
















































































































































































































































































































































































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

The syntax of the RETURN part is defined below. 

SYMBOL FORMAT RETRN; 

[I1RETURN", ["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 

liDO", DOSTMT ELSE 

"fOR", FORSTMT ELSE 

"READ", READSTMl' 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 calIon 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 

["(", ~\-AEXP, ")": 104;J 

["(", "'~AEXP, ")": ~\-PRINT #MISSING )11=;J 
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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 

END 

["RETURN", ["START" ELSE NIL], 

["UNTIL", *BEXP ELSE NIL] ELSE 

LABELID, ":", RETURN START ELSE 

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

["ELSE", RETURN START ELSE"]"]] 

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

components (paragraph 8.2.1), Boolean expressions and statements, respectively. 



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 

TRUE Boolean (1) 

FALSE Boolean (0) 

FALSE Boolean (2) 

Meaning 

syntax OK 

syntax not satisfied; 
getnext procedure not called 

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 0201. 

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 callan the getnext 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 Ck and [). 

However, if the value of TERMINAL is BOOLEAN (2), the getnext proced-

ure has been called, and since the GTL 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; 

[ "SYMBOL" "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 GTL 

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:fF 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 ]; for example, 

["[", ;'<SFXP, ": 11, LABELID] : SYNTAXERROR 



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 ident;i.f:i,.ers. Its effect is similar to the default 

class assignment described in paragraph 8.2.1. The declaration has the 

form 

SYMBOL FORMAT * class dec 

where classdec represents a sequence of constants, quoted atomic symbols, 

and previously undefined identifiers. The syntax of classdec :i,.s defined 

as follows: 
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SYMBOL FORMAT CLASSDEC; 

BEGIN 

REAL FIELD CDRF [33:15J; 

REAL T, FIRST,LAST; 

BOOLEAN FST, AST; 

LABEL L; 

[AST : =; FST ::::: TRUE; 

L: [LITNO: SFC ::::: INREAL ELSE 

END 

""" , ATOMICSYMBOL: 

IF T ::;:: CDru; (INSYM) == 0 THEN 

BEGIN 

ELSE 

IF AST THEN SFC ::=0 SFC + 1; 

CDRF(INSYM) :;;::;; SFC 

END 

SFG ::::0; T; ""11 ELSE 

UNDEFINEDID: IF .i\ST 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] 
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The identifiers LITNO, ATOMICSYMBOL, INREAL,J:NSYM, and SFC have the same 

meanings as defined for the SF declaration given in paragraph 8.2.1. 

UNDEFINEDID is the class number aSl'.ligned to a previously undefined iden­

tifier, and ENTER is assumed to be the name of a procedure which 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 declaration. 

The quantity placed in the CDR field of the atomic symbol is the 

number itself, and not a 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 dec1aratiol 

REAL FIELD CDRF [33:15J 

the value of the field designator 

CDRF(sexp) 

will be the REAL value contents of the CDR field. 



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 10 §y~ol 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 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 -k 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. 

805.3 Getnext Procedure Declaration 

The programmer indicates to the GTL 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 CTL 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 CTL compiler by the declaration 

SYMBOL FORMAT ~.( trace variab Ie 

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.~.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 

GTL 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 following 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;;::: (:::;"+11) AND CLASS::;; (:;:"_") THEN 

END 

ELSE 

BEGIN 

MINUS := CLASS::; (="-"); 
GETNEXT; 

IF TERM TEEN 

BEGIN 

ELSE 

END; 

PRIN IF MINUS THEN 4/:- 4F ELSE 1F+ 4/:; 

GO TO LR 

END 

GO TO LFN; 

AEXP := TRUE; 

GO TO EXIT; 

LFN: AEXP := BOOLEAN(2); 

EXIT: 

END OF AEXP 
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BOOLEAN PROCED~E PRIMARY; 

BEGIN 

LABEL LFN, EXIT; 

IF CLASS .~ VARIABLE THEN 

BEGIN 

ELSE 

PRIN INSYM SPACE; GETNEXT 

END 

IF CLAS S = NlJMBER THEN 

BEGIN 

ELSE 

PRIN INREAL SPACE; GET NEXT 

END 

IF CLASS :;: (="(") THEN 

BEGIN 

ELSE 

GETNEXT; 

IF AEXP THEN 

ELSE 

END 

BEGIN 

IF CLASS = (0;::")") THEN 

GETNEXT 

ELSE 

GO TO LFN 

GO TO LFN 

AEXP := FALSE; GO TO EXIT 

END; 

AEXP := TRUE; GO TO EXIT; 

LFN: AEXP := BOOLEAN(2); 

EXIT: 

END OF PRIMARY 
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s.s 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 

a 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 mach~ne language. In 

effect, the compiler is a miniature version of an ALGOL compiler. It 

might also be noted that the interpreter itself was implemented wit h the 

help of SYMBOL FORMAT declarations. 

In order to understand the operation of the program, the programmer 

should be familiar with the GTL list processing, record processing, string 

processing, and Input-Output systems as described in Sections VI, VII, V, 

and IX, respectively. 
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HlG!~ ~y~~OL ~Llx; 
:f; 

1, IMIS t. 1~ J1l~rJE iE.Rt.'lNAl. PLOIT£H Pf.jO\JI1/l~. , ~-... --.. -... ~-...... ~-.. ~-.~.~.~ ...... -.. 
% 

Z iT ACClpl~ ~lGUl-LIKE Fu~trlu~ DEtl~IlrC~~ FRCw A "Ev~lt 
I llR~I~AL A~U CU~P'LES T~EM I~TO A Sl~~l~ I~T£~PHEltH 

I LA~GUAGl. A~TlR ~UMPllATIO~' A tu~CTIC~ ~AY '~l~ cE 
, lVALUATtU Tu PHCU~~l lr~S GHAPH C~ THl ~E~CTE ll~~I~AL. * CUM~ILAJIU~ TAKES ~LAtE ~HILE T~E FU~~TIC~ IS T'Fl~ {h 

I 'LI~f BY Ll~E)~ 1~ A 5YN~rAX E~HOH IS ~ETECTEG, I~l 
J CUMPILER AfIE~~TS 10 HECCVEH SO THAT ~C~FILArlC~ CA~ 
1. (';u"'H~Ut:.. IHE SY!'IATl( OF I'HE l~T£kPREIEH LA~G\,.A{iE is \.dVI:.~ 
~ 1~ ~AC~WS h~HMAL tUR~ OR ijNf, fUL~C~t~ ~y A~ CPJIl~AL 

, SlMAN1IC Ui:.~CRIprlU~. 
I, 

" 1. 
i. 
'I> 
i. 
% 

IT IS ASSUMtU THAI THt pEkSUt-.: ATTlMPl!NG Ie liS~ tt .. J.S 
fhU6RA~ KNO~S ALGLL ~LLL l~UUGH T~ HAvE ~~ITTl~ T~~ Ck 
l~HlE PkObMAMS A~htADY, THEkFORE r~E CESC~IPTIC~ l~ F~h 
kELATING THl SY~'AX OF THt PRUGRAM TO T~E lisE~. • TC~·I~· 
~GTIO~ APPRLACH c~ THE SY~TAX WAS CHO[SE~, SI~CE ThE 
I~TlRPRETtR I1SElFIS WNlrTl~ TOP·TC-t01TC~. 

IPLLT11:.k CO~MAh~ tA~G~Aijl. 
1. Sn~TAX. 

~ <PLUT1E~ COMMA~U LA~GUAGE) :l= f~~CTIC~ <FL~~TIL~~lC~ 
~ I LISI I PLUT <PLOTl£~) I O~LETE I ~lLr 
:t, :)[MANIICS. 
~ "F~NCTIC~" ALLO~S THE OECLAHATIL~ Cf A~ ALGLL-lIKl 
~ PkUtEuu~£ OtCLARATIO~, ~HICH, ~~E~ FASS£O F~HAM£ltH~ 

I ~ILL kETUR~ VALuES 10 HE PL~TTEL. 
~ THE DtSC~IPTION OF THE FUNCtION IS 'HEN TYFEW I~ 
~ Ll~E dY LI~£. THE CO~PILEH ~ILL TYFE LINE ~~~8I:.NS 
~ AS tO~PILAl!ON PROC~OlS. 
~ NOlE IHAf fUNC1IO~S ~AY HECuHSE, CALL E.eM (t~E~, 
'#. ETC •••• 

"LIST" ~iLL LIST ALL FUNCTIUNS ~ECLARED. 

"PLUT" PLOTS THE GIVE~ FU~crICN' ~~IC~ ~Ay lhVCLvE 
CALLS O~ CTMlR FUNC/IUNS. SEE lHE l~FOR~ATl~~ u~UI:.H 

PlelTl:.k. 

"DEL£lE~ O~LETES THE fI~ST PHGCEOLR£ THAT T~t "LISI" 
CU~MA~O LIS IS. THUS IF T~O OR ~OAE FUNC1IC~S AHt IL 
~E DELETEC, ~a£LETE~ ~tLL HAVE TO E~TEREO SEvERAL 
TIMES. ThE LISl 15 STRuCT~riEO ~o l~AT THE ~~ST 
RECENT DECLAMATION Is FIRS" ~lfH T~E E~O Cf THE 
LiST dEING fME ~IRST fUNCfIGN E~TEREO. 
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~ 

~ 

~ 

~ 

~ 

~ 

~ 

"SlUP" CALSES THE PHOGRAM TU GL Te l~C·CF·~Lt. 

AFfEH CCMPL~Tl~G A COM~ANO, EXCEPI l~E ~STC~" CL~~~~~I 

ThE P"OGkA~ IYPES "~O AHEAG~ TL SIG~IFY T~AI IT IS 
HEAUY feN A~Ul~lR CUM~A~U. 

IF~~CllL~ O~CLAkAIIL~. 
~ SY~lAX. 
~ <~UNCIICNOE~> ::= <fU~CTIO~ HEALI~G> <FL~~Tl~~ bL~'> 
~ <f~NCIICN htAOI~G> 1:= <FU~~TIO~ IO~~TIFIEh) 
I <fURM~L PARA~IER PAH1> 
% <F~HMAl PAHAMETER PARr> ::= <E~PTY) I ( <FCh~Al 

I PAHA~TlH LIST> ) 
I <.UH~AL PAHAM~TER LIST> 11= <IutNTIFIEH> I 
I <F~RMAL PARAMETE~ LIST> , <lCE~TIFlth) 
~ <PHUCtUUHE oUDY> &1= dEGIN <UECLARATIONS> 
I <CUMFLUNOIAIL> I <SlAIE~E~T> 
I 

~ 

~ 
~ 

~ 

I 

Sl~ANTICS. 
THE F~NCTIOh UECLARATION ALLU~S A "FEAL" tL~Crru~ 
TU ~£ OECLA~tO ~IT~ OPTIONAL FU~MAL PARA~ETE~S, ~Hi~h 
AHE dY CEFAULI UF TYPE "REAL", fOLL(wED tiY t1THtR ~ 
~LU~K OR A ~TATlMENT. 

tUE~LAkAIIO~S. 
~ SY~TAX. 
J <UECLAHAIIO~> &1= <TypE DlCLA~AIIC~) I 
I <UECLAHATION> ; <TypE UECLARA1IGN> 
I <TY~E O£CLAhATIUN> 1:= <TYPE> <IYPE LIST> 
% <lY~E> 11= LA8EL I HEAL I I~TEGlR I eCOLEA~ 
~ <TyrE LIST> I:: <IOtNTIFIEH> I <TyPE LIST> , <[uE~IItl~~> 
~ SEMANTICS. 
% OECLAkATIO~S ALLOw LOCAL VAriIA~LES TO ~E CEC~AR£U ~U~ 
~ USE IN THE 'UkHENT fU~CIIOh DECLARATICN. C~Ly 
i PkEVIUUSLY UECLARED FU~CTIC~S AkE ALLC~EO AS 
~ GLO~AL QuA~lllES. 
~ 

~STAT£MEN1. 
~ SYNTAX. 
% <STAT£MlNT> 11= LA~EL I <srATE'E~T> I 
~ <ASSlij~ME~T STATEMENT> I ~O Te LAbEL I <E~~IY> I 
~ <CO~UlllaNAL STATEMENT> I <~HILE SlAlt~E~T> I 
~ <DO SlATEMENT> I riETUriN <AEXP> I b£GI~ 
% <CDMPUUNOTAIL> 
i <CO~PwU~DTAIL> 11= <STATEMENT> ENU I 
l <STAIEME~l> J <COMPOU~UTAIL) 
% SEMANTICS. 
~ THE 8ASIC CO~STITUENTS UF THE I~TERPRETER 
, LANGUAGE AH£ STATEMENTS. THESE STATEMEN1S ARE V£HY 
, SIMILAR TO ALGOL STAT£ME~lS. 
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~ 

IASSIb~NENT SlAllME~T. 
I ~Y~TAX. 

~ <AS~IbN~E~T ~lAIEME~T> 11= <LEFI PA~T LIST> <AE~P> 

~ <LE~T PART LIST> ::= <VARIAdLE> := I <VARIAtLE> := 
~ <LEFr PART LIST> 
~ Sf~ANTICS. 

% THE A~SlbN~t~1 STATEMENT CAuSES T~E VAULF 
% RlPHE~f~TEO ~y lH[ ARITHMlTIC lXPHESSIU~ (AlxP) 
~ Te bE ASSIG~ED TO ThE VARIAuLES APFlARI~G c~ T~l 
~ LEFT ~F EACH ASSIG~~E~T SY~o~L. 
I 
ICOhDITIONAl STATEMlNT. 
I bY~lAX. 

• <CU~OlTIU~AL STATlMl~T> 1:= <It CLALSE) <ST~TE~E~I> I 
I <IF CLAUSl> <STATEME~I> ELSE <STAIE~E~I) 
, <IF CLALSE> II: If <8EXP> THEN <S'ATE~E~T> 

I SEMA~TICS. 
~ Cc~ulrICNAL SIATEMENTS PRovlUE A ~E.hS ~HlREoy THE 
I ThE lXECTLTIU~ UF A SlATEME~T, CR A SERIES [f 
% STAT£ME~lS, IS DEPENDENT UPON T~E LCGICAL VPLLE 
, P~OUUCED bY A "~OOLtA~" EXPHESSI0N (8EXf). 
% 
~~HILE STATEMl~l. 
t ~YN1AX. 
I <~hlLE STAIEMENT> 1:= WHILE <~E~p> CO <STATE~E~T> 
~ SEMANTICS. 
, T~E "~hILE" SIATEME~T PHOvluEs A METHCD OF C~~TkGLLli\G 
~ A~ lrtRATIvl PRUCESS IN ~HICH ExIT FROM ThE Lecp 
~ DEP~NUS ON £XCElOING A LIMIT. rHE "BOOLEA~" ~XPHE~SluN 
I IS FIHST TESllO; ThE FOLLa~'NG STAIE~E~l IS IhE~ 
I EXEC~IED AS LONG AS THE ~OCLEAN ExP~ESSIO~ l~ "fHuE". 

IOU 5IATEMENT. 
~ SYNTAX. 
% <DO slATEME~I> ::= DO <STATEMENt> U~TIL <dE~~) 
~ SEMANTICS. 
~ ThE HuOn SlAIE~ENT PROVIDES A METHCC OF CL~IHCLLl~~ 
% AN ITERATIVE PROCESS IN ~HICH ExIT FROM THE LOCp 
I DEPlNuS ON HEACHING A LIMIT. T~E STAiE~ENl 'S 
I FIRST EXECUTEU THEN THE TEST IS MACE, A~O r~l 
I EXECU1IGN OF THE STATEMENT 15 HEPEATEC AS LC~G AS IHt 
, "cOULEAN" EX~HESSIO~ IS "FALSE". ThIS IS VtNY 
I SI~lLAR TO A fORTRA~ "00" LUOP. 
~ 
lARlTHtMTIC EXPRESSIU~S (AExP) AND ~OOL£AN ~XPREXSIC~S (~EXP). 
, ~£MANTICS. 

% T~lSE EXPRESSIONS ARE IOE~TICAL TC l~EIR AL~LL 
J CGU~T~RPAR1S, wITH THE HESf"lCIIO~ THAT STRl~GS 
, ARl~"1 AlLG~ED. CO~SULT THt ALGOL ~A~UAL. 
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~ 

tSlA~UARU FUNCTIC~S. 

~ T~E STA~DAkU (H l~IRI~SIC FU~CTIC~S A~E LIST~L ~ELL~ 

~ ~ITH APfHU~HIAT[ utFI~ITIU~5. Ulv[~ fHAI AE IS A~ <AlX~>' T~t~: 
~ 
.,., 
1, 

~ 

t, 

1,. 

'I. 
~ 

1,lVpl 
1, 

% 

AbS(A[) 
SlI'dAE) 
C(lS<Al) 
lXP(AI:) 
Lt-.<AF:) 
S(~kJ(AEJ 

Pk~DLLlS ABSOLUIE VALUE U~ AE 
PRUDLClS SINE OF AE 
P~OD~Cts THE COSl~E Cf AE 
P~OO~CES lHE lXpnNENflAL fUhCTIC~ 

PI'IUDUClS IHE ~AIIJRAL L(JGAt1ITf-~ OF 
PRGOUClS THE SQUA~£ RUGI LF AE 

IkA~SFER tUNCTIC~~. 
IHE TYPE IHAN5fEk tU~CTIONS ~RE L1STlU BELC~: 

~ REAL. 

U fAt. 
At. 

I ThE FU~CTIU~ "RlAL(bE)" YIELUS A VALUE CF TYPE 
1, "REAL" tROM A dUOL£AN EXPRES51U~. r~IS ALL(~S 
% ARIlhMETlC u~tRATIO~S TO BE CA~HIEC elf UN 
~ bUOL[AN QUA~!TITES dUI OO£S NOT ALTER lrEIN 
J INTlH~AL SY5r~M RlPHESENTAfION. 
1. IjUCLEAI\j. 
~ l~E FUNCTIO~ "~UOLEAN(AE)" tIEL~S A VALLE Ct TY~l 
• "~U~LEAN" FHUM AN AHITHMETIC EXPR£SSIC~. l~lS ALLL~~ 
~ HGCL£~N OPEhATICNS To HE cAriRIEU eLl c~ Akrlr~ErI~ 
I QLANT1TES d~1 DUES ~OT ALTER THEIR l~TER~AL ~YS1E~ 
I RE~HE5E~lAT!UN. 
:t 
% 

% 
i; 

:tiPLLT HR SEC TI cr~ 
~ 

." StMANTICS. 
~ THE "~LCT" ~UM~ANU IS FaLLC~EO ~y l~E FL~CTl~~ 

~ IDENTIFIER TO at PLOTTED. IT MLSl ~AvE tiEE~ CECL~"EU 
% rlITh ~T L£A51 ONE PARAMETER ~HIC~ ~ILL dE L~EO I~ lh£ 
~ PLG1TING. iF fHE fUNCTION HAS ~aRE T~A~ G~t pA"AMtl~K IHE 
% PROGRA~ WILL RF.QUEst THEIR vALuES. 
:t 
% THE PkOGHAM AILL T~EN ASK FUH l~E 
I BEGIN~I~G PGSITlnN, t~CHEMENT, ANC FI~AL VALLE FU~ ThE 
~ RANGE OF THE PLUT. 
t 
i THE PLOT Of THE FUNCTION wiLL ~t TYPED C~ T~E 
, TEHMI~AL ANU T~lN THE PROGRAM ~ILL RETURN 
i TO COMMAND MUOE. 
i 
1, 

I 
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u u I L I iH II F fH. M u H. P Lu I 1 UI P RUG k A M 
AL~ OF THE PHO~EDURES USfn A~D T~EIR FUNCTIC~S AhE 

Ot. S(.R HH D tHLLJW 

IHl GETNlXT ANU lRRUK 
G£il\~.)(1 

~. RhO", 

PfWCtiJURlS 
T~I:. "GE.T~E~T" PHCClnUH~ 

T~I:. "E~ROR" PriUCEU~RE 
MIS~. ROuTJNlS FCH 

PUT 
ACCESSING CUOE. 5THII\G 

PUTAUR 
GET 
G[IAllk 
EM If 
[rJ.lTAOk 
£MITNUf', 

~x~k~SSION S~A~NEHS 
IFEXP 
VARiAbLE 
PAI\A 
PRl~AMY 

FACTUR 
TERM 
A[XP 
BOGPklM 
t:$OCSI:.C 
EXPHI:.S~ 

I::lEXP 
~T_rlMlNl SCA~I\EHS 

eO/ll~uli!~D I AIL 
sTld 
RE.SE lLA"ELS 

STATI:.~t:..NT 

uEC~ARATION SCA~NERS 
ENTRY 
fNTE.k 

OECLARATION 
PURGE. 

DECLARt:. 

PLACI:.S CHAriACTlH 11\ eCCE srRl~~ 

puTS ADOHFSS l~ CDCE STRI~G 
ijEIS CHAriACrER FHON eCCE SlHl~~ 

GtlS AonkES~ FHO~ CODE STkII\~ 
E~[TS ONE INSTHUC1I0N 
E~ITS ADURESS UF (~STRLCTIC~ 

EtJITS l'iUMHERS 

HANDLES CO~OITIONAL EXFRESSIL~~ 
COMPIL~S VARIAcLES & ASSIG~Ml~l~ 
PARE~TrlESlS A~U AH1T~~lrIC ExP~~S 
CG~PIL~S AHIT~~ETIC PRl~AHIES 
CGMPIL£S AHIT~METIC FACTCHS 
COMPILES ARIT~METIC TE~wS 
CCMPILls ARIT~MErIC EXFRESSIG~~ 
COMPILES HOOLEA~ PriI~A~IES 
CCMPILES ~aOLEA~ TER~S 
COMPILES HOTH AHIT~METIC A~O 
HOlJl£AI\ I:.XPRESS!ONS 
COMPILts HaOLEA~ EXPRESSIO~S 

TAIL E~O UF CCMPOU~O srATE~ENT 

SCANS SOME sTArE~E~T ~EGI~~EkS 
RESETS FOR~ARD LA~EL RtFEHE~CES 
~HEN ~UNCOMPILING" (RECOv[~ING 
FROM EHRORS) 
CCMPILlS ALL srATEME~Ts & ~ANCLtS 
HECOVEHY FHOM ERROkS I~ sTATt~~~rs 

RL~ TIME SYNTAX CL~SS ASSIGN~f~1 
APPLIES ENTRY TO LIST CF 
IOENTIF HRS 
HA~OLES DECLARATIO~S 
RE~ovES ATOMIC SYMcOLS FRO~ 
OdJECT LIS' w~l~ LfAVI~G T~E 
8LOC~ AND CHEC~S FUR ~ISSI~G 
LA8ELS 
HANDLES ~ERIES OF UECLARATIONS 
ANu PROVIDES FOA RECOVERY FRO~ 
SyNTAX ERRORS 
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DUf'lPCCLE TRANSFtRS CODE FROI" CCCE SIHI"\;; 
Te THE LISp "SlACK" AT A PCI~1 
1~~EOIATtLY FOLLCwl~G IHE INFC 
wORD OF THE Alu~IC SY~eCL 

HEPRlSl~TI~G THE ~~NCTIOI\ 
PRCClQ0RlUlC HA~nLES UFCLAkATIUI\S Cf FUI\CIIC~S 

Te BE PLUTTELl 
~ il\llRPkFTER SE~TIOI\ 
% ~KAOh REMnvES ~ CHAkACIEHS FhC~ CDGE 
~ STRING TU ~E LSEO AS Ai\ AUCHlS~ 
i INTEhPkET IN1ERPkETS fHE CUUE ST~II\G 

I EXECUTl MAKES CALLS U~ F~~~rlCI\S; lSlS 
I Il\fEkPRET 
% PLLTltk PLCTS fl;~C1I(J" [XECUIEL tjy 

I Il\1ERPkETFri 
1 REMGlt IERMI~AL FILE UECLARATiCI\ 

FILl:. KI:.I',GH; 
bUULtl4l\j 

~tnLII\E' 

!l\if[RPHE T iNti; 

A(lIH<ESSJ 

, TELLS GETN[XT rc GET I\E~ LII\I:. 
J, WHt_N TRUt:. 
, TELLS GETNEXT IU PHIi\f LINE 
~ NUMBERS 
;, SET TOT R tJ E w H I:. 1\ AS S I G 1\ I " G 
j CLASSES ru fORMAL PAHA~ETEHS Ct 
j A ~ur-.CIION 
, IS SET TO TRuE ~Y PURGE IF A 
Al D£(;lARI:.O '-AriEL IS i\OT LSEO 
~ TELLS GEJ~ExT fHAT NEXT "SYM~CL" 
~ IS TO COME FHOM PH£CC~PILEC 
, CODE ANO "CLASS" IS Te 8E THI:. 
, NEXT INSTRUCTIUN 

, IS THE NUMdER UF NL~·II\TE~ER 

J CG~STA~TS UCCL~II\G IN ft FUI\CTICi\ 
" DECLARATION 
• COUNTS NUM~ER UF ILEI\TIFIERS 
• E~lEREO bY ENTHY 
, THE SY~TAX CLASS VARIA8LE 
j TEMP VARIA8LE USED AT EI\O CF 
~ PROGRA'" 
, USED LIKI:. ~5500 "F" REGISTER 
1 SAVES lOCATIU~ IN "SrACKn CF 
i pOINT ~HERE FLNCIILN VALLE IS 
~ TO BE RETURNED 
, INUEX TO "STAC~n 
~ THE WHUlE INFORMATION ~CHO 

i ASSOCIATED ~IIH EACH DECLAHEU 
~ IOENTIFIEH. SET ~y ~ET~EXT 
* ADDRESS OF OI:.CLAHEC IDENTIFIER 
, SET BY GETNEXT 
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I I~ 1 t:. G l H 

SY~tlUL 

AkRA'( 

L.lI'I.lN(1, ,t, 

1, 

L, ), 

~ 

J, 1. 

tHIS!:., ,tl 

J, 

~ 

PLISl, ~ 

1, 

IH, 4; 

J, 

lr-..Fu; 1, 

to 

5TACKlO:fjY)1 .t. 
1; 

CLNSTANT, , 

LI~E ~U~bER PHlr\TEU bEFORE EAC~ 

LI~E Of FUNC'IU~ UECLARATICr\ 
RELATIvE LOCAI10~ LF C~ARACTE~ 
11\ celH. STRII';(i 
TErvP V/\RP~LE 

PCINTEk Tn FIR~T weRD FCLLC"lr\G l~~O ~L"U 

ASSOCIATI:.IJ ~lTH A I-L~CTIC'" lCEI\IIFl!:.ti 
START OF FUNCTIU~ CODE STRI~G 
LIST Cf IIJEI';TIFIEH~ c~EATEC ~y 

l"IRY 
peINTER 10 INF~ ~u~o C~EATEO ~y 

r.I\IRY 
POINTER Tn I~FU ~UhO • SET By 
GETN(XT 

THl "STACK" USlU ~y r~E 

INTERPRETER 
TAblE LF NQ~.I~T£GER ClNSTAN1S 

, APPEARING IN Ful';CTIOI'; CECLAHAl1L~ 
CLNSTADklU:127JJi LINKS TO ADDRESS pART CF UF 

~ "ReN" INSTRUC110N 
S1HING AriRAy STk[U:~91(~); ~ COUt SrHI~G USEe CU~I~~ C~~PlL~rlu~ 

LA~lL START, RE~TAR11 EAlI; 
Df.Fll\t:. 

dLMPL = L := l + ~" 
CLSS =(3j=15]#, 
AUkS - lldaIS)#, 
LINK = [.;:15]#, 
LINKF = I\I"'JH<k, 
CLASSF = CDkf#1 
r ... PARA~, = LII\KI, 
AlYPE = U, 
r;TYPE = 211-; 

SIRl~G ~IELD STkf [Oz81; 
Rt:.AL riELO CORf (J3:15J, 

AOUHES~F [lellS)' 
I\iPAR lJ:151, 
wHJ 

SY~BOL FORMAT ~ IHl FCLLU~lNG ARE Sy~TACTIC CLASS ASSIGI\~E~T~ 
.. flRA~OC~" .. "A~S" .. "SIN" .. "eeS" 
'" "EXP" .. "L~" .. "SQRT" .. "MAX" 
.. "~IN" .. REALPRCCID * REALlu * ll\TIC 
.. tiOOIO .. LAbELlu 
= lOMAX .. "l~" 

'" "UD" 
.. "E.ND" 
'" "LABEL" 
'" "FALSE" 

* "[L.St" 
.. "R£AL" 
'" "T~IJE" 

* "GO" 
* "RETliH," 
* "J" 
* "INTEGEH" 
* FCONSTA/'il 
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• "~ll~.C TIll,,"" .. 
• "STOP" = 
• "TO" .. 
• "1'401" .. 
.. "LSS" .. 
.. "l" '* 
'" fI+" .. 
'" "." .. 
= ,,~ ,. = 
= " [" = 
= CLASS~AXi 

5y~t;lOL FGtH~AT * 
1 = cleF ~ 

.. dUN 1: 

* CHS 1: .. AUfJP ~ 

• st:;OP 1: .. MUlUP ~ .. ovnup ~ 

• FACIOF J, .. LI\G 1 

* UkOP ~ .. At-4DUP ~ .. E(,jLf 1 .. t',[QF :t .. LS Sf 'I, 

.. LI:.QF :E 

• GlQF i 

'" GTRf :t; 

• /-',K S , 
'" St,jR i 

* R1N l 

.. LHN " • LITe ~ .. CPDC ~ .. STO i .. ISO 1: .. St-;D 'I, 

• ISN , 
.. au.J 'I, 

* MAXF ~ .. MINF I; 

* RANO i 

* At:;SF 1 

* SlNf i 

* COSF· j 

* EXPF :t; 

* LNF i 

* SQRTF 1 

* RCN ; i 

"LlS I" .. "PLOT" .. "CELf:.T[" 
"(~ulT" • "f1ES£I" 
" T H t f\ " * "ANll" .. "CR" 
"=" = "£I~L" .. t1 f\ E (~ " 
"LL(~" .. "GE~" iii "GTH" 
")" .. .. ," .. " • t • • "- ,. • ")(" * "I" 
"." = """ = "Bo" 

";j," = "," :;; "(!i" 
" J " = F.:IJF = I\U'["'f~ 

~ INTERPHETEH 1I\St~LcTIC~S 
I:lRANCH ON FAL5£ 
I:l tl A I\; C r utile U t\ [) I r I U 1\ A L 
CHAi\GE SIGf\; 
AUU 
SlitllRACT 
jlliULTlPLY 
OIvlOE 
RJilSt:. TO PIJWI:.R 
LOGICAL tIIE(iATF.: 
LOulCAL OR 
LlJulCAL Mil) 
= 
1 
< 
~ 

~ 
> 
MAkK THE STACK FOH HETLRI\ 
CALL FUNCTIOI\ 
~ETU"I\ FROM fUNCTllil\ 
MAKE SPACE FUR VARIABLtS 11\ ST~CK 
US!:. ADURFSS AS CO~STANI 
"CPt~A~O CALL" 
STWHE OESTRUCTlVE 
l~ftGER STuR~ uEST~LCTIVE 

ST~~E ~ONDlsTRucrIvE 
l~TEGER STORE NONOESTRLCIIVE 
t1CULF.AN VALUE 
fINU ~AX Of TWU ~~M~EHS 
FI~U ~IN OF TWO NLM~EHS 
RAI\UUIV NUMtiER 
AciSULliTE VALuE 
SII\iI:. FiJNCTION 
CQS!NE FUNCTl[)~ 
EXP FUf'.JCTIO~ 
NATUHAL LOG FUNCTI~~ 
S~uARE RUOT fUNCTICN 
NON INTEGER ~UMBtR 
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I JHl bEI~~XT A~~ [HhLn PHUClOURlS 
PHCC~UUhE GlT~lxl; 

Ut.Gl" 
LAtlt.L LSi 

It INTERPktl I~G 'ht~ 

t.LSl 

dl;.Gll\ 

J := L L!V ci 
CLA~S %: REAL(STRF(ATSM(J.dASl))(L.lGS:3].ll)J 
L := L ... 1 
E 1\ lJ 

tH.G 1", 
If CLASS = lUF OR ~lwLIN£ IHE~ 

tjEGII\ 

~EwLl~l := FALSE; 
IF CC~~ILING rHEN 

dt:GIN 
TWXS2 := fILL(Ll~lNL,3) & ":"; 
lAB := 4; T[HPRIJ 
Ll~tNn := LI~E~U + 1 

REAC jllX; 
EI\O; 

CASE. HEAUCU~(FAlSE) Of 
dFG!1\ 

iF COMPiLING THlN Gl TC lS 
ELSE CLASS ;= lOF; 

CLASS := ~UMEHH; I ILLEGAL I\U~~EH 
tiEGIN ~ NUMt3EI1 
CLASS := HCONSTANTi 
iF INHEAl < 4096 TH[N 
iF INREAl = J := Il\riEAL THEI\ 

BEGIN 

i:.NIH 

II\REAL := .J; 
CLASS := fCO(\!:iTAI\ r; 
ENOj 

iF CLASS 1= CURF(II\SY~) S CLASS~AX 
THEN iNFO := I\IL 

t.LSE:. 
BEGIN 
wHL := ~~(INFL:=~lS~(CLAS~)J 
CLA&S ,: ~HL.~LSSJ 
A0DHESS :: WHL.AO~SJ 
ENOJ 

CLASS := 0; 
E~U O~ CASE STATEMENT; 

END 
ENll Of GETNEXTi 
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PHUClUL~t F~HLH(XJJ vnL~t x; hEAL x; 
bl:..Gll\ 

It COL ~ td r~~~ ~Hl~l SPAClCCCL + 3) #*,; 
PkIN NlhkU": ~IS~l~G #J 
elSE x - 1 LF 

ll\U U I:.HRi 

Htlilf\ 
Pril~l ~CR lLLlGAL ILE~rIFIE" l~ CECLARATILf\,; 
PhJ~T 4; c~ tNC,; 
pRl~1 uLlFT ~A~~NTHlS1S.; 

Phl~T 'hIGHI PAkF~THESIS'; 
P~I~T 'tH lLLLGAl SIA1FMEI\TR; 
PhI ~'l Ii" U t\ TIL ,. 1 N 0 L S TAT E. tJ t. 1\ Til; 
p~l~l ntH ILLEGAL USE nF lAdE.L~; 
p~I~T '~l~t.~n I~ C[~OITICI\AL EX~RESSICf\ C~ 

SlJlTEl"'lf, r;t; 
PRINT '"ELS!:.." IN COI\OITrOI\Al £X~RI:..SSICI\~; 
PRl~T 'CULO~ FULLowll\~ LAdEL'; 
PHI~T 'LA~lL 11\ GU 10 SIAIEMI:..~Tj; 
PRINT #nuC" l~ hHILl STA1ENI:..~T'; 

Pkl~T .n=" ~LLLC~I~ij "I" r~ ASSIG~~E~r 
STJlTt.I"ItNT#i 

PHlf\Jl ',In 
PRINT ILk lLL(G~L ~LOLEA~ £xPRESSIC~~; 
[I\C 

SYMuOL fORMAT *CLASS,6El~Exr,ER~OH; 
I. r-. I ~ C. R 0 LJ T 11\ t ~ F C h A (; C [ S ::, I 1\ Ii C tJ I) EST H 11\ G 
I PUT PLACES CHARACTER l~ eCCE SlRl~G 
PkO(;EUGRE PUT(r,A)' VALuE T,A) HEAL T,A; 

SlALA DIV 8JeA ~Ou b,l) :; STHI~G(T.[q2:6J,I)J 
~ PUTAUR Puls AGDMESS II~ CUUE SlRI"G 
PkucEuuHE PUTAUH(I,A)J ~ALLt r,A; R~AL I,A; 

I:lEGIN 
PuT<T.(36:6J,A); 
fUTCT. II + 1) 
lJ'.O; 

I GET GETS CHARACTER FhU~ eCCE STH1~G 
RlAL ~ROC[OURl bEleA); vALLE Ai REAL A; 

GlT 1= RlAL(STH[A Ulv 8](A,[45:31,1)); 
I GlTAUH GElS AUORESS FHC~ COUE STHI~b 
REAL ~HOCI:..DURE ijE1AGR(AJJ vALUE AJ REAL AI 

ijETAOR 1= GtT(A) x 64 + GET(A + 1); 
~ EMIT £~ITS UNE INSlrlGCJ10i\ 
PHucEUURE EMIT(x}j VALut XJ REAL ~J 

tjt.GIN 
PlJT(X,L)J 
IF L 2 19b lHEN 

BEGIN 
PHINT #CUOE UV£RfLCW#J 
LINUdJ 1= C 
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li\U 
iLSl 

l := L .. U 

I EMlfAUh ~¥lTS AOURESS Uf 1~SIRLC1IC~ 
P r'( C eEL l. h t [~. I r A tJ I~ t A ); Ii I<. L LEA,; ri [ A LA; 

b£.Glt\ 
t."'II(A.l36:C]); 
t ~' I T ( P. ) 
E. ~, 0 ; 

:t, Uqll\l.~' f 11/ 1 T S 1\ U jl/ ti i:.I~ S 
\li-ILuE Ci HEAL Ci PRGI..E.L-\.;R£ Ff,l TI\l;l"lC); 

BUd I'. 
LAdt:L fL!L~,Uj 

fUh J := U ~T~~ 1 u~rlL C~AX GO 
IF CUNSTA~ILJJ :: C T~lN GC 10 FOL~U; 
CC~STANT(J := C~A~ := CMAX • 1] := Ci 

FUL~L: lMIT(RCI\); 
lMIIAUR(C~I\STAURl~J); 

C~I\STAO~lJ] := l - 2 
tl't.; U lMITl'vun 
% t Ut1,~AHU oECLAf~ATlUt'\S 
SYMuCL FCkMAf A(xPJ FC~"AHU; 
SY~cUL FCRMAT dlX~J FCRnAHU; 
HEAL ~kLC[DURE tx~RESSJ fLRnAROJ 
bwL.Lll"(, PkUC[L1Lh[ SlATEIV.LNn FOH\"A~O; 

PKUCE0l.~l fxECLll(C[UE1J VALUE cccr; Sy~~CL eaCEJ FCR"A~I..J 
~ lX~klSSIUN SCA~NEHS 

I IF£X~ ~A~OLES cnNOITIU~AL EXfRESSIC~~ 

SY~bDL fORMAT I~~XP(x); SYMbOL fCkMAT X; 
b i:. G j, I~ 
RtALI, Fi 

L*~~XP, "lht~":~; EMIT(BO~)J F := ~L~PL; iX, "ELSt"19J 
E~ll(b~~)J PUIAGR(T := dUMPL,r-2); 

*X, PUTAGt1(L,l • ~};] 

(I~li Ut IFEXPi 
I VARIAUL~ cCMPILES VAHIAtiL£S & ASSIG~~l~T~ 
SY~bGL FCRM~r VAhlAbLE(IY~E'ADDhESS'FROM)J 

SYf'libOL 
B~G!I\ 

VALUF TYP[,AODHESS'FHCMJ 
KEAl lYFE, ADDRESS' fROM) 
[[":", "=":13; [*iY~E = 8001n, .~£xp ELSE .AEXP]. 

E~ll(kEpL(TYPE = l~IIO) + FHO~ + STL) ELSE 
*fRUM = 2, tMITCOPUC)J], 

E~11AUH(A00RESS)J]J 
PANA PAkENTHESIS ANU AH'TH~ETIC Exp~Es 

feRMAT PA~A J ["(":3; *AEXP, ")"14]; 
PRIMARY COMPILES AriITHMETIC PRl~ARIES 

FCRMAT Pklrv;ARY; 

Rt:.AL I, I\i 
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LhtAL10 * l~lIU: I := CLASS; J := AGU~[SS; 
.VAHl~8LE(1,J,2) lLSE 

"EALPhOC[~: l~lr(~KS); N:= (I :: ft~L).~~ARA~; 
(*1\ :.:; C (LSt 
"C'Q3i */lExr', 

[*~ := ~ - ] # C, ~,";14; *AE~P, 

i-H. T URI'; !:. L S E 
")":4J), 

E~ll(~~~); I:.MIT~Uh{ I .lle:9]); E~I re r.[~l:~J) 
~- L 5 [ 

F L C 1\ S 1 A i\ f: t. 1'1 i I (L i i C ) ; t. ~ 1 T A () ri ( l 1\ " E A l) r. L S t 
HCC~SlA~rl tMIII\LM(II\REAL) lLSl 
"/luSH * "S~HT": 1 :: CLASS· (="AdS"); *PAI\A, 

Oll(AHSF .. I) !:.lSE 
"~AX" * "Mli\": 1 := CLASS • (="~AX"); 

"(":3} *AEXP, ",":14; *AEXP' ")":4) 
tflill U"AXf ... 1) lLSE 

"k(AL", "(":3; *dtXP, ")":4 ELSE 
.. h A 1\ [J [j iv1 ", 1::1" I 1 ( R AI' U) L L S F. 
*FAI\A] 

[ I~ COl- t- t1 I ~ /l R Y ; 
~ FACTUR ClJMPll!:.S Ar(I'I-<~ErIC FACTeRS 
SY~DGL FOkNAT fACIOHJ 

[*PRIMARI, L"*", *PR!~ARY' EMlr(FACTO~)J ~ErUh~ 
ELSt. i'lL]]; 

I lEHM CCMPILls At1IT~METIC TEh~S 
SY~bJL FC~MAT rlR~J 

bl:.G1N 
R£.AL 1; 

L*FACTGR,L"X" * "/~: T := CLASS· (="-"); *FAtTeR, 
E~Il(MGLUP • Tl; RETUkN ELS~ NllJ] 

t.f\;l) O~ lERM; 
% AExP COMPILES AHIIH~ETIC tXFRESSIG~5 
SY~tOL FGh~Ar AlX~; 

btGll\ 
Rt::AL \; 

l"IF", *lflAP(AEXPl ELSE 
l"t" * "un: I 1= CLASS ELSE ~Il]' 

EI\;U Uf AEXPJ 

*TEH~' IF T = <="-"lfH[N EMIT(CHSlJ 
["." * H_": I := CLASS. (="t")J 

*TEkM, 
EMIT(AOOP + Tl; RETUH~ ELSE 

NILjJ 

I BOCPHIM COMPILES ~OOLEAN PRIMARIES 
REAL PHUCEDURE ~O~PRIMJ 
Bt G 1f~ 
R£AL Ii 
f:1UCLEAN NOH Lt\(jJ 
LAbtL LF, EXITi 
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L["~n'", ~CIFLAG := THUE ELSE NILJ, 
[l~UOIO: 1 ,= AUUHlSS; *VARlft~LE(dGOl~,T,2) lLSl 

"fALSE" * "THLE", E~ITC~L~); 
E~ll(~LASS • <="FALSE"» EL~l 

"bnUL~A~"' *PA~AJ, T I~ dTVPE ELSE 
"(", T := EXPhESS; ")":q lLSE 
*AEXP, 1 := ATYP[iJ, 

f.< E r l,; R~, T; 

[*' = ATYPE, 

,., 1 L ], 

l"EWL" * "GTR"' T := CL~SS·(="EbL"); 
*AEXP, E~lTCE~LF+T); 
T := tjTyPI:. ELSE 

f~IL] LLSE 

L*T = dTYP[, 
l*NCTFLAG, E~LT(LNG) ELSE NILJ t~SE 

*1 = ATYPl A~U ~OT NOTFLAG1J' LFi 

U' tjLOPRIM:= \.i 
[i' .. O lH tlClJPFn,..,; 
~ bOGSLC CG~PIL[S BOOLEAN TE:.R~S 
RtAL ~KGCEDUR£ dULSECJ 
IH.G.i.N 
RlAL 1 i 
LAbt.L LFi 

l * T f= ~UUPHl~ = dTYPl, 
["ANO", *~CUPRIM = 

E.LSE i\ILJ t.L~£ 
*T = ATyPl] I LF; 
i1ETURf\; T; 
UOOS[C := (] 

bTYPE, EMIT(ANCCF); RE1L~~ 

LF: 
[NO 
'J, 

~ 

Of bO(]SlCj 
LXPfH.SS CO~PILES HOTH AHIT~MEllC A~D 

6COLEA~ EXPRESSIONS 
RlAL ~HGCED~HE lX~RESSJ 

~t:.G1N 
HEAL 1, R, 5; 
LAi::lI:.L LF, EXITi 

l"If",*SExp, "ThEN"aS; EMIT(~OF)J H := ~L~PL; 
T := lXPHESS; "lLSE":9} EMIIC8U~)J 
PLTAD~(S := tjU~PL, R - 2)} 
[*T = ATYPE, .AEXP ELSE .T = 8fYPE, *eExPJ, 
PL1AUk(L'S·~) ELSE 

*1 := BOUSEC = ~TYfE, ["Ok", *80CSEC = bTyPE' 
E~lT(URGP)1 HETUR~ ELSE NILJ ELSE 

.1 = ATY~£l : LFJ 
HE-TURN 11 

LF: EXPRESS 1= uJ 
END Ot EXPRESS; 
~ I:lEXP 
SYMbOL fORMAT BlX~1 

COMPILES HOOLEA~ EXPRESSIQ~S 
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L"lf", *ltEXP(~EXPJ ELSE *EXP~ESS = ~lYPE ELS~ 
EHHUH(15); *FALSE]; 

, ~T~I[M~~l SCA~~EhS 

:t. CUtJl-'UlJl\UTAIL TAIL [NO UF CCMPCUI\D STATErvEl\1 
SYM~OL fURMAT CU~~OL~U'AIL; 

L*~~ATl~(~r, ["in, HETUh~ SrA~T ELSl "E~C":~)J; 
~ STMi SCANS SOME STAlltJE~T ci~Gl~~EhS 

SY~bCL FORMAT Sl~l; 

HI:.Gil\ 
RI:.AL I,t,,; 

LSI'jITCH 
HtALIO * l~IIC * b~UIUI T 1= CLASS; A := 'DDRlSS; 

*VAHIAHLECf,A,C) ELSE 
LABELID: 1 := ~~L; ~~L.AOHS 1= LI 

~~(II\FG) 1= AbS(WhL)J *T < U, 
":"Il~; HETUH~ lLSE 

"IF", *bEXP,"Th£~":e; EMIT(HUF); A := bL~PL; 
*SlATtMEI\T, 
L"ELSl", EMll(dlN)J T := bLMPLJ 

PLTAl)h(L,A-2>J 
*S·IATlM!:.I\T, P~TADi1(L'T"2) F.:LSE 

PUTAPk(L,A·~);l ELSI:. 
"GO", ("TU" ELSE ~lL), LA~ELIO:I1J EMIT(BL~)J 

E~llA~HC~hL.LlI\K)J LII\KFCIl\fU) := L • 2 ELSt 
"~HJL~", A Z= LJ *~EXP, "UO":12; EMITCBGf)J T := ~~~PLJ 

*STAll:.~EI\T, tMIT(BUN)J EMITAUR(A); 
PLTAOk(L,T - 2) ELSt 

"GC", T := L; *STA1E~ENT' "~NrIL"16; .SEXP, 
E~lT(bOF); t~lTAORCT) ELSE 

"~ETUHN", *~ExP, E~lTCRTI\) lLSE 
"bEGIN", *C~MPOU~Ul~IL] 

E"'U U~ STMT; 
~ kESETLA~lLS 

t. 
:t 

HESETS FGR~ARO LAe~L REFER~~CES 
~H~N "UNcnMPILING" (RECGVE~I~G 
FROM EHR[JRS) 

PkOLEUU~E RESETLA~ELS; 

8/:.G J. N 
fH.AL 1, AJ 
SYh;[jL Si 

j~~.~LJI'JE := IRLU 
\,lTNFXTi 
F~R S I~ PLIST 00 
If (T := ~H(CGk S),CLSS = 

8EGIN 
A :=I.Llf\Ki 

LAd£Llu THEN 

~HILE A ~ qQ~5 AND A > L 00 A 1= GErAOR(A)J 
T .LINK 1= Ai 
If" 1 > 0 THt.N 
IF T.ADRS > L THEN 

I:IEGIN 
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T := at r; 
T .ALJH~ := 0; 
U\lH 

fj/-1(tut, S) ::::, Ti 
t.I\Li 

fUk J := U ~'EP 1 UhlIL CMAX UU 
tH. G 1.1\ 
A ;= CU~STAU~[JJ; 
~hlLE A - 0 ANC A 2 L no A := ~lTAD~(A)J 
C(;"~T/oIUR[JJ := A 
E/\'UJ 

[~U Ot R£SETLA~~L~; 

, STAlt~t~l CC~PILES ALL SrATE~E"Ts & ~A"CLtS 
I REGOVEHY FRUM tHAnkS .1\ STATE~l~TS 

buULEA~ PROCEUUHE SJATEMtNTJ 
bt.Gli~ 
LAbEL kEeDV, ~TAkl; 

tH.AL LNR, LUi 
LNH := Ll~E~O • 1; 
L(; ;= l; 

SIAkT: l*STNT ELSE 
*CLASS 2 (=flENU fl ) AI\D CLASS S (="LNIIL") ELSE 
flRESE1":SJ LINE~O := INTEGE~(HEAUN(IWX); 

GU 10 RECOVJJ : REeDV; 
rlE TURN TI1UI:.J 

RlCLV~If LIN£NU ~ LNR THEN 
BEGIN 
L p:: LU; 
PRINT #RETvft STARTING AT LINE i LINEI\O := LNRJ 
RESETLAbf:.LS; 
GO Ie STAHl 
EI\O; 

STATEMENT := BOOLt AN(2); 
[NU Of STATEMENT; 
I JELLARATION SCANI\EHS 
I ENTHY RU~ TIME sy~TAx CLASS ASSIG~~E~I 
HUULEA~ PkOC£UUHE E~TRY(lYPE)J VALUE TYPE; REAL TyPE; 
HI:..GIN 

If CLASS> l,I THEN 
BUil" 
ERHURllH 
RETURN FALSI:.. 
£I'\ui 

PLIST :; (I~SYM :: MKATOM) • PLISfJ 
CUR(INSYM) ,= INf I: CONSlCLASSf: TYPE, 

ADUKESSF: IF TYPE = LA~ElID OR fORM TOG T~EN U 
ELSE 

IF TYPE: REALPHOCID THEN 
NEXTAVL(SYMdOL) + 2 ELSt 

CUUNT 1= COUNT + 11j 
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if TV,..,!:. :: LAHELILJ IHEI'~ 

LlSl 

tH. til 1\ 
wH U\~) ::: -I'IH( INF); 
LlI\KHll\~) := 41J9J; 
[I\G 

l~ FnHMTUG I~E~ CUUNT := COUNf + 1; 
1l1:.11\EXT; 
[I\TRY ;:: lRLE; 

EI\U Of [I\TRY; 
, [~TEk APPLIES tNTHY TO LIST CF 
~ IUENTIFIEHS 
SY~bUL ~CkMAT (NTI:.ReX); vALUE Xi rifAL xi 

l*l~TRY(X), (",", HI:.TURN STAHT llSE NIL])' 
, UECLAHATIUi\ HAI\OlES GECLAHATIOi\S 
SYM~OL FeRMAT OECLARATlu~; 

% 

::t 
~ 

% 

lS1'tITCH 
"LAij(L", 
"REAL'" 
"ll\lEliER", 

*ENTERCLAdELIO) ElSE 
*ENTER(HEALIO) LLSE 
*lI\TER(INITO) ELSE 

"bCULtA~". *EN1ER(bOOID»)J 
PURGl REMOVES ATOMIC SYMbOLS FRO~ 

adJECT lIST wHll\ LEAV!i\G T~E 
bLUCK AND CHEC~S FCR ~lSSII\G 

lAbELS 
P~ULEULHE PURGI:.(L)J 
fH. G 1 (\. 

VALUE. LJ SY~80l L; 

SYl'o1dCL IH 
H(AL I,Ai 

CCUI'iT 1= vi 
NULAB[L ,= tALSEJ 
FLR R 11\ l UO 

BlGIN 
IF (T 1= "H(CU~ R»).CLSS = LA~[LID lHEN 

IF T < 0 THEN NOLAdEL := TRUE 
ELSE 

tiE-GIN 
A a= T.LlI'd<J 
T := T.AORS; 
wHILE A # 4095 UU 

i:.NOJ 

8LGIN 
J := GETALlRCAn 
PUTADHCT,A); 
A : = J 
END; 

IF SMTA(R) > 64 THE~ 
REMOdel-<) 

ELSl ~OR R ;= ~IL; 
COUNT 1= CGUN I t 1 
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Et\LJ 
01' PUHfiEJ 

LJEClA~1:. HA~nLE~ SEHIES Cf UfCL~RATIC~S 
A~l PRUVIOES FUH HlCCVE~Y FRL~ 
SYt.TAX ER'hlHS 

~U~LE~~ PkOC[ULkl:. 
tll:..Glr'i 
LA~tL STAHT,RECUVi 
Rt:.AL I, lNR, COJ 
SYt-'t)OL PLlSTOj 

LJf:..CLAtd: .. j 

SIAMT: CG := COUhiJ 
i := NEX1AVL(SYM~UL)J 
r'LIST := NILJ 
L ~ R : = LIN E i, 0 ; 
l*OlCLAHAIIUN, "J", 

PLlSJu := N~U~C(PLIST,PLISTU); GO Ie 
"Rl~f:..T": LINfhU := INTEGtR(R£AON(r~X»j 

GC lU Hf:..CCw I:..LSE 
"ILl: RlCuv; 

t-'LIST ::: t-'LlSlU; 
KETU!1:r-.: TkU[i 

Rt:..CUV:t-'U~G[(PLIST)J NEXIAVLlSYMdOL) := r; 
IF LINE~U ~ L~R THEN 

:: COi 

STAi11 E.LsE 

r:3EGIN 
CCUNT 
PHIl\f 
GO 10 
E~O; 

4HllYPE SlARllNG .1 LiNE # LI~Et\O := 
STAHr 

END 
1, 

% 
% 

" 

UECLARE := ~ULLEA~(2); 
r'LI5T p: PL1STC; 

Of UECLAR£.; 
OUMPCUiJE THANSFERS CODE FRO~ eCCE STH1~G 

TO THE LISP "STACK" AT A PCI~T 
~CRO OF THE ATOMIC SY~BCL 
REPRES~NTI~G THE F~NCTIC~ 

PRUCEUURE DUMFCUOl; 
I:H.Gl" 
I~Tt.Gt:.k LMAXJ 
REAL I j 

LMAX := (L + 7) DIU 8; 
fOR J := 0 STEP 1 UNTIL CMAX DO 

~hlLE T := eONSTAORlJl _ a uo 
i:l E G 11\ 
CCNSTAUklJ] 1= GETAOR(T)J 
PUTADRCJ t LMAx, fl. 
E ~ l)J 

FeR J := U STEP 1 UNTIL LMAX • 1 uo 
SlFH«"OI\S) := STR£JJJ 

FOR J := U ~TEP 1 UNTIL CMAX DO 
~H(CO~S) 1= CO~STANT[J]J 
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1:.1'11.1 U~ LJu~PCOIJU 
~ PROCluLREUEC HANDLES uECLAHATIOf\S CF FUf\CIIL~S 

Ie ~E PLLTTEO % 
PHu~EUUR[ PROCtUwHEOECJ 
tH .. GIN 
RlAL H, 1, p, ~A, l~R; 

LAc~L ~TANT, NOGU, nEcev, EXIT; 
SY~~CL PLISTU, ~N, S, Pl~FO, pAHA~J 

LINEf\O 1= 1; 
c~, A X : = ·1; 
PLIST(J 1= PL!ST; 
n .= f\ExTAVL(SY~duL); 
PLIST := 1\1L.; 
(*E~TRY(HI:.ALPROCIU), FN := PLISTJ PLIST := f\ILJ 

elk F~ := ATSM(H); 
PINfO 1= INFJ P 1= NI:.~TAVL(SY~BCL); 
COuNT 1= 0; FORrHOG := TRUE; 

["(~, *ENT[HCHEPlIO), ")":4; FA := 2046; 
FeR S IN ~LIS' 00 

AODHESSf(COR 5) I: fA := FA + 1 tLS£ 
I\lL J J :f\OGOi 

~PAH(PI~FU) 1= CU~~I; 
PM~AM 1= f-'LlSTJ 
PLIST := NIL; 
r := NEX1AVL(SY~dUL); 
FURMTOG := fALSE; 
1~PUT(T~Xfl,T~XS1,1:6'/FALSE); 
CCMPILI~G := TRUE; 
GE..T~EXT; 

L~R 1= LINEI\O • 1i 
STAkT:CUUNT := L ;= OJ 

l"~EGIN"' *UECLAHt, 
IF COUNT ; U THEN 

HEI,l!1\ 
E~ITCLk~); E~IT(CUUNT) 
0. U; 

.COMPUU~U1AIL ELSE 
*STATE~ENTJ : RE'OV; 

EMIT(BL~)J ~MIT(C); EMIT(RT~); 
PURGE(PLI5T )J 

IF NOLAtH.L THEN 
BEGIN 
pRINT #OECLAHEO LABELS DID NOT CCCLR,j 
GO TO I\CGO 
END; 

PUHGE(PARAMn 
~EXTAVL(SYM~OL) := Pi 
OUMPCODEj 
PLISTU 1= NCOI\CCFN, PLISTO)i 
GO EXITJ 
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HtClV:IF LT~[~L ~ L~k rHl~ 
HtGli\ 
Pl;l-itlE.(PLlST ); 
NE.XIAvl(SY~bUL) z= TJ 
PhINT #hlTYPl SIARTiNG AT Lli\[ , LI~E~O := L~R; 
NEVi L 11'0 I:. : = I r"I U l ; 
GlTNl:.xT; 
GC 10 START 
f~L:j 

NUij~: PUhG[CPAHAMlJ 
i-'l!RGECPLISUJ 
fU~MTOG := fALSE; 
PUI-lGE(FN)i 
~lXIAVL(SY~bGL) := RJ 

EXII: ~UMPILIj\G := FALSE.; PLIST := PLISrOJ 
1I\PUT(hjX~ 1, fwxS1, 146,ITRUE)J 

E~U O~ PHUCEULRlOtCJ 
% INII:.HPHE1Ek 5E.~TIUN 
1. 

J.. 
I I\T l GI:. M 

bI:.G!N 
RI:.AL. , j 

REMOVES 2 CHARACIEriS FRC~ eCUE 
STRING TG dE lSED AS A~ AUGHES~ 

PROCE[;l"HE f\'lKADH(A); VALUEAJ BIJuLEAi\ fd 

T := CLAS::'; 
ulTt-.EX1; 
T := 1 x 04 + CLA~S; 
GI-_Tr~Exl; 

MKAlJR 1= If A THE." 
If T > 2C4A THEN FH + 204d • T 

i.:.LSE. FR + T 
ELSE Tj 

[1"fU Ot fvlKADkJ 
I INTEHPMET Ii\TERP~E1S THE CeDI:. STRING 
SY~~GL FORMAT INTI:.RPR£T; 
t::H .. G IN 
DEFINt. 

SA = STACKll := I - 1]#, 
::,b = SlACK(lh, 
SC = STA~K(l + lJ', 
su = STACKll s= I + lJIJ 

ALPHA wi 
RlAL Ii 

lSl'iITCH 
I::lOf, 1 ,= I" 1i 

IF bOCJL£AN(SC) rH£N 
dEGIN 

ELSE. 

L := L + U 
GETNEXT 
I:.. NO 



END Of 
1 
~ 

d[GIN 
L &= MKADN(~ALSt); 

utT~fxr 
t~o EL5~ 

ti~~, L := ~~AOR(FAL5E); GE1~EXl ELSt 
CHS, S~ :: ~ S~ ELSE 
ALUP, SA := ~b + SC EL5( 
~bLP' SA := ~~ • SC ELSE 
M~LUP' SA := 58 x SC ELSE 
DVUUP, SA 1= 5~ / SC lL5l 
FAC10f, SA := S~ ~ SC [L~E 

L~G' ~~ := ktALCNOT BUnLEA~(S~» ELSE 
UkC~, SA := HEAL(BOULlANCSbJ UH HLCL£AN(S~»)lL~l 
AhUUP, SA := REAL(~UOLEAN(So) A~n B(CLEA~(SCJ) 

ELSE . 
E~L~, SA := HEALCSB = SC) ELSE 
NEWF, SA := HEAL~S8 ~ SC) ELSE 
LSs~, SA := k£ALCSB < SC) ELs~ 
L£Wf, SA := HEALCSB S SC) ELSE 
GlG~, SA := REALCSH ~ SC) ELSE 
GTHf, SA := HEALCS~ > SC) ELSE 
MKS, 50 := SAVEl' SAVEl := 1 ELSE 
S~H' ~O := r~' fR := IJ 

EXECUTE(AlSM(~KADR(FALSE)-64 + CLASS»)J 
GET~£~I ELSE 

RTN, T := SbJ fH := STACK(FriJ; 
SAVEl 1= STACK(1 1= SAVEll; Sb 1= 1J 
*FALSE ELSE 

iHN, rO~ CLA~S uo SU := 0; uETNlXT ELSE 
LITe, SC := MKAUR(fALSE) ELSE 
OPU~, SU := STACK[MKAUR(fHLE») tLSE 
S10 * IsD • 5NC * 15N: 

IF ~GuLEA~CT := CLASS • SIO) THEN 
s~ := INT£G£R(Sd); 

NIL, STACK[MKADRCTRUE)J :; 5e; 
If 1 < 2 THEN I :~ 1 • 1; ELSE 

BLN, ~o := CLASS; GtTNExT ELSE 
MAXt, SA := MAX(SB~SC) £LSE 
MINF, SA 1= ~1~(S8,SC) ELSE 
RANU, 50 := CONVALCO) ELSE 
A~SF, S~ := ABS(S~> ELSE 
SlNf, S8 1= 51N(SB) ELSE 
CuSf, S8 1= COS(SB) ELSE 
[XPf, Sb 1= EXP(SB) ELSE 
LNF, S8 := LN(Srl) ELS~ 
SQR1F, SH := SQRT(S~) ELSE 
RCN, SO := ~H(A1SM(~KAOH(fALSE),8ASE»;J 

INIERPHEI; 
EXECUTE MAKES CALLS ON FUNCTIC~S' LSES 

INTERPRET 

8-49 



PkL~E~U~l EX~CLIElCCUl)J VALUl CnUFJ SY~~LL CCCE; 
" E. (j 11, 
S Y /-I. b G L lJ L () CUD I:. ; 
Rl:.AL LLUL; 

'I; 

C L L.l C n L' l : = tJ A S [ .; 
bASE. := CUi,JI:.; 
uLOl := Li 
L 1 = 0'; 
llt_r~EXTJ 

~~ILE I~TlN~kET Ou; 
bASE := LL.O(;OOli 
L := LlLCL,; 

01- FXlCUTE.; 
I-'LCTIE.I"I PLUTS FUI\CfIU" £XI:.~urEC BY 

INJERPkETEI'i 
PHUCtuukl PLorTER,; 
I:lEGJ.i'o 
RI:.Al X, y, z, ~, V, l/-l.A~, T~t~' T, J, KJ 
SYMbOL COUE, SY~; 

LAdt.L I:.XIT; 
IF CLASS t k[ALPHUCID Ok K ;= ~HL.~PAkAM = C lHE.~ 

~EGIN PRl~r 'MI5SINb OR IlLt.GAL FL~CTIO~#; 
G C TO I:. XIT E N U .; 

~YM := 1l\~Ylv,; 

CODE. := A1SM(1,II\FU); 
IF 1\ 11TH!:.'" 

I::H. Ii 1 !\ 
PRI~T 'TYPE # ~-1 # PARAMElI:.R# 

If K = 2 THE!\ # t ELSI:. #5#; 
J : = U 
DC ~TACK[J := ~ + II := REAU"(I~X) 

LNTIL J = K; 
EN l)i 

K 1= K + Ii 
PkINT #E!\lEk bE.G1NNIN~ VALUE, INC~E~E~T, AI\C FINAL VA~ul FUH#, 

ITHI:.. '"'LeU) 
x := READN(lwX); Y := REAU!\(T~X); L := REAON(l~x)i 
N := (Z - XJ I Y + lJ 
~ 1= -lJ INIERPR£T1NG := TRUE; 
bE.uIN 
ARRAY VALLES[CIN1J 

T~AX &= -(TMIN 1= TEN(68)J 
fOR V :: X &ll:.P V U~TIL l OW 

BEliII'; 
SAVEl:: (H 
fH p: 1 := K; 
STACKLl] := vJ 
EXECUTl(CODE)j 
VALUES(J := J + lJ 1= T := STACKlC]J 
TMAX 1= ~AX(TMAX'T); 
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T~l~ :: ~lN(TMI~JI); 
EI\O; 

PRI~T ./,/,1,/,1 SPACE(d) #PLCT OF # sy~ 

leX), X:::; # X # TU f L # I~ ST[FS Cr # 
y,/SPACl(16) #AANijE C~ # ~y~ ~ IS # 

T~lh ~ Ie , l~AX ,1,1,1; 
IF lMAX 1 IMIN THE~ 
T~AX 1= SC/(IMAX - r~lN); 

J := "1; 
FLH v := X STtp v U~TIL l DO 

tlt:.GII\ 

E 1\ lH 

T\;XS;:: I:::; SPACU 
PH H v; 
T := l~ALUES[J:=J+l] • TM1~) ~ TM~X • d; 
IF J ~UU 10 :::; a THE(\, 

r~X52(8) ;= (2 1 " •••• "] & TwXS~(t'42) 
ELSE IWX52(8) := "."} 
TwX52(T,1) := "*"; 
ftHITE I~)(; 

E 1\ lH 

PkIN ,1,/,/,/,/; 
EXll: 1\j~wLTj\jE:= IHliE; 

l~r~RPR£Tll\u := FAL~E; 
Ei'd.) OF PLOTlEHi 
, ~All\ PHOGRA~ StC1lUl\ 

PhII\T tREec FLNCTIU~ PLOTTER'; 
SIAk1: 

PhINT #GG AHEAO.#,I; 
I\EwLll\t := TMU~J GETI\ExT; 

[51'11 f(,1-1 

"fUNCTIUN", PROCE~U"EUEC ELSE 
"LIST", PHINT PllST ELSE 
"PLUTH, PLG'T~H lLSt 
"UELETE", I~ hULL PLIST THEN 

ELSE 
P~ll\l 'fUNCTION LIST E~FTY# 

tHo (d f\ 
UL 1= SMTA(CT~(II\F := PLIST»; 
PL1ST 1= CUR PLl~TJ CDR I~F :~ ~'L; 
PHl~T CAR INf, #uELEIEU*; 
PUI'CGECI~F); 
~EXTAVL(SVMHOL) :; ULJ 
t.I'lO ELS~ 

"STOP", GU 1U EXIT)] , RE&TART~ 

GlJ 10 Sf Af'<Ti 
RlS1Akl: p~INT #PlEASE "ETypE,; GO TO STAHl; 
EXIT: PRI~T #E~U UF PHO~RA~.' ,/,/,1; 
ENU. 



RlC~ tL~cTlu~ PLCITEk 
GU AHi:.AU. 
f li 1\ (,; 1 ! lJ~' ~ ( X ) j 

l:Rll~HI\ SII\(X)XCCS(x)lex+l)J 
GU ~HI;AlJ. 

PLu I ~ 

ENTER BEGINNING VALUE, INCREMENT, AND FINAL VALUE FOR THE PLOT 
'IU,,21C 

PLOt Cf FLX), X ~ C TO 10 IN STtHS IF .2 
RA~Gl O~ f IS ·.lq86~ TU .2~126 

o • • • • • • • • • • • • • • • • * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
• 2 
• I.j 

.6 
• /j 

1 
1 .2 
1 .4 
1 .6 
l.d 

• 
• 
• 
• 
• 
• 
• 
• 
• 

* 
* 

'II 

* 
'* 

* 
2 • • * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 
2.2 
~.4 

2.6 
~.d 

3 
3.2 
3.4 
3.6 
3.8 

'* 
* 
• 

• 
• 
• 
• 
• 

* 
* 

* .. 
* 

* 
* 4 • • • • • • • • • • • • • • • • • • • • • • • • • • • * • • • • • • • • • • • • • • • • • • • • 

4.2 
4.4 
4.6 
4.tl 
!:t 
!:t.2 

• 
• 
• 
• 
• 
• 

* '* 

* 
* 

* 
* 

• 



~.4 

~.o 

~.c 

b 
b.~ 

6.<.1 

b.o 
fl.C 
7 
7. Co 

7.4 
l.e 
1 • d 
t" 

o.~ 

t'>.4 
8.b 
e.d 
If 
Y.;' 
':1.4 
':I.t 
9.~ 

ill 

• 
• 
• 

.. 
* .. 

• • • • • • • • • • • • * • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • .. 
.. 

.. 

.. 

.. 
.. 
* 

· . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
.. .. 
.. 

.. 

.. 
.. .. 

.. 
• • • • • • • • • • • • • • • • • • • • • * • • • • • • • • • • • • • • • • • • • • • • • • , • 

(, L Po I"' I:. A Ij • 

STet" 
f.I\LJ lH ~RLr,f.<A"', 

8-53 





IX. GTL INPUT-OUTPUT FUNCTIONS 

9.1 INTRODUCTION 

In addition to the standard ALGOL Input-Output functions, GTL 

contains a set of Input-Output 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 S.l)which is not a formal parameter and which is longer than 8 

characters in length may be used 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 l20-character string variable and OUTFILE is a 

IS-word output file, then 

WRITE (OUTFILE , 15, LINE) 

is a legal GTL 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 

s,tatement 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 TERPIn 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 C', I"), which causes an implicit 

call on the TERPRI function starting a new line of print before the next 

item is printed). 



For example, 

PRINT 11 12, 13,/ 14 

will cause the following to be printed (assuming 11, 12, 13, and 14 are 

chosen to represent the symbolic output corresponding to the four 

printable items), 

1112 13 

14 

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. Anyone of the following 

may precede the list of printable items: 

PRINT FORMAT 

PRIN FORMAT 

PRINT FORMAT [~J 

PRIN FORMAT [~J 

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~. If ae is not 

given, the spacing factor will retain its previous setting (the spacing 

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



(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 [5J II 12 13 14 

will cause the following to be printed (assuming II, 12, 13, and 14 are 

chosen to represent the symbolic output corresponding to the four printable 

items), 

II 12 13 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 ###. 

Two or more spaces in the string are reduced to one in the printed output. 

For example, 

4FTHIS IS A LITERAL STRINGf! 

4NN! 

4! 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). 
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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 NTS 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 printab le 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 

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 (~~'k, ~) 

NTS(aev, ~) 

where ~ and ~ 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 ~ (see paragraph 9.2.9). 

The third form of the NTS statement will convert the value of the arith­

metic expression ~ into a string representing that value with a 

maximum number of significant figures determined by the value of~ 

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(O, 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 NTS 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 printlistl ELSE PRINT printlist2 

and 

IF bexp THEN PRIN printlistl ELSE PRIN printlist2 

respectively. For example, 

PRINT IF X = 0 THEN #YES# ELSE #N~F 

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(outfi1e, 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 (g) 

where E 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 fi1e1ength. 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, file1ength, lmargin, rmargin) 

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

OUTPUT(*, lmargin, rmargin) 

where outfile, outputstring, fi1e1ength, and outpro have the same meanings 

as in paragraphs 9.3.1 anQ 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,lO,CARD) 

is a legal GTL construct. 

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 
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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 

o 

1 

2 

3 

4 

Meaning 

one or more spaces scanned 

an identifier was scanned 

a digit string was scanned 

one non-alpha character was scanned 

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 calIon the SCAN function is given by LENGTH (INSTR) , 

so that the string scanned by SCAN is given by 

INSTR(O,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 ~ 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 
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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(O,LENGTH(INSTR)) 

9.4.5 The READN Function 

The READN function may be used to read numbers only. Its value is 

the number which is read. If 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 READl Function 

The value of the READl 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. 

9-17 



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 (infi1e, inputstring, fi1e1ength) 

where infi1e represents an input file identifier, inputstring represents a 

simple string variable which the read mechanism will scan, and fi1e1ength 

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 ~ 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 

fi1e1ength, 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 ,TAP,80) 
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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 11 

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(BO) 

BOOLEAN PROCEDURE INPRO; 

BEGIN LABEL EOF, EXIT; 

READ (INFILE , 10, CARD) [EOF] 

GO TO EXIT; 

EOF : INPRO: = TRUE; 

EXIT: 

END OF INPRO 

Then the INPUT statement 

INPUT (INPRO , CARD, BO) 

will have the same effect as the first input statement described in 

paragraph 9.B.l. This option is provided since it is sometimes desired 

to introduce certain kinds of side effects (see paragraph 9.B.l). 

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 andrmargin 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 (infi1e, inputstring, file length , /bx) 

INPUT(inpro, inputstring, fi1e1ength, /bx) 

INPUT (infi1e, inputstring, fi1e1ength, 1margin, rmargin, /bx) 

INPUT (inpro , inputstring, fi1e1ength, 1margin, rmargin, /bx) 

INPUT(*, 1margin, rmargin, /bx) 

where bx represents the Boolean expression, and infi1e, inputstring, 

file length , inpro, 1margin, 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 = TWXF1#; 

STRING TWXS1, TWXS2(136) 

INPUT (TWXF1, 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-fi1e 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 TWXSl 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. In 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 4F19 

input time-out label GTL run time error 4F16 

input overflow label "INPUT TOO LONG. RETYPE" 

output impossible label GTL run time error 4/:9 

abnormal input condition label GTL run time error 4/:17 

input end-of-file label GTL run time error 4/:18 

input parity label "PARITY ERROR. RETYPE" 

input buffer overflow label "BUFFER OVERFLOW. RETY PE" 

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 i;; 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, Imargin, 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 (TWXF1, TWXSl, file length in characters, lmargi~ 

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 9.4.41 an end of file is indicated every other time 
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the function is called. In the case of READN, READ 1 , 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) If, 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 (TWXFl, TWXS 1, 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 TWXSI and TWXS2 are 

used in place of the file identifiers. For example, 

9-27 



READ (TWXS 1, FORMATID, LIS TID) 

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 TWXS 1 (0,1) 1= "~'c" 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 statements will write the contents of a disk 

file (DISC) onto the remote terminal: 

WHILE TRUE DO 

9.6.6 READN(TWX) 

BEGIN 

READ(DISC,9,TWXS2)[EOF]; 

WRITE TWX 

END; 

EOF: 

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 

235 

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 7'FCONTINUE 1f; 

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 + lJ := 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 [Vl, V2,---,VN] 

where VI, 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 "=11 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 

BOOLEAN 

REAL 

INTEGER 

ALPHA 

atomic symbol (READl) 

numeric (READN(TWX)) 

numeric (READN(TWX)) 

numeric (READN(TWX)) 

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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A =:: ? 

100 <-

? 

ABCDE <- (note ALPHA expected) 

B ? 

o <- (1 =:: TRUE, 0 =:: FALSE) 

I ? 

ABC <-

? 

10 <­

R =:: ? 

(note INTEGER expected) 

10.2 <-

S =:: ? 

ATOMICSYMBOL <-

9.7 STANDARD VARIABLES AND SYSTEM CONTROL PARAMETERS 

9.7.1 The Standard Variables 

The GTL 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(3l), OUTSTR(64) 

If any of these variables were actually declared in a GTL program, such 

declarations would override the implicit declarations and they could no 

longer have any special meaning. The staridard 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 NTS 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 0 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 a 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. In 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+l, 1) " 111'" 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 GTL 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: 

n 

2 

3 

4 

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 ° 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: 

Standard Variable Meaning 

LMARG left margin of output string variable 

RMARG right margin of output string variable 

LMARGI left margin of input string variable 

RMARGI right margin of input string variable 

CONVAL 
Number 

13 

15 

14 

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. If the input cards are sequenced, then the following 

declarations could be used to check for the ordering: 

STRING CARD(72,SEQ(8),OLDSEQ(8)) 

BOOLEAN PROCEDURE INPRO; 

BEGIN LABEL EOF, EXIT; 

READ (INFILE, 10, CARD) [EOFJ; 

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, BO, 0, 72) 

9.B.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) 

90B.3 Remote Terminal Files 

In order to use the remote terminal files the following declarations 

could be used: 

FILE IN Fl REMOTE(2,17) 

DEFINE F2 = Fl# 

STRING STRl, STR2 (136) 

Then the following INPUT and OUTPUT statements could be used: 

INPUT(Fl, STRl, 136) 

OUTPUT(Fl, STR2, 136,0,72) 

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.S.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,lO,CARD)[EOF]; 

WRITE(PRINTER,lO,CARD); 

RETURN FALSE; 

EOF: RETURN TRUE; 

END OF INPRO 

Then, in place of the INPUT statement given in paragraph 9.S.1 the following 

statement should be executed before using READ or READ1: 

INPUT (INPRO ,CARD,SO) 

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 
I 

are not intended to be examples of practical applications, but merely serv~ 

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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String Processing Example 

B£Gl~ 
CUMME~J THIS PRUGHAM MEkGES TWO CARD IMAGE TAPES ACCORCI~G TO 

SEQUENCE NUMBER. 

FIRST TAPE ALREADY HAS SE~UENCE NUM~EHS • SEQLE~Ct ~UM~EkS 
FOR SECONU TAPE SP~CIFIEO AT INTEHVALS BY CARD I~AGES 
wHICH ~EGI~ WITH A "!" CONTAINING STAHTl~G SEQUt~cl ~UM~EH 
ANO INCREME~TAL VALUE. IF COLUM~ POS!TIO~S 71 A~C 72 
ON UNSEGUEN~EO CAkUS ARE ~LAN~, "'A" IS I~SERTEO; 

FILl I~ TAPEI (~,~6,10)J 
fILl !N TAPE2 (~,~6,IO)J 
SAVE FILE OUT TApE3 (2,~6,IO,SAVE lU») 
STRINu CARDI(72,SEQ1(8», 

LA~EL 

Lli 
L2: 

EOFa 
[NO, 

CARD2(72,~E~2(8), NE~SEQCINCR(8),SEQCd»)J 
LI,L2,EOFJ 
READCTAPE1,lO,CARU1)[EOF1) 
REAUCTAPE2,lO,CARD2)J 
If CARD2CO,1) = "$" THEN 

BEGIN NEWSEw := CARD2C64,l6)J GO TO L2 ENU; 
SEQ2 a= SEQ; COMMtNT SET SEQ2 TO CURHENT SEQ NOJ 
SEQ .= + INCR; COMMENT INCREMENT CURRENT SEQ NO; 
WHILE SEQl LSS SE~2 DO 

BEGIN 
WRITECTAPEl,lQ,CARD1); 
READ(lAPE1,IO,CARDI)J 
E~D; 

If CAR02(70,2) =" "THEN CAAD2(IO,2) sa "IA"J 
WHITE(TAP£3,10,CAA02); 
IF SEQ! = SEQ2 THEN GO TO II ELSE GO TO l2J 
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Lisp Processing Example 

BlGIN 
CUMMENT THIS PRUGRAM TAKES THE FIRST OF T~O LISTS, 

REVERSES IT AND AODS THE SECOND LIST TO ITI 
FILL REMOTE; 
SVMdOL Ll,L2J 
SVM~OL PRUClDuRE HEVANDAUO (X,Y)J VALUE X,VI SY~BOL X,Vi 

REVANOAUO ,. IF NULl(X) THEN V ELSE 
REVANOAUDCCUk(X),CONSCCAR(X),Y»; 

LABEL EDr,STARTS 
PHI~T 'GO AHEAD',li 
STARTI wHILE Lila READ lQ QMARK 001 

IF Ll EQ "STOP" THlN GO TO EOFJ 
WHILE L21a READ EQ QMARK DOJ 
PRINT 'THE NEW LIST IS , REVANDAOD(Ll,L2),I,/J 
GO START; 

EOFI 
END. 

EKEeU1E REVADD 
HUNNING 

GO AHlAO 
(THIS IS A LIST)S 
(THIS IS ANOTHER LIST)S 
THE N£~ LIST IS (LIST A IS THIS THIS IS AN01HER LIST) 

(THIS (IS A) (COMPLEX (LIST»)! 
(THIS IS A SIMPLE LIST)S 
THE NEw LIST IS «COMPLEX (LIST» (IS A) THIS T~IS IS A SIMPLE L!Sl) 

(REVEKSE IS THIS)S 
(UF A LIST)S 
THE NEw LIST IS (THIS IS REVERSE OF A LIST) 

STOP 

END HEVADD 1.1 SEC, 
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Lisp Processing Example 

BEGIN 
CUM~E~T THIS PHO~HAM# US1NG LIST PHOCESSINij# ACCEPTS 

SYN1AX HULES AS INPUT# AND ~ILL PROOUCE R_~DO~ GE~ERATEO 
STRUCTURES ~HICH ARE SYNTACTICALLY CORRECT. TO 
INPUT A HULE# THE COMMAND "RULE" IS FOLLOwED FIRST 8Y 
THE NAME Uf T~E RULE AND THEN ITS UEFINITION. 
A RULE IS ANY COM~lNATION OF EITHER 
~ULE NAMES# ~~ETHEH PREVIOUSLY UEFINEC OR NOT, UR A~ 

"ATOM". (AN "ATOM" IS AN ATOMIC SYM~GL AS DEFINEC IN 
SECTION 6.12). ALTERNATE RULES MAy ~E 5EpARATEU 
BY A SLASH(/) WHICH MEANS "OR". 
THE SYNTAX OF "RULES" IS SHO~N BELOw, 

SPECIFICATION I.- ATOM I ATO~ SpECIFICATl~N 
RULl ••• SPECIfICATION I SPECIFICA1ION "I" HULl 
RULlNAME II: ATOM 
RULlS la= HULENAME RULE 

TO GENERATE RANDOM STHUCTURES FROM THE RULE SPECIFICATIO~S 
1HE COMMAND "GENERATE""INTEGER" "HULE NAME" WILL CAUSE 
"INTEGER" RULE NAMES TO BE GENERATED 
ACCORDING TU THE SPECIFICATION OF THE "RULE NAME". 
TO STOP THE PROGRAM "STOP" SHOULD 8E ENTERED. 
AFTER EVEHy COMMANO# "GO AHEAO" IS PRINTEc ANC THE 
PROGRAM ~AI1S FOR MORE COMMANDS FROM THE TERMINAL; 

FILl kEMOIEJ 
SYMtlOL Ri 
REAL. Xi 
LA~EL LJ 
SYM~OL PRUCEDURE HULEJ 

RULE a= IF k .= READl EQ "I" OR R EQ ~MARK THEN NIL ELSE R • HULE; 
SYMBOL PROCEDURE HULESi 

RULES a= HULE • (IF R EQ "I" THEN HULES ELSE NIL») 
PHOCEUURE GEN(X)J 

VALUE XJ 
SYMSOL X; 
IF NUMBER~(X) OR NULL(COR(X» THEN 

BEGIN 
If X NEQL ~EMPTY" THEN PRIN X SPACE; 
END 

ELSE fOR X IN RANuUMCCOR X) DO GENCX)J 

COMMENT PROGRAM STARTS HERE. 

LI PRINT ,GO A~EAD.'#IJ 
READ TWX; 
IF R ,. RlAUi EQ "HULE" THEN 

; 

00 CDR(READ1) •• RULES UNTIL R EQ Q~ARK 
ELSE 
If R EQ ~GENERATE" THEN 
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~EGIN 
X ,11 kE~IJN(T~X); 

R .- HEAUli 
FOR X 00 BE~lN GENCR); TERPHI; lNO; 
END 

f.LSf. 
. IF k EQ "STOP" THt.N 

BEGIN PRl~T 'EOJ"I,I,I; EXIT; [NO 
ELSE PRINT 'ILLEGAL I~PUT'i 
GO TO Li 

END. 

EXECUTE SENGE~ 

-tHiJ- OSENGEN 
GU AHI::.AD. 
RULI::. SuBJECT ~AHRY/SUSI£/RECC/B5500/GTL 
GU AHf.AD. 
RULI::. VERB LOVES/HATES/RUNS/PROCESSES 
GO AHlAD. 
HULl ADVERB REALLY/MOSTLY 
GO AHI:.AD. 
RULt:. ACTION VER~/AOVER~ VERB 
GO AHE.AD. 
RULE O~JECT SUBJECT 
GO AHEAD. 
RULE SENTENcE SUBJECT ACTI0~/SUBJECT ACTION OBJECT 
GO AHEAD. 
GENERATE 25 SENTENCE 
GTl PROCESSES RECC 
B5500 REALLY PROCESSES 
~ARRY REALLY RUNS 
GTl PHOCESSES 
REce REALLY RUNS ~ARRY 

SUSIE HATES BARRY 
GTl HAlES SUSIE 
85500 REALLY RUNS 
REce ~OSTlY LOVES RECC 
GTL PROCESSES 
GTL REALLY LOVES 
GTL Rf.ALLY RUNS 
HARRY RUNS 
SuSIE REALLY RUNS 
HARRY REALLY RUNS 
B5500 REAllY RUNS 
GIL PROCESSES 
BARRY REALLY PROCESSES 
BARRY MOSTLY PROCESSES 
RECC LOVES 
REec REALLY LOVES B5500 
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SUSIE RUNS SUSIE 
SUSIE PROCESSES B~500 
HARRY REALLY PRUClSSlS HtCC 
BARRY RlALLY LOVES 
GO AHE.AD, 
STOP' 
EOJ 



Syntax-Directed Parsing Example 

BlGl~ 
COMME~T A SY~TAX-OIRECTEU PARSI~G PAOGAA~ USI~G THE RE~C1E TEHMI~AL. 

THIS PROGHAM PROOUCES REVERSE POLIS~ FRO~ ANY ARITH~ETIC 
EXPRESSION, THE COMMAND "POLISH" fOLLOwEC BY AhY ARITHMtT1C 
EXPRESSION wILL ~ESULT Ih THE PRINTI~G OF THE POLISH Of 
THAT EXPRESSIOh. A~ OPTIONAL TRACE FEAT~RE IS I~CLUDlU. tHE 
CUMMAND "1HACE Oh" wILL TURN THIS FEA1URE O~I T~LS GIVING 
A THACE OF THE PAHSING Of THE ARITH~ETIC EXPRESSIC~ INTU 
POLISH. TO TUHN THE TRACE OFF THE COMMAhC "TRACE OFF" I~ 
USED. TO slap THE PRUGRAM 1 THE USER ENTERS "STOP" A~U lHE 
PROGRAM GUES TO ENU.Of·JO~. ANy OTHEH INPUT CR 
AN ILLEGAL ARITHMETIc EXPRESSION RESULTS I~ A~ ERkUR 
MESSAGE. AFTEH COMPLETING A COMMA~D OR OETECTI~G A~ 
EHROR~ THE PROGRAM PRINTS "GO AHEAD" AND ~AITS fOR A~OTHEH 
COMMAND FHOM THE TERMINAL; 

flLl HEMOTEJ 
REAL CLASSJ , THE CLASS VARIAdLE 
HOOLE AN THACEi * THE TRACE VARIAdLE 
LAdEL START~ERRUR; 
SYMdOL FORMAT i SYNTACTICAL CLASS ASSIG~ME~T 

*0 
= VARIABLE 
* NUMBER 
* "C" 
* ")" 
* "*" * "x" 
* "I" 
* "+" 
* "-" * "POLISH" 
* "TRACE" 
* "ON" 
* "OFF" 
* "STOP" 
* ·EOFi 

REAL fIELD CDRf [33115]; 
I 
ITHE "GET~EXT" PROCEDURl 
I 
PHOCEUURE GET~EXTI 

CLASS I- CASE READCONCrALSE) OF 
BEGIN 
EDFS , THE ENe-Of-FILE CLASS (SECTION 9.6,2) 
NUMBERS I ILLEGAL NUM~ER CLASS 
~UM~ERJ I NUMeER CLASS • NUMBER I~ I~REAL 
CORfCINSYM)11 ATOMIC SYMBOL CLASS 
VARIABLES I NOT ON SYMBOL TABLE - GIVE VARIABLE CLASS 
ENOS 
COMMENT 
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NOW TELL THE COMPILER THE NAMES OF THE GE1~EXT PRC'EDUHE~ 
WHICH VARIA~LE IS rHE CLASS VARIABLE A~O 
THAT THE TRACl OPTION IS UESIREO. NOTE TrAT THE EkROk 
OPTION 15 NOT HEI~G USED IN THIS ~XAMPLEJ 

SYM~Ol FORMAT *ClASS~ GEINEXT~ TRACEJ 
SYMbOL FORMAT A~XPJ FORwARDJ 
SYM~Ol FORMAT PHIMARYJ 

[VARIABlEI PRIN I~5YM SPACE ELSE 
NUM~ERI PRIN INREAl SPACE ELSE 
"("~ *AEXP~ ")" JJ 

SYMbOL fORMAT FACTORJ 
[·PRIMAAY~ 
L"."~ *PRIMARY~ PAIN '* IJ RETURN ELSE NILl]J 

SYMbOL fORMAT TlRMJ 
~EGIN 
~OOLEAN TIMESJ 
[*FACTOR~ 
L"X"*"I"a TIMES .= CLASS = ="x"1 
*FACTOR~ PRlN IF TIMES THEN 'x , ELSE 'I II 
RETURN ELSE NILllI 
ENDJ 

SYM~OL FORMAT AlXPI 
BEGIN 
REAL MINUS; 
t·TERM~ 
["+"*"-"1 MINUS ,= CLASS; 
*TERM~ PRIN IF MINUS - -"-" THEN ,- , ELSE ,+ " 
RETURN ELSE NILJ]; 
END; 

COMMENT PROGRAM STARTS HEREJ 
PRINT 'RECC POLISH GENERATOR'J 
GETNEXTJ 

STAkTltEOfl PRINT 'GO AHEAD'~I ELSE 
"POLISH"~ *AEXP~ TERPRI ELSE 
"TRACE"~ 

["ON"*"CFF"' TRACE .= CLASS - -"ON";] ELSE 
"STOP"~ PRINT 'GOUD 8YE'~/~/~/J EXITJJIERRORJ 
GO STARTJ 

ERRURIPRINT 'ILLEGAL SYNTAX OR COMMAND'; 
COL .= RMARGIJ GETNEXT; GO STARTJ 

END. 

RUN 

-HUJ- OPOLISH 
RECe POLISH GENERATOR 
GO AHlAO 
POLISH (A+B)x(C-O' 
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A t;; + C 0 - )C 
GU AHE.AU 
THACE ON 
GU AHt:.AO 
POLISH (A+8»)C(C-O) 

CALL AEXP 

CALL TEHM 

CALL fACTOR 

CALL PRIMARY 

CALL AEXP 

CALL TERM 

·CALL FACTOR 

CALL pAIMAHy 
A 

PRIMARY :II 1 

fACTOR ;; 1 

TlRM ;; 1 

CALL TERM 

CALL FACTOR 

CALL PRIMMq 
B 

PRIMARY ;; 1 

fACTOR ;; 1 

H.RM = 1 
+ 

AEXP ;; 1 

PRIMARy :II 1 

FAC10H = 1 

CALL FACTOR 

CAL.L PRIMARY 
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C 

o 

-

)( 

CALL AEXP 

CALL TERM 

CALL FACTOR 

CALL PRIMARY 

Pkh1ARY = 1 

F'ACIOR = 1 

rt.RM = 1 

CALL TERM 

CALL FACTOR 

CALL pRIMARY 

PRIMARY = 1 

FACTOR = 1 

HRM = 1 

AEXP = 1 

PH!MARY = 1 

fAC10R = 1 

TERM = 1 

AEXP = 1 

GO AHEAD 
POLlSH (A+(~*C)/D)+E*f 

CAL.L AEXP 

CALL TERM 

CALL, FACTOR 

CALL PRIMARY 

CALL AEXP 

CAL.L TERM 



A 

C 

* 

o 

I 

CALL FACTOR 

CALL PRIMAI1Y 

PHIMARY = 1 

FACTOI1 = 1 

It.R~ = 1 

CALL TEHM 

CALL FACTOR 

CALL PRIMARY 

CALL AExp 

CALL TERti 

CALL FACTGR 

CALL PRIMARy 

PRUJAfiY = 1 

CALL PRIMARy 

PAI.,AAY = 1 

FACTOR = 1 

TER~ = 1 

AE)(P. 1 

PAIMARY = 1 

FACTOA II 1 

CALL FACTOR 

CALL PRIMAHY 

PRIMARY:: 1 

FACTOR II 1 

TERM II 1 
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+ 
AEXP = 1 

PMH'ARY = 1 

FACTOi'< : 1 

T!:..RM : 1 

CALL TE.HM 

E 

F 

* 

CALL FACTOR 

CALL PRltvlARy 

PRIMARY: 1 

CALL PRIMARY 

PklMAR'( = 1 

FAClON = 1 

TERM = 1 
+ 

At:.XP = 1 

GO AHt:.AD 
TI'IA<.;E OFf 
GU AHEAD 
POLISH (A+(B*C)/D)+E*F 
AbC * 0 / + E F * + 
GO AHtAD 
STOP 
GUOU 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 remaining 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 

causes carriage return 

causes line feed 

causes station disconnect 

activates paper tape reader 
(X-ON character) 

causes preceding characters to be 
transmitted to remote station to 
be printed 

sends rub-out character 

B-1 

TSMCP 

prints ? 

prints ? 

prints ? 

prints ? 

prints ? 

prints ? 



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. 

All letters of the alphabet and all di,gi ts 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: 

/ 

" 

4J: 

$ 

% 

& 

( 

) 

* 
= 
@ 

+ 

> 

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 GTL 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 GTL 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. 

o 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

Value of CONVAL(n) 

a newly-created random number between 0 and 1 

value of current random number produced by CONVAL(O) 

maximum number of significant figures in single 
precision printed numbers 

maximum number of significant figures in double 
precision printed numbers 

Sign-separation control 

total number of words collected by garbage collector 

number of times garbage collector is called 

time (in seconds) required by last call on garbage 
~ollector 

arithmetic value of the address of the first word in 
the free1ist 

first subscript of array described in paragraph 6.22.1 

second subscript of array described in paragraph 6.22.1 

same as COL 
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n 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

29 

30 

31 

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 string variable (RMARG) 

right margin of input string variable (RMARGI) 

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

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

number of words inrutput 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 0; 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 0; 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 GTL program. The form of the message is as 

follows: 

Error Number 

1. 

2. 

5. 

6. 

7. 

8. 

9. 

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 ("free1ist 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 to 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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