







































































































































































































































































































































































































































































































































































8.2.6 RETURN

The RETURN part of an SF expression causes transfer of control to
the beginning of an SF expression, as described in Subsection 8.1. An optional
UNTIL part allows the programmer to limit the number of possible iterations;

for example,

["c", J:=0; [["A" ELSE "D"], RETURN UNTIL (J :=J + 1) = 10 ELSE "R"]]

The syntax of the RETURN part is defined below.

SYMBOL FORMAT RETRN;

["RETURN", ["START" ELSE NIL], ["UNTIL", *BEXP ELSE NIL]]

BEXP represents an SF identifier which defines the syntax of Boolean
expressions. When the UNTIL option is used in the RETURN part of the SF
expression, transfer of control will continue until the value of the

Boolean expression is TRUE.

8.2.7 The SWITCH Option

When the first components of a series of alternative rules in an
SF expression are all consecutively numbered terminal components, and when
the number of alternative rules is relatively large, the scanning speed can
be substantially increased by using the SWITCH option. The SWITCH option
is effected by placing the word SWITCH immediately after the [ in the SF
expression. The code generated is similar to that produced by the declara-
tion of an ALGOL switch although the meaning of the remainder of the SF
expression remains unchanged. For example, if LABELID, REALID, and INTID
represent class numbers of label and real and integer variable identifiers,

respectively, then
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SYMBOL FORMAT STMT;
[SWITCH

LABELID: LABELR; ":", RETURN ELSE
REALID*INTID: VARIABLE(FS) ELSE
"WHILE", WHILESTMT ELSE
"DO", DOSTMT ELSE
"FOR", FORSTMT ELSE
"READ'", READSTMT ELSE

"WRITE", WRITESTMT]

indicates how a subset of labeled ALGOL statements might be scanned. Any
resemblance between STMT and the STMT procedure of the B 5500 ALGOL com-

piler is not coincidental.

8.2.8 The Error Message Option

If the delayed getnext option (paragraph 8.2.1) is used, the colon
following the terminal component may be followed by a number or by a state-
ment preceded by an asterisk for the purpose of generating an error message
if the terminal symbol is not matched. If a number is given, there will be
an implicit call on an error message procedure supplied by the programmer

with that number as its argument. For example, given the procedure

PROCEDURE ERR(X); VALUE X; REAL X;

PRINT #ERROR NUMBER # X

the SF expressions

L"(", *AEXP, ")": 104;]

["(", *AEXP, ")": *PRINT #MISSING )#;]
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would generate the following error messages if the '")" were missing from

the input text:

ERROR NUMBER 104

MISSING )

8.2.9 Syntax and Semantics of SYMBOL FORMAT Expressions

The complete syntax of SF expressions is defined by the following SF

declarations:

SYMBOL FORMAT SFEXP; ["[", *SFXP];
SYMBOL FORMAT SFXP; [['"SWITCH" ELSE NIL], *SFX];
SYMBOL FORMAT SFX;
BEGIN
LABEL L;
[[*TERMINAL, [":", [LITNO ELSE '"*", *STMT ELSE *STMT],
";"  RETURN START ELSE
GO TO L] ELSE
["*", *BEXP ELSE "NIL'" ELSE "[", *SFXP],
L: [",", RETURN START ELSE NIL] ELSE
["RETURN", ["START" ELSE NIL],
["UNTIL", *BEXP ELSE NIL] ELSE
LABELID, ":", RETURN START ELSE
*STMT], [";", RETURN START ELSE NIL],
["ELSE", RETURN START ELSE"]"]]

END

The SF identifiers TERMINAL, BEXP, and STMT are intended to match terminal

components (paragraph 8.2.1), Boolean expressions and statements, respectively.
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The identifier LITNO represents the class number of an unsigned integer,
and LABELID represents the class number of label identifiers.

The value assigned to an SF identifier is TRUE if one of the alter-
native rules in the SF expressions is satisfied, and is FALSE otherwise.
The actual REAL equivalent of these Boolean values can be one of three

values as indicated in the table below.

Value of SF identifier Equivalent Value Meaning
TRUE Boolean (1) syntax OK
FALSE : Boolean (0) syntax not satisfied;

getnext procedure not called
FALSE Boolean (2) syntax not satisfied;
getnext procedure called
As an example of how the two different "FALSE" values can arise, consider
the declaration of the SF identifier TERMINAL given in paragraph 8.2.1.
If the class number of the current input symbol does not match the class
numbers assigned to LITNO, quote, or period, then the value of TERMINAL
will be BOOLEAN (0) (FALSE); however, if period is matched and REALID is
not matched then the value of TERMINAL will be BOOLEAN (2) (also FALSE),
since a call on the getmnext procedure occurred after matching the period.
The two different FALSE values of an SF identifier can make a difference
in the evaluation of an SF expression in which it appears. For example,
referring to the declaration of SFX given above, if the value of TERMINAL
is BOOLEAN (0), then the getnext procedure has not been called, and it
makes sense to test the next two terminal components (* and [).
However, if the value of TERMINAL is BOOLEAN (2), the getnext proced-
ure has been called, and since the CGTL system provides no backtracking

facility, the current input symbol cannot be restored to its previous
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value, the remaining alternatives are not tested and the value of SFX will
be BOOLEAN (2).

In general, the following rule is used in testing the value of a non-
terminal component (an asterisk followed by a Boolean expression) in an
SF expression: If the value of the Boolean expression is TRUE (the REAL
equivalent is an odd number), the next component in the rule is tested.
If all of the components of a rule are satisfied, then the value of the
associated SF identifier will be BOOLEAN (1) (TRUE). If the REAL value
of the Boolean expression is zero and it is the first component of a rule,
then the first component of the next alternative rule following the ELSE
will be tested; if no alternative rules remain, then the value of the
associated SF identifier will be BOOLEAN (0) (since the getnext procedure
was not called.) In all other cases, including the failure of a ter-
minal component which is not the first component of a rule, the evalua-
tion of the SF expression is immediately halted, and the value of the

associated SF identifier will be set to BOOLEAN (2).

8.3 SYMBOL FORMAT DECLARATIONS
The syntax of SYMBOL FORMAT declarations is defined by the following

SYMBOL FORMAT declaration:

SYMBOL FORMAT SFDECLARATION;
["'SsYMBOL", "FORMAT", *IDENTIFIER,
[*FORMALPARAPART ELSE NIL], ";",

["BEGIN" ,*DECLARATIONS, *SFEXP, "END" ELSE *SFEXP]]

where IDENTIFIER matches the SF identifier to be declared, FORMALPARAPART

scans the formal parameter part of the declaration, such as might occur in
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a BOOLEAN procedure declaration, and DECLARATIONS scans a series of GTIL
declarations, separated by semicolons. SFEXP is defined in paragraph 8.2.9
above.

In addition, SYMBOL FORMAT formal parameter declarations are allowed;

for example,

PROCEDURE TEST(X); SYMBOL FORMAT X;
PRINT IF X THEN #SYNTAX OK# ELSE #SYNTAX ERROR#;
SYMBOL FORMAT LST(Y); SYMBOL FORMAT Y;

[*Y, [";", RETURN START ELSE NIL]]

TEST (SFD);

IF LST(SFD) THEN ....

The actual parameter corresponding to a SYMBOL FORMAT formal parameter
must be a SYMBOL FORMAT identifier which itself has no arguments (there
are no formal parameters specified in the SYMBOL FORMAT declaration).
SYMBOL FORMAT forward declarations have the same meaning and are
made in the same form as forward procedure declarations (paragraph 9-106,

Reference 4); for example,

SYMBOL FORMAT SFD; FORWARD;

SYMBOL FORMAT LST(Y); SYMBOL FORMAT Y; FORWARD;

8.4 SYMBOL FORMAT STATEMENTS
An SF expression may be used as a statement if a colon followed by a

label is placed immediately after the last 7]; for example,

["[", *SFXP, ":", LABELID] : SYNTAXERROR
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If a syntax error occurs during the execution of the SF expression, a
branch is made to the specified local label; otherwise, control continues in

sequence,

8.5 SYMBOL FORMAT AUXILIARY DECLARATIONS

All of the SYMBOL FORMAT auxiliary declarations must occur in the
outermost block of the program, and, with the exception of the trace
declaration (paragraph 8.5.5), must precede the declarations of SF iden-

tifiers.

8.5.1 Syntactic Class Declaration

The syntactic class declaration provides a convenient means of
assigning class numbers to the CDR fields of quoted atomic symbols, and to
previously undefined identifiers., Its effect is similar to the default
class assignment described in paragraph 8.2.1. The declaration has the
form

SYMBOL FORMAT * classdec

where classdec represents a sequence of constants, quoted atomic symbols,
and previously undefined identifiers. The syntax of classdec is defined

as follows:
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SYMBOL FORMAT CLASSDEC;
BEGIN
REAL FIELD CDRF [33:15];
REAL T, FIRST, LAST;
BOOLEAN FST, AST;
LABEL L;
[AST := FST := TRUE;
L: [LITNO: SFC := INREAL ELSE
. ATOMICSYMBOL:
IF T := CDRF (INSYM) = O THEN
BEGIN
IF AST THEN SFC := SFC + 1;
CDRF (INSYM) := SFC
END
ELSE
SFC :=T; """ ELSE
UNDEFINEDID: IF AST THEN SFC := SFC +1;
ENTER (DEFINEDID, SFC)],
IF FST THEN
BEGIN FST := FALSE; FIRST :=LAST := SFC END
ELSE
IF SFC < LAST THEN FLAG(670);
SFC :=LAST;
["" % "=": AST :=CLASS = (="*"); GO TO L ELSE
NIL],
PRINT #RANGE # FIRST # TO # LAST]

END
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The identifiers LITNO, ATOMICSYMBOL, INREAL, INSYM, and SFC have the same
meanings as defined for the SF declaration given in paragraph 8.2.1.
UNDEFINEDID is the class number qssigned to a previously undefined iden=~
tifier, and ENTER is assumed to be the name of a procedureywhich assigns
the class number DEFINEDID to the current symbol and places SFC in
additional info, linked through the CDR field. Note that the range of
syntactic class assignments is printed at the end of the declarationm.

The quantity placed in the CDR field bf the atomic symbol is the
number itself, and nota link to an atom representing the class number
(i.e., the class number is not represented as an atomic number). Thus, in
a GTL parsing program, the‘CDR field of an atomic symbol may contain two
different data types: a class number and a reference value. These two
data types are usually distinguished by their magnitude. One method of
obtaining the REAL value of the CDR field contents is the use of the CTSM

transfer function (see paragraph 6.15.1).
CTSM(sexp).[33:15]

where sexp represents a SYMBOL expression whose value should be an atomic
symbol. Another, sometimes more'convenient, method is the REAL valued

field designator (see paragraph 7.2.2); for example, given the field declaratio
REAL FIELD CDRF [33:15]

the value of the field designator
CDRF (sexp)

will be the REAL value contents of the CDR field.
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If it is assumed that the CDR field of an atomic symbol will not
be used to reference an atom, then the distinction between the two data
types can be easily made. The addresses 0 to 63 are reserved for the 64
single character atoms, so that the address of a quoted multi-character
atomic symbol (created at compile time) will be greater than 63. Each
multi-character atomic symbol requires two or more words. Thus, a safe
lower bound for the maximum class number is twice the number of atomic
symbols appearing in the program plus 63. In most cases, the range of
class values will be found to be adequate; if not, the address of the
first available record may be reset to one greater than the maximum class
number by means of the assignment statement described in paragraph 7.4.4.
The following example illustrates a possible method of class variable
assignment in the getnext procedure. The class variable is CLASS, and
the SYMBOL variable INFO is understood to be a reference to additional

information (including the class number).

IF CLASS := CDRF (INSYM) < CLASSMAX THEN
INFO := NIL
ELSE

CLASS := CLASSF (INFO := ATSM(CLASS))

where ATSM is the Arithmetic To SyMbol transfer function and CLASSF is a
field identifier referencing a predefined REAL-valued class field

(Section VII), and CLASSMAX is a defined identifier representing the

the maximum class number. If automatic storage reclamation is used, then
the maximum class number is limited to 63, since the LISP garbage collector

expects that all reference-valued LISP fields will contain an actual
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reference value. In most translator applications, however, atuomatic
storage reclamation has been found to be unnecessary, even in quite large

cases.

8.5.2 C(Class Variable Declaration

The programmer indicates to the GTL compiler which variable is to be

used as the class variable by the following declaration:

SYMBOL FORMAT * class variable

For example,

REAL CLASS; SYMBOL FORMAT * CLASS

The class variable must be of type REAL or INTEGER and must have been

previously declared.

8.5.3 Getnext Procedure Declaration

The programmer indicates to the GTIL compiler the name of the procedure

to be used as the getnext procedure by the following declaration:

SYMBOL FORMAT * getnext procedure

For example, using the procedure declared in Subsection 8.1,

SYMBOL FORMAT * GETNEXT

The getnext procedure must have been previously declared and must have

no formal parameters.
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8.5.4 Error Procedure

The programmer indicates to the GTIL compiler the name of the procedure

to be used to generate error messages with the following declaration:

SYMBOL FORMAT * error procedure

For example, using the procedure declared in paragraph 8.2.8,

SYMBOL FORMAT * ERR

The error message procedure must have been previously declared and must

have one formal parameter of type REAL called by value.

8.5.5 The Trace Option

The sequence of SF identifiers executed during a scan, and their REAL
equivalent values, can be traced if an optional Boolean trace variable
supplied by the programmer is set to TRUE; the name of the trace variable

may be specified to the GIL compiler by the declaration

SYMBOIL. FORMAT * trace variable

For example,

BOOLEAN TRACE; SYMBOL FORMAT * TRACE

If any SF declarations precede the trace declaration, they will not be
traced. It is recommended that the trace option be used for debugging or

experimental purposes only, due to the additional code generated.
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8.6 RECOMMENDED PRACTICES

The association of additional information with an atomic symbol,
such as run-time class number assignment, can usually be most easily
accomplished with the constructs provided by the GTL plex processing
system (Section VII).

It is important to remember that the class variable should contain
the class number of the current input symbol before an SF expression is
executed, This usually means that the getnext procedure should be
executed once at the beginning of the program before executing any SF
expressions.

It should be noted from paragraph 8.5.1 that, by using defined iden-
tifiers representing syntactic class numbers, instead of making explicit
reference to the numbers themselves, it would be possible to insert
additional syntactic categories without the necessity of making any com-~
pensating changes in the remainder of the program. Also, some attention
should be given to the ordering of the syntax classes so as to make optimal
use of the SWITCH option described in paragraph 8.2.7,

When constructing the getnext procedure, it should be noted that every
GIL read function, with the exception of the SCAN function, will ordinarily
read a signed number as one item., It is often desirable to be able to read
a number and its associated sign (a + or - immediately preceding the
number) separate, as for example, would be required when parsing arithmetic
expressions. To do so requires the use of the appropriate form of the

INPUT statement containing the sign separation option (see paragraph 9.5.4).
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8.7 BOOLEAN PROCEDURE EQUIVALENT OF SYMBOL FORMAT DECLARATION
The foilowing BOOLEAN procedure declarations are (effectively) equiva-
lent to the SYMBOL FORMAT declarations of AEXP and PRIMARY given in

Subsection 8.1

BOOLEAN PROCEDURE AEXP;
BEGIN
LABEL LR, LFN, EXIT;
BOOLEAN MINUS;

IF TERM THAN
BEGIN
LR: IF CLASS = (="+") AND CLASS < (="-") THEN
BEGIN
MINUS := CLASS = (="-");
GETNEXT;
IF TERM THEN
BEGIN
PRIN IF MINUS THEN #- # ELSE #+ #;
GO TO LR
END
ELSE
GO TO LFN;
END;
AEXP := TRUE;
GO TO EXIT;
END
ELSE
LFN: AEXP := BOOLEAN(2);
EXIT:
END OF AEXP
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BOOLEAN PROCEDURE PRIMARY;
BEGIN
LABEL LFN, EXIT;
IF CLASS == VARIABLE THEN
BEGIN
PRIN INSYM SPACE; GETNEXT
END
ELSE ‘ |
IF CLASS = NUMBER THEN
BEGIN
PRIN INREAL SPACE; GETNEXT
END
ELSE
IF CLASS = (="(") THEN
BEGIN
GETNEXT;
IF AEXP THEN
IF CLASS = (=")") THEN
GETNEXT
ELSE
GO TO LFN
ELSE
GO TO LFN
END
ELSE
BEGIN
AEXP := FALSE; GO TO EXIT
END;
AEXP := TRUE; GO TO EXIT;
LFN: AEXP := BOOLEAN(2);
EXIT:
END OF PRIMARY
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8.8 EXAMPLE PROGRAM

The program listed on the following pages was designed to illustrate
the use of most of the constructs described in this section. The program
accepts ALGOL-like function definitions from a remote terminal and com-
piles them into a simple interpreter language. After compilation, a
function may then be evaluated to produce its graph on the remote terminal.
Compilation takes place while the function is typed in (line by line); if
a4 syntax error is detected, the compiler attempts to recover so that
compilation can continue. A simple example of the program's operation is
given at the end of the listing.

It may be of interest to note that the organization of the compiler
resembles that of the B 5500 ALGOL compiler, and that the interpreter
language resembles, in some respects, the B 5500 machine language. 1In
effect, the compiler is a miniature version of an ALGOL compiler. It
might also be noted that the interpreter itself was implemented with the
help of SYMBOL FORMAT declarations.

In order to understand the operation of the program, the programmer
should be familiar with the GIL list processing, record processing, string
processing, and Input-Output systems as described in Sections VI, VII, V,

and IX, respectively.
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BEGIN SymiOL FLEX

InIs & IS REMCTIE JERMINAL PLOITER PROGRANM,

LN KN W R NI L R L B N N R R B R N RN B R R NN NN XY

LT ACCERTS ALGUL=LLIKE fFuNCTION pErINTITCNS pROV A mENQIL
TERMINAL ANU CUMPLILES THEM INTO A SIMFLE INTERPREILR
LANGUAGE .  AFTER CUMPLILATIONS, A FPUNCTICN MAY THEN CE
EVALUATELU Tu pPRCUULLE 1T"S GRAPH CN THE RENCTE  TERNMINAL,
CUMPILATIUN TAKES PLACE whILE THE FUNCTICMN IS TYFEu Law
(LINE 8Y LINE)Y? It A SYNTAX ERRUK 1S LETECTED, 1kt
CUMPILERK ATIEMPTS 17 RECCVER SO THAT CCNMFILATICA CAN
CUNTINUES IHE SYNATXx QF THE INTERPREIER LANGLAGE 18 glvEn
IN BEACKUS NURMAL PURM OR BNF» FULLECWEL €Y AN CPTICANAL
SEMANTIC UDESCRIPTILIUN,

IT IS ASSUMED ThAL THE PEKRSUN ATTEMPIING TC USE 1R1S
FRUGRAM KNCwS ALGUL wELL ENULUGH Tu KFAVE WRITTEN Tat Ok
THREE PRCGRAMS ALhbAUY, THERFORE THE CESCRIPTICON 1S FUh
KELATING THE SYNTAX CF THE PRUGKAM T0 ThHE (SEke A TCP=il=
sGTTOM APPRUACH Cr THE SYNTAX WAS CHOUSEN, SINCE TRE
INTERPRETER TTSELF IS WRITTEN TQP=TC=wQ17CWv,

PLLTTER COMMANL LAANGUAGE,

<PLUTIEKR COMMANE LANGUAGE> 3= FUNCTICN <FLoGTIUuNURL?
/ LIST 7 PLUT <PLUTTE®> /7 DELETE ~» sTur

SEMANTICS. ‘

PEUNCTICN® ALLOWS THE DECLARATILN CF AN ALGLL=LIKE

PrRUCEUURE LECLARATION, wHICH», WFREN FASSED FARAMETERS

wlLL RETURN VALUES 10 HE PLUTTEL,

THE DESCRIFTION OF THE FUNCIICN IS THEN TYFEWL IN

LINE oY LINEs THE COMPILER WILL TYFE LINE NUMBEKS

AS CCOVPILATION FROCEDES,

NOTE IHAT FUNCTIONS MAY RECURSEs CALL EACKH LIKRER,

ETConee

"LIST" wlll LIST ALL FUNCTIUNS CECLARED.

wpLUT? PLCTS ThE GIVEN FUNCTION» whICH NMAY LiyCLVE
CALLS ON CTrRER FUNCIIUNS, SEE THE INFORMATIUN ynNUEKR

PLCITER,

*DELETE" CELETES THE FIRST PRGCEDURE THAT Trtk mL1SI"
CUMMAND LISTS, THUS IF Twl GR wORE FUNCTICAS At 10
Bt DELETED, "DELETE™ wlILL HAVE 70 ENTERED SEVERAL
TIMESse TRE LIST IS STRucTURED SC TRAT THE wlST
RECENT CECLARATION IS FIRST» wliH THE END CF THE
LIST BEING THE FIKST FUNCTIUN ENTERED,
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"STUP™ CALSES THE PROGRAM TuU GL TC ENC=CF=.Ltb,

AFTER CCMPLEVTING A COMMANDs EXCEPRPT THE "STCE™ CUMMANL,
Tht PROGHAM TYPES "G AHEAL®™ TL SIGRIFY ThRAL IT L3S
REALY FCKR ANUTRHER CUMMAND o

FURCTILN DECLARATICN,
SYNTAX,
<FUNCIICNDEC> $3= <FUNCTION HEAUING> <FUNCTLIULN BLLT>
<FUNCITION READING> 33= <FUNCTION ICENTIflEhs
<t URMAL PARANMIER PART>
<CFURMAL PARAMETER PARI> $:1= <EMFTY> / ( <p(CrMAL
PARKAMTER LTIST2 )
<FURMAL PARAMETER LIST> $3= <IUENTIFIER> /
SFURMAL PARAMETER LIST> » <JCENTIFIEK?>
<PFRUCLUUKE oUDY> 8t= OFEGIN <UECLARATICNS>
<CUMFUUNDTAIL> /7 <STAJENENT>
SEMANTICS.,
THE FUNCTION DECLARATION ALLUWS A WREAL™ pUNCTTUMN
10 BE DECLARED wITH OPTIONAL FORMAL PARAMETERSs wHICH
AKE 8Y LEFAULT UF TYPE "REAL™s FOUOLLUWED BY tiTHek A
HLUCK OR A STATEMENT,

FOECLARATIONS
SYNTAX,
SUECLARATICNHN» 3= <TYPE DECLARATICN>
<UECLARATION> ; <TYPE UVECLARATIONS
<TYFE DECLARATIUN> $2:= <TYPL> <IYPE LIST>
<TYFE> 3= LABEL / REAL / INTEGER /s BCOLEAN
KTYFE LIST> 33= <ICENTIFIER> s <TYPE L1ST> » <IubENiLlrlERD
SEMANTICS.
DECLAKATIONS ALLOW LOCAL VARIAHBLES IC HE LECLAREY FUn
USE IN THE CURHENT FUNCTION DECLARATICN, Cnby
PREVICUSLY UECLARED FUNCTICNS ARE ALLCWED AS
GLOBAL GUANIITILES,

3

STATEMENT »
SYNTAX,
<STATEMENT> t= LADEL ¢ <STATEWENT> v/
<ASSTUNMENT STATEMENT> / Q0 TC LABEL s <EmplY> /
SCONCITLONAL STATEMENI> / <wHILE STATEMENT> /
<CU STATEMENT? / RETURN <AEXP> 7/ BEGIA
<CUMPUUNDTAIL>
<CUMPLUNDTALL> 33= <STATEMENT> ENLC v/
<SSTATEMENT> 3 <COMPUOUNDTAIL>
SEMANTICS.
THE HASIC CONSTITUENTS UF THE INTERPRETER
LANGUAGE ARE STATEMENTS, THESE STATEMENIS ARE vERY
SIMILAR TQ ALGOL STATEMENTS.

B IR Y A0 DR B B BC BE DL 30 L W B M <
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$ASSIGNMENT STATENMERNT.

*

B AR L IQ B B NI DI QI A0 DC IC D A 0 e JU HY BE DC W OBL I HQ I HQ L B AC AL HR A DHE 6 I IC I B I A He 2 D X

SYNTAX,

<ASSTUNMENT STATEMENT> ¢z <LEFT FART LIST> <pEXP>
<LEFT PART LIST> 5= <VARJAGLE> 1=z / <VARJAgLE> 1=
<LEFT PART LIST>

SEMANTICS .

THE ASSIuNMENT STATEMENT CAUSES THE VAULE
REPRESENTED ©yY THE ARITHMETILIC EXPRESSION C(ALXP)
TC bE ASSIGAED TO THE VARIAGLES AFFLARING Cn Tkt
LEFT UF EACH ASSIGNMENT SyvolL.

COWDITIUNAL STATEMENT.
SYNTAX,

<CONDLITIUNAL STATEMENT>  33= <IF CLAUSE> <STHTEMENI> /
<IF CLAUSE> <STATEMENT> ELSE <STATENMENID>
<IF CLAUSE> 3= IF <BEXP> THEN <STATEMENT>

SEMANTICS.

CONUITIONAL SIATEMENTS PROVIUDE A VEANS wHERE®RY TRE
THE EXECTUTIUN UF A STATEMENT, CR A SERIES C(F
STATEMENTSs 1S ODEPENDENT UPUN TrE LCGICAL vaLLE
PROLUUCED BY A ®wo(OLEAN" EXPRESSION (EBEXF),

wHILE STATEMENT.
SYNTAX

<hHILE STATEMENT> t3= WHILE <B8EXP> LC <STATEMENT>

SEMANTICS,

THE mwrILE" STATEMENT PROVIUES A METHCD CF CUNTRCLLLING
AN TTERATIVE PROCESS IN wHICH EXIT FRCM ThE LCCF
DEPENUS UN EXCEEDING A LIMIT. THE "BCULEANT EXPREOSLIUN
IS FIKST TESIEs THE FOLLOWING STATEMENT 158 ITREW
EXECUTED AS LUNG AS THE BOULEAN FEXPRESSICN IS niRub®.

D0 STATEMENT.,
SYNTAX.

<D0 STATEMEWNI> 2s= LQ <STATEMENI> UNTIL <HExF>

SEMANTICS.,

THE muG» STATEVENT PROVIDES A METHCL CF CUNTRCLLIANG
AN ITERATIvt PRUCESS IN wHICH ExIT FRCM THE LCCP
DEPENLS ON REACHING A LIMIT, TrRE STATENENT 1S

FIRST EXECUTED THEN THE TEST IS MADE, AND [pE
EXECUTICN OF THE STATEMENT IS WEPEATELC AS LUNG AS IHE
"EOULEAN™ EXPRESSION IS ®"FALSE"™., TFIS IS vihy
SIMILAR TC A FORTRAN ®"D(O® LUCP.

ARITHEMTIC EXPRESSIUNS (AEXxP) AND BOULEAN EXPREXSICNS (EEXP)e
SEMANTICS,

TRESE EXPRESSICNS ARKE TDENTICAL TC THEIR ALGLL

CCUNTERPARTSs WITH THE RESTRICTION THAT STRINGS
AREN®T ALLGwWED, CONSULT THE ALGOL NMANUAL,
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D e QDR B2 DY L U M IR 20 A A PO B B BE AL HC BO I AC PE ¢ FC I DO T O e A DR L e K IC A AL 6 I e I D K BE & A K

ESTANUAKDU FUNCTICNS,

THE STANCARU (R INTRINSIC FUNCTICNS AKE LISTFL BELULW

WITH APFRUPRIATE UEFINITIUNS GIVEN THAT AE 1S AN <ALXFP?»

AbS CAE) FrUDULES ABSCLUIE vALUE CF AE

SINCAE) PRUDLLES SINE OF AE

cusdag) PrRODUCES THE COSINE CF AE

ExPCAL) PRUDUCES THE EXPONENTLIAL FUNCTICN UF AL
LN CAE) PRUDUCES THE NATURAL LUGGARITHNM CF AL
Sak1CAE) PRODUCES THE SGQGUARE RUGl uF Ag

IRANSFER PUNCTICANGS
IrE TYPE TRANSHER FUNCTIONS ARE LLISTEU SELCw:

REAL o
The FUNCTICGN "REALCBE)™ YIELDS A VALUE CF TYFE
"REAL" FROM A gUOLEAN EXPRESSILIUN, THIS ALLCwWS
ARITHMETIC LPERATICONS TO sk CARnRIED CLT CAN
BUCLEAN QUANITITES Byl UOCES NCT ALTER TREILR
INTERNAL SYSTeM REPRESENTATICON

SUCLEAN,
THE FUNCTICN "SUOLEANCAE)™ YIELUS A vaLLE CF TYPE

wEUULEANT FrUM AN ARTTHMETIC EXPRESSICN, IrRlS ApLind
BOCLEAN CGPERATICNS T0 HE CARRIEL CUT CN AgrIirvETIC
QUANTLITES 8ul DUES NOT ALTER THEIR INTERNAL SYSTEW

REFRESENTATIUN,

PLLTTER SECTICN

SEMANTICS,
THE ®*rFLCT"™ CUMMAND 1S FCOLLUWED Y TRE FULANCTIWA

IDENTIFIER TU gE PLOTTED, 17T MULST rAVE HEEMN CECLAREU
AITh AT LEAST CONE PARAMETER WHICK wILL gt SEC IN TRk
PLOUTTING, LIF THE FUNCTION HAS MORE THAN UNE PARAMLILK

PROGRAM WILL REGUEST THEIR VALUES,

THE PROGRAM wWlLL THEN ASK FUR TEFE

BEGINNING PUSLITION, INCREMENT, ANU FINAL VALLE Fik

RANGE OF THE PLUT.
THE PLOT CF THE FUNCTION wlLL Be TYFED CN Trt

TERKMINAL ANU THEN THE PROGRAM wILL RETURN
TG COMMAND ™MUDE .
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VUITLINE OF REMUTE PLUITER PRUGHAM
ALL OF THE PRCCEpDURES (sStn AND THEIR FUNCTICAS ARE
DESCRIBED BELUW

IHE GETNEXT ANU ERRUR PRUCHODURES

GETNEXI
ERKOKR

TRFE "GETNEXT™ PRCCENURE
TRE "ERRUR" PrUCEULRE

KOUTINES FUR ACCESSING CUNE STRING

PUT PLACES CHARACTER In CCLE SIRLIMNY
PUTAUR PLUTS ADDKFSS In CULE STRING

GET GE1S CHARACTER FRONM CCLE SirlIbe
GEVTAUK GE1S AUDKESS FROM CCOUE STRING
EMIET EMITS UNE INSTRUCTICON

EMITADK EMITS ACURESS UF INSTRLCTICN
EMITNUM EMITS NUMHERS

EXPRESSTON SCANNERS

IFEXP HANDLES CONDITIUONAL EXFRESSIUMNS

VARLABLE COMPILES VARIADLES & ASSIGNMENTS

PANA PARENTHESTIS ANJ ARLTRVMETIC EX#EntEs

PRIMARY COCMPILES ARITHMETIC FPRIVARIES

FACTUR COMPILES ARITHMETIC FACTCRS

TERM CCMPILES ARITHMETIC TEKWMS

AL XP CCMPILES ARITHMETIC EXFRESSIUNS

BOCPKIM CCMPILES BOOLEAN PRIMARIES

BOCSEC CCMPILES BOOLEAN TERWS

EXPRESS CCMPILES HUTH ARITHFMETIC ANC
BCOLEAN EXPRESSICONS

BEXP COMPILES BOOLEAN EXPRESSIOMS

STATEMENT SCANNEKS

COMPUUNDTATL

TALL END OF COMPOUND STATENENT

STl SCANS SCOwmE STATEMENT BEGINNERS

RESETLABELS RESETS FURWARD LABEL REFERENCES
wHEN "UNCOMPILING™ (RECCVERING
FROM ERRORS)

STATEMENT CCMPILES ALL STATEMENTS & FANDLES

VECLARATION SCANNERS

ENTRY
ENTER

DECLARATION
PUKRGE

DECLAKE

RECOVERY FROM ERRORS IN STATENMENTS

Run TIME SYNTAX CLASS ASSIGNMERNI
APFLIES ENTRY TO LIST CF
ICENTIFIERS

HANDLES OECLARATIUNS

REMOVES ATOMIC SymMeOLS FROW
OdJECT LIST wHEN LEAVING TFRE
gLOCK AND CHECKS FUR NMISSING
LABELS

HANDLES SERIES OF WECLARATIONS
ANU PROVIDES FOR RECCVERY FRCWV
SYNTAX ERRORS

8-34



D A 3 e 2

AR L R O S . . e L

DUMPCLLE

FRUCEODUREDEC

INTERPRFTER SECTICN

MKADH

INTERPRET

EXECUTE
PLLTTER

t REMLCTE

FiLe neEMOTES
BulpL kAN

REAL

NEWLINE »

CUMFTLING

FORMTOG»

NULABEL»

INTERPRETINGS

CMAX,

CUULNT

CLASS,
UL»

Fho
SAVE]»

| )
Wkl »

ADDKESSS

TERMINAL FILFE

D M B DY B B B B B A Be D Ak

TRANSFERS CQOE FRO¥ CCCE SIRING
TC THE LISP »STACK™ AT A PCINT
IMNMEQIATELY FCOCLLCWING IKE INFC
WwCHD COF THE ATUMIC SyvMeCL
REFRESENTING THE FUNCTICA

HANDLES UFCLARATIONS CfF FUNCIICNS
TC BE PLUTTEVD

REMNOVES ¢ CHAKACTERS FRCM CCUE
STRING TU HE ULSED AS AN AULKESS:
INTERPRETS [THE CULE STRIANG
MAKES CALLS UM FUNCTICNSS
INTEKPKET

PLUTS FUNCTION EXECUTEL BY
INTERPRETER

UECLARATI(CN

LSES

TELLS GETNEXT TG GET NEW LInt
WHEN THUE
TELLS GETNEXT
NUMBERS

SET TO TRUE wHEN ASSIGMNING
CLASSES [N ¢FORMAL FARAMETEHS Ct
A FUNCITTIUN

IS SET TG0 TRUE BY FUKGE IF A
DECLARED LAWKEL IS NQOT ULSED

TELLS GEINEXT [HAT NEXT mSymgCL"
IS TC UCME FRUM PRECCMFILEC

CUDE AND "CLASS"™ IS T1C BE THE
NEXT INSTRUCTIUN

fC PRINT LINE

1S THE NUMBER UF NUN=INTEGER
COCNSTANTS (gCcCLrRING IN A FUNCTICOS
DECLARATION

CCUNTS NUMpER UJF IUENTIFIERS
ENTERED BY ENTRY

THE SYNTAX CLASS VARIAELE

TEMP VARIABLE USED AT END CF
PROGRAM

USED LIKE 85500 "F" KEGISTER
SAVES LOCATIUN IN "STACK® (F
PCINT WHERE FUNCTIUN vALLE IS

TC BE KETURNEC

INDEX TQ "STACK"

THE WHULE INFCRMATION wCKO
ASSOCIATED wllirn EACH CECLAKEU
IDENTIFIER = SET BY GETINEXT
ADDRESS UF DECLAREL IDENTIFIER =
SET BY GETNEXT
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INTEGER
LINENDS

Los

N
Sympg UL

sASE »

FLIST,

INF»

INFUS

ARRaY
STACKLO:9Y

CUNSTANT

CUNSTADKIU:1271]5%

i

- SR . S W

LIST CF
ENTRY
PCINTER
ENTRY
PCINTER
GETNEXT

Do Je A o B A M > W

B A B B

PCINTEK T10
ASSOCIATED

LINE NUMBER PRINTEL RBEFCRE EACFH
LINE CF FUNCTIUN
RELATIVE LOCATICUN UF CHARACTER
IN CCODE STRING
TENMP VARIABLE

UECLARATICA

FIRST wCRL FCLLCWING INp U wUNUL
WITH A FUNCTICN ICENTIFLER
START UF FUNCTICN CODE STRING

INDENTIFIERS CREATELD BY

TO INFU wUnD

T INFU wUnRD

THE “STACK®" USELU BY
INTERPRETER

TABLE GF NUN<INTEGER COUNSTANIS
APPEARING In FUNCTICN LCECLARATILIUAN
LINKS TO ADDRESS PART CF UF

A MRCN" INSTRUCTION
STHING ARRAY STKIVEIGYI(8)})
LAckL START, RESTART, EXLIT;

DEF [NE
BUMPL = L 83 L + c¢#,
CLSS =[33¢15]1#,
AUKS = [lot15]4%,
LINK = [3:15]1%>
LINKF = NFAR#,
CLASSF CORrF 4,

NPARAM = LINKZS

ATYFE = 1%,

sTYPE

Z2#;

STRING FIELD STKF [C381;

REAL FIELD CORF (333151,
ADUKESSF [18315],
NPAR (38151,

WH
SYmMCL FORMAT %
"RANDCM™
nEXPY
npIN®
80010D
I0MAX
npoe
nENDY
"LABEL"
"FALSE"

* % % ¥ §H % % X ¥

THE
*

* % ¥ *

* » %

%

CODE STRING

FCLLUWING ARE SYNTACTIC

"ABSY

"LN"
REALPRCCID
LApbLIU
"I‘."

"ELSE™
"REAL®Y
"TrUE"

*
*
*

*» ¥ ¥ * »

“SIN"
"SARI"M
REALID

nsgn
"RETURN®
nin
"INTEGER"
FCONSTANT
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CREATED bEY

= SET By

FE

USED CUNRING CUMPLILATIUN

CLASS ASSIGAMENTS

*
*
*

* % % * *

"ees"
HMAXH
INTIC

"RWRILE®
"BEGIN®
nUNTIL®
"BCOLEAN"
KCCNSTANI



SyMpUL
1

* % X * X X ¥ *

F

¥ % ¥ ¥ ¥ ¥ ¥ W ¥ ¥ % ¥ ¥ ¥ ¥ ¥ ¥ X ¥ X ¥ X * ¥ * ¥ ¥ ¥ ¥ ¥ ¥ ¥ * * X X *

"EUNCTIUN®

"sTOP"
w“TO"
NN T
nELsy"
w(n
"ayn
"oy v
L&D
"

CLASSNMAX;

CRMAT
SgUF
gUN
CHS
ADOP
SBOF
MUL 0P
pvnur
FACTCF
LNG
CROP
ANDQOP
EGLF
NERF
LSSE
LEQF
GEOF
GTRF
MKS
SER
RIN
LRN
LITC
GPDC
sTo
18D
SND
ISN
BLN
MAXF
MINF
RAND
ABSF
SINF
COSF
EXPF
LNF
SERTF
RCN 3

*

* % % ¥ ¥ % ¥ =

Hon

"LiSTn * "PLOT™ * “CELETE™
REVIVE S * "KRLCSET"
"Ihtf\" " "ANU" * "CH"
"= - "EQL" * 01‘\‘(__"(“"
"Lbn * "GEg" x "GIR"
” )N * ",n * " :N
"ot x Txn x nyn
non = LRI = ny"
"“'h" = "a" = M@"
"yn = FUF s NUMERI

2 INTEKPHRETER UINSTHUCTICNS
ERANCK ON FALSE
BHANCEF UNCUNDITIUNAL
CHANGE SIGN
Alu
SUBIRACT
MULTILIPLY
OIVIDE
RALSE TO PUWER
LGGLlCAL NEGATE
LGulCAL CR
LouwlcaL ANU

IV IA A W

A4

MAKK THE STACK FOR RETURN
CALL FUNCTION

RETUMN FROM FUNCTIUN

MAKE SPACE FUR VARLABLES IN sTaCKk
USE ADURFSS AS CONSTANI
"CPLRAND CALL"

STURE CESTRUCTILIVE

INTEGER STURE DESTrUCTIVE
STURE NONDESTRUCTIVE
INTEGER STORE NONCESTRULCTIVE
BCULFAN VALUE

FInu MAX QF TWQU NUMBERS
FINU MIN OF TW(Q NUMBERS
RANDUM NUMBER

AdSULUTE VALUE

SINEL FUNCTION

CUSINE FUNCTION

EXP FUNCTION

NATURAL LCOG FUNCTIUN
SGUARE RUOT FUNCTICN

NON INTEGER NUMBER
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A

Ent

THE GEINEXT ANL FRELR PROCEDURES
PRCLEUURE GETNEXTS

BeGin
LAvel LSS
IF INTERPRETING TrEn

or

ELSE

ok GLN

J ' L LIV os

CLASS = REAL(STRF(ATSM(JeBASE)) (L[ US223]01))3
HE T U |

NG

L

BEGIN
If CLASS = LUF CR NEWLINE THEN
BEGIN
NEWLINE $= FALSE?
IF CCMPILING THEN
dEGIN
Twxs82 8= FILLCLINENDS3) 8 "
TAE 8= 43 TERPKILS
LINEND $= LINENG 4+ 1
ENG
READ 1AX;
END S
CASE nEALCGNCFALSE) OF
BEGIN

we

LF COMPILLING TEEN GU TC LS
ELSE CLASS %= LOF
CLASS = NUMERRS %2 ILLEGAL NUMBER
HEGIN % NUMBER
CLASS 3= HCUNSTANT;
LF INREAL < 4096 THEN
LF INREAL = J 8= INREAL TrEN
BEGIN
INREAL 3= J3
CLASS 3= FCUNSTANT;
ENDS
END 3
LfF CLASS t= CORFCINSYVM) € CLASSVAX
THEN INFC 8= NIL
LLSE
BEGIN
WHL 3= WHOINFLS=ATSM(CLASS))S
CLASS 8= wHL,LLSS;
AUDRESS 33 WHL JADFRS}
ENDS
CLAass = (3
ENU CF CASE STATEMENTS
END

GETNEXTS
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FROCEUUKE FRRUR(XJ3 VALULE x; KEAL X3
EEGIN
I+ COL < & ThHEN PRINT SPACECCCL + 3) #x4;
PrIN #EHKUORS MISSING #3
CFSE x = 1 LF
st G LA
PRINT 4CR lLbieGgalL IUENTIFIER IN CECLARATILNGA
PRINT 43 CR ENC#3
PRINT 2LEFT FPARENTHESLISH;
PRINT ARIGHT PAKFNTHESIS#;
PrINT #CR ILLEGAL STATEMENTSS
PRIMY #mUNTLL" IN DU STATEMENTZ)
PRINT #(K ILLEGAL USE NF LAgbls;
PRIMT #9THEA" TN CUNDITIONAL EXFRESSICN Ch
STATEMENT®S
PRINT #9ELSE™ [N CONDITIGNAL EXFRESSICN#;
PRINT 2CULCN FULLOWING LABELRS
PRIMT &LABEL IN GU TC STATEMENT#;
PRINT #9UC" In wHilLE STATEMENTES
PRINT #w=w L CaINGg 2 TN ASSIGAVMENT
STATEMENT &
PRINT #,25
PRINT #CK ILLEGAL HUOLEAN EXPRESSICMNZ;
END
Eihd CF ERKS
SYMpCL rFORMAT #CLASS»GEINEXT,ERRORS
¥ MISC., ROUTINES FCk ACCESSING CUBE STHING
% PUT PLACES CHARACTER IN CCLE STRING
PROCEUUKE PUT(T»AJ)3 VALUE ToA3 HREAL TsA;
STRLA DIV 81CA MJu 8s1) 1= STHRING(T.[423¢
% PUTADR Puls AuprESS Iw CULE S
PRUCEUUKE PUTAUK(CI2A)3 vALUL TsAj; REAL T2A3
BEGIN
PUT(T,[363¢61sR0))5
PUTC(T», A + 1)
END S
* GET GETS CHARACTER FhUVM CCLE STRING
ReAL PRUCEDURE GEICA)S VALLE AS REAL A3
GET 3= REALCSTRIA Cilv 81CA,L045:23121))5
% GETAUK GETS AULDKESS FHROM COUE STHING
REAL FRGCEDURE GETADRCA)S yALUE A3 REAL A3
GETADR 8% GeT(A) X g4 4+ GETCA + 1)

12133
TRING

% EMIT EMITS UNE INSTRUCTICH
PRUOCEDURE EMIT(Xx)s VALUE X3 REAL X#
GEGIN
PUT(X,sL )3
IF L 2 798 THEN
BEGIN

PRINT #CUCE UVERFLCOW#3
LINENG 3= C
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END

ELSE
L *= L + 13

END
) EmMiTApR EviTS ApURESS Ub InSisLCTICN
PRUCELURE EMTITALKRLA)S valUE A3 KREAL 43

BEGIN

emITCALL36%3¢]));

ENMITCA)

END;
% EMITALY EMITS NUMBEKS
PROVELURE EMITANUMOC)S vakUuE C3 REAL C3

BEGInN
LAgkL FUCUNLS
FUK J 8= O STEF 1 UNTIL CMAX 00
IF CUNSTANTLJ} = C THEN GU T0D fFpolUnD3?
CONSTANTIU 8= CMAXK 3= CMAX + 1] = C3
Fulnus EMIT(RCND S
EMITAGRCCUNDTALRLGID S
CUnNSTADRLUY = L = 2
Eni CF EMITNUMS
2 pURyARD DECLAKATIUNS
SYMplLL FChRMAT AEXFS FLURWARD;
SYMpUL FOURMAT obxi’d FORwARUS
ReAL FrUGCEDURE EXFRESSS FlURwARDS
BUULE s PRUCEDURE STATEMENT) FOHwWARD:
PROCELURE FXECUITECCLULE D) yALUE CCCF; SyMlL CCCEs FURgARL;
A LXFHESSIUN SCANNERS

% IFEXF HANDLES CONQITIUGNAL EXFRESSICANS
SYMpOL FUORMAT IFEAP(X)3 SymMpOL FORMAT xi
BEGLN

ReAL T1s 73
L*BEXP, "THEN®Z2H; EMIT(BCH)S F = BUMPLS X, "ELSE™3G;
ExIT(eUN)S PUTALR(T 3 BUMPLIF=2);
*Xp PUTAUR(LsT = £23]
Ewl GF IFEXP;
% VARIAGLE CCMPILES VARIABLES 8§ ASSIGMMENTS
SYMeOL FORMAT VARIABLECIYFESADDRESS»FRCM)
VALUF TYFPESADORESS»FRUMS
KEAL TYFE» ARDLOKESS» FROM?
[["er, "=9:13; (+x1YPE = BUCID, »BEXPF ELSE *AEXP]»
EMITCREALCTYPE = INIIDY 4+ FrOM + STL) ELSE
*FRUM = 2 eMITCCRUC)S DS
EMITAURCADGRESS) DS

3 PANA PARENTHESTS ANU ARLITEMETIC EXFRES
SYMpUOL FCRMAT PANA [®(™33: *AEXP, ®"X"24];

2 PRIMAKY COMPILES ARITHMETIC PRIMARIES
SYMBOL FCRMAT PRIMARYS

BEG [N

REAL s N3
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Lhe ALJD * INTIDS | 3= CLASSS) J 3% ALURFESSS
*VARKLABLE(T»Jre2) ELSFE
REALPROCLL: ENMIT(NMKS); N 2= (T ¢= wkL),NFARAN;
i{*n =2 C ELSC
"("135 wAEXP s
[CeN = N = 1 # L Me™3l4s wpEXF,
RETURN ELSE
"IN34d],
EMITOSHR)S EMITADRCIL12e91)% EVITCT[273€¢1)
£ St
FOONSTAMNT S EMiICLIiC)s EMITADRCINMNREAL ) ELSE
KCCNSTANT? EMIINRUMOINREAL ) ELSE
"AS™ % "SErT"E T iz CLASS = (="AuS"M)i xPaANAs
ENVITC(ABSF + ) ELSFE
VAXT o« "MINY: T iz CLASS = (snpAAM);
(N3 XAEAPe Meniib4; *ApEXPe "IMe43
eMITCMAXE + T) LLSE
U"REALT, M(MI33 xgp XPs ")MI4 FLSE
“RARDOM™» ENMITC(RANU) ELSE

*FANA ]
Enwe CF FRIMARYS
b3 FACTUR COMPILES ARITHMETIC FACTCKS

SYMBOL FORMAT FACICKS
[*PRIMARY» L"%x™s APRIMARY> EMIT(FALTOF)S RETURN
ELSE NILIDS

p3 TERM CCWMPILES ARITHMETIC TERMS
SYMpdlL FORMAT TERMS

BeEGLN

ReAL 13

L*FACTCRsLMX™ & " /"3 T 1= CLASS = (="x")3 xFACTUk>
EMITOMULUP + T); RETUKN ELSE  NLILJ]
Eniy OF TERMS

2 AELXF CCMPILES ARITTHMETIC EXFRESSIONS
SYMuCUL FURMAT AbLXFS

BEGIN

REAL 15

L"IF", x]IFEXP(AEXF) ELSE
["+" = "e®2 T §g= CLASS ELSE NIL]»
*TERM, IF T = (=%e®") THEN EvIT(CHS):
£"+n - ﬂ-ﬂ: ‘ i = CLASﬁ - (:ﬂ«bﬂ)‘g
*TEKM,
EMITCADQP + T)s RETUHN ELSE
NIL ]
END UF AEXP3
% BOGPKRINM COGMPILES BOOLEAN PRIMARIES
REAL PrRUCEDURE BOUPRIMS
BEGIN
REAL 13
BUCLEAN NOTFLAGS
LABeL LFe EXIT)
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LE"NOTYs NCIFLAG 83 THUE ELSE NIL»
(LBlUOIDS 1V 8= AQURESS) *VARIABLEC(SCCIL»Ts2) ELSE
"EALSE® « "THRUE™S EMIT(BLN)Y;
EMITCLLASS ™ (="FALSE"™)) tLot
"BOULEANT» wPANAL, T 23 STYPE ELSE
"M, T t= EAPRESSS M)m"iy4 bl SE
*AEXP, T $¢= ATYPES Is
[*T = ATYPESs
LUEE™ = "GIR"S T 82 (LASS=(="EuwL")j
*AEXP, EVITCESLE+T)3
T 3= gTyPE ELSE
NILY ELSE
NIL s
[T = dTYPE,
LaNCTFLAG, EMIT(LNG) ELSE NIL) tbLSE
*T = ATYPL AND WNOT NOTFLAGII: LF»
RETURN T35 '
LES sUCPRIM = U
END Ur oCUPRINMS

% s0CStC CCmPILES BOOLEAN TERNMS
Rt AL FPRUCEDURE BUUSECS

BEGIN

ReEAL 1»

Label LF3J

LT 8= GCUPKRIV = BlYPL,
["AND"™s *BCUPKIM = BTYPE, EMIT(ANGCCF); RETURN
ELSE NILY tLoF
*T = ATYPE] ¢ LF;
KETURN T3
LF: BUOSEC 8= €
ENC CF wCUSECS

# LXPRESS COMPILES BUTH ARITEMETIC AAND
% BCOLEAN EXPRESSICONS

ReAlL FROCEDURE EXFPRESSS

BEGIN

REAL 1s R» S35
LABEL LFs EXITJ
LI % BEXFs mTREN"S8; EMIT(RBOF)S K 8= BUNPLS
T = EXPRESSS "ELSE™:93 EMIT(BUN)S
PLUTADR(S = BUMFLS R = 2)3
[*T = ATYPE, *AEXP LLSE 2T = BIYPEs» #BEXFP]»
PUTACKCL2S™<) ELSE
*x1 1= BOGSEC = BTYPE, ["ORK", *xBUCSEC = BTYPES
EMIT(URCP)3 RETURN ELSE NIL) ELSE
«7 = ATYPE] ¢ LF3
HETURN 13
LF?® EXPRESS 1= (3
EnD CF EXPRESSS
) 4 sEXP COMPILES BOOLEAN EXPRESSIOANS
SYMpGL FORMAT BEXP3
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LIk, »lFEXP(HBEXP) ELSE *EXPRESS = BIYPE ELSE
ERRUKCLIS)S *FalLSE 3
£ STATEMENT SCANNEKS
* COMPUUNDTAIL TAIL END UF CUMPCUND STATEMENT
SYMeCOL FUKRMAT CUMPFOLNOTALLS
LrSTATENMENT2 ["3%s RETUKN START ELSE M“ENC"ei21)5
% STMI SCANS SOME STATENENT BEGINNERS
SYMuOL FURMAT SImIs
BEGEN
ReEAL 1s4)
LSWITCH
REALID » INIID « gUUIDs T s$= CLASSS A := ACORESSS
*YARITABLECT?A»C) ELSE
LABELIDY T 4= whi? whkLADRS 1= |
WRECINFG) 3= ABSCWHLIS *T < uUs
wentlus RETUKRN ELSE
WiFr, *xpEXP» "THEN"$8; EMLIT(BUF)S A $= ELNFLS
*STATEMENT »
L"ELSE"™s EMII(EUN)S T 2= BLMPL;
PLTACR(L»A=2)3
*STATEMEAT, PUTADR(LT=2) FLSE
PUTADRCLsA=2)3] ELSE
"GO"s ["TU™ ELSE NILJ» LABELIOS115 EMIT(BULN)S
EMITAURCWHRLSLINKYS LINKFCINFO) 3= L = 2 ELS

"AHILEYs A $= L3 kopEXF, "UQ"125 EMITCHCF)Y T &=
*STATEMENT, EMITCHBUN)S EMITAURCA);
PLUTADKCLST = 2) ELSE
"ECY, T 8= L3 ASTATEMENTs ®“UNTIL"$E3 #BEXF,
EvIT(u0F)3 EMITADR(T)Y ELSE
“RETURN"» *AEXPs» EMIT(RIN)D ELSE
"HEGTINYs *CUMPFOUNUTATL]
Enu OF STMT;
% RESETLABELS KESETS FURWARD LAHEL REFERENCE
% AHEN "UNCOMPILING®™ (KECCVERING
% FRUM ERRUORS)
PROCELUKE RESETLABDELSS
BEGLN
REAL T» AJ
SYMelL S3

NEwLINE 8= TRUES
Gk TNFXTS
FUR S IN PLLIST OO
I (T 8= wHCCDK §2),CLSS = LAGELIU THEN
BEGIN
A 8= T4LINKS
WHILE A # 4095 AND A > | DG A t= GETAQRCA)S
TJLINK 1= Aj
IF 1 > ¢ THEN
IF T+ADOKS > L THEN
BEGIN
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T t= =

oo —
we

T.AURS 3 Q3
ENDS
wHLUR &) 3= T3
ENU
FURK g ¢ 0 STEP 1 UNTIL CHMAX 0O
BEGIN

A += (UNSTAuRLYDS
wHILE A # 0 ANC A 2 L DO A = GETACK(ADS
CONSTADKLJY 3= &

ENUS
END UF KESETLABELSS
L] STATEMENT COMPILES ALL STATEX¥ENTS & FANLDLES
* RECOVERY FRUM ERRORS IN STATEMENTS
BUOLEAN PROCELUKE STATEMENT

BEGIN
LAastl KECOVs STARISZ
KEAL LANRs LO3
LNK ¢= LINEND = 13
LG ¢= L
START: [*STMT ELSE
*CLASS 2 (="ENU™) AND CLASS < (="UNIIL™) ELSE
"RESET":55 LINENG ¢ INTEGER(REAUNCIWX));
GG 1C RECGvs) t RECUVS
AETURN THUL S
RECLVEIF LINENL 2 LAR THEN
BEGIN
L os= LO;
PRINT #RETYFE STARTING AT LINE # LINENC s LONR3
RESETLABELS?,
GC 10 START
END S
STATEMENT 8= BOCLEANCZ);
END GF STATEMENTS
¥ UELCLARATION SCANMNERS
% ENTRY RUN TIME SYNTAX CLASS ASSIGNNENI
BUCLEAN PROCEUURE ENTRYCTYPEDS VALUE TYPES REAL TYPES
HBEGIN
IF CLASS > U THEN
BEGIN
ERRKURCL);
RETURN FALSE
ENDJS
PLIST 83 (INSYM 8= MKATOM) o PLISTS
CORCINSYM) 3= INF 3= CONSLCLASSKF?® TYPE,
ADURESSFs IF TypE = LABELID OR FORMTICG THEN U
ELSE
IfF TYPE = REALPRUOCID IHEN
NEXTAVL(SYMEOL) + 2 ELSE
COUNT t= CCUNT + 113
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IF TYPE = LABELIO THEWN

BEGIN
NFECINE) 8= =wWH(INF))
LCINKECINE)D) 25 44955
END
LtLSE
LF FNRMTECG THEN CUUNT = COUNT + 13
UE TNEXTS
ENTRY 3= TRUES
ENU CF ENTRYS
b3 ENTEK APPLIES ENTRY TC LIST CF
b3 ICENTIFIERS

SYMpUL FCRMAT ENTER(X)? VALUF X3 REAL X4
[*ENTRY(XDp ["s»™s, HKETURN START ELSE NILIJIS

b DECLARATIUN HANDLES UECLARATIONS
SyvMpCOL FCRMAT DECLARATILIUNG
LSWITCH
"LABELY, *ENTERCLABELID) ELSE
"REAL"» *ENTER(REALID) eLSE

"INTEGER"™» *ENTERCINTTQ) ELSE
"ECULEAN™s  *ENTER(ECOID) 15

% FUKGL REMOVES ATOMIC SyYMEQLS FROW
3 03JECT LIST wHEN LEAVING TFrE
# BLUCK ANU CHECKS FCR MISSING
% LABELS

PRUCEUURE PURGECLISF VALUE Ls SymsGL L3

BEGIN

SYMgOL K3

REAL Tasha3j

CCUNT 1= U5
NULABEL = FALSES
FLUR R IN L LO
BEGIN
I[F (7T $= wH(CLR R))eCLSS = LABELID THEN
IF T < O THEN NOLABEL %= TRUE

ELSE
BEGIN
A 3= Ta.LINKS
T 8= TLADRS3S
WHILE A # 4095 ul
BEGIN
J '3 GETAURCA)S
PUTADRCT»A)S
A =z J
END;
END S
IF SMTA(CR) > 64 THEN
REMOU(R)

ELSE CDR R ¢= NILS
COUNT 8= COunNl + 1
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ENU#

ENU OF PURGES

b3 DECLARE HARDLES SERIES CF UFCLARATIONS
3 ANL PRUVIDES FUK RECCVERY FRUWM
2 SYNTAX ERRURS

BUCGLEAN PRUCEUUKE DECLANES

BEGIN

LABEL STARKT,RECUVS
REAL s LNR» CCs
SyvpOL PLISTGS
SIARTS CC ¢= CCOUNIS
T = NEXTAVLOSYMBUL)YS
PLIST = NJIL?
LNR = LINENGS
(*DECLARKATTIUN, "3 M,
PLISTU 8= NUUNC(PLISTSPLISTU)S; GO TC STARIT ELSE
"RESET™: LINENG $= INTEGER(REAONCTWX));
GC 10U KECCOv tLSE
NILDY ¢ RtCuvs
FLIST = PLISTULS
RETURN THRUE?
RECLUVIFURGECPLIST)S NEXTAyL(SYMBOL) t¢= s
ILF LINENU 2 LNR THEN
BEGIN
CLUNT 8= CUs
PrRINT #xRETYFE STARTING AY LINE # LINEND = Lihk3
GC 10 STAKI
ENDS
DECLARE ¢= oUCLEANCZ);
PLIST 8= PLLISTUS
ENG CF DECLARES

3 DUMPCCUE TRANSFERS CODE FRON CCCE STRING
% TC THE LISP "STACK" AT A PCINT
% ACRD COF THE ATOGMIC SYMECL
3 REPRESENTING THE FUNCTICA
FRUCELURE DUMPCUDEL S
BEGLN
INTEGER LMAXS
KEAL 13

LvMax s= (L + 7)) 01lv 85

FOR J 8= U STEP 1 UNTIL CMAX DO

whilE T 3= CUNSTADRLJ]) # € w0

BEGIN
CCNSTAUKLJ]Y 8= GETADR(TS
PUTADRCY + LMAX» T)3
END3
FCR J 8= O STEP 1 UNTIL LMAX = 1 10
STRFCCONS) = STRILJI3
FGR J $= 0 STEP 1 UNTIL CMAX DO
WwHCCONS) 3= CUNSTANTLJIS
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ENU OF ODUMPCOUES

t PROCEDUREDEC HANDLES UECLARATIONS CF FUNCTILNS
% 1C HE PLUTTEV

PRUCELURE PROCEULREDECS

BEGIN

REAL s Ts Py FAs LNRJ
LAkl STAKT, NCGUe» RECUVsE EXITS
SYMeCL PLISTUs #Ns» S» PINFC, PARANMS
LINEND 8= 15
CMAX 33 =1
PLISTO t= PLISTS
K 1= NExTAYL(SYMBULL)
PLIST 8= NIL3J
[*ENTRY(REALPROCTIUL), FN 8= PLISTS PLIST 3= NILS
Clk Fn 8= ATSM(K);
PINFC 8= INF3 P t= NEXTAVL(SYMECL)S
CCUNT t= (3 FUORMTQG ¢= THUES
[("C"y *ENTERCREALIDD)s ™)™245 FA = Z(04ds
FCR S In FLIST OO
ADDRESSF(CDK §) 3= FA =z FA 4+ 1 tlLSt
NILJIINDGUS
NPAR(PINFG) $= CCOUNI3
PARAM t&= PLLIST;
FLIST 8= NILS
I = NEXTAVLOSYMOBUL)S
FURMTUG #= tALSES
INPUTCTwXFLloTwXxS1o12¢65/FALSEDS
COMPILING $= TRUL;S
GETNEXTS
LNR t= LINEND = 15
STARTICUUNT s L &= 03
["BEGIN"s *UECLARL»
IF COUNT # U THEN
BEGIN
EVMITCLRNDYG EMITCCUUNT)
ENDF
*COMPUUNDTAIL ELSE
*STATEMENT] & RECUVS
EMITCBLN)S EMIT(C); EMIT(RTNDS
PURGE(PLIST)S
IF NCOLAEEL THEN
BEGIN
PRINT #DECLARKEY LABELS DID NCOT CCCUR#3
GO 10 NCGC
END3
PURGEC(PARAMIS
NEXTAVLC(SYMBOL) 8= p3
DUMPCODE 3
PLISTU $¢= NCONCCFNs PLISTO)S
GU EXITS
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ReECLUVeLF LINENL 2 LNK THERN
sEuln
PURGECPLIST)S
NEXTAVL(SYMBUL) 3= T3
PRINT #RETYPE STARTING AT LINE 4 LINENCD = L0nR3S
NEWLINE 8= InmyEs
GETNEXT;
GC 1C START
ENLS
NUGU?! PURGE(FPARAMIS
FURGE(CPLIST)S
FURMTOG 8= FALSES
FURGE(FNDJ
NEXTAVLCSYNEGL)Y 3 Rj

ExIis CUMPILING 3= FALSES PLIST ¢= PLISITGS
INPUT(TwXF1oTwXxS1s1365/TRUEDS
Ent CF FRUCEODUREDEC;
% INIERPRETER SECTICN
# MKAUK REMOVES ¢ CHAKACIERS FRCM CCUE
% STRING TU 8E LSED AS AN ADLRESS
INTEGER PRUCELURE MKADR(A); VALUE A5 HUULEAN A
BEGILN
ReAL 13
] #= CLASSS
GETNEXTS
T 82 7 %X 64 + CLAYSS
GETNEXTS

MKADR 8= IF A ThHEw
IF T > 2G48 THEN FR + 2G4 = 7
ELSE FR + T

ELSE 13
Ent OF MKADK S
% INTERPKRET INTERPRETS THE CCOE STRING
SYVMpOL FUOKMAT INTERPRET
BEGIN
DEFINE
SA = STACKLL 83 1 = 11#,
SB = STACK[L]#»
SC = STACKLL + 11as
SU = STACKLL = [ + 11¢#3
ALPHA W)
REAL 134
LSWITCH

gOF» I 8= 1 =~ 13
IfF BUULEANCSC) THEN
dEGIN
L s= L + 13
GETNEXT
END
ELSE
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SEGIN
L $= MKADKCFALSEDS

GE TNFXT
END ELSE
BUNs L 8= MRADARC(FALSED)S GETWEXT FELSt
ChS» 5H 1= = gH [FLSE
ACUP, SA 3= 5y + SC ELSE
SbUPs SA 3= S8 = SC ELSE
MLULLUPs SA $= 58 x SC ELSE
DVUUF» SA = sB s SC ELSE
FACIUF» SA := Su % SC ELSE

LNG? SB 83 wbEAL(NOT BUOLEAN(SE)) ELSE
UrCFs SA 35 REALCBOULEANCSH) CR BUCLEANCSCIIELSE
ANLUUP» SA 3= REAL(BUQLEAN(SE) AND BCCLEAN(SC))

£l SE
EGLFs SA = REAL(SB = SC) ELSE
NEGF» SA = HEAL;SB # SC) ELSE
LSSk, SA 1= REAL(SB < SC) ELSE
LEWFs» SA 2= KEAL(SH < SC) ELSE
GEGF» SA 3 REAL(CSB 2 SC) ELSE
GTHE» SA 3= REAL(SE > SC) ELSE
MihSs SD 8= SAYET) SAVET s= | ELSE

Suohs SO 8= N3 FR 3= |3
EXECUTE(ATSM(MKADR(FALSE)*64 + CLASS) )
GETNEAY ELSE

RIns T 8= Sbs FR 8= STACK[Fnrl;

SAVEL = STACK{I t= SAVEIJ3 Sk t= T3
*FALSE ELSE

ZRNs tOK CLASS U0 SU $= 03 uwEINEXT ELSE

LITCs SC 3= MKADR(FALSE) ELSE

OPLC, SU 3= STACKIMRAURCIRLED] ELSE

STC * ISD % SNO » IONG
IF BOOGLEANCT 8= CLASS = SID) THEN

S8 t= INTEGER(SH);
NILs STACKIMKADRCTRUED] 3= SE;
IF T < 2 THEN T ¢= | = 1} ELSE

BLNs SD $= CLASS3 GETNEXxT ELSE
MAXE» SA = MAX(SE»SC) ELSE
MINF» SA 3= MIN(SB»SC) ELSE
RANDs, SC 3= CUNVAL(GU) ELSE
ABSF» SH 8= ABS(SB) ELSE

SINFs SE 3= SIN(SB) ELSE

CUSFs SBE $= CUOS(SB) ELSE

EXPFs SB $= EXP(SB) ELSE

LNF» SB &= LN(SB) ELSE

SERIF» SH 8= SGRT(SB) ELSE

RCNs SD 2= WH(ATSM(MKADR(FALSE)»BASED))S]
END OF INTERPRET;
3 EXECUTE MAKES CALLS ON FUNCTICMNS; LSES
% INTERPRET
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PrULELURE EXECULIECCLUER)S
BEGIN ‘
SYMbCL LLUCUDLE 5
ReAL LLULS
LLuCOLE #= bASES
pASE 3= CUDLS
uLOL ¢= L
L 3= (s
LETNEXTS

WHILE INTERPRET Ous
HASE = GLDCOCQES
L = (QLOLS
EnC OF EXECUTES
% PLUTITER
%
PROCEUUKE PLOTTERS
BEGLN
RLAL Xs Yo Zs No Vs TMARs
SYmp(GL CCUES, SYNM;
LAdel ExIT3
IF CLASS # REALPRUC

VALUE CnUF;

SyMlL CCCE3

PLUTS FUNCTIOM EXECUTELD BY

INIERPRETER
TNINs Ts Jo Ki

ID Ok K

t =

WHLeNPAKAM =

THEN

BEGIN PRINT #MISSING UR ILLEGAL FUNCTIONRZS

GC T0 t
t= INSYWMS
0Ot ATSM(L1sINFU
IF & # 1 THEN
BEGIN
PRINT #TYPE =&
IF K =
= i3
STACKLJ =
LNTIL

SYWM

=

J
De

END S

K &5 K + 135

PRINT #ENTER BEGINN
#THE FLCT#3

XIT ENUS

)3

K=1 # PARAMETELR4
2 THEN # * ELSE #5453

J + 11 = REAUNCTIAX
J = K3
ING VALUE, INCHREMENT

X = REAUNCIWX)3 Y 1= REAUNCTAX)3 £ 1=
Nos= (2 = X) /Y + 13
J t3 =13 INIERPRETING t= TRUE;
BEGIN
ARRAY VALUESICINIDS
THAX 3= =(TMIN $= TEN(6E])S
FCR V t= X STEP Y UNTIL 2 DU
BEGIN
SAVEIL 3= (3
FR 8= [ 8= KJ
STACKL1] = v
EXECUTECCUDE DS
VALUESLY 8= J + 1) 3= T 3=
TMAX t= MAX(TMAXsT);
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» ANC FINAL yALUE

READNCTwX)3

STACKLC S
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TMIN 33 FINCTMINST) )
END S
PRINT o/s/57s/s/ SPACECE) #PLCT CF 4 SvY»
#(X)s X = & X % Ty # £ # IN STEFS CF &
Ys/SPACL(16) #RANGE CF # SYM 4 IS #
ITMIN # 1C # TMAX /97573
IF TMAX # IMIN THEN
TVAX 8= 5C/CImMAX = IMIND;

J otz =13

FCr v 2= X STep vy ynNTIL 2 DU
BEGIN
TwXxse 3= SPACLS
PRIN vi

T 32 (yaLUESTUs=d+1] = TMIN) x THAX + €3
IF J #Ub 10 = Q THEN
TwXx82(8) 83 [23Msene™] & TWXS2Z(tod4z)
ELSE TWwx82(8) 1= ",
TwXS2(Ts1) t=2 "a";
MRITE TwX;
ENU3S
ENCS
PRIN s/9/2/32/5/5
EXIT: NEWLINE 8= [KUES
INTERPRETING 3= FALDE;
EnU UOF PLOTIEKS
#  MALN PROGRAM SECTICN
FRINT #RECC FUNCTIUN PLOTTERES
STARTS
PRINT #GU AHEAD .82/
MEWLINE 3= ThUES GETNEXT
[SwlTlR
"EUNCTIUN™, PRKUCEWUREDEC ELSE
"LIST", PRINT PLIST ELSE
wpLUT», PLGITER ELSE
"OELETE"» I+ NULL PLIST THEN
PRINT #FUNCTION LIST EMFTYH
ELSE
BEGIN
UL 3= SMTACCTRCINF 33 PLISTI)S
PLIST ¢35 CUR PLISTS COR INF %
PRINT CAK INF, BUELETEU#;
FURGE CINF )
NEXTAVLCSYMRBOL) 3= UL
LMD ELSE
"STOP®", GU TU EXIT#] 3 RESTARTS
GU 10 START
RESTART: PRINT g#PLEASE wbTyptw#s GO TO START;
EXIT: PRINT #ENU UF PROGRANM# »/9/2/;
EnL,

NLL S
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CabLL KwpMPLOT

RECL rUACTIUN PLUTTEKR
GU AHLALDL
FUNCTILIUN F(X)3
LERETURN SINCX)IXCLS(A)/7(x+1)3
GU AKWE AU,
PLGT ¢
ENTER BfGINNING VALUE, INCREMENT, AND FINAL VALUE FOR THE PLOT
Usrec 1C

PLOT CF FUX)» X = 0 TU 10 IN STePS UF W2
RANGE OF F 1S =o1486Y TU 429166

¢ Peecseserovoonsae®y 00 0000000000000 0000a00ac0 0000
el . *
e 4 *
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IX. GTL INPUT-OUTPUT FUNCTIONS

9.1 INTRODUCTION

In addition to the standard ALGOL Input-Qutput functions, GTL
contains a set of Input-Qutput functions which facilitates reading and
writing the GTL data types. The purpose of this section is to describe
in detail the operation of these Input-Output functions and to indicate

how they might be used with various kinds of files.

9.2 THE OUTPUT FUNCTIONS

9.2.1 Extended WRITE Statement

The syntax of the array row form of the ordinary Extended ALGOL
WRITE statement has been extended as follows: Any string variable (See Sub-
section 5,1)which is not a formal parameter and which is longer than 8
characters in length may beused in place of an array row. The number of
words to be written is specified as in the array row form, instead of the
number of characters, since only multiples of 8 characters can be written.
For example, if LINE is a 120-character string variable and OUTFILE is a

15-word output file, then

WRITE (OUTFILE, 15, LINE)

is a legal GTIL construct.

9.2.2 The PRINT, PRIN, and TERPRI Statements

The PRINT (PRIN) statement consists of the word PRINT (PRIN)
followed by a list of one or more printable items which are to be writ-
ten on an output file. The output file is specified by the OUTPUT
statement (Subsection 9.3, below). The OUTPUT statement also specifies

an output string variable in which the printed output is composed,
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the size of the output file, and the left and right margins. The PRINT
statement will cause each item in the list of printable items to be
inserted into the output string beginning at the left margin. If the out-
put string is filled, i.e., the right margin is reached, before all of

the items have been printed, then the output string is written onto the
output file and output string composition process continues at the left
margin. When all of the print items have been inserted into the output
string the output string is written onto the output file.

The PRIN statement has the same effect as the PRINT statement except
that the output string is not immediately written unless the right margin
has been reached. Subsequent PRINT or PRIN statements will continue to
fill the partially composed output string instead of restarting at the
left margin. The TERPRI statement will cause a partially composed output
string to be written after a series of one or more PRIN statements. (The
PRINT statement is equivalent to a PRIN statement followed by the TERPRI
statement.)

When two or more printable items appear in a PRINT or PRIN statement,
they may be separated by one of three following print list separators:

1) One or more spaces, which causes two print items to be
printed without intervening spaces,

2) A comma, which causes two print items to be printed with
one intervening space, and,

3) A comma followed by a slash (",/"), which causes an implicit
call on the TERPRI function starting a new line of print before the next

item is printed).
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For example,

PRINT Il 12, I3,/ 14

will cause the following to be printed (assuming Il1, I2, I3, and I4 are

chosen to represent the symbolic output corresponding to the four

printable items),

I112 13

I4

The kinds of items which may be printed are described in detail in para-

graphs 9.2.4 through 9.2.15 below.

9.2.3 The FORMAT Option

In addition to the PRINT and PRIN statements described above, there
are four optional forms of output functions. Any one of the following

may precede the list of printable items:

PRINT FORMAT
PRIN FORMAT
PRINT FORMAT [ae]

PRIN FORMAT [ae]

where ae represents an arithmetic expression. The use of this FORMAT
option will cause the items to be printed to be spaced evenly across the
line. After a printable item is inserted into the output string
variable, spaces are inserted into the output string variable up to the
smallest multiple of the spacing factor, the value of ae. If ae is not
given, the spacing factor will retain its previous setting (the spacing

factor is initially set to 15). 1In terms of the standard variable TAB

9-3



(described in paragraph 9.7.2), the equivalent of
PRIN SPACE(ae - (TAB MOD ae))

is executed after each printable item is composed and inserted into the

output string variable (paragraph 9.2.14). For example,
PRINT FORMAT [5] Il1 I2 I3 I4

will cause the following to be printed (assuming I1, I2, I3, and I4 are
chosen to represent the symbolic output corresponding to the four printable
items),

I1 I2 I3 14

9.2.4 Literal String

A string to be printed, like a quoted string in a format statement,
may be enclosed in #'s. The character # itself may be printed by ##i#.
Two or more spaces in the string are reduced to one in the printed output.

For example,

#THIS IS A LITERAL STRING#
ilad
#X=+%#

The length of a literal string may not exceed 896 characters. If a
literal string will not fit into one line of output it will be divided
into two or more strings (the print mechanism will attempt to avoid

dividing a string in the middle of an identifier).



9.2.5 String Values

String valued printable items are string designators and string
assignment statements (Section V). If the string thus generated will not
fit into the output string, it will be divided in the manner described

in paragraph 9.2.4 above.

9.2.6 Real and Integer Values

Real and integer valued printable items are real and integer
variables, assignment statements, procedures and standard functions. The
maximum number of significant figures to be printed is initially set to 5;

it may be changed by the NIS function described in paragraph 9.2.16 below.

9.2.7 Alpha Values

Alpha variables, alpha procedures, and string constants (quoted
strings containing 7 or less characters) are printable items. They are

printed in standard alpha format (up to 7 characters in length).

9.2.8 Boolean Values

Any Boolean expression which does not begin with a conditional
expression is a printable item. The Boolean values TRUE or FALSE are

printed according to the value of the Boolean expression.

9.2.9 Double Precision Values

Double precision variables and assignment statements (Section III)
are printable items. The maximum number of significant figures is
initially set to 22; it may be changed by the NTS function described in

paragraph 9.2.16 below.
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9.2.10 Complex and Double Precision Complex Values

Complex and double precision complex variables and assignment state-
ments (Section IV) are printable items. If the imaginary part of the
complex number is zero, then only the real part is printed. If the real
part of the complex number is zero and the imaginary part is non-zero,
then only the imaginary part is printed. If the imaginary part is
printed, then it is preceded by a colon (:). If the complex number is

double precision, the remarks given in paragraph 9.2.9 above also apply.

9.2,11 LISP Values

LISP variables, procedures, and assignment statements, i.e., those
declared with the type SYMBOL, and the LISP field designators (Section VI)
are printable items. The item to be printed must have an S-expression
representation; the circular list described in Subsection 6.7, for

example, could not be printed.

9.2.12 Reference Values

Variables and procedures of type '"reference' (Section VII) are
printable items. The contents of the records referenced by the reference
values are not printed. Instead, the record class identifier associated

with the reference value and the reference value itself are printed.

9.2,13 QMARK
QMARK is a printable item which causes the question mark (the "illegal
character") to be printed. It is provided since there would be no other

convenient way of inserting a ? into the output string.
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9.2.14 SPACE
The SPACE function is a printable item which may be used in one of

the two forms:

SPACE

SPACE (ae)

where ae represents an arithmetic expression. If SPACE alone is used,
then one space is printed. If the other form is used, then the value of
the arithmetic expression ae determines the number of spaces to be
printed. If the value of ae is negative or zero, then nothing happens.
If the number of spaces to be printed extends beyond the right margin of
the output string, then the string of spaces is truncated at the right

margin, and does not extend onto the next line of print.

9.2.15 SKIP

The word SKIP used in the form
SKIP(ae)

where ae is an arithmetic expression, is a printable item. It causes
spaces to be placed in the output string up to the point indicated by the
value of the arithmetic expression. For example, if the output string is

120 characters long,
PRIN SKIP(60)

causes spaces to be filled in up to the sixtieth character position in
the output string. If the output string has been filled to a point beyond
the position given by the value of the arithmetic expression, or if the

value of the arithmetic expression is zero or negative, then nothing

happens.
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9.2.16 The NTS Statement

The NTS statement may be used in one of the three following forms:

NTS (*, ae)
NTS(?'\“}:’ _a_e)

NTS (aev, ae)

where ae and aev are arithmetic expressions. The first form of the NTS
statement will reset the value of the maximum number of significant
figures of a single precision number to be printed to the value of ae
(see paragraph 9.2.6). The second form of the NTS statement will reset
the value of the maximum number of significant figures of a double
precision number to be printed to the value of ae (see paragraph 9.2.9).
The third form of the NTS statement will convert the value of the arith-
metic expression aev into a string representing that value with a
maximum number of significant figures determined by the value of ae.

The string thus generated will be contained in the standard string
variable OUTSTR (see paragraph 9.6.1) and its length is given by LENGTH

(OUTSTR). For example,
NTS (123,5)

will cause the string "123" to be placed in the string designator
OUTSTR(0, LENGTH(OUTSTR))

where, in this case, LENGTH(OUTSTR) is equal to 3,
The string FILL statement (see paragraph 5.3.16) is similar to the

third form of the NTIS statement and may at times be more convenient.
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9.2.17 Conditional PRINT Statement

In addition to the preceding forms of the PRIN and PRINT statements,

the following '"conditional" forms are allowed:

PRINT IF bexp THEN printlistl ELSE printlist2

PRIN IF bexp THEN printlistl ELSE printlist2

where bexp represents a Boolean expression, and printlistl and printlist2

are lists of printable items defined previously. These constructs are

equivalent to

IF bexp THEN PRINT Erintlistl ELSE PRINT printlist2
and

IF bexp THEN PRIN printlistl ELSE PRIN printlist2

respectively. For example,

PRINT IF X = O THEN #YES# ELSE #NO#

prints

YES

if X = 0 and otherwise prints

NO
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9.3 THE OUTPUT STATEMENT

9.3.1 The Standard Form

The standard form of the OUTPUT statement, which may be used with any

output file, is

OUTPUT (outfile, outputstring, filelength)

where outfile represents an output file identifier, outputstring represents

a simple string variable, in which the output to be printed is composed,
and filelength represents an arithmetic expression the value of which
should be the length of the output file in characters. The output file
and simple string variable should be declared in the outermost block of
the program. The output file is declared by an ordinary ALGOL file
declaration. The simple string variable (Section V) is declared in the
form

STRING outputstring (n)

where n represents an unsigned integer which determines the length of the
string variable in characters. The string variable length should be at
least as long as the size of a logical record of the output file. With
this form of the OUTPUT statement, the left margin of the output string is
set to zero and the right margin is set to the value of the arithmetic

expression filelength. For example, given declarations

FILE OUT TAPE (2, 56, 10)

STRING TAP(80)

then the statement

OUTPUT (TAPE , TAP,80)
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will cause the print mechanism to print successive logical records onto
the TAPE file. An OUTPUT statement need only be executed once during a
program, although it may be executed as many times as desired to change
files, output string and/or left and right margins. The remote terminal
output file (file type REMOTE), which is described in Reference 7, is treated
the same way as any other output file in ALGOL. The most important dif-
ference is the restriction of the character set which may be printed; the
remote terminal character set is given in Appendix B. Another difference
is that a carriage return, line feed is generated before every line of
printing. The other difference is the action taken when '"break' or
"output impossible' condition occurs. If either of these conditions
occurs, the program is terminated with an error message. See Subsection

9.6 to avoid this action.

9.3.2 The Output Procedure

The name of an untyped procedure may be used in place of the output

file identifier in the OUTPUT statement. The statement has the form

OUTPUT (outpro, outputstring, filelength)

where outpro represents the procedure identifier, and outputstring and

filelength have the same meanings as defined in paragraph 9.3.1 above.

The output procedure will be called whenever the output string has been
filled or whenever TERPRI is called: it is assumed that the output
procedure will write the output string on some output file. The procedure
must be declared in the outermost block of the program, and must have no

formal parameters.
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For example, given the declarations

FILE OUT OUTFILE 16(2,15)
STRING LINE (120)
PROCEDURE OUTPRO;

WRITE (OUTFILE,15,LINE)
the OUTPUT statement
OUTPUT (OUTPRO, LINE, 120)

will have the same effect as the OUTPUT statement described in paragraph
9.7.2. This option is provided since it is sometimes desired to introduce

certain kinds of side effects.

9.3.3 Setting Left and Right Margins

There are three forms of OUTPUT statements which allow settings of

left and right margins in the output string variable to be filled by the

print mechanism:

OUTPUT (outfile, outputstring, filelength, lmargin, rmargin)

OUTPUT (outpro, outputstring, filelength, lmargin, rmargin)

OUTPUT (*, lmargin, rmargin)

where outfile, outputstring, filelength, and outpro have the same meanings

as in paragraphs 9.3.1 and 9.3.2 above. Lmargin and rmargin represent arith-
metic expressions whose values determine the left and right margins in the
output string. The first OUTPUT statement given above is an extension of

the OUTPUT statement described in paragraph 9.3,1. The second OUTPUT state-~

ment is an extension of the OUTPUT statement described in paragraph 9.3.2.
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The third OUTPUT statement (the asterisk form) may be used after the execu-
tion of any OUTPUT statement to change left and right margins when there

is no change in the output string, and the output file or output procedure.
The value of lmargin determines the number of characters to be skipped in
the output string before any printable item is inserted into the output
string. The right margin determines the maximum number of characters, from
the beginning of the output string, which can be placed in the output
string before it is written (starting a new line of print). For example,

with the declarations

FILE OUT OUTFILE 16(2,15)

STRING LINE (120)

the output statement

OUTPUT (OUTFILE, LINE, 120, 8, 104)

will cause a line to be printed indented 8 spaces and will allow a maximum
of 96 characters on a line (i.e., there is a cutoff of 104 characters from
the beginning of the string LINE).

Warning: Since the output mechanism does not change the contents of
the output string to the left of the left margin and to the right of the
right margin, and since any string variable is initially filled with zeroes
when declared, the output string variable should be filled with spaces
before any print statement is used. This may be accomplished by the assign-

ment statement

outputstring:= SPACE
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For example, referring to the example given above,
LINE:= SPACE

will prevent zeroes from being printed before the left margin and after

the right margin.

9.4 THE READ FUNCTIONS

9.4,1 Extended READ Statement

The syntax of the array row form of the ordinary Extended ALGOL READ
statement has been extended as follows: Any string variable (Section 5)
which is not a formal parameter and which is longer than eight characters
in length may be used in place of an array row. The number of words to be
read is specified, as in the array row form, instead of the number of
characters since only multiples of eight characters can be read. For
example, if CARD is an 80 character string variable and INFILE is a ten-

word input file, then

READ (INFILE,10,CARD)

is a legal GTL comnstruct.

9.4,2 The GTL Read Mechanism

When a GTL read function is called, one or more items of various kinds
are read from an input file., The input file is specified either directly
or indirectly (see Subsection 9.5). The read mechanism will fill an
input string variable (also specified by the INPUT statement) from a
logical record from the input file. The scanning process starts from a

left margin in the input string variable and continues until the right

9-14



margin is reached, at which point the input string variable is refilled
from the next logical record. The left and right margins of the input
string are also specified by the INPUT statement. The scanning mechanism
will scan the input string and extract one or more items depending on the

type of read function being used. Blank spaces serve as delimiters only

and do not contribute to the value of a read function (except in the

case of the SCAN function described below). There are five basic different
kinds of read functions provided which are described in paragraphs 9.4.3

through 9.4.7.

9.4,3 The SCAN Function

The SCAN function is an integer valued function having one of five
possible values depending on the contents of the input string variable
which it is scanning. The values of the SCAN function and their meanings

are given in the table below.

Value of SCAN Meaning
0 one Oor more spaces scanned
1 an identifier was scanned
2 a digit string was scanned
3 one non-alpha character was scanned
4 end of file has been reached

The SCAN function will scan up to 31 spaces at a time so that a value of
zero does not mean that there are no remaining spaces; it simply means

that one or more spaces were seen. When an identifier, digit string, or
non-alpha character is scanned, the item scanned may be accessed through

the standard string variable INSTR (see paragraph 9.7.1). The length of
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the item scanned by a call on the SCAN function is given by LENGTH(INSIR),

so that the string scanned by SCAN is given by

INSTR (0,LENGTH (INSTR))

9.4.4 The READCON Function

The READCON function is an integer valued function having one of
five possible values depending on the contents of the input string
variable which it is scanning. The READCON function is called in the
form

READCON (bx)

where bx represents a Boolean expression. The value of bx determines
whether a multi-character identifier will be read as a string or LISP
atomic symbol. If the value of bx is TRUE; then every multi-character
identifier is read as a LISP atomic symbol; otherwise, a multi-character
identifier is reported to be a LISP atomic symbol only if an atomic symbol
representing the identifier already exists. The values of the READCON

function and their meanings are given in the table below.

Value of READCON Meaning
0 end of file
1 number with exponent overflow (the

exponent is too large or too small)

2 number
3 LISP atomic symbol
4 multi-character identifier string

As indicated above, READCON can have a value of four only if the value of

its argument is FALSE. The value of an item read by READCON can be accessed

9-16



through the standard variables (see paragraph 9.7.1) INREAD, INDBL, INSYM,
and INSTR. If a number is read, its value is given by INREAL in a single
precision arithmetic expression, or by INDBL in a double precision expres-
sion. If a LISP atomic symbol is read, then its value is given by INSYM.
If a multi-character identifier is read, then its value is contained in

the string designator

INSTR (0 ,LENGTH (INSTR))

9.4.5 The READN Function

The READN function may be used to read numbers only. 1Its value is
the number which is read. 1If used in a single precision context, its
value is a single precision number; if used in a double precision context
(Section III), its value is a double precision number. If the item read is
not a number, its value is set to zero, and the standard variable INSYM

is set to the question mark character (otherwise INSYM is set to zero).

9.4.6 The READ]1 Function

The value of the READ1 function, when used in a symbol expression,
is a LISP atomic symbol. This function is described further in para-

graph 6.10.2,

9.4.7 The READ Function

The value of the READ Function, when used in a symbol expression, is

a LISP S-expression. This function is described further in paragraph 6.10.2.
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9.5 THE INPUT STATEMENT

9.5.1 The Standard Form

The standard form of the INPUT statement, which may be used with any
input file

INPUT (infile, inputstring, filelength)

where infile represents an input file identifier, inputstring represents a
simple string variable which the read mechanism will scan, and filelength
represents an arithmetic expression the value of which should be the length
of the input file (in characters). The input file and simple string
variable should be declared in the outermost block of the program. The
input file is declared by an ordinary ALGOL file declaration. The simple

string variable (Section V) is declared in the form

STRING inputstring(n)

where n represents an unsigned integer which determines the length of the
string variable in characters. The string variable length should be at
least as long as the size of the logical record of the input file. With
this form of the INPUT statement, the left margin of the input string is
set to zero (the scanning starts at the beginning of the string variable)
and the right margin is set to the value of the arithmetic expression
filelength, so that the read mechanism will scan the entire logical record

from the input file. For example, given the declarations (for a tape file)

FILE IN TAPE (2, 56, 10)

STRING TAP(80)
then the statement

INPUT(TAPE,IAP,SO)
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will cause the read mechanism to scan from successive logical records from
the TAPE file. An INPUT statement need be executed only once during a
program, although it may be executed as many times as desired to change
files, input string, and/or left and right margins.

NOTE: The remote terminal input file (file type REMOTE), which is described
in reference 7, is treated the same way as any other input file in ALGOL.
The most important difference is the restriction of the character set
which may be printed; the remote terminal character set is given in Appen-
dix B. Another difference is that a message is sent after every READ
statement to give a carriage return, line feed. The other difference is
the action taken when ''parity', "buffer overflow', and "input too long"
occur. If any of these conditions occur, the program is terminated

with an error message. (See Subsection 9.6 to avoid this action.)

9.5.2 The Input Procedure

The name of a BOOLEAN procedure may be used in place of the input

file identifier in the INPUT statement. This statement has the form

INPUT (inpro, inputstring, filelength)

where inpro represents the BOOLEAN procedure identifier, and inputstring
and filelength have the same meanings as in paragraph 9.5.1 above. The
input procedure will be called whenever the scanning mechanism has

reached the right margin of the input string; it is assumed that the input
procedure will refill the input string variable from some input file and
will return a value of FALSE unless end of file is detected. The BOOLEAN
procedure must be declared in the outermost block of the program, and

must have no formal parameters. For example,
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FILE IN INFILE(2, 10)

STRING CARD (80)

BOOLEAN PROCEDURE INPRO;

BEGIN LABEL EOF, EXIT; |
READ (INFILE, 10, CARD) [EOF]
GO TO EXIT;
EOF: 1INPRO := TRUE;
EXIT:

END OF INPRO

Then the INPUT statement

INPUT (INPRO, CARD, 80)

will have the same effect as the first input statement described in
paragraph 9.8.1. This option is provided since it is sometimes desired

to introduce certain kinds of side effects (see paragraph 9.8.1).

9.5.3 Setting Left and Right Margins

There are three forms of INPUT statements which allow settings of
left and right margins in the input string variable to be scanned by the

read mechanism:

INPUT (infile, inputstring, filelength, lmargin, rmargin)

INPUT (inpro, inputstring, filelength, lmargin, rmargin)

INPUT (*, lmargin, rmargin)

where infile, inputstring, filelength, and inpro have the same meanings as

in paragraphs 9.5.1 and 9.5.2 above. Lmargin and rmargin represent
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arithmetic expressions whose values determine the left and right margins
in the input string. The first INPUT statement given above is an extension
of the INPUT statement described in paragraph 9.5.1. The second INPUT
statement is an extension of the INPUT statement described in paragraph
9.5.2. The third INPUT statement (the asterisk form) may be used after
the execution of any INPUT statement to change left and right margins when
there is no change in the input string variable, and input file or input
procedure. The value of lmargin determines the number of characters to be
skipped in the input string before beginning the scan of a logical record.
The value of rmargin determines the number of characters to be scanned
(from the beginning of the logical record) before continuing on the next

logical record. For example, with the declarations

FILE IN INFILE (2,10)

STRING CARD (80)

the INPUT statement

INPUT (INFILE, CARD, 80, 8, 72)

will cause the read mechanism to scan the first 72 characters from input
string CARD (filled from a logical record from INFILE) after skipping

over the first eight characters.

9.5.4 Sign-Number Separation

When using the read functions described in Subsection 9.4 (except for
the SCAN function), the sign of a number and the number itself are originally
read as one item (assuming there are no intervening spaces between the sign

and the number).
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For example,

+125 -42

appear in the input string variable being scanned; then two numbers, the
first positive and the second negative, will be read. It is sometimes
useful, however, to be able to read a number and its sign separately.

This may be accomplished by inserting a comma followed by a slash followed
by a Boolean expression immediately before the right parenthesis in any of
the INPUT statements described above. If the value of the Boolean expres-
sion is FALSE, then a number and its sign (if any) will be read separately,
and vice versa. To be explicit, the following additional forms of INPUT
statements are allowed:

INPUT (infile, inputstring, filelength, /bx)

INPUT (inpro, inputstring, filelength, /bx)

INPUT (infile, inputstring, filelength, lmargin, rmargin, /bx)

INPUT (inpro, inputstring, filelength, lmargin, rmargin, /bx)

INPUT (*, lmargin, rmargin, /bx)

where bx represents the Boolean expression, and infile, inputstring,

filelength, inpro, lmargin, and rmargin all have the same meanings defined

in the previous paragraphs. When the sign separation option is used, the
two numbers given at the beginning of this paragraph will be read as four
separate items, the first and third items being the LISP atomic symbols +
and - (SectionVI). The primary purpose for this option is that of facili-

tating the parsing of arithmetic expressions via the GTL Input mechanism,
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9.6 REMOTE TERMINAL INPUT-OUTPUT

9.6.1 The FILE REMOTE Declaration

The declaration FILE REMOTE may be used in a GTL program to declare
a remote terminal file. It is a pseudo-declaration which takes the place
of the usual pair of file declarations, and the associated input and out-
put string declarations and the INPUT and OUTPUT statements; it is equiva-

lent to the following declarations and statements:

FILE IN TWXF1 REMOTE(2,17);

DEFINE TWXF2 = TWXFLl#;

STRING TWXS1l, TWXS2(136)

INPUT (TWXF1l, TWXS1, 136);

OUTPUT (TWXF2, TWXS2, 136,0,72)

There are, in addition, other forms of the FILE REMOTE declaration

which are variants of the following basic form:

FILE REMOTE (file length in characters, outputstring right margin,

WAIT wait time, break label,

input time-out label, input overflow label,

output impossible label,

abnormal input condition label,

input end-of-file label, input parity label,

input buffer overflow label)

where file length in characters is the length of the file in characters, and

the length of TWXS1 and TWXS2 in characters, outputstring right margin is the
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right margin of TWXS2. The maximum length of TWXS1 and TWXS2 is 136 characters.
Wait time is the maximum time the system will wait for a response after an
input message is requested (in seconds--must be an unsigned integer--

maximum time is 300 seconds). Break label is the label specifying the

location of the next statement to be executed after the 'break'" key is
depressed on the remote station; after detecting a '"break'" condition, the
program must READ from the terminal to clear the break--the remote user

should just enter a left arrow. Input time-out label is the label preceding

the statements which determine the action to be taken if the wait time is

exceeded; input~-overflow label is the label to which the system transfers

if the input message exceeds the length of the input string; output

impossible label is the label to which the system transfers if it becomes

impossible to write on the remote terminal file. The abnormal input con-

dition label is the label to which the system transfers if it becomes

impossible to read from the remote terminal file. Input end-of-file-label

is branched to when the user types ?END on the remote terminal; input

parity label is transfered to when a parity error is detected on a READ;

and input buffer overflow label branches to that label, indicating a buffer

overflow has occurred during a READ. Any of the components of the FILE
REMOTE declaration may be deleted, with two restrictions: (1) since the
GTL compiler determines the meaning of a label by its relative position in
the sequence of labels, they may be deleted only from right to left; the
absence of a label contained in a sequence of labels may be indicated by
placing an asterisk in the corresponding position; (2) if only one unsigned

integer is specified, then it is assumed to be the file length in characters;

to specify the outputstring right margin only, the file length in characters should
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be replaced with an asterisk. For example,

FILE REMOTE (break label, *, input overflow label)

FILE REMOTE (%, 136, *,% % % * input end-of-file label)

The effect of deleting various components of the FILE REMOTE declaration
is indicated in the table shown below. 1In the case of labels, it is
assumed that the condition which affects a transfer to the label in ques-

tion has occurred.

MISSING COMPONENT EFFECT ON PROGRAM
file length in characters set to 136 characters
outputstring right margin set to 72 characters
wait time set to 300 seconds
break label GTL run time error #19
input time-out label GTL run time error #16
input overflow label "INPUT TOO LONG. RETYPE"
output impossible label | GTL run time error #9

abnormal input condition label GTL run time error #17

input end-of-file label GTL run time error #18
input parity label "PARITY ERROR. RETYPE"
input buffer overflow label "BUFFER OVERFLOW. RETYPE"

In the case of input overflow label, input parity label, and input buffer

overflow label, the system automatically types the indicated message and

then waits for more input from the terminal. The program cannot detect
when the system does this, nor does it need to know, because recovery is
handled for the user by the system. Under the Time Sharing MCP, all

information after outputstring right margin is ignored.
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Any labels appearing in the sequence of labels in the FILE REMOTE
declaration need not be previously declared; they are declared by default.
The FILE REMOTE declaration must occur in the outermost block of the

program, preferably immediately following the BEGIN.

9.6.2 FILE REMOTE Side-effects

A few side-effects occur when the FILE REMOTE declaration is used.
They are listed below.
1) The left margin related to output is set to zero, and the

right margin is set to 72, or the length of -the outputstring right margin, if

specified. A non-zero left margin may be set by

OUTPUT (TWXF2, TWXS2, file length in characters, lmargin, rmargin)

where lmargin and rmargin are unsigned integers.

2) The FILE REMOTE mechanism causes the printing device to be

positioned at the beginning of a new line before the printing starts.’

3) The left margin related to input is set to zero, and the
right margin is dynamically set to the number of characters received in

one transmission. A non=-zero left margin may be set by

INPUT (TWXF1l, TWXS1l, file length in characters, lmargin)

where lmargin is an unsigned integer.

4) A psuedo end-of-file indication is normally returned after

each remote terminal message, thus providing non-programmatic '"punctuation"

between remote terminal entries. Thus, in the case of SCAN and READCON

(paragraphs 9.4.3 and 9.4.4), an end of file is indicated every other time
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the function is called. 1In the case of READN, READ1l, and READ (para-
graphs 9.4.5 through 9.4.7), INSYM will contain a question mark character
on every other read. Thus the following would read an S-expression from

the terminal, L assumed to be type SYMBOL:

WHILE L := READ EQ QMARK DO;

Whenever a real end-of-file occurs ("?END"), it can be accessed by using
an end-of-file label in the FILE REMOTE declaration (see paragraph 9.6.1).

To have control over the psuedo end-of-file the programmer should execute

INPUT (booid)

where booid is a previously declared Boolean variable. As long as the
value of booid is FALSE, the end-of-file condition will be returned; if
booid is set TRUE, then the psuedo end-of-file is turned off.

5) 1If, after declaring FILE REMOTE, and having executed either
an INPUT or OUTPUT statement to change the file type, it is desired to
change back to the implicitly declared files of FILE REMOTE, then the

following INPUT and/or OUTPUT statements may be used.

INPUT (TWXF1, TWXS1l, file length in characters)

OUTPUT (TWXF2, TWXS2, file length in characters)

9.6.3 READ and WRITE Statements

Ordinary ALGOL READ and WRITE statements may be used with the remote
terminal file declared by the FILE REMOTE declaration if the implicitly
declared input and output string variable identifiers TWXS1l and TWXS2 are

used in place of the file identifiers. For example,
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READ (TWXS1, FORMATID, LISTID)

WRITE(TWXS2, FORMATID, LISTID)

The effective '"file size'" is determined by the lengths of the input and

output strings.

9.6.4 READ TWX

The use of the statement READ TWX will cause the input string variable
to be refilled with a remote terminal message regardless of what portion
of the previous message has been scanned., Also, any remaining positions
in the input string variable beyond the end of the input message are
filled with spaces. For example, the following program segment will trans-
fer successive remote terminal messages to a disk file (DISC) until the

first character of the message is found to be an asterisk.

READ TWX;

WHILE TWXS1(0,1) # "*" DO
BEGIN
WRITE (DISC,9,TWXS1);
READ TWX

END

9.6.5 WRITE TWX

The statement WRITE TWX will cause the contents of the output string
variable to be written onto the remote terminal. It is equivalent to the
two statements:

TAB := 72; TERPRI
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For example, the following statementswill write the contents of a disk

file (DISC) onto the remote terminal:

WHILE TRUE DO
BEGIN
READ (DISC,9,TWXS2) [EOF];
WRITE TWX
END;

EOF :

9.6.6 READN(TWX)

The function READN(TWX) is a special remote terminal version of the
READN function (paragraph 9.4.5). This function is used for reading num-
bers from the remote terminal input message. It will ignore anything in
the message which is not a number, If it reaches the end of a message
without finding a number, it will print a question mark, followed by a

space, and wait for a new message. - For example, if the remote terminal

message initially contains

2 35

then three successive calls on READN(TWX) will yield the three numbers,
A fourth call will cause a question mark to be printed, and the system
will wait for another number,

If READN(TWX) is used in a double precision context, its value will

be a double precision number (see Section 3).
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9.6.7 READN(TWXA)

The function READN(TWXA) works like READN(TWX) except that it returns
alphanumeric strings and special characters, and ignores numbers. If an
alphanumeric string exceeds 7 characters in length, it is truncated to
the leftmost 7 characters.

Example:

PRINT #CONTINUE #;

IF READN(TWXA) # "YES'" THEN GO TO EXIT

.

9.6.8 TWXNUM
The function TWXNUM is a Boolean-valued function which combines the
functions of READN(TWX) and READN(TWXA). Its value is TRUE if a number
is read, and FALSE otherwise. In either case, the resulting value will
be contained in the standard variables INREAL and INDBL.
Example:
L: WHILE TWXNUM DO AR[I := I + 1] := INREAL:

IF INREAL # "“STOP'" THEN GO TO L;

9.6.9 Conversational READ Statement

A familiar problem in writing remote terminal programs concerns the
process of getting data into the program in a conversational fashion.
Typically, the program prints a key word and reads the response from the
user for each piece of data required. This construct simply helps

mechanize this process. The syntax is as follows:

READ [V1, V2,---,VN]

where V1, V2,---, VN are each simple variables of type SYMBOL,'BOOLEAN,

ALPHA, REAL, or INTEGER. Strings and subscripted variables are excluded.
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For each variable in the list, the name of the variable (up to 7
characters) is printed, followed by "=" and a "?". Then a value is read
from the terminal.

The following table shows the variable types and the corresponding

value type that is expected:

SYMBOL atomic symbol (READ1)
BOOLEAN numeric (READN(TWX))

REAL numeric (READN (TWX))
INTEGER numeric (READN(TWX))

ALPHA alphanumeric (READN(TWXA))

If the proper value type is not entered the program types another "?" and
reads from the terminal again.

For example, the following GTL program fragment:

BEGIN
ALPHA A; BOOLEAN B; INTEGER I; REAL R; SYMBOL S;
FILE REMOTE;

READ [A, B, I, R, S]

produces the following at run time:
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ABCDE « (note ALPHA expected)

B =27

0 « (1 = TRUE, 0 = FALSE)
I =27

ABC «

?

10 « (note INTEGER expected)
R =2

10.2 ~

S = ?

ATOMICSYMBOL «

9.7 STANDARD VARIABLES AND SYSTEM CONTROL PARAMETERS

9.7.1 The Standard Variables

The GIL language contains a set of six standard variables whose

values reflect, and sometimes control, the operation of the GTL Input~

Output mechanism.

These variables, which are not declared in a GTL pro-

gram, may be used in any context appropriate for the type of the variable.

The names of these variables and their types are illustrated by the

following declarations:
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INTEGER TAB, COL
REAL INREAL
DOUBLE INDBL
SYMBOL INSYM

STRING INSTR(31), OUTSTR(64)

If any of these variables were actually declared in a GIL program, such
declarations would override the implicit declarations and they could no
longer have any special meaning. The standard variables INREAL, INDBL,
INSYM, and INSTR are used to return the values of real numbers, double
precision numbers, atomic symbols, and strings, respectively, which are
read by the SCAN and READCON functions (paragraphs 9.4.3 and 9.4.4). The
string variable OUTSTR is used primarily to return the string represen-
tation of a number converted by the NIS function (paragraph 9.2.16). The

variables TAB and COL are discussed in the next paragraphs.

9.7.2 The Standard Variable TAB

The value of the standard variable TAB is equal to the current num-
ber of characters inserted into the output string variable by the output
system. The only valid values of TAB are O to output string length,
inclusive. At the beginning of a line of print, TAB is set to the left
margin. When the string of characters representing a printable item is
inserted into the output strnng, the value of TAB is increased by the num-
ber of characters inserted. Ordinarily, whenever the TERPRI function is
called, either implicitly at the end of a PRINT statement, or explicitly,
the statement

PRIN SPACE (RM - TAB)
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where RM represents the right margin, is implicitly executed, and TAB is
reset to the right margin. An example of the use of TAB is the following
procedure which is used in a GTL program which produces flow charts from

GTL programs:

PROCEDURE CLEAR(A,B); VALUE A,B; INTEGER A,B;
BEGIN

TAB := A;

PRIN SPACE (B - A);

TAB := RMARG;

TERPRI

END OF CLEAR

This procedure has the effect of repeating the previous line of print with
spaces filled in between the character positions A and B in the output
string variable, The value of RMARG (see paragraph 9.7.4) is the current

right margin in the output string variable.

9.7.3 The Standard Variable COL

The value of the standard variable COL is equal to the current number
of characters in the input string which have been scanned by the read sys-

tem. The only valid values of COL are O to input string length, inclusive.
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When a logical record from an input file has been transferred to the

input string variable, COL is set to the left margin of the input string
variable. Each time a GTL read function reads an item, COL is increased
by the number of characters read. This process continues until COL equals
the right margin of the input string variable, at which point a new logical
record is read from the input file and COL is reset to the left margin.
When an INPUT statement is executed COL is set to the right margin, so
that a logical record will be read before the scanning begins. An example
of the use of COL is the following procedure which scans a quoted string
from a card. 1In this procedure, which uses GTL string constructs (Sec-
tion 5), it is assumed that CARD is the input string variable, T is a
global integer variable, and that left and right margins are 0 and 72,

respectively. It is further assumed that a quote mark has just been read.

PROCEDURE SCANQ;

BEGIN
T := COL -~ 1;
WHILE CARD(COL := COL+1,1) # """ AND COL < 72 DO;
COL := COL + 1

END OF SCANQ

The quoted string, including the quote marks, will be found in the string
designator

CARD (T ,COL-T)

9.7.4 System Control Parameters

The values of certain control parameters used by the GIL Input-Output

system may be accessed by a standard function called CONVAL. The CONVAL
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function is used in the form

CONVAL (n)

where n represents an unsigned integer whose value designates the desired

control parameter.

Some of the values of n which may be used and the

corresponding values of CONVAL(n) are listed in the table given below:

=]

13
14
15
16

17

18

19
20
21
22
23

24

value of CONVAL(n)

maximum number of significant figures in single
precision printed numbers

maximum number of significant figures in double
precision printed numbers

sign-separation control (see paragraph 9.5.4)

left margin of output string variable (same as LMARG)
left margin of input string variable (same as LMARGI)
right margin of output string variable (same as RMARG)
right margin of input string variable (same as RMARGI)

equals O if OUTPUT statement has been executed;
1, otherwise

equals 1 if INPUT statement has been executed;
0, otherwise

number of words in output logical record

number of words in input logical record

equals 1 if output procedure is being used; 0, otherwise
equals 1 if input procedure is being used; 0, otherwise
same as LENGTH(OUTSTR)

same as LENGTH(INSTR)
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The values of the GTL margin control parameters may be accessed

through the following standard variables:

CONVAL

Standard Variable Meaning Number
LMARG left margin of output string variable 13
RMARG right margin of output string variable 15
LMARGI left margin of input string variable 14
RMARGI right margin of input string variable 16

The asterisk forms of the INPUT and OUTPUT statements can be used to

change the left and right margins (refer to paragraphs 9.3.3 and 9.5.3).

9.8 SAMPLE INPUT AND OUTPUT STATEMENTS

9.8.1 Card Reader

In order to read from cards the following declarations could be made:

FILE IN INFILE(2,10)

STRING CARD (80)

If the entire card is to be scanned, then the following INPUT statement

INPUT (INFILE, CARD, 80)

could be used. 1If the input cards are sequenced, then the following

declarations could be used to check for the ordering:

STRING CARD(72,SEQ(8),0LDSEQ(8))
BOOLEAN PROCEDURE INPRO;
BEGIN LABEL EOF, EXIT;
READ (INFILE, 10, CARD) [EOF];
IF SEQ < OLDSEQ THEN PRINT #SEQUENCE ERROR#, CARD;
OLDSEQ := SEQ; RETURN FALSE;
EOF: RETURN TRUE;
EXIT: END OF INPRO
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In this case the INPUT statement should be

INPUT (INPRO, CARD, 80, 0, 72)

9.8.2 Line Printer

In order to print on a line printer, the following declarations

could be made:

FILE OUT OUTFILE 16 (2,15)

STRING LINE(120)

to be used with the OUTPUT statement

OUTPUT (OUTFILE, LINE, 120)

9.8.3 Remote Terminal Files

In order to use the remote terminal files the following declarations

could be used:

FILE IN F1 REMOTE(2,17)
DEFINE F2 = F1l#

STRING STR1, STR2 (136)

Then the following INPUT and OUTPUT statements could be used:
INPUT (F1, STR1, 136)
OUTPUT (F1, STR2, i36,0,72)
STR2(72) := SPACE

Also the following form could be used,
FILE REMOTE

with many variations given in Subsection 9.6.
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9.8.4 Listing of Input Cards

If a listing of the card input file on the PRINTER file is desired,

then the following additional declaration is suggested:

BOOLEAN PROCEDURE INPRO;

BEGIN LABEL EOF;
READ (INFILE,10,CARD)[EOF];
WRITE (PRINTER,10,CARD);
RETURN FALSE;

EOF: RETURN TRUE;

END OF INPRO

Then, in place of the INPUT statement given in paragraph 9.8.1 the following

statement should be executed before using READ or READL:
INPUT (INPRO,CARD,80)

These changes will cause each data card read by the program to be printed

on the line printer.
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APPENDIX A

EXAMPLES OF GTL PROGRAMS

Four examples of GTL programs are listed in the following pages. They
/
are not intended to be examples of practical applications, but merely serve:

to illustrate some aspects of the GTL language. Other examples are

included in Subsections 3.8, 4.9, 6.25, 7.6 and 8.8.
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BEGIN

String Processing Example

CUMMENT THIS PRUGKAM MERGES TwO CARD IMAGE TAPES ACCORCING TUO

SEQUENCE NUMBER.

FIRST TAPE ALREADY HAS SEWUENCE NUMBEKRS = SEQUENCE NUMBEKS
FOR SECCNU TAPE SPECIFIED AT INTERVALS BY CARD IMAGES

WHICH BEGIN WITH A "g" CONTAINING STAKTING SEQUENCE MNUMBER
AND INCREMENTAL VALUE, IF COLUMN PCOSITIONS 71 ANC 72

UN UNSEGUENCED CAKUS ARE BLANK, "4A" IS INSERTE(S

FILE IN TAPE1l (2,596,103

FILE IN TAPE2 (2556,10))

SAVE FILE OyuT TAPE3 (2,56»10,SAVE 10);
STRING CARD1(72,SEQ1(8))»

LABEL
L1
Les

EQF 3
END,

CARD2(72»S5EW2(8)» NEWSEQCINCR(8)»8EQ(E)))3
L1,L2,ECF3
READCTAPE1,10,CARD1)CEDF 1S
READCTAPEZ,10,CARDZ2)3;
IF CARDZ(U»1) = "§" THEN
BEGIN NEWSEWw 3=z CARD2(64,16)3 GC TO L2 ENDJ
SEQZ 1= SEQs COMMENT SET SEQ@2 TC CURREMNT SEQ NO3J
SEQ 8= + INCR3 COMMENT INCREMENT CURRENT SEQ NO3J
WHILE SEQ1 LSS SEwZ DO
BEGIN
WRITECTAPE3»10,CARD1)S
READ(TAPE1»10,CARD1)}
END3J
It CARD2(70»2) = " " THEN CARD2(70»2) 3= "gA"3
WRITE(TAPE3»10,CARD2)}
IF SE@! = SEQ2 THEN GO TO L1 ELSE GC 10 LZ3

A-2



Lisp Processing Example

BEGIN
CUMMENT THIS PRUGRAM TAKES THE FIRST QOF TwWO LISTS»
REVERSES IT AND ApDS THE SECOND LIST TO IT3
FILt REMQTES
SYMEQOL LisL2)
SYMBOL PRUCEDURE REVANDAUD (X»Y)3 VALUE X,Yj3 SYVNBCL X,Yj
" REVANDADD $= IF NyLL¢x) THEN y ELSE
REVANDADDCCUR(CX)»CONSCCARCXD»Y) )3
LABEL ECF»STARTS
PRINT 260 AHEAD®#,/3
STARTS WHILE L1t= READ tQ QMARK DO
IF L1 EQ@ "STOP™ THEN GO TO EOF3
WHILE LZ23= READ E4 gMARK D03
PRINT #THE NEW LIST IS # REVANDAUDC(L1sLZ2)s/9/3
GO STARTS
EOF
END e

EXECUTE REVADD
RUNNING

GO AHEAD

(THIS IS A LIST)S
(THLIS IS ANOTHER LIST)$
THE NEw LIST IS (LIST A IS THIS THIS IS ANOTHER LIST)

(TH1IS (IS A) (COMPLEX (LIST)))¢

(THIS IS A SIMPLE LIST)®

THE NEw LIST IS (CCOMPLEX C(LIST)) (IS A) THIS TRIS IS A SIMPLE LIST)
(REVERSE IS THIS)®

(OF A LIST)S

THE NEw LIST IS (THIS 1S REVERSE OF A LIST)

STOP

ENU REVADD 1.1 SEC,
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Lisp Processing Example

BEGIN

CUMMENT THIS PROGRAM» USING LIST PROCESSING» ACCEPTS
SYNTAX RULES AS INPUT, AND wILL PRODUCE RANDOM GENERATED
STRUCTURES WHICH ARE SYNTACTICALLY CORRECT, 70
INPUT A RULE, THE COMMAND ®RULE®™ IS FOLLOWED FIRST BY
THE NAME UF TwE RULE AND THEN ITS UDEFINITICON.
A RULE IS ANY COMBINATION OF EITHER
RULE NAMES, WHETHER PREVIOUSLY DEFINEC OR NCT» UR AN
"ATOM®", (AN "ATOM"™ IS AN ATOMIC SYMHBCL AS DEFINEC 1IN
SECTION 6,12), ALTERNATE RULES MAY HE SEFARATEQ
BY A SLASH(/) WHICH MEANS "QOR",
THE SYNTAX OF "RULES®™ IS SHOWN BELOW?

SPECIFICATION st1= ATOM / ATOM SPECIFICATIUN
RULE 8$3= SPECIFICATION / SPECIFICATIQON "/" Rilt
RULENAME $t= ATQOM

RULES $3= RULENAME RULE

TO GENERATE RANDUM STRUCTURES FROM THE RULE SPECIFICATIONS
THE CUMMAND MGENERATE""INTEGER"™ "RULE NAME®™ WILL CAUSE
"INTEGER™ RULE NAMES T0 BE GENERATED
ACCURDING TU THE SPECIFICATION OF THE “RULE NAME"™,
TO STOP THE PROGRAM wSTOP®™ SHOULD BE ENTERED.
AFTER EVERY COMMAND, wgU AHEApw IS PRINTEL AN[C ThE
PROGRAM WAITS FOR MORE COMMANDS FROM THE TERMINAL;
FILE KREMQTES
SYMBOL R3
REAL X3
LABEL L3J
SYMBOL PRUCEDURE RULE3S
RULE s= IF R 3= READ1 EQ "/" OR R EQ WMARK THEN NIL ELSE R , KULES
SYMBOL PRUCEDURE RULES3
RULES s= RULE , (IF R EQ "/% THEN RULES ELSE NIL);
PROCEUURE GENCX)3

VALUE X3
SYMBOL X3
IF NUMBERP(X) OR NULL(CDR(X)) THEN
BEGIN
IF x NEQL "EMPTY™ THEN PRIN X SPACE}
END
ELSE FOR X IN RANUUMCCDR X) DO GEN(X)}
COMMENT PROGRAM STARTS HERE: 3
Ls PRINT #G0 AHEAD.#»/3
READ TWx;

IF R 1= READL EQ "RULE"™ THEN

DO CDRCREAD1) 3= RULES UNTIL R EQ QMARK
ELSE
IF R £Q "GENERATE"™ THEN



BEGIN
X 1% KEADNCTAX)S
R 1% READ1)
FOR X DO BEGLN GENCR)S TERPRIJ ENDS
END
ELSE
IF K EQ "STUP™ THEN
BEGIN PRINT #ECJU#s/2/s/3 EXITS END
ELSE PRINT #ILLEGAL INPUT#}
GO TO L3
END.

ExECUTE SENGEN

=8uUJ= OSENGEN
GU AHEAD.
RULE SUBJECT BAKRY/SUSIE/RECC/B5500/GTL
GU AHEAD,
RULE VERB LOVES/HATES/RUNS/PROCESSES
GU AHEAD,
RULt ADVERB REALLY/MOSTLY
GO AHEAD,
RULE ACTIUN VERB/ADVERB VERB
GU AHEAD.
RULE UBJECT SUBJECT
GO AHEAD,
RULE SENTENCE SUBJECT ACTLON/SUBJECT ACTIGON OBJECT
GO AHEAD,
GENERATE 25 SENTENCE
GTL PRUCESSES RECC
B5500 REALLY PROUCESSES
BARRY REALLY RUNS
GTL PRUCESSES
RECC REALLY RUNS BARRY
SUSIE HATES BARRY
GTL HATES SUSIE
B5S00 REALLY RUNS
RECC mOSTLY LOVES RECC
GTL PROCESSES
GTL REALLY LOVES
GTL REALLY RUNS
BARRY RUNS
SUSIE REALLY RUNS
BARRY REALLY RUNS
BSS00 REALLY RUNS
GIL PROCESSES
BARKY KEALLY PROCESSES
BARRY MOSTLY PRUCESSES
RECC LOVES
RECC REALLY LOVES H5500C
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SUSIE RUNS SUSIE

SUSIE PROCESSES B5500

BARRY REALLY PRUCESSES RECC
BARRY REALLY LOVES

GO AHEAD,

STUP

EQJ



Syntax-Directed Parsing Example

BEGIN

COMMENT A SYNTAX=DIRECTED PARSING PROGRAM USING THE REMCIE TERMINAL.
THIS PROGRAM PRODUCES REVERSE POLISKH FROM ANY ARITHMETIC
EXPRESSION, THE CUMMAND "POLISH"™ FOLLOWEC BY ANY ARITHMETIC
EXPRESSION WILL RESULT IN THE PRINTING CF THE PCLISKH OF
THAT EXPRESSIGN, AN OPTIONAL TRACE FEATURE IS INCLUDED. IHE
COMMAND "TRACE ON"™ WILL TURN THIS FEATURE CON» THUS GIVING
A TRACE OF THE PARSING OF THE ARITHMETIC EXPRESSICN INTO
POLISH, TO TURN THE TRACE OFF THE COMMANC ®TRACE CfFF"™ IS
USEDs TO SICP THE PRUGRAM, THE USER ENTERS "STCP"™ ANU ITHE
PROGRAM GUES TO END=OF=J0B, ANY OTHER INPQT CR
AN ILLEGAL ARITHMETIC EXPRESSION RESULTS IN AN ERRUR
MESSAGEs AFTER COMPLETING A COMMAND CR DETECTING AN
ERRUR, THE PROGRAM PRINTS "GO AHEAD™ AND wAITS FCR ANCOTHER
COMMAND FROM THE TERMINAL3S

FILE REMOTES

REAL CLASSS ¥ THE CLASS VARIABLE

BOOLEAN TRACES % THE TRACE VARIABLE

LABEL START,ERRURS

SYMBOL FORMAT 2 SYNTACTICAL CLASS ASSIGNMENT
*0
= VARIABLE

NUMBER

w(n

")"

LE 3

nyw

nyn

nen

Net

"POLISH"

"TRACE"

WON"

nOFF"

nSTOP"
* EOQF3

REAL FIELD CDRF [331151;

3

$THE "GETNEXT" PRUCEDURE

%

PROCEUURE GETNEXT3S
CLASS 3= CASE READCONCFALSE) OF

* % % % ¥ ¥ ¥ ¥ ¥ ¥ ¥ ¥ X |

BEGIN

EOF 3 ¥ THE ENO=OF=FILE CLASS (SECTION G.642)
NUMBER} £ JLLEGAL NUMBER CLASS

NUMBER} % NUMBER CLASS = NUMBER IN INREAL
CORFCINSYM)3% ATOMIC SyYmMBOL CLASS

VARIABLE} % NOT ON symMBOL TABLE = GIVE VARIABLE CLASS
ENDJ

COMMENT
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NOW TELL THE COMPILER THE NAMES OF THE GETNEXT PRCCEDURE>»
WHICH VARIABLE IS IHE CLASS VARIABLE AND
THAT THE TRACE OPTION IS DESIREDe NOTE THAT THE EKROK
OPTION IS NOT BEING USED IN THIS EXAMFLES
SYMBOL FORMAT #CLASS, GEINEXT, TRACE}
SYMBOL FORMAT AEXP3 FORWARDS
SYMBEOL FORMAT PRIMARYS
(VARIABLE?® PRIN INSYM SPACE ELSE
NUMBERS PRIN INREAL SPACE ELSE
(M, wAEXP, ")% 1)
SYMBOL FORMAT FACTORS
{*PRIMARY>
L"*"y, *PRIMARYs PRIN &+ #3 RETURN ELSE NILI1}}
SYMEOL FORMAT TERM3
BEGIN
SOOLEAN TIMESS
[L*FACTORS
L"xnwmyns TIMES 3= CLASS = =3tx";
*FACTOR» PRIN IF TIMES THEN #x # ELSE #/ 3
RETURN ELSE NJILI1)}
ENDS
SYMBOL FORMAT AEXP3
BEGIN
REAL MINUSS
[*TERM»
("+maneny MINUS 3= CLASSS
*TERM, PRIN IF MINUS = =a"en™ THEN #= & ELSE #+ #3
RETURN ELSE NILI1I1;
ENDJ

COMMENT PROGRAM STARTS HERES
PRINT #RECC POLISH GENERATOR#;
GETNEXTS
STARTSLEQOFs PRINT #GU AREAD#,/ ELSE
"POLISH"» *AEXP» TERPRI ELSE
"TRACE".»
["ON®"*"CFF"! TRACE 13 CLASS = 3"QN"j;] ELSE
"STOP", PRINT #GOUD BYE#s/,/5/3 EXITIIVERRQRI
GO STARTS
ERRURSPRINT #ILLEGAL SYNTAX OR COMMAND#;
COL $= RMARGI3 GETNgxT3 GO STARTS
END,

RUN

=B80J= OPOLISH
RECC PULISH GENERATCOR
GO AHEAD
POULISH (A+B)x(C=D)



A B + (C

GU AHEAD
TRACE ON
GU AHEAD

D = X

POLLISH (A+B)IXx(C=D)

CALL AEXP

CALL TERM

CALL FACTCR
CALL PRIMARY
CALL AEXP
CALL TERM
‘CALL FACTOR
CALL PRIMARY
PRIMARY = 1
FACTOR = 1
TERM = 1
CALL TERM
CALL FACTOR
CALL PRIMARY

PRIMARY = 1
FACTOR = 1
TERM = 1
AEXP = 1
PRIMARY = 1
FACTQR = 1

CALL FACTOR
CALL PRIMARY
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CALL AEXP
CALL TERM
CALL FACTOR

CALL PRIMARY

c
PRIMARY = 1
FACIOR = 1
TeRM = 1
CALL TERM
CALL FACTQR
0 CALL PRIMARY
PRIMARY = 1
FACTOR = 1
TERM = 1
) AEXP = 1
PRIMARY = |
FACTIQOR = 1
x
TERM = 1
AEXP = |
GO AHEAD
POLISH CA+(B*#C)/D)+ExF
CALL AEXP
CALL TERM

CALL. FACTCOR
CALL PRIMARY
CALL AEXP

CALL TERM
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CALL FACTQOR
CALL PRIMARY
PRIMARY = 1
FACIOR = 1
TeRM = 1
CALL TEHKM
CALL FACTOR
CALL PRIMARY
CALL AEXP
CALL TEFRM
CALL FACTCK
CALL PRIMARY
PRIVARY = 1
CALL PRIMARY
PRIVARY = 1
FACTOR = 1
TERM =
AEXP = 1
PRIMARY = 1
FACTOR = 1
CALL FACTGR
CALL PRIMARY
PRIMARY = 1
FACTOR = 1
TERM = 1
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AEXP = 1
PrIVARY = 1
FACTOR = 1
TERM = 1
CALL TERM
CALL FACTCR

CALL PRIMARY

£

FRIMARY = 1

CALL PRIMARY
F

PRIMARY = 1
*

FACTIOR = 1
TERM = 1
+
AEXP = 1

GU AHEAD
TRACE UFF
GU AHEAD

POLISH (A+(B*C)/DI)+E*F
A B C 0/ +EF % +
GO AHLAD

STOP

GOODL BYE
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APPENDIX B

REMOTE TERMINAL CHARACTER SET

The following is intended to serve as a convenient summary of the
relation between the standard B 5500 character set and the remote terminal
set. Other references should be consulted for a complete description (see,
for example, Reference 7). In the following it is assumed that the file
designated in the INPUT and OUTPUT statements are ALGOL file type REMOTE files,
or the GTL FILE REMOTE declaration is used.

All letters of the alphabet and all digits may be printed on a remote
station. The character ® (multiplication sign) is printed as \. With the
exception of six characters, all of the remgining non-alphanumeric characters
may be printed on a remote station. The following characters serve as con-
trol characters and will have different effects, depending on which MCP
the system is running under, either the Data Communications MCP (DCMCP) or

the Time Sharing MCP (TSMCP).

Character Effect on Output
DCMCP ISMCP
< causes carriage return prints ?
# causes line feed prints ?
> causes station disconnect prints ?
> activates paper tape reader prints ?

(X-ON character)

« causes preceding characters to be prints ?
transmitted to remote station to
be printed

< sends rub-out character prints ?
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Whenever the output string variable is ready to be printed, the GTL FILE
REMOTE Output system first writes a blank line to cause a carriage return-
line feed to be sent to the remote station, followed by the output string.
A1l letters of the alphabet and all digits may be entered on a remote
terminal by depressing the keys marked with these characters. The remote

terminal keyboard also contains keys for the following non-alphanumeric

characters:
" )
- # *
; $ =
> % @
& +
/ ( >

The blank character is entered by depressing the space bar.
The following additional characters may be entered with the keys

indicated in the table below:

character key
[ upper case K
] upper case M
® upper case L

The ! character causes the preceding portion of the line to be ignored.
The ? character should.not be entered since it may be interpreted by the
system as a control character which is not a part of the intended input.
The < character causes a hardware logical backspace each time it is
depressed; i.e., if it is depressed n times it will cause n characters to

be deleted from the current message. Since a message is transmitted from
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a remote terminal in 28 character groups, characters can be deleted only
from the current 28 character group. Under the TSMCP, the ' character

causes a software logical backspace and is not dependent upon hardware
configuration. The GIL FILE REMOTE system dynamically sets the RMARGI on
input from a remote terminal to point to the last non-blank character.

Thus RMARGI indicates the number of characters sent in the transmission,
excluding the «, which caused the information to be sent. When a GIL read
function scans to RMARGI a pseudo end-of-file indication will normally result

(see Subsection 9.6).
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APPENDIX C

CONVAL FUNCTION

The values of various control parameters used by the GTL LISP and
Input-Output systems may be accessed by a standard function called CONVAL.

The CONVAL function is used in the form

CONVAL (n)

where n represents an unsigned integer whose value designates the desired
control parameter. The values of n which may be used and the corresponding

values of CONVAL(n) are listed in the table given below.

n Value of CONVAL(n)
0 a newly-created random number between 0 and 1
1 value of current random number produced by CONVAL(O)
2 maximum number of significant figures in single
precision printed numbers
3 maximum number of significant figures in double
precision printed numbers
4 Sign-separation control
5 total number of words collected by garbage collector
6 number of times garbage collector is called
7 time (in seconds) required by last call on garbage
collector
8 arithmetic value of the address of the first word in
the freelist :
9 first subscript of array described in paragraph 6.22.1
10 second subscript of array described in paragraph 6.22,1
11 same as COL
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=]

12
13
14
15
16

17

18

19
20

21

22

23
24

29

Value of CONVAL(n)

same as TAB

left margin of output string variable (LMARG)
left margin of input string variable (LMARGI)
right margin of output s;ring variable (RMARG)
right margin of input string variable (RMARGi)

equals O if OUTPUT statement has been executed;
1, otherwise '

equals 1 if INPUT statement has been executed;
0, otherwise

number of words in aitput logical record
number of words in input logical record

equals 1 if output procedure is being used;
0, otherwise

equals 1 if input procedure is being used;
0, otherwise

same as LENGTH (OUTSTR)
same as LENGTH (INSTR)
normally O; will be set to 1 after a REMEMBER is

executed, meaning that no LISP operation may be
performed that causes a new LISP record to be

generated when using automatic storage reclamation
initially O0; will be set to 1 after the first LISP
record is created by the program; when set to 1, the
RECALL statement cannot be used when using automatic
storage reclamation

number of atomic symbols created by GENSYM
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APPENDIX D

GTL RUN TIME ERROR MESSAGES

The following is a listing of the error numbers which may be generated

during the execution of the GIL program. The form of the message is as

follows:

Error Number

1.

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

~GTL ERROR Error Number Terminal Reference

Meaning

String designator reference beyond string variable
boundary.

Value of string expression longer than destination
string variable in string assignment statement.

File length specification in INPUT statement greater
than input string variable length.

File length specification in OUTPUT statement greater
than output string variable length.

Left margin greater than right margin or right margin
greater than specified file length in INPUT statement.

Left margin greater than right margin or right margin
greater than specified file length in OUTPUT statement.

Remote terminal "output impossible' condition detected--
no "output impossible'" label provided in GTL program.

Supply of LISP records exhausted ("freelist empty").
Value of Symbol expression is not a number (this
error can occur when a Symbol-valued item is used in

an arithmetic expression).

Attempt to generate new LISP records after REMEMBER
statement is executed (SYMBOL RECLAIM OPTION).

~ Attempt to execute RECALL statement after run-time

generation of new LISP records (SYMBOL RECLAIM OPTION).
Attempt fo apply a field designator to a null reference,
Invalid field index.

Remote read wait time exceeded (no label given).

Remote abnormal read condition detected (no label given).

Remote read end-of-file (READ) detected (no label given).

Remote 'break' key depressed (no label given).
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