacter

is used to the right of the decimal point.

To the left of the decimal poinf,the comma appears to the rightaoly norzerosignificant
digits, itis outputasis. Otherwiseijt is either replaced by spacéal"$", "&" or "%" character
appears to the left of it, it will be replacedthat.It is an error if this format character is used
to the right of the decimal point.
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May only appear on real numbers. This format charactdwiaysprinted,but specifieswhere
themantissaf a number appears, and where its fraction appearsapgearance of the decimal
point will enable or disable tHeaction.If present, fractional digits are output, otherwise, the
fraction is discarded.

D.4 Recycling

By default,strlib leaves it up to thprogrammeto determinevhendynamicstrings should be

recycled. To keep from losing space ("memory leaks"), the program must be careful to keep track of

all dynamic stringsreatedandreturnthem to free storage via dispose

Strlib can use a nested blocking system to automatidajyose of strings for yo Theopenstring
call begins a new string blocikndclosestring ends it. When a new block is opened, any dynamic
strings allocatedrerecordedn the block. Then, each of them are disposed of whehltio& ends.
Any number of block levels can exist. #Wino blocks in effectheautomatic recycling system is off,
which is the statstrlib starts in. When alblocks are closedtrlib reverts to this state. Because the
dynamic strings areeturnedasa group,this systemcanbe more efficient than retuirg thestrings

one at a time.

Exportstring to completely remove givendynamicstringfrom theautomatedecycling system.
Theupstring call takesa string, and moves it to the surrounding string block.

Thestrlib block system has nothing to do whlocksin Pascalstrlib blocks can cross blocks,
functions and even whole modules of Pascal. The two are entirely unrelated.

D.5 Exceptions

The following exceptions are generatedinlib:
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NoStringBlock No string block is active.
OuterBlockFull No roam in outermost string block.
CurrentBlockFull Current string block is full.
StringNil String passed is nil.
StringDestinationOverflow  String was to large for destination.
IndexOutOfRange String index out of range.
NegativeRepeatCount Repeat count wasegative.
WordIindexOutOfRange Word array index was out of range.
StringReadOverflow String was too large to read.
FormatTooLarge Format is too large for destination
InvalidFieldSpecification Field specified is invalid

NegativeValueNondecimal Radix was egative
NumberOverflowsFormat Number overflows space provided in format string.

NegativeNotPlaced Negative sign not placed in format.
InvalidRealNumber Invalid real number.
InvalidFractionSpecification Invalid fraction specification.
InvalidRadix Invalid radix

InvalidintegerFormat Invalid integer format.
NumberTooLarge Number too large.
IntegerToolarge Integer too large.
InvalidRealFormat Invalid real format.

Strlib establishes a series of exception handlers for each of the above exceptionstdritipg
Exceptions not handled by a client progranswfib will go back tostrlib, then print a message
specific to the error, then the general exception will be thrown.

Not all procedures and functions throw all exceptions. See each procedureionfdastription for a
list of exceptions thrown. A client aftrlib need only capture the exceptions occurring in the
procedure or function that is called.

D.6 Procedures and functions in strlib

function Icase(c: char): char;
function Icase(s: giring): pstring;
function Icases(s: string): pstring;
procedurdcasess: string);

Finds the lower case version of a character strings. This is eithereturned, or converted
in place.

Exceptions: StringNil
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functionucase(c: char): char;

function ucase(spstring): pstring;

function ucases(s: string): pstring;

proceduraicasess: string);

Finds the upper case version of a charactarstrings. This is eithereturned, or converted
in place.

Exceptions: StringNil
procedure clears(var s: string);

Cleasstrings to all spaces. To set an entire string to another charaitex besides space,
userep below.

function len(s: [p]string): integer;

Finds the padded length of a strisgThis is equivalent to the index of tlzest nonspace
character, or zerif there is none. Note that dynamic strleggths are found via the system
functionmax.

Exceptions: StringNil

procedure copy(vat: string;s: [p]string);
functioncopy(s:[p]string): pstring;
procedure copy(var d: pstring; s: string);

Create a copy of the soursestring in the destinatiod or returns it as a resulf.the

destination is fixed string, then it will be padded on the right with spaces to dilltit If the
destination or return type is dynamic, then a new stringoeitireated of the same length as
the source, and the source copied to thahdrcase of the last procedure, the source is taken
to be a padded stringnd the length is without padding. This procedure is used to copy from a
padded string to a dynamicisg.

Exceptions: StringNil, StringDestinationOverflow

procedurecatfvar d: string;s: string);
functioncat(sajp]string; sb:[p]string): pstring;

Concatenate two stringsands, orsa andsb. For the first procedure, the padded destination
andsourceare concatenated into the padded destinafiba.functionconcatenateunpadded
strings to a dynamic result.

When concatenating two padded strings, it is not possible using cat to concatenate with a space

or spaces between string®r this caseusea paddedstring insert instead, with the source
string inserted after the desired number of spaces.

Exceptions: StringNil, StringDestinationOverflow
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function comypc](sa [p]string; sb: [p]string): boolean;
functioncomgc]p(sa sh:string): boolean;

Compae stringssa andsb. Returns true if the strings are equal. Comparesaraseseless,
andpadded or fixed length. Strings are equal only if they have thelsagith and content.

Exceptions: StringNil

functiongtrc](sa [p]string; sh: [p]string): boolean;
functiongtr[c]p(sa sh:string): boolean;

Compare stringb is greater tharistringsa. Returns true if the second string is gre#tan

thefirst. Comparegase or caseless, and padded or fixed length. Strings@agared from

left to right, unil the first difference is found. Then, the second string is greater than the first if
the ord of its character is greater thhe first. In case one string is longer than the other, but
otherwise equal, thehorter string is less than the longer string.

Thisfunctioncanbeused to find less than, greater than or equal, anddassor equal by
arranging the operands:

gtr(a, b) a<b
gtr(b,a) a>b

not gtr(a, b) a>=b

not gtr(b,a) a<=b

Exceptions: StringNil

functionindeXc](sa [p]string; sb: [p]string): integer;
function indeXc]p(sa, sbstring): integer;

Findstheincidenceof the sourcestringsb in thestringsa. If the source string is found within
the destination, the index of its firgharacters returned ptherwise0. The comparison may be
case or caseless. The paddetsions are for when the source string is padded.

Exceptions: StringNil
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procedure extract(var d: Btg; s: string; |, r: integer);

functionextract(sp]string; |, r: integer): pstring;

Extract a substring. The source strinffom the left index to the right index éxtractedand
either placed in the destinatidn or returned. It is an error diither index is out of range, but
indexes | > r simply result in a nugtring.If the resit is too large for the destination, an error
results. The procedureersion is for padded strings.

Common equivalents using extract are:

right(s,) extract(s, max(s) - I+1,max(s)) Get right string
left(s, )] extr act(s,1,l) Get left strin g
mid(s,l,r) extract(s, LI+r  -1) Get mid string

Exceptions: StringNil, StringDestinationOverflpimdexOutOfRange

procedure insert(var d: stig; s:string; p: integer);
functioninsert(sa:[p]string; sh: [p]string; p: integer): pstring;

Insertsa substring from the soureeinto the destinatiod. The procedure versias for
padded strings. If the source string is too long for the destinati@rror results.

function rep(s: p]string; r: integer): pstring;
procedure rep(var d: string:string; r: integer);

Repeats the source strirgyr times into the destinaticoh or the return stringThe procedure
version isfor padded strings. If the resulting string is too long for the destinaticerran
results.

function trim(s: [p]string) pstring;
procedure trim(var d: string; s: string);

Trim leadng and trailing spaces frostrings. and returns the result in stridgor the result
Theprocedurerersionis for padded strings. For padded strings, only the leading spaces are
affected.

function words(s: [p]string): integer;

Returns a count of the number of space delimited words in the string

functionextwords(s: [p]ging; |, r: integer): pstring;
procedure extwords(vak: string; s: string; I, r: integer);

Extracts the spaagelimited words from thstrings, between théeft to the right indicies
inclusive Returns the result id or as the result.
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procedure readd([text] var s: [p]string [; var ovf: boolean]);

Read a line tostrings from text filef. The versions ofhis procedure that have anf flag
return it true if the input line overflowed the string. In this case, the strirgjurned truncated
to the left. The nowvf versions othe procedurehalt with error on overflow.

If the input file is not specifiedhen the standardput file is used.

procedurénts(var s: string; i: integer [}:finteger] | [fmt: string]);
function ints(i: integer [; I integer] | [fmt: string]): pstring;

Convert integetr to strings. The versions with a fielfl format thenumber using théeld
using standard Pascal rules for output using a field. Negative (left justified) fields are also
allowed.

The versions with &mt string copy the format string intberesultstring,then replace each
of the format characters wittags of the number. See "fornsitings"in the main text

procedure reals(var s: string; r: real [; f: integer] | [; fl: integer; fr: intedefint: string]);
function reals(rreal[; f: integer] | [; fl: integer; fr: integer];| fmt: string]): psting;

Convertrealr to strings with fractionf. The versions with a fielfl format the number using
thefield using standard Pascal rules for output using a field. Negativgugéfied) fields are
also allowed.

Theversionswith afmt string copy the format string into the result stritiggn replace each
of the format characters with parts of the number. See "f@mags" in the main text

procedureealesyar s: string; r: real [;If integer]);
functionreales(r: rea]; fl: integer): pstring;

Convert real to gring s using "economy" format. The real is printed in the minimmumber
of characters possible. If the decimal position caplaeedinto the number thenit is, and the
exponent is removed. All insignificant leadiagdtrailing zeros are removed, and if there are
no digits to the right deft of the decimal point, then that is removed.

If the decimal point cannot be placed into the number with less total chataerees full ISO
7185 floating point number formahenthe standardloating point format is used.

Theversions of this call with a fielfl fit the result into the field by paddingout with blanks,
either on the left for positive fields, or on the rifit negativefields. If the number does not
fit into the specified field, then alif the required parts of the number are prinkote thatif
the ISO 7185floating point numberis chosen as the shortest length number, then thefoules
fields are identical to that of normal real output formats.
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procedurehexgvar s: string; w: Icardindt fl: integer]);

procedurehexs(vars: string; w: Icardinal fmt: string);

functionhexs(w: Icardinal; fl: integer): pstring;

function hexs(w: Icardinafmt: string): pstring;

Convert cardinalv to strings, using the hexadecimal radix system. The versionsaniid
fl format the number using the field using standard Pascal rules for astpgta field.
Negative (left justified) fields are also allowed.

Theversionswith afmt string copy the format 8hg into the result stringhen replace each
of the format characters with parts of the number. See "f@mags"in the main text

procedureocts(var s: string; w: Icardind} fl: integer]);
procedureocts(vars: string; w: Icardinal fmt: string);
functionocts(w:lcardinal[; fl: integer): pstring;
function octs(wIcardinal fmt: string): pstring;

Convert cardinalv to strings, using the octal radix systeifiheversionswith afield fl format
the number using the field using standard Pasibas$ for outputsing a field. Negative (left
justified) fields are also allowed.

The versions with &mt string copy the format string intberesultstring,then replace each
of the format characters with parts of the number. See "fastriagjs" aboe.

procedurebingvar s: string; w: Icardind} fl: integer]);
procedurebins(vars: string; w: Icardinal fmt:string);
functionbins(w: Icardinal; fl: integer): pstring;
function bins(w: Icardinalfmt: string): pstring;

Convertcardinalw to strings, using the binary radix system. The versions wifikeld fl
format the number using the field using standard Pascalfanlestputusing a field. Negative
(left justified) fields are also allowed.

Theversionswith afmt string copy the format strininto the result stringhen replace each
of the format characters with parts of the number. See "fatmags" above.

procedurevrited(var f: text] i: integer; fmt: string);
Convert integert to character format and output to filausing the damal radix system.
Decimalnumbersarewell covered by the normal ISO 7185 standard write formats. However,

these routines add image formatting to them.

Theversionswith afmt string copy the format string into the result strithgen replace each
of theformat characters with parts of the number. See "fostnzigs” in the main text

If the output file is not specified, then the standard output file is used.
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procedure writefgar f: text]] r: real; fmt: string);

Convertrealr to strings. Realnumbers are well covered by the normal 1ISO 74t@&dard
write formats. However, these routines add image formatting to them.

Theversionswith afmt string copy the format string into the result stritigyn replace each
of the format characters with paiof the number. See "formstrings"” in the main text

If the output file is not specified, then the standard output file is used.

procedure writere(var f: text; real; fl: integer);
procedure writere(r: redl; integer);
procedurewritere(var f: &xt; r: real);
procedure writere(r: real);

Write realr to the "economy real” format to either the specified outpuf fite to the standard
output. The economy real format is explained inrsedes routines descriptions.

The versions with a fielfl fit the output tahefield usingstandardPascatules, including
negative fields.

If the output file is not specified, then the standard output file is used.

procedurewriteh([var f: text;] w: Icardinal[; fl: integer]);
procedure writeljyar f: text;] w: Icardinal fmt: string);

Write cardinalw to either the specified filg or the standard outpfite, usingthe hexadecimal
radix system. The versions with a figdldormat the number usirthe field using standard
Pascal rules for output using alfi. Negative(left justified) fields are also allowed.

Theversionswith afmt string copy the format string into the result strithgen replace each
of the format characters with parts of the number. See "fatmags" above.

procedurenriteo(var f: text;] w: lcardinal[; fl: integef);
procedure writedggar f: text;] w: Icardinaj fmt: string);

Write cardinal to either the specified filg or the standard outpfike, usingthe octalradix
system. The versions with a fidlidformat the nmber using thdield using standard Pascal
rules for output using a field. Negative (Ipfttified) fields are also allowed.

Theversionswith afmt string copy the format string into the result strithgen replace each
of the format characters witharts of the number. See "fornsiitings"” above.
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procedurewriteb(var f: text] w: Icardinal[; fl: integel]);

procedure writelj{zar f: text] w: Icardinal fmt: string);

Write cardinalw to either the specified filg or the standard outpfike, using the binaryradix
system. The versions with a fidlidformat the number using thiield using standard Pascal
rules for output using a field. Negative (Ipfttified) fields are also allowed.

Theversionswith afmt string copy the format string intbe result stringthen replace each
of the format characters with parts of the number. See "fatrags" above.

function intv(s:[p]string[; var ovf: boolean): integer;

Find valueof strings with default decimal format. The humber contained insthieg, in

valid Pascal signed number format, is parsed and the retlw@ed.The numbercanbe

signed. Leading and trailing spaces are ignored, but elx&tacters past a valid number result
in an error.

If the number is unsigned, and has a validxagiecifier, one of "$",&" or"%" prependedo

it, then that radix overrides the default decimal radi#hi¥ override effect is not desired, then
the number should be checked $oichradix specifications using index, and an error
generated.

Theverdonsof this call that feature thevf flag do not produce an errortiie number is too
large to convert, but instead set thd flag, andthentheresult is undefined.

function hexv(s{p]string[; var ovf: boolean): Icardinal

Find valueof strings with default hexadecimal format. The number containdderstring, in
valid Pascal signed number format, is parsedthedaluereturned.The number may not be
signed. Leading and trailing spaces are igndratextra characters past a valid numbsulte
in an error.

If the number has a valid radix specifier, one of "$", "&" or "Bt8pendedo it, thenthat
radix overrides the default hexadecimal radix. If this overmlfiect is not desired, then the
number should be checked for such radix spetifios using index, and an error generated.

Theversionsof this call that feature thevf flag do not produce an errortiie number is too
large to convert, but instead set thd flag, andthentheresult is undefined (and probably is
garbage).
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function octv(sip]string[; var ovf: boolea#n): Icardinal

Find valueof strings with default octal format. The number contained indtrng, in valid
Pascal signed number format, is parsed and the xetueed.The number may not be signed.
Leading and trailing spaces are ignored, but ectteacters past a valid number result in an
error.

If the number has a valid radix specifier, one of "$", "&" or "BtE&pendedo it, thenthat
radix overrides the default octal radix. If this overridieefis not desired, then the number
should be checked for such radpecificationaising index, and an error generated.

Theversionsof this call that feature thevf flag do not produce an errortiie number is too
large to convert, but instead se¢ thvf flag, andthentheresult is undefined (and probably is
garbage).

function binv(sp]string[; var ovf: boolean): Icardinal

Find valueof strings with default binary format. The number contained indtnang, in valid
Pascal signed numbfarmat, is parsed and the valieturned.The number may not be signed.
Leading and trailing spaces are ignored, but ectteacters past a valid number result in an
error.

If the number has a valid radix specifier, one of "$", "&" or "Bt&pendedo it, then that
radix overrides the default binary radix. If this override effectot desired, then the number
should be checked for such radpecificationaising index, and an error generated.

Theversionsof this call that feature thevf flag do not poduce an error ithe number is too
large to convert, but insae set thevf flag, andthentheresult is undefined (and probably is
garbage).

function realv(s{p]string): real;
Find value of real number strirgy The string must contain a valid Paddoamatreal number.
Leading and trailing spaces are ignored, but extra charaetsta valid number result in an
error.
procedure openstring;
Causes a new string block level to be created. All strings that were dynarallcadbted
within strlib will be recorded within the new block, adisposedf automatically on
closestring. Note that there is a limit of 100 strings thatoeaallocated per block.
procedure closestring;
Removes the current string block leveachstringthatwasallocatedandrecordedn the
current block is disposed of, and the surrounding string bibitlexists, is restored. All

strlib dynamic allocations will then recordedn that block.

It is an error if no block exists to close.
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procedure exportstring(psting);

Removeghe indicated string completely from the current string block. Only tharent
block is searched. It is only possible to export a string from the blegscreated in. If the
string does not exist in the current block, no eresults

procedure upstring(pstring);

Moves the indicated stringgfrom the current block to the surrounding blo€ke string is
removed from the current block, and recorded in the surrounding lfidaixists. If the
string does not exist in the currdiibck, or asurrounding block does not exist, no error
results. If the surrounding block is full, arror results.

procedure subgt][all](var s: $ring; m: string; r:string);
function subgt][all](s: [p]string; m: [p]string;r: [p]string): pstring;

Substitutesa string within another string. The source stisrig searched fathe match string
m. If found, the match string is removed, dahdreplacemenstringr takesits place. The
string lengths and positions are readjustecfoyr size differencbetween the match and
replacement string3.he final string is either returned in the strggor returned as the result.

Several variations exist. The matching process can be case sensitive, onaohdisubst
calls, only the first match is repled. In the "all" variationsall matching substrings are
replaced. Replacement strings aatsearchedn the "all" variations. The match process skips
over the replacement string.
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E Annex E: Terminal Interface Library

Standard 1S(185 Pascal uses an I/O paradigm that is serial, or coorectlycalled"line oriented".
Each line is built up in sections, then output tolt@edevice with an appended "end of line". The end
of line causeghecurrentline to be completed, and thexténe begins.

The next level of paradigm is the presentation of lines onto a 2d text surface. This can simply be an
emul ation of the serial only system or dAvirtual
The next step is to allow full adessing of the 2d surface and allowing text to be placed anywhere

within that surface. To this is added colors, different text presentation modes, and finally advanced,
multiple device input.

trmlib starts inserlib compatible mode, then allows the pragreo move to a full addressable

surface without automatic scrolling. In advanced mode, trmlib emulates a infinite virtual surface where
the terminal exists as a window clipped to the origin. This is the most consistent model of such a
surface.

Becausdrmlib overrides the interface between the program and the operating system it runs on, all of
the ISO 7185 defined serial I/O works compatibly tottimelib presented surface. It is also modal,
meaning that changes to character modes affect all furthert cotihe terminal.

trmlib introduces the concept that several devices can be used for input at the same time. The normal
user keyboard is supplemented by a mouse, timers and a joystick. These are all implemented via a
general event concept, which unifibe input and removes the need to poll multiple devices.

trmlib gives a set of logical events for common corkeis from the keyboard that allow the
program to avoid direct recognision of implementation dependent key codes.

In addition to the defaultrpsentation surfacé;mlib is capable of switching between multiple display
surfaces. This capability has several uses.

E.1 Standard Output

To write datato thetrmlib screen, ordinary Pascal write calls are usedrite statement places each
character on the screen, then maescursorto the right, obeying any automatic line wrapping. If a
writeln is called, then theursor is returned to the left side of the screen, one line down. If thef end
theline is reached, ad automatic scrolling is enabled, then the screerswilll upwards.

Thepage procedure, which causes a printerntove to the next (blank) page.emulatedy blanking
the screen, then placing the cursor at the upper left handcorner of the screen.

E.2 Basic Cursor Positioning

The cursor is the point where texeisteredontothe screenlts usuallymarkedwith a blinking block
or underline. To move the cursor one charactedapn, left or right, the up, down, left and right
procedures are usetio move the cursoranywhereon the screen, theursor call is used. To find out
wherethe cursor currently is, the functions curx and cury return the currentk@atdinates of it.

Thecharacter cells on the screen are labeled from 1 to N, where i xatke left side of the screen,
and N is the right side of the screen. In ylts the top of the screen, and N at the bottom of the
screen.
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Theactualsize of the screen is system specific, and can be fountalzgx andmaxy, which return
the maximumindex in x and y for the screen. Wheteaminalis emulated in a windowing system, it
usually by default 25 lines of 80 characters each, because that was a very common size in terminals.

E.3 Automatic Mode

Automatic mode is the mode that causeslib to scroll upwards when thmttomof the screen is
reached, and agoln is written. Also, line wrap, or the wrapping of characters back to the left at the
next line if text is written oftheright hand side, is an automatic mode. The automatic modefisl us
for emulating serial mode programs, but rapidly gets in the way for advanced programs.

Automatic mode can be turned off with auto. Turréngo off converts (omctually, reveals) the
screen as a character surface that goes-nmemint to +maxint irboth x and y, and has its origin at
1,1, and the screenas'viewport" on this surface that extends from 1,1 to maxx, maxy. Text can be
drawn anywherdncluding off screen, but the characters outside of the Iyfaiox, maxybox will not
beseenand ae "clipped out" of view. It can be determined if thesor lies within the screen's
bounds by curbnd.

The "virtual screen" that appears with auto off may seem straffiget,dtutit's a good match for
today's windowing environments. Text can be drawthout worrying if it will cause the line to wrap,
or the screen to scrolAnd if aline of text happens to extend off the screen, that does not cause an
error.

E.4 Tabbing

trmlib will keep track of tabs set in x, for any character position. Whatib starts, the tabs are set
to every 8th position on the screen, i.e., position9, 17, etc.

Outputting a tab characteiill cause the cursor to move to the next tab position on the line. If the
cursor is at a tab position, then it will move to tlextone Tabpositionscanbe set bysettab, and
cleared byrestab. clrtab clears all set tabs.

E.5 Scrolling

The screen can be scrolled by the scroll routine. Actuailpptementdruearbitraryscrolling. If the
x value given is positive, then the screen datalls up. If the x value is negatiibenthe screerdata
scrollsdown. Likewise, if the y value is positive, the screen data scrolls left, and ifétstive, the
screen data scrolls right. If either x or y is 0, then there mm@ment in thadirection.

E.6 Colors

Therearetwo colors to set for text. One is the foreground, and the otllee isackground. The
foreground is the color withithe characteitself. Thebackgrounds the spacebehind the character.
The possible colors are chodeom the two sets of primary colors:

type color = (black, white, red, green, blue, cyan, yellow,
magenta);

Characters are written in the currently set foregramtbackgrounctolors.The foreground color is
set byfcolor, and the background color bgolor.
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Thecurrentbackgrounctolor is also used to set the color of any blankedhmedas caused by other
commands. Foexample the pageprocedureclearsthe screerto the background color. Scrolls, either
programmer selected or automatic, use the backgroalndfor any uncovered areas that are blanked
out.

For a program to be flexible, it should not rely on the fact that any than2 colors, black and white,
are available.

E.7 Attributes
trmlib provides many attribute controls, each of which casviieched on or offndividually.
reverse

Enables reverse video.
underline

Underlines each character.
superscript

Gives a smaller and higher character for subscripting.
subscript

Gives a smaller and lower character for superscripting.
italic

Prints in italic or slanted characters.

bold

Prints in extra dark, or bold characters.
Strikeout

Prints characters with a horizontal bar through them.
blink

Blinks each character on and off.

For programs to maintain portability, it is recommended the programmeassumewo things.First,
that only a single attribute at one time can beTd&t would mean that setting a second attribute after
a first one is setyould cause the first attribute to be unset.

Seconddon't assume that any one peutar attribute is available. Many olderminals did not have
more than one or two attributes. Superscephbscriptjtalic and strikeout were rare in standalone
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terminals. Superscript, subscrifglic and bold are rare today on graphical windowiygtems
because they alttihe geometryof the characters such that it is difficult or impossible to emulate a
character cell in such a system. blink is also rare in graptystemsecause of the computational
work required.

Forthis reason, there isgeneral mode, standt, that can be enabled oralided just like an attribute.
What standout dods enable an attribute the teinal doeshave,sothatthe program does not have to
select a specific attribute.

E.8 Multiple Surface Buffering

trmlib implements up to 10 logical screens in buffers. Thasaspy of thecharacter®nthescreen,
savedn a buffer of the same size as the scréegical buffers have many useédultiple screengan
be kept,andquickly switchedto the user. A program,Ke an editor, that wants to save the scieeeit
was before it started, can switch away to a second screen tondwk{shen switch back to the
original screen to restore its contents. Buffers can also be used to accomplish animation.

The select proahure sets both the current screen to be displayed, anthawreerthat updates are
to go to. Whernirmlib starts, these are both set to saene screen, number 1. Any screen can be
selected, from 1 to 10, and the disptayeerandthe update screenmrcde different. If the update
screen is not thene in display, then all of the write statements will pleltaractersn the buffer, but
not on screen. This "split mode" is typically used for animation.

E.9 Advanced Input

trmlib implementsanadvancedutput model that is upward compatible with thé serial model.
Similarly, an advanced input modelasoimplementedhatmeets the needs of newer systems.

Today'sprogramshaveto deal with multiple input devices, not just the keyboard. Devicesdaciu
mouse, a joystick, timers, antherfuture devices.The standardnethod on small computers was to

poll for such devices, or accapterrupts from them. The difficulty with those solutions was that these
methodddid not fit well with modern multitaskg systems.

Onemethod would be to use a multitask thread per device. However, this complicates small programs
unnecessarily. The common solution todaleients”,andthe"eventloop”. The event model takes
advantage of the fact that user indaticesdon't generate a lot of high bandwidth data. Ez#dhe
devicesattachedo the input from the user have their data packaged as "messages"arkelsohall

records, which are the description of the event. These events apdbedin aqueueand the

program pulls the events, one at a time, frongtheue and acts on them.

The description of an event record is:
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const maxtim = 10; { maximum number of timers available }

type

joyhan = 1..4; { joystick handles }

joynum = 0..4; { number of joysticks }

j oybut = 1..4; { joystick buttons }

joybtn = 0..4; { joystick humber of buttons }
joyaxn = 0..3; { joystick axies }

mounum = 0..4; { number of mice }
mouhan = 1..4; { mouse handles }

moubut = 1..4; { mouse buttons }

timhan = 1..maxtim; { timer handle }

fun ky =1..100; { function keys }

{events}

evtcod = (etchar, { ANSI character returned }
etup, {cursor up one line }
etdown, {down one line}
etleft, {left one character }
etright, {right one character }
etleftw, {left one word }
etrightw, {right one word }
ethome, {home of document}
ethomes, {home of screen }
ethomel, {home of line }
et end, {end ofdocument}
etends, {end of screen}
etendl, {end of line}
etscrl, { scroll left one character }
etscrr, { scroll right one character }
etscru, {scroll up one line }
etscrd, { scroll down one line }
etpagd, {page down}
etpagu, {page up}
ettab, {tab}
etenter, {enterline}
etinsert, {insert block }
etinsertl, { insert line }
etinsertt, { insert toggle }
etdel, {delete block }
etdell, {delete line}
etdelcf, { delete character forward }
etdelcb, { delete character backward }
etcopy, {copy block}
etcopyl, {copyline}
etcan, {cancel current operation }
etstop, { stop current operation }
etcont, { continue current operation }
etprint, { print document }
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etprintb, { print block }

etprints, { print screen }

etfun, {function key }

etmenu, {display menu }

etmouba, {mouse button assertion }
etmoubd, {mouse button deassertion }
etmoumov, { mouse move }

ettim, {timer matures }

etjoyba, {joystick button assertion }
etjoybd, {joystick button deassertion }
etjoymov, {joystick move }

etterm); {terminate program }

{ event record }
evtrec = record
case etype: evtcod of {eventtype}

{ ANSI character returned }
etchar: (char: char);

{ timer handle that matured }

ettim:  (timnum: timhan);
etmoumov: (mmoun: mouhan; { mouse number }
moupXx, moupy: integer); { mouse movement }
etmouba: (amoun: mouhan; { mouse handle }
amoubn: moubut); { button number }
etmoubd: (dmoun: mouhan; {mouse handle }
dmoubn: moubut); { button number }
etjoyba: (ajoyn: joyhan; {joystick number }
ajoybn: joybut); { button number }
etjoybd: (djoyn: joyhan; {joystick number }
djoybn: joybut); { button number }
etjoymov: (mjoyn: joyhan; { joystick number }

joypx, joypy, joypz: integer); { joystick
coordinates }

etfun: (fkey: funky); {function key }
etup, etdown, etleft, etright, etleftw, e trightw, ethome,
ethomes, ethomel, etend, etends, etendl, etscrl, etscrr,
etscru, etscrd, etpagd, etpagu, ettab, etenter, etinsert,
etinsertl, etinsertt, etdel, etdell, etdelcf, etdelcb, etcopy,
etcopyl, etcan, etstop, etcont, etpri nt, etprintb, etprints,
etmenu, etterm: (); { normal events }

{ end }
end;

The next event for the program is retrieved viaghent call. The basis of theventsystem is that
events must be retrieved often enough that the input gieasenot fill up. Thus, an "event model"
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program willbe centeredaroundthe event loop that gets the next event, acts on it, and returns to the
top for moreevents.

E.10 Timers

Timersallow atrmlib program to perform periodic eventsuch as screendgtesand keeping track

of time. From 1 to 10 timemreavailable humberedL..10.Eachtimeris given a time to measure, in

100 Microsecond counts (seetlib for more details). When the timer is done, it sends an event to the
eventqueue.

Timers can eithesimply stop when their time is done, or they can automatistdly timing their

original set time again. This is theecurrent'mode,andit's useful when an activity needs to be
performed periodically for the life dhe program. For example, updatithg screen on an active
program, orcheckingwhen to update a clock display.

Timersaresethy timer. A timer can be stopped or "killed" Willtimer. Killing a timer that is not
active will not generate agrror. This allowsasingleruntimerto bekilled without worrying if it will
time out during theall.

It is important to understand that due to the queuing nature ef/émsystemthereis no guarantee
about the accuracy of a timer. It can arrive |#ten its set time. If the program iddagetting back to
the event queue, or imisywith other events that occur before the timer, receipt of the timer eaant
be very late. All that receiving a timer event doetelisyou thatthetime it measures has passed.

An exampleof what this measis the display of a clock, using teetlib time call. If we set a
recurrent timer to go off on every second, the progghauldNOT simply advancdhe secondn each
timer event. Instead, the timer evehbuld tell the program to read time to deterniiitiee second has
changed, and/hat value it currently has.

E.11 Mouse

Themouse gives a position x,y on the screen, as well as from 1 to 4 buttibnd amouse actually

gives its position as relative movements iandy, butthe system converts this tseareen position for

you. Its possible to have frotto 4 mice, and the function mouse returns the number of mice attached
to thesystem.

Mice generataéwo eventsFirst, when the mouse moves, it generates positianges via the
etmoumov event. The prgram does not have to worapoutwhereit is going. Each time the
position changes, a new X, y position is posted avant.

The second event generated by a mouse is mouse button asserts and daassatis,and
etmoubd. An "assert" means a presstiof button, and a "deassert'thie release of the button. Note
that instead of an on/off status check as pdiethe programtheassert and deassert events give
exact notice of when theutton changes state, and what it is changing to.

When there is wre than one mouse per systéng default behavior should betreatthemas
separatebut equal controls on the screen from the same W4sgn a mouse moves or changes button
state, it gets control of the program. Thiatcheghecommon use ofmultiple pointing deices, where
two devices are @rnated by one user. For example, a trackimallaamouse may be just twidferent
input methods from one user.
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Alternately,a second mouse can actually be a remote mouse over a netwotkollhlsordive
computing” model allows two users to look at saenedocumentwith separate mice.

E.12 Joysticks

FromO to 4 joysticks may be supported. Eagysjack can have from 0 to 3 "ag" of directions of
travel. In addition, each joystick can have 0 to 4 msttdhe function joystick returns the number of
joysticks in the systeni.he function joyaxis gives the number of axes on a given joystick. The
functionjoybutton gives the number of buttons on a given joystick.

Themessagestjoyba or joystick button asst, andetjoybd or joystick buttordeassert, give events
for the assertion and deassertion of the buttons on a joyétledmany axis on a joystick moves, it
generates atjoymov, or joystickmovement, event. This event gives the relative setting ofaeash
of thejoystick.

Unlike a mouse, a joystick is entirely relative. Each axis is representedibigger. If the axis is not
implemented it always reads 0. If theisis deflectedeft, up or in, depending on the type of axis, then
it is negativelf it is right, down, or out, it is positivd he axis is determined in iggnountof

deflection. If it is in the middle, it is 0. If it is deflected to the maximum, ih&xint, with the sign
giving the direction.

By convention, the axes on a joystite:

1. Left/right, or slider.
2. Up/down
3. In/out

Joysticks are "rate limited" devices. This means thahatberhow fastthejoystickis "slewed", it will
only produce an event about every 10 millisecatdeaximum rate. The reason for this is that
humanscannotgenerallyperceiveeventdike movement of a pointer across the screen at a faster rate
than thisso there is no point in updating faster than that, and flooding theduentqueue.

E.13 Function Keys

Thesystemmay have from 0 to 100 function keyghich are keys whose functi@ame determined by
the program. The number of function keys implemented are fwithdunkey. Function key messages
are sent by the message etfun.

E.14 Terminal objects

All of the procedures, functions and other declaratiorienmib are also available in a terminal object.
of the form:

Class terminal;

var input, output: text; { input and output files for this screen }
er: evtrec; {event record }

{ procedures and functions from trmlib }
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The complete catalog pfocedures and functions from trmlib are available as methods in the terminal
class.There are minor differences, which are detailed with the procedure and function descriptions in
E.16

When a terminallgectisi nst anti ated, itds input and output
standardnput andoutput files of the program. Thus, where specifying the input andubdilps in

trmlib procedures and functions is optional, in methods of the terminal object theseudiesotbe
specified.

The input and output filegsed by the terminal object are made available as class members input and
output. This allows them tioe used in nomethod procedures (such as read and write).

A terminal object also contains an event record, so it is not necessary to specify an external event
record in theevent procedure.

A terminal object can be created as follows:
program p;
joins  trmlib;
var ti: instance of trmlib.  terminal;
begin
ti.nome; { send cursor to home position }
writeln(ti.output, 6hel | o, ter mi nal worl dé) ;

repeat { event loop }

ti.event; { get next event }
{ process events }

until ti.event = e tterm  {loop until program cancelled }
end.
Whereterminal is the terminal objecTerminal objects can be instantiated statically or dynamically.
Terminal objects contain their own state for the following:
Location of cursor.
Current attributes ancblors.
Buffer working/display status.

Tab stops.
Timer numbers.

S

However, each terminal object gets the complete state of the moalib when it is created.

Having each terminal object possess its own state means that each object can be writing to its own
section of the screen in its own mode . Each
this must be specifically selected using $teéect procedure.
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When multiple terminal objects exist, and all have the cursor visibility on, the cursor will remain at the
last place it was specifically directed to. This can mean that the cursoapidly appear to swap back
and forth between the active dragiterminal objects. This can be improved by only selecting one of
the terminal objects as having a visible cur3gpically, a the cursor should be placed to attract user
attention to where text is being entered, or if none is being entered, it shautddxzoff.

E.15 Exceptions

The following exceptions are generatedrimlib:

TooManyFlles The total number of open files possible was exceeded.
NoJoyStick No joystick access was available.

NoTimer No timer access was available.

ToManyTimers Thetotal number of timers available was exceeded.
CannotPerformSpecial Cannot perform operation on specialfile.
FilenameEmpty Filename specified was empty.
InvalidScreenNumber Screen number specified was invalid.
InvalidHandle An invalid handle was sp#ied.

InvalidTab An invalid tab position was specified.
CannotCreateScreenBuffer Cannot create a buffer for the screen.
CannotQueryJoystick Could not get information on joystick.
InvalidJoystickHandle Invalid handle specified for joystick.
InvalidTimerHandle Invalid handle specified for timer.

trmlib establishes a series of exception handlers for each of the above exceptions during startup.
Exceptions not handled by a client prograntrailib will go back totrmlib, then print a message
specific to he error, then the general exception will be thrown.

Not all procedures and functions throw all exceptions. See each procedure or function description for a
list of exceptions thrown. A client @fmlib need only capture the exceptions occurring in the
procedure or function that is called.

E.16 Procedures, functions and methods in trmlib

For all of the following calls, If the screen filés not present, the default is the standard input or
output file. If the procedure or function is a method, neitherrtpetinor output screen file should be
specified, since it is inherent in the object.
procedure cursor(Jvar f: text;] x, y: integer);

Set cursor locatiofor output surface filé in x andy.
function maxx[(var f: text)]: integer;

Find maximum screen locationin output surface filé.

function maxy(var f: text): integer;

Find maximum screen locatignn output surface filé.
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procedure honjévar f: text);
Send cursor to 1,1 location (upper left of scréemutput surfacéile f.
procedure dé{var f: text];

Backup cursorby one characten output surface filé, and erase character at that location. If
thecursor is at the left side of the screen, and automatic mode is on, thevalireermoved

up one line, and tthe right of screen. If the cursor is at thp of the screen, extreme left,
then the screen will be scrolled down one leng] the cursor moves to the right side of the
screen.

procedure uffvar f: text};
Move cursor up one linie output surface e f. If the cursor is already at the top line, and
automaticmode is on, the screen will be scrolled down, and the cursor remains at the same
position.

procedure dowvar f: text];
Move cursor down one lina output surface filé. If the cursor is laeady at the bottom line,
and automatic mode is on, the screen will be scrolled up, amdith@remainsatthe same
position.

procedure lef(var f: text];
Backup cursorby onecharactein output surface filé. If the cursor is at the left sidé the
screen, and automatic mode is on, the cursor will be moved up onanite theright of
screen. If the cursor is at the top of the screen, left, thestthen will be scrolled down one
line, and the cursor moves to the right sidéhefscreen.

procedure righ{var f: text];
Move forward by one charactir output surface filé. If the cursor is at the right side of the
screenand automatic mode is on, the cursor will be moved dowrilm@endto theleft of
screenlf the cursor is athe bottom of the screen, right, then steeen will be scrolled up one
line, and the cursor moves to tled sideof the screen.

procedure blinKivar f: text] e: boolean);

If e is true, @ausesall further characters written to the screen to appelalirnking textin
output surface fild.

procedure reversgfar f: text] e: boolean);

If e is true,causes all further characters written to the screen to appear in reverseotéput
surface filef.
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procedure underlinpfar f: text] e: boolean);

If e is true,causes all further characters written to sheeerto appeatin underlinedextin
output surface fild.

procedure superscriptar f: text] e: boolean);

If e is true,causesll furthercharactersvritten to the screen to appear in stgeripttextin
output surface fild.

procedure subscrigt(ar f: text] e: boolean);

If e is true,causes all further characters written to the screen to appear in subsciipt text
output surface fild.

procedure italidfvar f: text] e: boolean);

If e is true,causes all further characters written to the screen to appear in italic texput
surface filef.

procedure boldyar f: text] e: boolean);

If e is true,causes all further characters written to the screen to appear in bdld dexput
surface filef.

procedure strikeoytar f: text] e: boolean);

If e is true,causes all further characters written to the screen to appear in strikedut text
output surface filé.

procedure standodit@r f: text e: boolean);

If e is true, causes all further characters written to the screen to appear in stendout
output surface filé. Standout is assigned to the first mode possible from the following order:

Reverse.
Underline.
Bold

[talic.
Strikeout.
Blink.

If none of thosenodes are available, standout is aopo
procedure fcolofgar f: text] c: color);

Sets the foreground, or text color, to the calam output surface filé.
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procedure bcolofyar f: text] c: color);
Sets the background, or space color, to the anloroutput surface filé.
procedure autyar f: text] e: boolean);
Turns automatic mode on or p#fccording ta in output surface filé.
procedure curvigyar f: text] e: boolean);
Turns cursowisibility on or off, according tae in output surface filé.

procedure scrollyar f: text] x, y: integer);

Scroll inarbitrarydirections. The screen is scrolled according to the differenceariay.
Uncovered areas on the screen appear indhent backgroundolor.

function curf(var f: text): integer;

Find the current x location of the curdonroutput surface filé.
function cury(var f: text): integer;

Find the current y location of the curdonroutput surface filé.
function cubnd(var f: text]: boolean;

Checkcursorin boundsReturnstrueif the cursor is currently within thHeounds of the screen
in output surface filé.

procedure seledtfar f: text] u, d: integer);
Select buffer to update and display. Selects the active buffer for updatedisplayd in
output surface filé. The update buffer will receive the result of all writes. The displdier
will be shown on screen.

procedure event[([var f: text;] var:eevtrec)];

Get next event. Retrieves the next event from the input dugmethe terminal input filé to
event recorcr. If thereis no event ready, the program will wait.

Notethatspecificationof the event record is optional only for the termiclassmethod
procedure timefgar f: text] i: timhan; t: integer; r: boolean);
Set timer activén output surface filé. The timeri will be set to run for time. If the repeat

flag r is set, then the timer will automatically repeat when the time expires.tifribeis
already in use, then it will cease its current timing, and perfoemew time.
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procedure killtimedfvar f: text] i: timhan);

Stop timerin output surface filé. Stops the timet. If the timer is not active, no error is
reported.

function mousKvar f: text]: mounum;

Returnsthe number of mice in output surface file
function mousebuttofNar f: text] m: mouhan): moubut;

Returns the number of buttons ogigen mousen in output surface filé.
function joystick(var f: text}: joynum;

Returns the number of joysticks in the systarautput surface fild.
function joybuttonfvar f: text] j: joyhan): joybtn;

Returns the number of buttons on the given joystinkoutput surface filé.
function joyaxis[var f: text] j: joyhan): joyaxn;

Returns the number of axes on the given joygtinkoutput surface fild.
procedure settapfar f: text] t: integer);

Set new tab. Sets a new tab locatiohiatoutput surface fild.
procedure restapfar f: text] t: integer);

Reset tab. Removes the tab at locationoutput surface filé. If there is not a tab set there, it
is not an error.

procedure clrtafgvar f: text);
Clear all tabs. All tabs are removed from the tabbing tabdeitput surface filé.
function funkey(var f: text]: funky;
Returns the number of function keys availableutput surface filé.
function frametimer([var f: text;] éoolean);
Enables or disables the framing tinreoutput surface filé. If e is true, the frame timer is
enabled, otherwise disabled. The frame timer gives frame timer events, which occur

approximately on each refresh of the display screen. It may be tied to the refresh hardware, or
may be simulated via a timer.
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procedure autohd([var f: text;] e: boolean);

Sets the state of automatic hatdoutput surface filé. If e is true, autohold is enabled,
otherwise disabled. Autohold determines if the window will exit immediately if the program
self terminates. If an exit was not ordé via the user interface, the display is held until it is.

procedure wrtstr([var f: text;] s: string);

Writes the string directly to the output surface fife No control character interpretation is

done.This procedure is used to perform efficienttas to the display surface without per
character overhead.

It is an error to call this routine when auto is enabled.
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F Annex F: Graphical Interface Library

The graphical librargralib extends thérmlib model by adding graphicalutputprocedures.

Since it is completely upward compatible with trmlib, and standard 1ISO s&r&8output modes, any
program from standard Beal, or trmlib compliant Padazge will run under gralib. Even in the most
advanced modes of gralibrdinaryPascalwvrite statements can still be used to output text, so all of the
outputformatting procedures you are used to will still work.

gralib will handle any graphics task. Besides drawing features, it supports double page animation.
Combined with theound library sndlib, full graphical gamase possible.

F.1 Terminal model

gralib emulates trmlib by setting up a "character grid" acrosgitetbasedscreenEach "cell" on the

grid matches the pixel height and width of a character. The charactes $ento a fixed font by
defaultwhengralib starts.This gives every character in the font the same height and vitally, the

text drawing mode is set such that both the foreground (the inside afdtectersandthe

background (the space behith@ characters) are drawn, overwriting any content of each character cell
as it is written.

This mode can be kept, while drawing other figurethe@sametext surface Alternately,the cursor
canbe set to any arbitrary pixel on the screen,tartiwritten anywhere, down to the pixel. Also, the
font canbe changedo a proportionalonefor amorepleasing look. Because automatic mode relies on
characters being neatly placed on the grid, it musttmedoff beforethecursor leaves the grid or
becomes aonfixed font.

F.2 Graphics Coordinates

Thetotal size of the graphics screen is found by maxxg and maxyg, which treeumaximum pixel
index in x and y. The pixel coordinates on the screen areXrbto maxxg(f), maxyg(f). The cursor
can be set to arpixel position by cursorg(f, X, y). The current location of the cursor in pexaisis
foundby curxg and curyg.

F.3 Character Drawing

Therecan be any number of fonts available on the system, including bothdixeéghyroportional fonts
that vary in thevidth of characters. The number of foirighe system can be found with the font
function. Fonts are chosen by logicaimber with font(f, c), where c is the font codeo font. Of
courseyou don'tknowwhat font each code standards for. There arentethods. The firgs the
standard font codes. Standard fonts are numbers for commsrdfontsin the system. These are just
commonly available fonts the program may need.

Font 1: Terminal Font

Thisis the default font set up by gralib when it stdlitts.a fixed font. ltalso cannot be
superscripted, subscripted, bold or italic, becdlnesemodeschange the size of the font.

Font 2: Book Font
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Thisfont hasserifs,and is good for general purpose text such as whapdnégraph is written
in. This is the most common proportional font.

Font 3: Sign Font

This font has no serifs (sans serif), and is best for headings, titles and sgegétrgets its
name from the road and other signs it is used on. p‘e@ortional font.

Font 4:Technical Font

The technical font is a fixed font that is guaranteed to be able to scaleathargrysize.

This font is used to label drawings and engineering docunteftsre the technology existed
to create arbitrary fonts in any positze,thetechnicalfont was done with stroked vector
graphics. Now, it is more likely the equivalent to the sign font.

Beyond the standard fonts, the name of an installed font can beldgémat- nam(f,fc, fns), where fc

is the font code, 1 to font, and fngums the descriptive string for the font, like "Helvetica" or similar.
It isn't reallyintended that the program try to match font name strings against font stringhifsom
call. Rather, the application should use stendardonts by default,thenpresentthe system fonts, by
name to the user, and let them choose ortlesoh.

The size of each character is set by fontsiz(f, n), where n is the heighfaftiepixels. The reason
character sizes are set by their height is beganggmrtional fontsary in the width of the character.
The height nevevaries.The current height of the font is found by chrsizy. Its width is found with

chrsizx. Of course, we just got though saying that fonts hagtandardvidth! When a proportional

font is active, crsizx returns the width of a space in thatt, which is always as wide or wider than
the widest character in that font.

Besides the basic font, extra space can be added between lines (krimadiag" in typography, for
the lead strips used betwetype lines) with chrspcy(f). n is the number of pixels of extra space to
add between line&xtraspacebetweercharacters is added with chrspex(f, n), where n is the number
of pixelsof extra space to add between characters.

The graphical cursor is@ted at the upper left of the charadtex for the nextcharacteto be drawn.
Often, we need to know exactly where the charaetiérest if drawn on a line. The offset frothe

top of thecharacteboxto the baseline of the text is found with the ftiog baseline.

In typographyfonts and characters are measured by points, of which the28.86epoints per
centimeter. Point measurement implies that you ktiheexactsize of objects drawn on the screen.
This can be determined by the functions d@ng dpmy, which return the "dots per meter" or pixels
in one meter for both and y. The reason it can be two different measures for the two different axes is
that the display may not have square pixels or a 1.1 aspect ratio.

To find a given point size iterms of the hght needed for theharacterit is found by:
dpmy/2835*point size

The screen aspect ratio can also be found from these calls, it is:

dpmx/dpmy
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F.4 String Sizes and Kerning

Whenwriting text to the screen in proportiorfaht, we often ned to know eactly how much space
the string will take up on the screen, downhepixel. This amountof space can change not only
because of the variable width of proportional fonts, but also because of an effect called "kerning".
Whena stringof characters is draw together, the system can apply "kerning" to chara¢hersinng.
Kerning means to fit the individual letteisgetherike puzzlepiecesto come up with a tighter
spacing thais normally possible-or exanple, "A" and "V" togetheas "AV" can typically be kerned
together to takéessspacebecauseéhey can overlap. To find the exact number of pixels in x that a
string will occupy, the function strsiz(f, s) is used, wheistke string. The sizeof the string in y does
not changeand can be found with chrsizy. Tind the exact position, in pixels offset from the
beginning of the string in xaf agiven character, use chrpos(f, s, n), where s is the string, and n is the
index of the character you want the x offset of.

F.5 Justification

Justification is the spreading of spacingtigh a string of charactersfibagiven space. You can find
out if the string will fit into the space with strsiz(f, s), and checking if the resulting pixels required are
less than oequalto the space they will occupy as justified. The character string is writtgrsiified

mode with writejust(f, s, n), where s is the string to write, andheisumberof pixels to fit it in. If

the number of pixels allowed for is netiough, the string Wibe larger than the requested numfer.

find the offset,in x, of a given justified character, use justpos(f, s, p, n), wherthe &ring, p is the

offset of the character you are interested in, and n i@thkenumber of pixels to fit the string, as in
writejust.

F.6 Effects

gralib expands the effects in trmlib a bit. For smaller character baselinesnaemsed(f, b). For
larger character baselines, use extended(f, b).

In addition to normal dd, therearealsolight(f, b), xlight(f, b), andxbold(f, b) effects. for lighter than
normal, extra light, and extra bold modes.

Characters can have an embossed look with hollow(f, b) and raiseth@|lb)v makesthe character
look sunken, and raised makes it look as if coming ofptge.

F.7 Tabs

gralib extends the character level of tabbing in trmlib with procedures thaettabson anindividual
pixel. settabg(fx) sets a tab at the pixel pestabg(f, X) resets the tab at pixel x. The trmlib procedure
clrtab(f) clearsall tabs, including pixdevel tabs.

F.8 Colors

Thesimpleeight colors from trmlib are still available, but there are two oale that let you get

access to the full range of col@sadvancedyraphicsystemprovidesfcolorg(f, r, g, b) sets the
foreground color from valued red r, green g, and blue b. Similarly, bcolorg(f, r, g, b) &es
backgroundcolor from rgb values. The values of the colors are ratioed. This means that instead of an
absolute number, the possible colors are ratioed freom@xint,where 0 is darkand maxint is

saturated color. Color ratios allow the true color range implemented by the system to be hidden.
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