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PREFACE 

\ 

This is a detailed programmer's reference manual for Univac 1108 Extended ALGOL. 

It is divided into three main logical areas: structure and use of the language, 
operating environment and systems control, and appendices covering special topics. 

In the text of this manual Univac 1108 Extended ALGOL reserved words, when used 
as reserved words, appear in bold face type; metalinguistic variables are italicized. 
If a reserved word is part of a metalinguistic variable and is being used as the 
metalinguistic variable, then it will be italicized and not boldfaced. If the reserved 
word appears in text but has no relation to the ALGOL reserved word, it will not be 
boldfaced. 

The reader is assumed to have programming experience and a familiarity with the 
1108 Operating System. For those unfamiliar with ALGOL 60 and / or the 1108 
Multiprocessing Operating System, the following publications are suggested as 
references: 

1. Univac 1108 Operating System Programmers Reference Manual. 

2. McCracken, Daniel D., An Introduction to ALGOL Programming (New York: 
John Wiley and Sons, 1962). 

3. Dijkstra, E.W., A Primer of ALGOL 60 Programming (London and New York: 
Academic Press, 1962). 

4. N aur, P., et al., Revised Report on .the Algorithmic Language ALGOL 60 
(Communications of the Association for Computing Machinery, Vol. 6, No.1, 
Jan., 1963). 

Where it is possible, to assure adherence, the language of the Revised Report 
(ref. 4) has been used verbatim. 
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1. INTRODUCTION TO liDS 
EXTENDED ALGOL 

A syntactic, semantic, and pragmatic description of the UNIVAC 1108 Extended ALGOL 
Language is delineated in tbis manual. 

The basis for this language is the "Revised Report on the Algorithmic Language, ALGOL 
60". The language, ALGOL 60, can beconsidered to be a subset of UNIVAC 1108 Extended 
ALGQ.L. The subset language has been expanded to include extensive input/output device 
communication under Exec 8, provision for formatting of data (Section 11.2.4), and the cap
ability of sorting and merging data by use of source language statements that interface with 
the 1108 SORT/MERGE package. (Section 13) In addition, source language statements are 
available to allow the pr·ogram·mer to utilize the powerful multiprogramming capability of the 
1108 system. Specifically, these statements permit a synchronous processing of procedures, 
the capability to test the status of independent events, and the facility to resume synchron
ous processing (S~ction 12). Program debugging is enhanced by the inclusion of statements 
to display a variable and its contents when its value is changed or to conditionally display 
a variable at any point in the program (Section 9.9). An option is available to generate an 
automatic flow-chart of the source langu-age. 

A partial word designation may be indicated for both bit and character fields of the value of 
a variable or the result of an expression. Also, any field of a variable word may be modified 
(Section 4.5). 

Segmentation or paging of arrays has been implemented (Section 9.6) so that multi
dimensioned arrays of any size may be declared. 

UNIVAC 1108 Extended ALGOL deviates from ALGOL 60 in the following areas: 

A set of reserved identifiers has been defined (see Appendix B) to enable a more 
efficient and faster translation. 

The compiler for UNIV AC 1108 Extended ALGOL is essentially a single pass 
translator;. it requires, therefore, that all labels be declared in the top of the block 
in whichthey appear and that all forward references to procedures or switches be 
declared at the top of the block in which their declaration appears. These require
ments significantly enhance translation time. 
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The syntax of the ALGOL language is described in terms of metalinguistic symbols and 
variables com bined to form m etalinguistic formulae. 

The metalinguistic symbols as used here have the following interpretation: 

< > brackets are used to contain the sequences of characters representing a 
metalinguistic variable 

a metalinguistic connective meaning "is defined as" and separates the 
rnetalinguistic variable on the left from its respective metalinguistic 
formula on the right. 

means "or" and separates the multiple definitions of a metalinguistic 
formula from one another. . 

Metalinguistic variables are sequences of characters enclosed in brackets ( < » which 
define a set of thin gs. 

PAGE: 

M etalinguistic form ulae are th e statem en ts of the rules of syntax (the gramm ar) for the 
ALGOL language. Consider ·as an example the simple language called" add, expression". 
The alphabet of "add expression" consists of the objects A, B, C, D, +. 

The grammar for the language follows: 

<variable>: :'-~ AI B I C I D 

<expression> :: = <variable> I <expression> + <variable> 

Note the recursive definition implied in the metalinguistic formula called expression. 

If one were to parse the good expression A + B + C + D in this language, it would be as 
follows: 

A+B+C+D 

exp 1 

exp 2 

exp 3 

exp 4 

A set of appendices mclude a complete presentation of error diagnostics, reserved words, 
and rnetalinguist~c vanables. 

2 
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2,. Sl-RUCTURE OF THE LANGUAGE 

2.1. BASIC COMPONENTS 

2.1.1. Letters 

2.1.1.1. Syntax 

<letter>:: = AIBICIDIEIFIGIHIIIJIKiLIMINIOIPIQIRISITIUIVIWIXIYIZ 

2.1.1.2. Semantics 

All letters of the alphabet are included in the valid character set for UNIVAC 
1108 Extended ALGOL. Letters do not have individual meanings; they are used 
singly or in combination for forming identi,liers and strings. 

2.1.1.3. Examples 

• Single characters as identi,liers 

A : = B + C DIV 2 

• Multiple character identifiers 

RESULT 
COS 
PHIL 

• String 

'THIS IS AN ALPHA STRING' 

2.1.4. Digits 

2.1. 2.1. Syntax 

<digit>:: = 0111213141516171819 

<octal digit>:: = 011121 31415161'7 

2.1.2.2. Semantics 

All numbers are included in the valid character set for UNIV AC 1108 Extended 
ALGOL. Digits are used for forming numbers, -identifiers, and strings. 
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2.1.2.3. Restrictions 

Only zero th ru seven are valid for octal representations. 

2.1.2.4. Examples 

ill integer num bers 1, 129, 100000 

Il real num bers 31.7,7.0E2 

e identifiers TOTAL, A2, RESUL T10, SWT200 

R octal numbers 6, 137,643 

2.1. 3. Delimiters 

?, 1. 3.1. Syntax 

·'.delimiter>; : c <operator> ! <separator> I <bracket> I <declarator> \ <specificator> 

<operator> :: . <ari thm etic operator> I <relational operator> 

I <logical operator> I <sequential operator> 

<arithmetic operator>: : = -t I - I * 1/ I DIVI** I MOD 

<relational operator>:: = < I '= I > I LSS I LEQ I EQLIGEQ I GTR \ NEQ 

'ln~t,ical 'Jperator>: : '" EQV I IMP I OR I XOR I AND i NOT 

<~equen:ial operator>:: ,,= GO TO I IF I THEN I ELS E I FOR I DO I READ\ 
WRITE \ SPACE I REWIND I LOCK I CLOSE \ FILL I ZIP I ON I 
EXECUTE \ EVENT \ WAIT I DELETE I SORT I MERGE I RELEASE I 
SAVE I PAGE I DBL I NO I PURGE I UNTIL I WHILE ISTEP I REVERSE 

<separator> : : = • i ; I : \ : = I & ICOMM ENT I % I <single space> 

< b ra c k e t> : : = (i) I [' I ] I BEG I N lEN D I # I . [I ' [, 

<declarator.>:: = OWN! 'INTEGER 1 REAL I COMPLEX I'BOOLEAN ! .ALPHA I 

DOUBLE I TASK I EVENT !ARRAY !SWITCH I LABEL i 
FORWARD I PROCEDURE IFILE \ :SWITCH FILE \ FORMAT : 
SWITCH FORMAT !LIST I .SWITCH LIST !MONITOR! DUMP \ 
DEFINE I ABSORB I NAMELIST I LINE! IN lOUT I. CORE 

<specificator> : : ~,.., VALUE 

2.1.3.2 .. Semantics 

Delimiters have a fixed meaning and their basic function, as implied by their 
name, is obvious. 
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2.1. 4. Spaces 

2 
SECTION: 

Spaces can be used between language elements for readability, but in general, 
spaces may be used or omitted. Exceptions are where the space becomes the 
delimiter when separating basic components such as reserved words, identifiers, 
logical values, unsigned numbers, and multi-character delimiters. 

2.1. 5. Comments 

2.1.5.1. Semantics 

PAGE: 

In order to include explanatory text at various points in a program, the COMMENT 
convention is included. 

The sequence of basic symbols: is equivalent with 

; COMM EN T <any sequence not containing ;> ; 

BEGIN COMMENT <any sequence not containing ;>; 

IE NO <any sequence not containing END or 
WHILE or UNTIL or; or ELSE> 

2.1.5.2. Examples 

~l._ .. l.: .. ' l I I I I , llol , , , I , , , 1. .. _,2°1 I , , , , , , , ,3~ , , , , , , 1 .. _1 _,4°1 I.' , I , , , , 

_1' , ,B,E,G,I,N, ICIO,M,M,E,N,T, ,T,HIE, ,F,O,L,L,O,W,I,NIG, lPLR.,0.LG,R,A,hI, IC,O,M,P,UlT,E,S, 

1 I I , I j llC:IOIMLI'IAJTIA,BILjEj IMIA1Tl~IJCIEIS,;, I I , , I I , 1 1_ . .1_1. LL" I I , I , 

BEGIN 

END 

50 60 

, I I I , , , II J , I 

,TIH,E, ,P,R,O,D,U,C,TI 

l I , I J I I L I I 

j L I .L--'-----'------l_l , LL..1 , , , , I 

I I I I I , I L 1..1 

, , , j 1 

_~~~,M~I~M~IE~,~N~,T~I~I:T~I~A~,B~I=L~IE~I-£IS~I=E~IA~,~R~,C~,~H~!i~~'-LI ~-L~-L~L'~'-LI~LI~I-LI~I-L~LI~I-LI~I-LI~I-LI~I-LI~'-LI~I-LI~I-L~LI~I-L~I-LI-LLJ ~
l. I 1 , , J J I , I , , , , , , , , , Il_L_L , , , , , J 1_.L_L_L.' 

__ ~J LL I L_L_L_J III I I_I J l t I I l_l __ L.l [1 __ 1 LL I L __ 1_~ __ L , , , , I , , , II 

~ 
~ 1 , , , j , 1 I , j L' _, , L _LL I _L , , , , L , , , L..L---'_L.L.l , L 1...j L 1 I._L' , , , Lj I , j , I , I 1 I , I I I I I I I J 

j j ,I tfl ,AI IGIT~lIBI IT,HIEIN, IBjEj{;LL,N j jB,: ,=~C0:lDILLL--'-.l _l .. L-'-~LLL_LL.--'--_L_l I I j j , L' J 1. L I Ll.-,----,-J 

---' j 'I I IX,: '=lYI IE,NIDj_jT,HjIIS, JljSLjA,N j jE,X,A,MIPlL.LE.L---,-'1lF.L..lA_L_~JQ.lt.ljM_~IIi.J.T_l jEILJSJEJ ,GIO, ,T,Oj jLjAJBLSj;j j L j j j LJ 

_...L...L..L....L....l..1 ! II! I !-L_I~......L.L..L-1-.L....l--LL-L..L-L.J.-L I I I I ! I ! ! I ! I I ! I ! ! I I !! !!.LJ I I I I I..l.--L...L-LJ...J 

2.1. 6. Identifiers 

2.1.6.1. Syntax 

<identifier>: <letter> I <identifier> <letter> I <identifier> <digit> 

2.1.6.2. Semantics 

Identifiers are used to name labels, variables, switches, formats, lists, arrays, 
procedures, files, and programs. The same identifier can be used to denote dif
feren t quanti ties if declared in differen t blocks. 

3 
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2.1. 6.3. Restrictions 

• Identifiers must begin with a letter and contain only letters and digits. Any 
combination, beyond the first letter, of letters or digits or both is permissable. 

• Reserved words of UNIVAC 1108 Extended ALGOL may not be used as 
identi.fiers. . 

• No ,space may appear within an identifier. 

• Identifiers may be any number of characters in length. However, only the first 
12 characters are unique. 

2.1.6.4. Examples 

A 

MA f.RIX 

DC220 

ACI10T0220 

AIB2C3 

EXAMINATIONANNUAL 

EXAMINATIONMEDICAL 

EXAMIN ATIO NMA TERNITY 

NOT E: The last two identifiers are not unique because their first twelve. 
characters are identical. The identifier immediately preceding the last 
two is unique; the twelfth character differs. 
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2.1. 7. NUMBERS 

2.1.7.1. Syntax 

<number> : : = <unsigned number> 1+ <unsigned number> 1- <unsigned number> 

<unsigned number> : : = <decimal number> 1 <special exponent part>1 <decimal 
number> <exponent part> 

<decimal number> : : = <unsigned integer> 1 <decimal fraction> 1 <unsigned 
integer> <decimal fraction> 

<decimal fraction> : : = . <unsigned integer> 

<special exponent part>': := @ <integer> 

<exponent part> : : = @ <integer> 1 E <integer> 10 <integer> 

<integer>' : : = <unsigned integer> 1+ <unsigned integer> 1 - <unsigned integer> 

<unsigned integer> :': = <digit> 1 <unsigned integer> <digit> 

2.1. 7.2. Semantics 

PAGE: 

Numbers may be of four basic types, INTEGER, REAL, DOUBLE, or COMPLEX. 

Unsigned numbers are composed of digits and the following basic symbols: 

+, -, E,., @, D. 

Integer numbers are positive or negative whole numbers or zero. 

The limits of an integer number are + 235 -1 (34, 359, 738, 367). 

A number is considered as REAL (single preCision floating point) if it contains 
a decimal point and/or E or @ in the exponent. Real numbers have one to eight 
significant digits. The limits of a real number are approximately ± 1038 . 

A real number may be expressed in several ways. It need not contain a decimal 
point if·it contains an exponent part. If a decimal point is used, it can appear at 
the beginning of the number or embedded between two digits. An exponent may 
follow a real number if it is preceded by E or @. The following are acceptable. 
ways of representing the real number 256: 

2S.6El, 25.6E+l, 2560.0E-1, 256.0, .256E3, 25.6@1, .00256@5. 

A number is considered as DOUB L E (double precision floating point) if it is 
REAL with more than 9 significant digits or contains D in the exponent. Double 
preCision numbers may have up to 18 significant digits. The limits of double 
preCision numbers are approximately ±.10±308. 

5 
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In the 1108 hardware representation the important difference between integer and 
real numbers is that real quantities are stored in the computer in floating point 
form. If arithmetic is done on a combination of REAL and INTEGER values the 
result is always REAL in UNIVAC ~108 Extended ALGOL. 

NOTE: At compile time, numbers which exceed the allowable number of digits 
are flagged - CONSTANT TOO LARGE - and an unreliable result is 
returned. 

2.1.7.3. Restrictions 

Only the special exponent ,part" @<integer>, is allowed to stand alone as a real 
number. 

2.1.7.4. Examples 

• Unsigned numbers 

1234.567 
@68 
1234.56@78 
1234.56E78 

• Decimal numbers 

1356 
.666 
1234.567 

• Exponent ,part$ 

@66 
@-36 
@+63 
E-7 
E06 
06 
036 

• Numbers 

number 

123 
123.5 
123E+2 
123@-3 
12345678910.5 
1234.506 
@12 
E+5 

type 

integer 
real 
real 
real 
double precision 
double preCision 
real 
invalid 

• Unsigned integers 

6 
69 
253647 
34359738367 

• Decimal fractions 

.6 

.69 

• Special Exponent part, 

@63 

• Integer number 

6 
+63 
-636 

6 
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2.1. 8. Strings 

2.1.8.1. Syntax 

<string> : : = '<open string> I 

<string bracket character>.:: = I 

<open strin g> : : := <proper strin g> I' <open string> 'I <open string> <open string> 

<proper string> : : = <any sequence of four thousand ninety six or less basic 
symbols>\ <empty> 

2.1.8.2. Semantics 

In order to enable the language to handle arbitrary sequences of basic symbols the 
string bracket character is used. Strings are used in move statements (see 6.10), 
file declarati,ons, label part (see 11.2.2), and format declarations (see 11.2.4.). 

Proper strings are used following the COMMENT separator and the END bracket. 
with the special restrictions that are noted. 

2.1.8.3. Restrictions 

• Within a proper str:ing a single quote must be represented as two quotes to 
yield one, i.e., 'This is a II string" '. 

• Within the label part of the file declaration, the str,ing is limited to twelve 
alphanum eric characters. Th is is a restriction of the 1108 file labelling 
system. 

• A stt.ing used within an arithmetic expression as an alpha constant is 
limited to any com bination of six alphanumeric characters and/ or special 
sym boIs of the UNIV AC 1108 Extended ALGOL. 

• Proper str,ings following the END bracket can be any sequence of basic 
symbols not containing END, ;, WHilE, UNTil, or ELSE. END, ELSE, 
WHILE, UNT IL, and; stop the scan legally; any other operator appearing in 
the string will stop the scan and be marked in error. 

• Proper stdngs following the COMMENT separator can be any sequence of 
basic symbols not containing a ; . 

2.1.8.4.. Examples 

• String 

'ANY COMBINATION OF LETTERS, DIGITS, AND/OR SPECIAL CHARACTERS 
NOT TO EXCEED 4096' 

'ABCDEFGHI]KLMNOPQRSTUVWXYZ0123456789*/ .@[] #) - + <=> & $ (%:,' 
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2.1.9. Constants 

2.1.9.1. Syntax 

2 
SEC TION: 

<constant> = <Boolean constant>1 <alpha constant>i<octal constant>i . 
<complex constant>l<number> 

<Boolean constant>:: = TRUEIFALSE 

<alpha constant>·: : == '<any sequence of six or less characters> I 

<octal constant> : : = %<octal number>i%D<octal number> 

<octal number> : : = <octal digit>i<octal number> <octal digit> 

<complex constant> : : = COMP LEX «real part>, <imaginary part» 

<real part> : : = <real number> 

<imaginary part> : : = <real number> 

2.1. 9.2. Semantics 

PAGE: 

Constcmts are quantities, characters, or character strings whose values do not 
change, or are regarded as fixed, during a certain sequence of program steps or 
mathematical operations. 

The Boolean constants are TRU E and FALSE. 

The % signifies an octal constant. Octal constants are treated as int~gers. 

The % followed by a 0 signifies a dou ble preci sion constant, which will be 
treated as double precision floating point in all arithmetic operations. 

The string bracket ,character (') is used as the beginning and ending delimiter for 
strin gs. 

For number see section 2.1.7. 

8 
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2.1.9.3. Examples 

alpha constants 

'DATE' 
QIII 

octal con stants 

%3742 %03742 

%432 %D200712400000001277001423 

complex constant 

COMPLEX (1.0,0.1) 

COMPLEX (9.9,5.2@12) 

Boolean constant 

TRUE 

fALSE 
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3. GENERAL COMPONENTS 
OF EXPRESSIONS 

3.1. GENERAL 

The algorithmic language, ALGO L 60, is composed primarily of arithmeti.c expres
sions, Boolean expressions, and designational expressions. Basic components of 
these expressions are numbers, constants, variables, logical values, function 
designators, and elementary ~rithmetic, relational, logiCal, and sequential operators .. 

3.2. BASIC COMPONENTS OF EXPRESSIONS 

3.2.1. Variables 

3.2.1.1.. Syntax 

<variable> = <simple variable> i<subscripted variable> 

<simple variable> : : = <variable identifier> 

<variable identifier> : : = <identifier> 

<subscripted variable> : : = <array identifier> [<subscript list>] 

<array identifier> : : ::::: <identifier> 

<subscript list> : : = <subscript expression> i <subscript list>, 
<subscript expression>· 

<subscript expression> : : = <arithme tic expression> 

3.2.1.2. Semantics 

A variable is a designation given to a single value. This value may be used in 
expressions for forming other values and may be changed at will by means of 
assignment .st~tements. The type of the value of a particular variable is defined 
in the declaration for. the variable itself or for the corresponding array identifier. 
Subscripted variables designate values which are components of multidimensional 
arrays •. Each arithmetic expression of the subscript .list .occupies one subscript 
position of the subscripted variable, and is called a subscript. The complete list 
is enclosed in the subscript brackets [ J. The array component· referred to by a 
subscripted variable is specified by the actual numerical value of its subscripts. 

Each sub script position acts like a variable of type IN T EG E·R and the evaluation 
of the subscript is understood to be equivalent to an assignment to this fictitious 
variable. The value of the subscripted variable .is defined only if the value of the 
subscript expression is within subscript bounds of the array. 
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The number of subscripts in a sUbscript list must agree with the declared di
mension of the array referenced. Subscript evaluation is from left to right within 
the subscript list and the result will be transferred to type IN T E GE R if the 
result is not of this type. 

3.2.1.3. Examples 

Simple variables 

VALUE3 

TANGENTVALUE 

DELTA 

Al 

B 

C999 

Subscript~d variab Ie 

A [1,14J 

MATRIX [X MOD Y, PI/2J 

VARPQ [IF P<Q THEN X ELSE V, 2**2J 

3.2.2. Function Designators 

3.2.2.1. Syntax 

<function designator> : : == <p r ocecure identifier> <actual parameter part> 

<procedure identifier> :: = <identifier> 

<actual parameter part> : : = <empty>1 «actual parameter list» 

<actual parameter list> : : = <actual parameter> I <actual parameter list> 
<parameter delimiter> <actu&l parameter> 

<actual parameter> : : = <expression>l<array row>l<array identifier> I 
<procedu re identifier> I <form at identifier> I 
<list identifier> I<file ide ntifier> I 
<switch! identifier~ I <swi tch file id~ntifier> I . 
<switch format identifier>l<switch list identifier>1 
<switch file designator>! <switch format designator> I 
<switch list designator> 

<parameter delimiter> : : =, I) I <proper string> I ( 

2 



UME-7636 

------- L UNIVAC 1108 I-

____ E __ X_T._'E_N __ D_E_D __ A __ L_G_O_L __________________________ ~ ____________ ~_s_E_C_T_IO_N_:_3 ____ ~_P_A_G_E~: ___ 3 __ _ 

3.2.2.2. Sem antics 

A function procedure is indicated by assigning a type to a procedure declaration. 

Standard library functions are available that may be referenced without being 
declared. Since the library function identifiers are not reserved, the programmer 
may ~eclare functions using the standard library names, thereby over-riding the 
system routines within the scope of the function declaration. 

The standard library functions supplied for UNIVAC 1108 Extended ALGOL are 
described in Table 3-1. 

3.2.3. Time Function 

3.2.3.1. Syntax 

<tim e function> = TIM E «a ri thm etic expression» 

3.2.3.2. Semantics 

The time function makes available time and date information relative to the 
program requesting it. The various functions provided for by particular parameter 
codes yield the time required by the system, or certain components of it, to exe
cute a program, or parts of a program. The time function can be any v aUd arithme
tic expression which must yield an integer value of 0 through 4. For'the valid 
codes, the following information will be provided: 

Code Result 

o Current Julian calendar date in FD code, e. g., 

Year 
't 

68 
67 

Day 

001 
304 

1 Total elapsed time from run start time through to time of request in 
seconds. 

2 Actual elapsed processor time in milliseconds. 

3 Binary zero. 

4 Time of day in milliseconds from midnight obtained from instantaneous 
clock readin g. 

If the value of the arithmetic expression is not one of the valid integers, a 
run time error is generated. 

3.2.3.3. Examples 

TIME (0) 

TI!'fIE (4) 

TIME ( (A+ B) DIV 2) 
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FUNCTION 
DESIGNATOR 

ABS 

ARCCOS 

ARCSIN 

ARCTAN 

COS 

COSH 

DOUBLE 

ETEST 

EXP 

IMAGINARY 

LN 

NUMBER OF TYPES OF TYPE OF 
PARAMETERS PARAMETERS RESULT RESULT 

1 

1 

1 

-
1 

1 

1 

1 

1 

1 

1 

1 

INTEGER INTEGER Ixl 

REAL REAL Ixl 

DOUBLE DOUBLE Ixl 

COMPLEX REAL Ixl 

REAL REAL arccos (x) 

DOUBLE DOUBLE arccos (x) 

REAL REAL arcs in (x) 

DOUBLE DOUBLE arcs in (x) 

REAL REAL arctan (x) 

DOUBLE DOUBLE arctan (x) 

REAL REAL cos (x) 

DOUBLE DOUBLE cos (x) 

COMPLEX COMPLEX cos (x) 

REAL REAL cosh (x) 

DOUBLE DOUBLE cosh (x) 

COMPLEX COMPLEX cosh (x) 

INTEGER DOUBLE double prec is ion 

REAL DOUBLE 
representation 

of x. 

EVENT BOOLEAN 

REAL REAL exp (x) 

DOUBLE DOUBLE exp (x) 

COMPLEX COMPLEX exp (x) 

COMPLEX REAL 

REAL REAL In (x) 

DOUBLE DOUBLE In (x) 

Table 3-7. Standard Library Functions 

(Part 1 of 2) 

DEFINITION 

Produces the absolute 

va lue of the argument 

x. 

Produces the principle 

value of the arccosine 

of the argument x. 

Produces the principle 

va lue of the arcs ine 
of the argument x. 

Produces the principle 

va lue of the arctangent 

of the argument x. 

Produces the cos ine 

of the argument x. 

Produces the hyper-

bolic cosine of the 

argument x. 

Produces the double 

preCis ion floating 

po int representation 

of the argument x. 

Returns a TRUE value 
if event variable set, 

FA L S E if eve nt 

variable clear. 

Produces the ex-

ponentia I function 

of the argument x. 

Imaginary part of x. 

Produces the natural 

logarithm of the 

argument x. 

4 
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FUNCTION NUMBER OF 
DESIGNATOR PARAMETERS 

MAX I ist of 

express ions 

MIN lis t of 

express ions 

RANDOM 1 

SIGN 1 

SIN 1 

SINH 1 

SQRT 1 

TAN 1 

TANH 1 

TYPES OF TYPE OF 
PARAMETERS RESULT 

REAL REAL 

INTEGER REAL 

REAL REAL 

INTEGER REAL 

REAL REAL 

INTEGER INTEGER 

REAL 

DOUBLE 

COMPLEX 

REAL REAL 

DOUBLE DOUBLE 

COMPLEX COMPLEX 

REAL REAL 

DOUBLE DOUBLE 

COMPLEX COMPLEX 

REAL REAL 

DOUBLE DOUBLE 

COMPLEX COMPLEX 

REAL REAL 

DOUBLE DOUBLE 

COMPLEX COMPLEX 

REAL REAL 

DOUBLE DOUBLE 

COMPLEX COMPLEX 

Table 3-1. Standard Library Functions 
(Part 2 of 2) 

I SECT'ON, 3 PAGE: 
5 

RESULT DEFINITION 

Returns the a Ige~ 

braically largest 

element of the 

argument list. 

Returns the alge-

braically least 

e Ie ment of the 

argument list. 

Random number 

generator. 

x>O :=1 Produces one of the 

three va lues listed 

x=O :=0 depending upon the 

value of the argument 

x<0:=1 x. 

sin (x) Prod uces the sine 

sin (x) 
of the argument x. 

sin (x) 

sinh (x) Prod uces the 

hyperbo I ic sine of 
sinh (x) the argument x. 

sinh (x) 

sqrt (x) Produces the square 

sqrt (x) 
root of the argument 

x. 

sqrt (x) 

tan (x) Produces the tangent 

tan (x) 
of the argument x. 

tan (x) 

tanh (x) Produces the hyper-

bolic tangent of the 
tanh (x) argument x. 

tanh (x) 
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3.2.4. Transfer Functions 

I SEenON, 3 

Transfer functions between any pair of quantities or expressions may be defined. 
The result of a transfer function being performed on an expression is that the 
result of an expression of one type is changed to another type. The standard 
transfer functions provided in UNIVAC 1108 Extended ALGOL are described 
in Table 3-2. 

TRANSFER TYPE OF INPUT OUTPUT TYPE LIMITATION AND 
FUNCTION USED ARGUMENT AFTER TRANSFER COMMENTS 

ENTlER (x) REAL or INTEGER The value produced is 

DOUBLE 
the largest integer not 

greater than the value 

of x. 

FIXED (x) REAL or INTEGER The va lue produced is 

the rounded result of 
DOUBLE 

the value of x. 

REAL (x) INTEGER REAL 
DOUBLE 
COMPLEX 

DOUBLE (x) INTEGER or DOUBLE 

REAL 

COMPLEX (x, 0) REAL COMPLEX 

COMPLEX (REAL (x), 0) INTEGER or COMPLEX 

DOUBLE 

Table 3-2. Standard Transfer Functions 

3.2.5. Pseudo-Transfer Functions 

PAGE: 

The pseudo-transfer functions, BOOLEAN and INTEGER, are provided so that 
Boolean operators may be applied to non-Boolean variables and arithmetic operators 
may be applied to Boolean variables. The value of the argument is not altered with 
the exception that when type BOO LEAN is applied to a type DOU B L E argument, the 
DOUBLE argument is truncated to type INTEGER. The format is as follows: 

BOOl EAN (x) - for x equal to type INT EGE R, REAL, DOU BL E, or COMPLE X. 

INTEGER (x) - for x equal to type BOOLEAN. 

6 
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4. EXPRESSIONS 

4.1. EXPRESSIONS GENERAL 

4.1.1. Syntax 

<expression> 

4.1..2. Semantics 

:=: <arithmetic expression> I <Boolean expression> I 
<designational expression> 

The prima ry entities of programs describing algorithmic processes are arithmetic 
expt'essions, 3001ean expressions, and designati,onal expressions. 

4.2. ARITHMETIC EXPRESSIONS 

4.2.1. Syntax 

<arithmetic expression> : : ,.:: <simple arithmetic expression> I <if clause> 
<simple arithmetic expression> ElSE <arithmetic expression> 

<simple arithmetic expression> : : = <term> I <adding operator> <term> I 
<simple arithmetic expression> <adding operator> <term> 

<term> : : = <factor> I <term> <multiplying operator> <factor> 

<adding operator> : : = + I -

<factor> : : = <prim ary> I <factor> ** <primary> 

<multiplying operator> : : = * I / I DIV I MOD 

<prima ry> : : == <unsi gned number> I <variable> I <function designator> I 
«arithmetic expression» I <constant> I <partial word 
designator> I <concatenate expression>1 «assignment 
statement> ) 

<if clause> : : = I F <Boolean expression> TH EN 

1 
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4.2.2. Sem antic s 

An arithmetic expression is a rule for computing a numerical value. For simple 
arithmetic expressions, the value is obtained by executing the indicated arithmetic 
operations on the actual numerical values of the primaries of the expression. In the 
case of numbers, the value is obvious. For variables it is the current value, and for 
function designators it is the val ue that is assign ed upon execution of th e pro
cedure named. An alpha constant must not be greater than one word and is treated 
as an INT EG ER constant. The value of partial ward designator primaries is the 
current value of the field as specified by left bit of field arithmetic expression 
and the number of bits in field arithmetic expression. The new value stored into 
the left base as a result of the application of the concatenate operator is the value 
of the 'concatenate expression primary. Finally, in arithmetic expressions enclosed 
in parenthesis the value must, through a r ecursi ve analysis, be expressed in terms 
of the values of the other kinds of primaries. 

The syntax for the general arithmet ic expression inc ludes an if clause which en
ables one of several arithmetic expressions to be selected for execution. The 
selection is as follows: The Boolean expressions of the if clauses are evaluated one 
by one in sequence from left to right until the value TRUE is found. The arithme-
tic expression following the TH EN delimiter is then executed. If the final Boolean 
expression value is FALSE, the expression following ELSE is executed. 

It is important to note that the syntax for UNIVAC 1108 Extended ALGOL permits 
the expression following THEN as well as the expression following ELSE to be 
th e genera I arithm etic express ion. 

For example: 

10 20 30 40 

Apart from the Boolean expressions of if clauses, the constituents of simple 
arithmetic expressions must be of types COMPLEX, DOUBLE, REAL, or 
INTEGER (An ALPHA variable is treated as INTEGER). Mixed mode operations 
are allowed. The type of the result of a mixed mode operation will be according 
to th e intersection of ope rand 1 and ope rand 2 in the follow in g chart: 

-
OPERAND 1 

OPERAND 2 

COMPLEX DOUBLE REAL INTEGER 

COMPLEX COMPLEX COMPLEX COMPLEX COMPLEX 

DOU BLE COMPLEX DOUBLE DOUBLE DOUBLE 
REAL COMPLEX DOUBLE REAL REAL 
INTEGER COMPLEX DOUBl.E REAL INTEGER 

--

Note that the result of a COMPLEX, DOUBLE operand pair yields a COMPLEX 
result with a zero im aginary part. 
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The floating point d iv ide operator, / , yiel ds aRE AL res ult, even if both ope rands 
are liNT EGE R. ' 

The MO D operator yields th e remainder of an integer division. If one or both 
operands associated with the MO D opera tor are of arithm etic type other than 
INTEGER, 'conversion to INTEGER will be performed previous to the execution of 
the MOD operation. 

DIV is the integer divide operator. Both operands associated with the integer divide 
operator must be INTEGER. 

The operation,factor * * primary,denotes exponentiation, where the factor is the 
base and the primary is the exponent. 

Writing i for a number of INTEGER type, r for a number of REAL type, and e for a 
number of either INTEGER or REAL type, the result is given by the following rules: 

~ * i If i > O~ a*a*a ... *a (i times), result of the same type as a. 

If i = 0, if a 1= 0, result of 1 of the same type as a 
if a = 0, undefined 

If i < 0, if a 1= 0, 1/(a*a*a ... *B} (the denominator has -i factors), 
result of type REA L 

if a = 0, undefined. 

a* *1' If a > 0, EXP (r*ln (a) ), result of type REAL 
If a "" 0, if r > 0,0.0, result of type REAL 

if r < 0, undefined 
If a < 0, always undefined 

It should be noted that both the base and the exponent may be of type DOUBLE or 
COMPLEX, with the limitations as indicated by the following chart that lists the 
type of the result at the intersection of the base and exponent pair. 

-
EXPONENT 

BASE 
INTEGER REAL DOUBLE COMPLEX 

INTEGER INTEGER REAL DOUBLE COMPLEX 
REAL REAL REAL DOUBLE COMPLEX 
DOUBLE DOUBLE DOUBLE DOUBLE * 
COMPLEX COMPLEX COMPLEX * COMPLEX' 

*Illegal comb ination 

The sequence of operations within one expression is generally from left to right 
utiliz ing the followi ng rules of arithmetic operator precedence: 

first: * * 

second: * / DIV MOD 

third: +-
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The expression between a left parenthesis and the matching right parenthesis is 
evaluated by itself and t his value is used in subsequent calculations. Conse
quently the desired order of execution of operations within an expression can 
always be arranged by appropriate positioning of parenthesis. 

The maximum value of an INTEGER result is ±(235_1). If the result should 
exceed this value, the 1108 overflow indicator will be set as a result of a carry 
into t he sign position. A hardware interrupt is not affected by fixed point overflow 
but the sign of the result will be changed. The maximum value of aREAL result 
is from 1037 to 10-38 and of a DOUBL E result is from 10307 to 10-308• Character
.istic overflow or underflow for all arithmetic operations yielding REAL or 
DOU B L E results can occur, causing an 1108 hardware interrupt. (The ALGOL 
programmer can capture this interrupt by use of the Oll statement (See Section 6.9).) 

4.2.3. Restrictions 

TASK and EVENT variables may not be referenced in arithmetic expressions. 

4.2.4. Examples 

Arithmetic Expressions: 

BETA+GAMMA** 2 MOD DEL T A DIV EPSILON 

IF BOOL1 THEN X-V ELSE T**2 

TOTAL10+ (IF BA[10=-' THEN SIGMA ELSE IF BA[9J THEN SIGMA 10 
ELSE ZERO) 

IF BOOL2 TH EN AlB ELSE C 

Simple Arithmetic Expression: 

A R l[B ,3J- AR 2[B *2 ,B+C J.[ X MO 0 Y: R+ Z] 

AR2[PW[X, Y I Z] .[E 1: E2] ] I CA T[l ]&(R*S),[E3: MAX(F)-l: E3] 

Terms: 

SIN(B.[X:y]+Z)1 AR1[ROW ,COL]*OMEGA*(BETA-GAMMA) 

Factors: 

A 

A**F1 (X) 

Y & ((R+S) **X) [El:E2:E:'[] 
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Primaries: 

A 

50.001 

AR [ROW, COL, LJ 

Pw. [}:1:E~ 

CON & CAT [El:E2:Efl 

COS(El/E2) 

INTEGER(BOOL l)+BETA 

4.3. BOOLEAN EXPRESSIONS 

4.3.1. Syntax 

I SECTION, 4 

<Boolean expression> : : = <simple Boolean> 1 <if clause> <Boolean expression> 
ELSE <Boolean expression> 

<simple Boolean> : : = <implication> 1 <simple Boolean> E QV <implication> 

<implication> : : = <Boolean term> 1 <implication>IMP <Boolean term> 

<Boolean term> : : = <Boolean factor> 1 <Boolean term>' 0 R <Boolean factor> I 

<Boolean term> XO R <Boolean factor> 

<Boolean factor> : : = <Boolean secondary> 1 <Boolean factor> AND <Boolean 
secondary> 

<Boolean secondary> : : = <Boolean primary> 1 NOT <Boolean primary> 

<Boolean primary> : : = <logical value> 1 <variable> 1 <function designator> I 

<relation> I «Boolean expres sion» 1 <partial word designator> 1 

<concatenate expression> 1 «assignment statement» 

<relation> : ~ = <simple arithmetic expression> <relational operator> 
<simple ari thm etic expression> 

<relational operator>:: = <I = I > I LSS 1 LEQ IEQL I GEQI GTR I NEQ 

I PAGE, 5 
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4.3.2. Semantics 

I SECTION. 4 

A Boolean expression is a rule for computing a logical value. The principles of 
evaluation are entirely analogous to those given for arithmetic expressions. 

PAGE: 

It should be noted that since the if clause of a Boolean expression is defined to be 
I F followed by Boolean expression, a nesting of if clauses is perfectly valid (see 
examples). 

Variables, function designators, partial word designators, and the left base and 
right base of a concatenate expression entered as Boolean primaries must be 
declared BOOLEAN. 

An exception to the above statement is if the pseudo-transfer function BOOLEAN 
is applied to the result of an arithmetic expression. The least significant bit of the 
arithmetic argument will be tested for a TRUE or FALSE logical value. 

The logical operators, listed in the order (highest to lowest) of precedence of use 
are: 

NOT (negation).' The negation of a T RUE Boolean variable is F ALS E and 
the negation of a FALSE Boolean variable is TRUE. 

AND (conjunction). The conjunction of two variables is TRUE if and only if 
both Boolean variables are T RUE. 

OR (disjunction). The disjunction of two Boolean va.riables is TRUE if one 
. of the variables is TRUE, or both of the Boo.lean variables 
are TRUE. 

IMP (implication). An implication of two Boolean variables is FALSE if the 
first Boolean variable, or antecedent, is T RUE and the 
second Boolean variable, or consequent, is FALS E; other
wise it is TRUE. 

EQV (equivalence). The equivalance operation on two Boolean variables is 
TRUE if and only if both are TRUE or both are FALSE. 

In addition to the above, the set of logical operators for UNIVAC 1108 Extended 
ALGOL includes the exclusive or function, XOR, which in Boolean expressions 
assume s th e sam e priority level as the inclusive or, 0 R: 

XOR The result of the application of the exclusive or operation on two 
Boolean variables is TRUE if and only if one or the other, but not 
both, is TRUE. 

The Boolean primary, relations, yields a TRUE or FALS E result depending on the 
truth value of the indicated comparison between the named arithmetic expressions. 

6 
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The relational operators are: 

LSS or < Less Than 

LEQ Less Than or Equal To 

EQL or Equal To 

GEQ Greater Than or Equal To 

G T R or > Greater Than 

NEQ Not Equal To 

All relational operators have the same order of precedence. 

The order of precedence (from highest to lowest) for all operators in both arithmetic 
expressions and Boolean expressions is as follows: 

** 

* / DIV MOD 

+ 

LSS LEQ EQL GEQ GTR NEQ 

NOT 

AND 

OR XOR 

IMP 

EQV 

It should be noted that all logical operators operate upon the whole 1108 word. The 
~.OT, AND, OR, and XOR utilize the equivalent 1108 hardware instructions, while 
IMP and EQV can be defined in terms of AND, OR, and NOT operations. 

The truth value of a Boolean quantity is determined by testing the least significant 
bit of the word to be 1 (TRUE) or 0 (FALSE). 
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4.3.3. Examples 

Boolean Expressions: 

BOOLI 

TRUE 

NOT SWI 

IF Bl THEN X ELSE Y GEQ 50 

IF X LSS Y THEN Bl ELSE B2 

IF Bl THEN B2 ELSE B3 

I SECTION, 4 

IF X = Y THEN Bl ELSE B2 THEN B3 ELSE B4 THEN A GTR B ELSE 

IF B5 TH EN NOT B6 ELSE B7 

Bl AN D (I F B2 TH EN B3 ELSE A GTR B) OR X+Y LSS T **S**R 

Bl OR B2 IMP B3 AND B4 OR B5 

Bl EQV X GEQ Y 

4.4 DESIGN ATION AL EXPRESSIONS 

4.4.1. Syntax 

<designational expression> : : = <simple designational expression> I <if clause> 
<designa tiona I expression> E LS E .<designational expression> 

<simple designational expression> : : = <label> I <switch designator> I 
«designational expression» 

<switch designator> : : = <switch identifier> [~subscript expression8 

<switch identifier> : : == <identifier> 

<label> : : == <identifier>· 

8 
PAGE: 
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4.4.2. Semantics 

A designational expression is a rule for obtaining a label of a statement. Again, 
the principles of evaluation are entirely analogous to that of arithmetic expressions. 

In the general case the Boolean expressions of the if clauses will select a designa
tional expression. If this is a labeZ; the desired result is already found. A switch 
designator refers to the corresponding switch dec laration and, by the actual numeri
cal value of its subscript expression, selects one of the designational expressions 
listed in t he switch declaration by counting from left to right beginning with zero. 
Since the designational expression thus selected may again be a switch designator 
this evaluation is obviously a recursive process. The subscript expression is de
fined to be an arithmetic expression and, so, evaluation is analogous. The result, 
however, if not of type INTEGER, will be converted to INTEGER so that a one to 
one mapping can exist between the set of positive integers and zero and the result 
of the sUbscript expression. 

If the integer value of the subscript expression is not a member of the set associated 
with the switch identifier named, the switch designator is undefined and program 
control continues in sequence • 

. 4.4.3. Examples 

Designational Expressions: 

LABELl 

ENTRYPATH [}iCM+l2] 

IF BOOL1 THEN LABELl ELSE ENTRYPATH [}JC+l2] 

IF BOOL1 THEN IF BOOL2 THEN SWITCHTO[XJ ELSE IF BOOL3 THEN 
LAST ELSE START ELSE COMPUTE 

SWITCH OF A>B TH EN 0 ELSE IF A=B THEN X'ELSE yJ 

Switch Designators: 

ENTRYPATH[X+Y] 

SWITCHTO OF B1 TH EN X ELSE XJ 

SWITCHTO [10J 

9 
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4.5. PARTIAL WORD DESIGNATOR 

4.5.1. Syntax 

I SECTION, 4 

<partial word designator> : : = <partial word operand> • [<bit field description81 
<partial word operand>, [?character field deSCription>] 

<partial word operand> : : = <variable> I «arithmetic expression» 

<bit field description> : : = <left bit of field>:<bits in field> I <left bit of field> 

<character field description> : : == <left character of field>:<characters in field> I 
<left character of field> 

<left bit of field> : : = <arithmetic expression> 

<bits in field> : : = <arithmetic expression> 

<left character of field> : : = <arithmetic expression> 

<characters in field> : : = <arithmetic expression> 

. 4.5.2. Semantics 

The function of the UNIVAC 1108 Extended ALGOL partial word des:ignator is 
to allow operations on specified bit or character fields of a single or double 
precision word, rather than upon the entire word. 

The partial word operand may be of type INTEGER, REAL, DOUBLE, or 
COMP L EX. The following chart delineates the field variability for partial word 
references: 

TYPE OF OPER 

INTEGER 

REAL 

DOU BLE 

COMPLEX 

AND Left Bit 
of Field 

--

0"~35 

0435 

0~71 

0471 
--'----

RANGE OF FIELD 

No .. Bits Left Char. No. Char. 
in Field ~f Field in Field 

!----" 

1~36 0~5 1~6 

1~36 0~5 1~6 

1~36 0411 1~6 

1~36 0~11 146 

PAGE: 

Note that when the partial word operand is double precision (DOU BL E or COMPLE X), 
any bit from 0 to 71 may be specified as the left most bit, but the number of bits in 
the field may not exceed an 1108 single precision word of 36 bits. Accordingly, the 
left character of a double precision wo rd may be indicated by an integer value from 
o to 11, but the number of characters may not exceed 6. 

10 
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The bit field and character field descriptions are arithmetic expressions. Therefore, 
like the subscript ,expression, the fields must be checked at run time. The compiler 
will convert the result of the arithmetic expressions designating the fields to type 
INTEGER if the result is other than INTEGER. The run time partial word routine 
will check to see that the sum of the INT EGE R values for the two fields does not 
exceed 36 for single precision bit partial word operands or 71 for double precision 
bit partial word operands. The corresponding character lim its are 6 and 11. The 
specified field of a partial word operand appearing as an expression will be extracted 
and right justified in the word. 

For a part,(al word designator appearing in the left part of an assignment statement, 
the indicated value will be stored into the specified partial word field. 

4.5.3. Restrictions 

A partial word designator in a left part .list must be the left-most part. 

If a partial word designator is specified as an actqal parameter in a procedure call 
statement, the corresponding formal parameter may not appear in a left part .list. 

4.5.4. Examples 

MATRIX [},4J.[LB:NBJ 

GAMMA, [tC:NCJ 

BIGWD. [}4:2QJ 

(SlN(X) ),[5J 

(X+Y*Z), [L+2: N**2] 

A, [J:~ :=:B:=C:=D, [1:3J; 
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4.6. CONCATENATE EXPRESSION 

4.6.1. Syntax 

<concatenate expression> = <left base> <link part> 

<left base> : : = <variable> 

4 
SECTION: 

<link part> : : = & <right base> <link description> I <link part> & <right base> 
<link description> 

<right base> : : = <general primary> 

<general prima ry> : : = <primary>1 <Boolean primary> 

<link description> : : = 8left bit of left base>:<left bit of right base>:<number 
of bits in link8 

<left bit of left base> : : = <arithmetic expression> 

<left bit of right base> : : = <arithm etic expression> 

<number of bits in link> : : = <arithmetic expression> 

4.6.2. Semantics 

PAGE: 

The word concatenate means a chaining together of objects. The UNIVAC 1108 
Extended ALGOL concatenate expr~ssion allows such an operation up to word 
length for a single precision or double precision left .base. Moreover, any bit field 
of the rig ht ,base primary may be extracted and stored into any bit field of the left 

base va riable, provided the fields are of the sam e length. Note the recur si ve syntax 
definition for the link part, signifying concatenation of any number of right base 

elements provided word left for the left ,base is not exceeded. 

The link description fields are all defined to be arithme ti,c express ions and so 
must be checked to be within limits at run time •. 

The limits of variability for the link description fields and limit of the sum of the 
left bit of field and number of bits in field is as follows: 

CONCATENATE LEFT MOST NUMBER OF BITS SUM OF LEFT BIT AND 
OPERAND BIT IN FIELD IN FIELD NUMBER OF BITS 

--,------------- ----------- --
INTEGER O~35 1-~36 36 

REAL O~35 1~36 36 

DOUBLE O-lo71 1-1'72 72 

COMPLEX O-Jo71 1~72 72 
-

12 
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4.6.3. Restrictions 

I SECTION, 4 

When combining single and double precision bases, a meaningful result will be 
obta.ined only if the number of bit~ in field value does not exceed 36. 

4.6.4. Examples 

X&Y [LBX:LBY:NB] 

X&Y [LBX:LBY:NB] & Z [LBX+B:LBY+Q:NB] 

R & «X+Y) * Z [0:20:16] 

DA&DB [)6:0:3~ 

I PAGE, 13 
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5. STATEMENTS. 

I SECTION. 5 PAGE: 

COMPOUND .STATEMENTS. 
BLOCKS, AND PROGRAMS 

5.1. SYNTAX 

<statement> : : = <uncondi tjonal statement> 1 <conditional statem ent> 1 <iterative 
statement> 

<unconditional statement> : : = <basic statement> 1 <compound statement> 1 <block> 

<basic statem ent> : : = <unlabelled basic statem ent> 1 <label> :<basic statement> 

<unlabelled basic statement> : : = <assignment statement>1 <go to statement> 1 
<dummy statement> 1 <fill statement> 1 <procedure statement> 1 
<I/O statement> 1 <zip statement> 1 <sort statement> 1 <merge 
statement> 1 <move statement> 1 <compare statement> 1 <activity 
statement> 1 <on statement> 

<compound statement> : : = <unlabelled compound statement> 1 <label> ; <compound 
statement> 

<unlabelled compound statement> : : = BEGIN <compound tail> 

<compound tail> : : = <statement> END 1 <statement> ; <compound tail> 

<block> : : = <unlabelled block>·1 <label> : <block> 

<unlabelled block>: : ::: <block head> ; <compound tail> 

<block head> : : = BEGIN <declaration> 1 <blockhead> ; <declaration> 

<conditional statement>: : = <if statement> 1 <if statement>ELSE <statement> 1 . 
<label> : <conditional statement> 

<if statement> : : = <if clause> <statement> 

<if clause>: :=1 F <Boolean expression> TH EN 

<iterative statement>::::: <for statement> 1 <do statement> 

1 
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5.2. SEMANTICS 

I 5 
SEC T ION: PAGE: 

The ALGOL st~tement is the fundamental unit of operation within the UNIVAC 1108 
Extended ALGOL language. Statemeu~~ are grouped into three major categories: 
unconditional, conditional, and iterative. Unconditional statements directly specify 
a particular action to be performed. Conditional statements will select one of several 
different courses of action depending on a calculated Boolean value. The iterative 
statements describe a repetitive process and prOVide methods of forming loops in a 
program. 

Statements are normally executed consecutively as written. This sequence of 
sequential operation may be broken by unconditional statements which explicitly 
define a labelled successor, i.e., go to statements or by conditional statements 
which provide a means whereby the execution of a statement, or series of statements, 
is dependent upon the logical value produced by evaluation of a Boolean expression,
i.e., if statements. 

In orderfor one statement to refer to another and make it possible to effect a trans
fer of control, it is necessary to be able to identify a statement. A statement is 
identified by a label. A statement label can be any valid identi./ier and is separated 
from the statement which it names by a colon (:); i.e., label: statement. 

Compound statements or blocks are sets of statements which are treated as a unit. 
Groups of statements forming a compound statement must be bracketed by the 
reserved words BEGIN and END. 

A series of statements or compound statements common to each other by virtue of 
the defining declarations are enclosed within the statement parentheses, BEGIN 
and 'END, and constitute an ALGOL block. 

Every program must at least be one block and may be· composed of many blocks; 
that is, it must start with a BEGIN, be followed by any necessary declarations, 
then be followed by the statements of the program, and terminate with an END. 

Every block automatically introduces a new level of nomenclature. 

The whole program is a block and declarations at the beginning of the outermost 
block refer to the whole of that and any nested blocks; i. e., global variables. 
Declarations at the beginning of inner blocks are only known within the inner block 
in which they are declared; i.e., local variables. An identifier declared in one block 
is undefined in any block that is not internal to it. Should an identifier declared in 
an inner block already have a meaning established in the encompassing outer block, 
then the outer block meaning is tem porarily ignored. A t the end of t he inner block, 
the outer block meaning is restored. Hence, the range of a declaration extends over 
the whole of the block in which it is declared, including all inner blocks, unless the 
identifier is redeclared in such an inner block. If redeclared, the new declaration 
holds for the redeclaring block and all subsequent inner blocks until the E NO 
bracket of the declaring block is encountered. 

2 
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The fundamental concept of local and global identifiers is demonstrated in the 

PAGE: 

schem atic diagram of block structure shown in figure 5-1. In Figure 5-1 the variables 
A, H, C, and 81 are local to block 81 and global to blocks 82, B3 and B4. The 
variable AI is local to 81, global for 84 and redefined with the value declared in 82 
as local for B2 and global for 83. The variables D and E are local to block 82, 
global to 83 and undefined in 81 and 84. Variables F and G are local to 83 and 
undefined for all other blocks, and variables H, J, K, L, and M are local to 84 and 
undefined for all other blocks. 

81: BEGIN 

REAL A, B, C; 

INTEGER AI, 81; 

82: BEGIN 

ALPHA D, E, AI; 

83: BEGIN 

REALF,G; 

END 83; 

END 82; 

B4: BEGIN 

ALPHA H, J; 

REAL K, L, M; 

END 84; 

END 81; 

Figure 5-7. Schematic Representation of Block Structure in ALGOL. 

3 
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B. UNCONDITIONAL STATEMENTS 

6.]l. GENERAL 

6.1.1. Syntax 

<unconditional statem en t> : : ==: <basic statement> , <compound statement>, <block> 

<basic statement> : : = <unlabelled basic statement> , <label> : <basic statement> 

<unlabelled basic statement> : : = <assignment statement> , <go to statement> , 
<dummy statement> , <fill statem ent> , <procedure statement> , 
<I/O statement>, <zip statement>, <on statement>, <move 
statement> , <compare statement> , <sort statement> , <merge 
statement> , <activity statement> 

<compound statement> : : = <unlabelled compound statem ent> , <label> : 
<compound statement> 

<unlabelled compound statement> : ; = BE GI N <compound tail> 

<compound tail> : : = <statement> END' <statement> ; <compound tail> 

<block> : : = <unlabelled block> , <label> :<block> 

<unlabelled block> : ; = <block head> ; <compound tail> 

<block head> : : = B EGIN<declaration> , <block head> .j <declaration> 

6.1.2. Semantics 

Unconditional statements directly specify a particular action to be performed. 
This group of statements includes the basic constructs implied by the assignment 
statement, go to statement, procedure statement and 110 statements. Each basic 
statement listed will be discussed separately. 

6.2. ASSIGNMENT STATEMENT 

6.2.1. Syntax 

<assignm ent statement> : : = <left part list>. <arithm etic expression> , 
<left part list> <Boolean expression> 

<left part list> : : = <left part> , <left part list> <left part> , <partial word 
designator>: = 

<left part> <va.riable> : = , <procedure identifier> 

1 
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6.2.2. Semantics 

6 
SECTION: 

Assignment statements serve for assigning a value to one or more variables or 
procedure identifiers. The simplest form of an assignment statement .is : variable, 
replacement operator (: =), expression; Le., V : = E. 

Evaluation of the assignment statement proceeds in the following order: 

(1) Any subscript expression occurring in the variables of the left part are 
evaluated in sequence from left to right. 

(2) The expression following the final (right-most) replacement operator is 
evaluated. 

(3) The value of the expression is assigned to all left part variables, with 
subscript expressions, if any, having the values derived in the first step. If 
the value from step 2 yields a type different from that of a left part variable, 
an attempt is automatically made to convert the value to the type of the left 
part variable. 

Throughout UNIVAC 1108 Extended ALGOL, ALPHA variables are compatible 
with type INT EGER. Therefore, if the result of the arithmetic expression is of 
type ALPHA or INTEGER and an ALPHA variable appears in the left part list, 
the result will be stored unchanged. If the result is any other arithmetic type, it 
will be converted to IN T EGER and stored into the Al PHA variable. 

6.2.3. Restrictions 

1. If the type of the expression is BOOLEAN, the left part list elements must be 
BOOl EAN. 

2. Neither T ASK nor EV ENT variables may be used in assignment ,statements. 

6.2.4. Examples 

10 20 30 40 

I I I I I I I I I I .. _.LJ. L _L.L_.L_LL_..LJ_.....1_._.LL_~_.~_ 1 _L.i. L.L--.L.....L_._.L....L.....L.l_LL_L,L.L,_L._.L,l.... _.L..L_.L 

I I I IN I : 1= INd:.....11LiJ 1_ 1.._L_"l J 1.L.l I_LL L,.Lnl L L J _L_Ll_L_~..L.....Li_L..L...._L,L..J __ LL.L_LL 

I I I I I I L.L_,LL .. Ll. . .l_.l ___ 1...._1 _ L_l._~L_.LLLL_.LL_LJ.... . ...L.LL_L.L_L..l---L_l _LJ_.1_L_~.-L_~........L 

I I I IAI: 1=_l~,l.cllLL.IL, L_L"L.l_L LLLL .... L_L.LLl.i_l.. .... L-.l_---..L....L----1-_L....1. . .LJ __ L.....L. . .1 __ LL_L "L~,L 

I I I I I I I I I I I I I I I....J........L I I I I I I I L-L....L I I I I I I I I I I I I I L.....L...l I I I 1, 

I I I A I I : J:=='_J~l~L: l~.LC L~~...C~.L!'~.~i= 1!.l±LGL.....l_~LlL~LiJ...Li..L..Li_.LL.L_L.L .... L .... L....L_LL_L..L_i....L_L 

I I I I I L .... LL .. LL J L 1. L LJ L _ L,J _U.....l. __ ....1 __ .L_L "L,L,LLLJ.....L_.l_L_L..L.L.~ __ .l_LL.L_J-.L_L_Ll_ 

I I 1 lXt:£l'fJ:, E_L~J_:_L=LOI; L_L L .L.1_L....l __ .L....L....L_L.L __ L __ LL_..L_.LL..L_L....L_..l_,_L..Lj,J-L....l_L..L....LL_L 

2 
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6.3. GO TO STATEMENT 

6.3.1. Syntax 

<go to statement> 

6.3.2. Semantics 

I SECTION, 6 

= GO TO <designational expression> 

A go to statement interrupts the normal sequence of operations and provides a 
method of unconditional transfer to the point in the program defined by the value 

PAGE: 

of the designational expression. When the designational expression is a label, the 
statement ,causes a transfer to the point in the program indicated by the label. In 
the case of a more complex designational expression, the next stCl.tement executed 
will be the one having the label indicated by the value of the designational expres
sion. 

6.,3.3. Restrictions 

Labels must be declared in the block in which they appear as a statement label. A 
go to statement cannot lead from outside a block to a point within that block; each 
block must be entered at the head of the block so that the associated declarations 
can be invoked. 

In the event of an undefined switch designator, the go to statement is equivalent 
to a dummy statement ,and transfer of control does not occur; normal consecutive 
sequence of statement execution continues. 

6,,3.4. Examples 

10 20 30 40 

r_L....L_ . ..L..-L....l.....,.L-LL..-L..1 I I I I -----L-L I I I I -LL I I I I I --L_LL.1----1-.i~J-L lL_.L.l_l-.l __ L1_LJ __ ..L.....J_ 

IG 10 I TI 01 I LI 01 0 I PI ; I I I _LL.L-L_L'+-_L.J_-L-J_L.1-LL L--.1._L1 .. 1._ .. L.1. .L.1.. .. 1.. L L l . ..I LL...L..L 

~..J---L--,-I _I'----I.I .....,.L...L..L--.l.. I I I I I I L..L I I I I L.J.I----L---L--L..-1.I----L1 .....LLL~_LJ_L....L.-L_~L1-L.l--L----L-L_.L..L 

~..J---L---L-I G;:::JIL:O::.LI LJ>~I TIC, ij A [J 3Q .. LL_LL-LL...L1 ~---L...l.....l..--L.....LLL..Ll....J---LL_L..J..._L~.l __ LL...L..J.-L_ 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I.J 
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6.4. DUMMY STATEMENT 

6.4.1. Syntax 

<dummy statem ent> 

6.4.2. Semantics 

I'ECTION' 6 PAGE: 

= <empty> 

A dummy statement does not cause the execution of any opera tion. It may be 
used to place a label. 

6.4.3. Examples 

10 20 30 
tJ. 

40 

1111 II I 1 I I I I I I I I 1 1 I II I 1 I I I I 1 I I I I 1 I~J....--LJ.I 1 I I I I 

1 1 IlL 1 01 01 PI : 1 IlL I L ~L--1 __ -L._ 1 __ LJ-'-_L_LJ--'-_LLlJ~1 I I ~--L.L.l_L_L-..L 

II I I I 1 --L.L.i~--1-L.~1 I I I ~LLJ __ LL----LL_l I I I I I L-LLJ_LLJ __ -L-.Li._L_ 

1 1 IlL 1 11 :J[ I ...L_L~L.L_L_L_L_LL_J _L_J __ L_L-LJ_-L_L __ ~ ~LL~ __ L_J_.L_LLJ~J~.....l_ 

·6.5. FILL STATEMENT 

6.5.1. Syntax 

<fill statement> : : = F IL L <array identifier> [;:row .designator> ] WITH 
<value lis t> 

<array identifier> : : = <identifier> 

<row designator> : : = * I <row>, * 

<row> : : = <arithmetic expression> I <row> ,<arithmetic expression> 

<value list> 

6.5.2. Semantics 

= <constant> I <value list> , <constant> I <string> I 
<value list>, <string> 

The fill statement causes one row of an array to be filled with a list of specified 
values. 

The row designator identifies which row is to be filled. The right most subscript 
position must contain an asterisk (*). In a single dimensional array only the 
asterisk is given as the row designator. 

If the arithmetic expressions used as row designators yield other than integer 
values, they are converted to INTEGER. 

The values speci fied in the value list will replace the current values of the row 
being filled. The number of elements in the row indicated may differ from the 
number of values in the value list specified. If the number is less than the number 
of elements, the elements with the largest subscript values will remain the same. 

4 
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If the num ber of values is greater than the number of elements, the right-most 
values in the value list are ignored and only as many values will be used as exist 
corresponding element positions. 

RESTRICTIONS: 

C otnplex constants may not be used in a fill statement. 

6.5.3. Examples 

_____ 1_0 _. _____ 2_0 ________ ~_._. _ •. ___ • ,,;40~====,~=====~~~==, 50 60 80 

_1.._1 L I I I I L L_L 1 ILl I J I I I I I I I I I I J I I I I J I I I I I I I j , , , , , , , , , I , I , I , 
_Ll I J I I I I J I I j I I I J I I I I I J I I I I I I I I J I 1 I I I I J I I , , I I I I 

1%13 1 7[6[, I ,8 1 EI-ll,21; , , I I I I 

L_L __ L J I I I I I_I ILl I J I 1 I I I I j I I I I I I I I I I I I I I j 1 j I , , I , I , , , I I , , , , I , I , 

_L.L..L-L...L..l.........l.-L.LJ......L..L...' , I I , " " l---U....L.....I.....L.LL.L...L.....I......L~--L..L.L..LJ._...L...l...L.LL..L..L.L..L..L.LJ_I. . .1 LLL.L.LLJ..L.L.L.L.1..L..L....L 

, IF,I,L I '-< IA~~YI3ID, ,[,3",11,,*,], ,W,I,T.H, ,01.,2,5", ,3,7,2", 1',EtXtTL!;,NLD,E,D, IA,L,G,O,LI"" ,%,713,6",2,4", ,-,4,316,.,8,2'[)I-,3,;, , 

L._I I I I I I I 1_1_1 I I I I I I I I I I J I I I I I I I I I I I I J I I I I J J I J 1_ L L_l I I I I I I I I L I J I I I I I I I I I I J I I I I I I I I I I 

6.6 PROCEDURE STATEMENT 

6.6.1. Syntax 

<procedure statement> : : = <procedure identifier> <actual parameter part> 

<procedure identifier> : : = <identifier> 

<actual parameter part> : : = <empty> !C<actual parameter list» 

<actual parameter list> : : = <actual parameter> I <actual parameter list> 
<param eter delim iter> <actual parameter> 

<actual parameter> : : = <expression> I <array row> I <array identifier> I <procedure 
iden tifier> I <file identifier> I <format identifier> I <list identifier> I 
<switch identifier> I <switch file identifier> I <switch format 
identifier> I <switch list identifier> I <switch file designator> I 
<switch format designator> I <switch list designator> 

<parameter delimiter> : : = , I) '<proper string> I( 

<array row> : : = <array identifier> [Srow designator>] 

6.6.2. Semantics 

A procedu re statement calls for the sequential execution of a previously defined 
procedure body, The procedure identifier designates the particular procedure body 
to be executed and the actual parameter part supplies the arguments to be passed 
to the procedure. 

Formal and actual parameters must correspond in number, type and kind. This 
correspondence must also be positional, i.e., correspondence is checked by 
comparing, in the order given, the formal parameter list of the procedure declaration 
with the actual parameter list of the procedure call. 

5 
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If the formal and actual parameters do not agree in kind or type, or if they differ in 
number, an error message will be generated at run time. Correspondence is checked 
at run time so that the actual parameters of a referenced external procedure may 
also be verified. 

Basically t he procedure statement operates as follows: 

All formal parameters which were value declared in the heading of the 
procedure declarati.on are assigned the val ues of the corresponding actual 
parameters; assignments are considered as being performed explicitly before 
entering the procedure body. These formal parameters subsequently are treated 
as local to the procedure body. 

All formal parameters which were not value declared are replaced by the cor
responding actual parameters throughout the procedure body. There is no 
conflict between identifiers inserted through this process and other identifiers 
local to the procedu re body which are identical to the formal parameters. 

The procedure body, modified by value assignments and name replacem ents, is 
the n executed. 

There are two means of calling for parameters within a procedure: call by value 
and call by name. For a parameter to be called by value it must be speci fied in 
the value part of the procedure declaration; all other parameters are considered 
called by name. 

6.6.2.1. Value Assignment (Call by Value) 

Procedure parameters called by value are evaluated once and a quantity, 
identified by the formal parameter, is created local to the proced ure and the 
result of this evaluation is assigned to it. Thereafter, the corresponding actual 
parameter is inaccessible to the procedure unless the procedure is called again. 

Evaluation of actual parameters called by value and the subsequent value as
signm ent to their corresponding formal parameters is performed in the order given 
by the actual parameter list .of the calling statement. All value assignments take 
place before entry is made into the procedure body. 

Actual paramete.rs which may be called by value are arithmetic, Boolean, and 
designational expressions and array identifiers. 

If the acttlal parameter is an expression it is evaluated acco rding to the rules 
previously defined for expressions and the value is stored in the local cell set 
aside for this parameter. 

If the actual parameter is an array identifier, the corresponding formal parameter 
must be used as an array identifier. An identical array local to the procedure is 
created and all current values of the actual array are then assigned to the cor
responding elements of the newly created array. Only declared COR E arrays may 
be used in this manner. 
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6.6.2.2. Call By Name 

1 /SECTlON' 6 PAGE: 

Parameters called by name are re-evaluated each time they are referenced within 
the procedure body, An actual parameter called by name is treated as a non-local 
quantity and is accessible throughout the procedure. If the actual parameter is a 
simple variable called by name wherever the corresponding formal parameter ap
pears in the procedure body it is replaced by the identifier of the simple variable. 
If the actl1al parameter is a subscripted variable, wherever the corresponding 
formal parameter appears in the procecure body, it is replaced by the subscripted 
variable; the subscript expression remains intact, and is evaluated each time it 
is referenced during execution. 

If the actual parameter is a partial word designator, it replaces the corresponding 
formal parameter throughout the procedure body. The partial word designator is 
mferenced each time it is encountered du ring execution of the procedure. The 
corresponding formal parameter must not appear in the left part of an assignment 
statement. If the actual parameter is a functiotl designator, the corresponding 
formal parameter is replaced by the function designator wherever it appears, and 
it: is evaluated each time it is encountered during execution of the procedure body, 

When an expression is called by name, the corresponding formal parameter is re
placed by the expression. This expression, then, is evaluated each time it is 
encountered during execution of the procedure body, 

If the actual parameter called by name is an array identifier, the corresponding 
formal parameter is replaced by the array identifier wherever it appears in the 
procedure body. No local array is generated and any use of th is formal parameter 
in the procedure body references the actual array designated by the array identi
fier .. 

If the actual parameter is a switch identifier, switch file identifier, switch format 
ident iliet, or switch list identifier, the corresponding formal parameter is re
placed by the respective identifier wherever the formal parameter occurs in the 
pr.ocedure body. Thus a switch, switch file, switcl1 format, or switch list declara
tion which h as been declared ou tsi de the procedure body can be accessed during 
the execution of t he procedure body, 

If the actual parameter passed is a procedure identifier, the corresponding 
formal parameter is replaced by the procedure identifier wherever the formal 
parameter appears in the procedure body. Access can thus be made to another 
pll"Ocedure which has been declared outside the procedure body. 

If the actual parameter passed is a file identifier, format identifier, or list 
ident iliert the corresponding formal parameter is replaced by the identifier of the 
act1.1al parameter wherever t he formal parameter appears in the procedure body. 
I/O stateme~ts in a procedur.e body can thus utilize files, formats, and lists 
which have been declared outside the procedure body. 

For value called parameters, the replacement of formal paramters by actual 
parameters occurs prior to execution of the procedure body. 

7 
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For name replaced parameters, each time the replaced parameter is encountered, 
the mechanism goes outside of the procedu re, re-evaluates, and t hen uses the 
value. 

Finally, the procedure body as modified by val ue and/or name replacem en t of 
param eters is executed. 

PAGE: 

6.6.3. Restrictions 

• A formal parameter which occurs as a left part variable in an assignment 
statement within the procedure body and is not called by value, can only cor
respond to an actual parameter which is a variable. 

• A partial word designator must not be passed as an actual parameter if the 
formal parameter is to be used on the left-hand side of an assignmen t statement. 

• An array used as an actual parameter must have the same number of dimensions 
as its corresponding formal parameter. Arrays used as formal parameters must 
have CORE specified if the actual parameter to be passed is a declared CORE 
array, or if it is a one dimensional array. 

• A non-CO R E declared array may not be passed to a formal parameter which is 
V ALU E declared. 

6.6.4. Examples 

1 

I I I 

I I I 

I I I 

I-LI I 

I I I 

I I I 

I I I 

I I I 

10 20 30 40 

I I I I I I I 1-..1.. I I I I I I I I I I I I I I 1--.1 I I I ~L..L~ __ L_L..L_LL-l._l_L_L_.L .L 

I PI RIO I ell I . .JJ.l..M...!t~~ilil--.L_L .. J I L __ .L. LJ ._.L _1 .1. L 1.1 L . LI_L.L...l_.LLL_L .. J .. L_cL.L..L_L_.L 

I I I I I I I I I I I I I I I I I I I I LLLl-L.LJ __ LL.1 I I I I I LJ.._L_l_..l __ L-LJ...J._ 

I P II!t 0 1 C I tL...liJ.~L!k.L[.l~.lU.;h~C;&1 NI S .L!.LLll LLLLL~--,-L_L_l~L..L_L~_-'--_L_L.LL 
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I l l J I l L I I I I I I I 

I I I I I I I .LJ..~.L.....J---1-L. I I I I I I I I I-L I I I I I I I I L..L..L I I I I I I I I 

I P I R I0ICI3 I I( ~ LI I~ (I AI+13 1) I' I I C I 01 NI S IT 131...LLJ..~BI /12~DI ; I I I I I I I I I 

I I I I I I I I I I I I I I~ I I I I I ..L..LJ. __ L_LL_L.l ___ 1 __ L.l..--l ____ L_L..l. . L_L.L_-L._L.LLL 

A more extensive set of examples is provided in the section on procedure 
declarations. 

6.7. I/O STATEMENTS 

All I/O statements will be discussed in section 11.3, Input! Outpu t. 

6.8. ZIP STATEMENT 

6.8.1. Syntax 

<zip statement> : : == ZIP WITH <array row> 

8 
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6.8.2. Semantics 

6 
SEC TION: 

The zip statement allows one object program to initiate a completely separate run 
stream, which may include other compilations or executions. The zip statement 
causes information in the designated array row to be recognized as control card 
informati on. The array row must contain a '~ST ART' control card followed by 
parameter information and a period. 

F or a more detailed explanation of t he ~ST ART control card see UNIVAC 1108 
EXECUTIVE Programmers Reference Manual, Section S.4.7. 

PAGE: 

The • START control card has as its parameter the name of a catalogued file. This 

9 

file may be assigned by the user externally of via an ALGOL file statement. The file must 
contain an actual run stream, which was created by the ~DAT A or ~FIL E processor 
or by an ALGOL program. 

6.B.3. Example 

10 20 30 40 

'c...-_LJf~L1L'_LL I _ I M I A IT 1 Rd K 1 ...-J[I* J J rW I t 1 T 1 HL~a_~~~ T J A I R I Tj • LLL1E~! J L J E: r1 L • L / j • I • I I ; I L 

'L_LL~l_Ll_L_LJ~J __ L_l...-_l.-l __ LJ~ __ LL~_~~LJ __ .I __ 1 Ll 11 _1...-l_L1L-l_LL...-Ll_L 

L_L"L_L,L~_Li...-,_,L L 1 _L __ LLL_l--1_L~ I L,I __ L--'-.I --'-.--,---,-I~,LI _1 L L L _I 1 1_ L.Ll __ -,-1 --,-I ---'----'---'-1_1 _ L 

I I I ZI I I P I I'N I I IT I HI I MI A IT 1 R I I IX I I [i *JJ, .... i ..... 1 --,---,---,---,-I _1'--1'----'----''--'---'---'---1.--1.--1.--1.1 ....... 1 --,-1--,-1 --"---'---'---'---'---'-

In the example given FI LEI could have been created in the following manner: 

10 20 30 40 50 

~M.LGJ-"_J<::t_lf.J..Ll.J..l~ll.d FtflLlL,f15 I 01 I I I I..L __ LJ LJ_LU_L_l ,.I I ILL ,I 1 J 1 I I L J I I I 1 I I I I _ 

~ IOIAIT I A, IILt1L_LE1lLJ"Ll;dL_LLl. LL I_L j j 11 I I lLLL-.L_L_LL.L....L..L....l L_L L I I I I I j I I I I I I _ 

,!JJkUdIiLLRU.lLHL1.!.IlLl3.19J2.L6_&12J ..JPj~1 qJtEICITI tl5lIJ~JQLLL ___ LL [,I L_L_J_1 L I 1_ LLLLL 1 .L 1-'-1 L 

~AI LI ~L!l.~_E_L..dL.1_GJ.1luBL~L~<:L~L-LLL J 1. lLLi_LL_Ll._L_J _ LJ _LLL_L_L J 1 __ l_Ll L __ L I 1 II II_ 

I I IBIE1GIIINI IRIEIAILI IXI;I I .L..LI I ! I 1 I I I I I I I ! I LLL_L_LL.L.L.L.1.._-,I--L.--'---'--'--

_I I I 1 I I L.J _L_L_..L_L_J __ 1._ .1_1 _1._.J........1 _ L-.L.... LL_LL_L I j I 1 j j j j 

L I I L I LL_L_L_l._L_L_J.....LLI --'--~ l._..L_.LLL-Ll J _1.... 1 J _I _I I I _ 

f-___ L~L,L",1....-L~~L·.1 1,_L_Ll J ..LL __ l I I I 1_ IL_L_Ll........L_L_L_L L I LL_I L_l L I I._L L L L I 1 I I I 1_ 

I I I I I I I I I I '..L~.......L_LL_L I_I IlL I _L..l.-.L_Ll.......L_L_",L_L t, I LL...-I I I 1_ I I 1 ILL L....LJ __ L 

When the zip statement is encountered the run in FIL E1 will be given to the 
Executive and the program ALGI will be compiled and executed. 
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6.9. ON STATEMENT 

6.9.1. Syntax 

<on statement> : : = ON <condition>· <statement> I <ON <condition> 

<condition> : : = OVERFLOW I UNDERFLOW IZERODIVIDE 

6.9.2. Semantics 

The on statement allows the programmer to specify an alternate statement sequence 
to be executed if an unus ual condition occurs during program execution. When these 
statements are present, it will override the normal sequence of the operating system. 
After execution of these statements, control is transferred back to the point in the 
program following the statement at which the condition occurred. 

There are two ways in which the on condition is made inactive. Termination of the 
block in which the on cond~it.ion stateme'nt occurred will inactivate the special 
action. If the same on condition is specified and no statement given, the condition 
reverts to normal system action. 

Valid conditions are: 

Condition Name Cause Normal System Action 

OVERFLOW Floating Point Comment and terminate 
Overflow 

UNDERFLOW Floating Point Comment, set result to 
Underflow zero and continue 

ZERODIVIDE Division by zero; Comment and terminate 
floating or integer 

These conditions will result in the normal system action unless an associated on 
statement is given. The ON condition holds for the scope of the block in which it 
is given until another ON condition is specified, which will override the previous 
one. 

10 
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6.9.3. Examples 

Initiate special action 

I 'EcnON, 6 

,------------------------------------------------------------------------------------------------, 
10 20 30 40 50 60 80 

1----' j L I .1 ) I I I J 1 I L_I I 

L L I L_l 1 J I_I 1.-.1 I L.I J_I 

I I l~ L L 1RL.EIAtl...i ~# I 61, I <:1; I U ___ LJ L_.l_ J L_l --.l_l 1_---.1_ J j L t __ J_ j ll_ . ..l_~ L~ .. ~.J._----L-l LJ __ L L ... _l_I __ l_J ~ __ l.J_---.-L l~ l_L __ L.L_L~---.l -.L-.-L J ___ ...L. __ I ~ 

L.I ~_L.l_l..-_l ~J.~~ .. L_ . ...L_I~L...L_L I_L_---1.~ 1 __ 1 l_L L._-.L L L I L----.LJ_l_..L~_~ __ LL_L-.-L_L_L_L~_~J 1~ __ 1 --.l_J .L----1. _LJ~~~ -L~L L . .L----L-L-----L 

'L' L' ,PLRLQJC,E,DLU,R,E, RECIOVER,( I,); I I J I I 

1.1.1 .1 __ L_1 L_1 J ~_L_ 1_1 .L ___ Ll L.I I ILL_I L_L_.t _J I ---.L I 

L .J __ ' LJ_.L.,E,N,1lt LOLF~ .. .l',R,O'C,ELOIu,.RLE,; I L-'_L1.----' L-,- 1 

I J I I J ! I ! ~ I I I I ! 1 ! I ! I I ! I I ! I I ! ! I I I I ! ! ! ! I I I I 

L_I _..i_----1 __ J __ L-----L"L_l!~LiliQ_l~1...3L5l; I ... L_...L~L~_L~_j L_l L_L.l L.L_L I J_l-L..L .L~LJ._L_I~~I~l_---.l-----L_L~_J .1_1 .. 1_ l_l~ __ L_.l_L---.l_L 1_1 

~ .'- -'---L .. J--'---'--'--.J~~,*...iM.L, _ _'~J()'_""_'_ML1;1 NLL._L~L~__'N.JJ:,RLAJ1.EiSJ.1Q,}'tJ:Jfu1" L1QLl'lt..-.i.MiAL.Xili.Mt.!.!.t.L ,1-,SL.lELl{, C.Lfi EJ DLEID,; 1 .. 1 --'_I I._ilL L . .LI -'-, .. ..L 

-' L..L . .LJ_I...L.!h.fl<lLlIi.'--'--c:,~~JhI'lJT1_1~E.tS,Lj:11:>'__j~LL.l0,Ct.KL;J LL.-'_-'._LLL.L.-'---'---'--I.-'---'--_L_Ll.-'--"-'--,-.L.J L_-'-.1 J J 1--' 1 .. '-_L.l1 L-'LLI L-' 

~L\lllIJ\.\!)!II!!II\ljIJ!!!I!lll!1 I I I I 

LLL-'--LLJQiliLlJli..!'!tPJE,R,F,L,QI'I!'J .lVl,Bll.IE:, 1.LJ"-,-,--,-LLI;.ilI, Lf'l UiliLI2JBJ.l.,1..U -'---'-.-'---'--'--'----'--L...l....L--'--1 _LI '--'- .LLL-'-_LL1. LLLLLL--,-- L L.L . 1--'-. LL-' 

l_l.~L_J~-1_~~J-----L-L~-----L-J_L_~.1 _t.J __ Ll L_LL_L_l L __ Ll_----.L_L--.1_L-.l_L __ ~ __ ~L_l.._L-.l_1 L_..L __ J~_~_...LJ_i L_l LL...J--.l_~_l~_L LL1 __ L __ l.L_J ~ 

l __ 1-'--L-'---'---'-.l.~ll..J.'=J...ilJI...t.AlLJ.A; I .JJd.QLMtM fiNI TLIG, ELliJEdi1A1T,-ELS1J.lliNLD~.EtR, F.tLJ)i '!It; 1.~.J...i .LL.I--'---'---'-.J L1. 1 L.L.J. -'----'. LJ.I.l......t. L.1_I.L--'--'----'---'--

! ! ! I J I ,Or! ! , ! ! J ! I I ! t I I ! ! ! ! ! ! I! ! I ! I I I I I I I 

,-'_--'--'--'-~LJ..Cl,.Y-'.SR1~,'llti.Jl.c:8I.l.tM1SN,!.t...LUL~_0I."LJgvlE,B,£LL.JQ[\'I'L&O~L.t.~~~y,S,TELML0jC:ITt.!t~1l.t.~L~.-'---'--L-'---'_ 

LL--'---L..J.--'---L--,---,-.t...F't.E:,RIF,OIR,'!itsO-,iL-'---L LLLL_LL.LLL.L1 _L' -'-_1 L.L.L_'----'--L-'-_LL_L.L..l I I , , , , , ILLLL' ,-'--.L--,---,._,---,--LL_'---'---'--'_--'--'--I--'-. 

~_L--'---L..J.--'---L.LL'.L_LL_'--_L-'--Ll--'-.J ..l...J.. .. L.L.J_LL.LL-'--L'----'_1 .L L -'----' __ Ll_L.L--'---L.L_L_L.L-'--.I...l----' --'----'- ._'--'--'.-'-_, L 1 , L--' 1_ L.l .-'--'-.. , ...l....t. 1...-'-1 '--'--.LL_'-

~--'_-'-_'--'---'--'--'---'-'L.t...t--'---'---'--1----'--'---' LI-'-----'.-'-----' .. '----'-_'---'-I .. '--'---' ._'- ,.-'---L_L.L_L-'---'---'---'---'---'---'---'-----'...l.--'---'--'---'--'---'----'-'-l 1_-,-. L-'-.LL_LL-'---'-...l....t. L.L1 ~_--'----'---'---'--_ 

I I I I ! ! 1.1 , ! I ! ! !! J. I \ I I J 

_1._'_.'---'---' ~L_J.fuhlili~ . .iB-'L.l.Q.&jIli:..1 L-'--'--_L-,--L_L_I--'-_1...'--'-.-'-__ L LJ_--'--'---'_1._L1.-'--'--LLL--'--1 -'---'--l--'-.l_LLLL' -'---'---'_L--,--,--_L-'-_L_L_L_L---'-'--.L-'_ 

~ __ .L---L_~ __ 1-----L~~1_~-...L_....L~-----.L-----L...L----L L_---L_LL L~l -.1~ L J----.L __ L_ L~ I I I I I --L..L.I---L._L_L_L---.L_ ... L_Ll. ... _L_L 1 __ L_l I 1 I _L~ __ l 1 __ ~J_1_.J~Ll_~ 

1_-' L-,--".-,---,-C-,.Q,MIMLE.LI'I,TL.JT..LIi, E-,--,-0l NLl.S IT,A,T1E:1M,-~N!L.S L lG, I, Yl.E, N'lll NLlliJiJL, ~I:ili TlI::JI:>J--'&iLLO...&LKLtAIR,J=L.J N,OJ LI •• dl,.NJGl.E.tRI_.L 1 J. 1. LI 

1 -'_-'-_Ll_L.l----'._ L'kf',F..LfJ.l=UJI.J\lJEJ._L,S1Y.LS.,T .J;i M'--L~,C[T ,LOI Nt_ ,VlJ/jLLLLJ Nl.ll.lI' , _l.!hEL.iPLE.iRiFIOIR,MLELOJ....LfLOtBl LlIJN,D,EdsLEL..LlOI.lI'L.I 1--' LJL LiL 

---'-L_" " " ,:O,V,EjR,FjLjOjW, jWll,L,L, ,CjA,UjS,E, IT,'1§ ,P,~qC,E DIURE REC,OVEIR Tq ~E, ,C,AjLL,E,D; I 

LLJ ....L~.l....._LL.i_----L-~--L....L _~ ...... ~_L L----.L_ .. L...Ll_ ..1_...L __ 1 ...L 1. 1 _~L.l---L..~l_~L ..L...L.I -.1_1 _L..l_ L_~ .~L __ L_L_..1 L __ l L_Ll J I I I 1_ I I -.1 __ ..1 L..1.. L L 

1_1. J_L_L..L....L_.~J_L..J. __ --L~l __ J _1 1 1_1_ L_~ __ L..L.L.J_1 1 __ ..1_1 

_L-'-_.L.l----'_~JJlJ~_R,.gG.tB.t.A1Mu.t. .. L-'---'--LLJ.. 1_-'--'- L L-, 

I I I I I I ! I I I I I I I ! ! , I I I 1 I I I I 1 I I I! I 

_.1 __ 1 L1 L_I L_1 1 L..1._L_L I_ 

I I 

PAGE: 
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6.10. SOURCE TO DESTINATION STATEMENTS 

6.10.1. Syntax 

6 
SECTION: 

<source to destination statement> : : = <move statement> \ <compare statement> \ 
<transfer in statement> \ <transfer out statement> 

<move stat em ent> : : = MO V E «source part> ,<destination» 

<source part> : : = <source> <slink> \ <source part>,<source> <slink> 

<source> : : = <subscripted variable> \ <string> 

<slink>: : =,81eft char>:<number of char)] I <empty> 

<left char> ~ : = <arithmetic ex,pression> 

<number of char> : : = <arithmetic expression> 

<destination> : ; = <subscripted variable> <dlink> 

<dlink> : : = , 8left char'8 

<compare statement> : ; = COMPAR E «source part> ,<destination» 

<transfer in statement> :: = MOVE OCT «source><slink>,<variable» 

<transfer out statement> :: = MOVE DEC (<variable>,<out destination» 

<out destination> : : = <subscripted variable><slink> 

6.10.2. Semantics 

• The source to destination statements provide for the transfer, comparison, or 
con version of characters from one or more sources to a single destination. 

• The move statement ,transfers, left to right, characters from any number of 
sources to a single desti,nlltion. 

The only limitation on the number 6f characters is that the destination array 
provided must be large enough to contain them. If this limit is exceeded, a run 
time error message will be given. 

PAGE: 

• The compare statement tests characters from any' num ber of sources for equality 
with the characters of a single destination. The result of the comparison is 
indicated by the variable COMPo If all characters are equal, COMP is assigned 
the Boolean value TRUE, otherwise, COMP is FALSE. COMP will be declared 
by the compare statement if it has not been previously declared in the local 
block. 

• The transfer in statement converts characters (presumably numeric fieldata) 
from a single source, to its octal equivalent, and stores this result in the 
des tination variab Ie spec ified; i.e. decimal to binary conversion. 

12 
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The destination variable is assumed INTEGER. Since the number of characters 
specified in the source may be of any positive integer magnitude, care must be 
taken not to exceed the storage capacity of the destination variable, otherwise 
an unrecoverable error condition will result. 

In converting t he source character string leading blanks are ignored. If the first 
non-blank character is a fieldata plus or minus it is used to determine the sign 
of th e 0 ctal equivalent, otherw ise the first non- blank and succeeding characters 
in the specified field are treated as positive numeric fieldata and when con
verted the result is considered positive. 

• The transfer out statement moves octal data from a single source variable which 
is ass urn ed type IN T E G E R, converts it to decimal in the field data form, and 
moves this result into the specified destination character locations; i.e., binary 
to decimal conversion. Note that out destination is unique to this statement. 
Care must be taken to see that the number of characters specified in slink is 
sufficient to handle the number being converted including a sign character, 
otherwise an unrecoverable error will result. If the number of characters plus 
the sign character is less than the number specified in slink, the string is right 
justified wi th leading blanks. 

• In all source to destination statementf$ the left char field must yield an integer 
value ranging from 0 through 5; characters in a word are numbered left to right; 
values outside of this range will generate an unrecoverable error. Evaluation of 
the arithmetic expression of the number of char variable must yield an integer 
number with a value of one or more; a value of zero or less will generate an 
unrecove rable error. 

6.10.3. Restrictions 

• Bit specification is not permitted in the source to destination statements. Bit 
specification is provided for in partial word operations. 

• Slink may only be empty if the source is a string. 

6.10.4. Examples 

In the following examples, consider A, D, E, and H as declared ALPHA arrays 
and F, G, and I as INTEGER variables. 

r-----------------------------------------------.-------------------------------------------------, 
10 20 30 40 50 60 

~_~L_I t L_L~_L__.l J J J J J 1 __ 1 L i I I L---.l __ L J 1 _l __ L.LJ ___ l __ J __ J __ .1 __ L~L J 1 J _1_1 1 I I I I 

-----.L_l __ IJM10jVJEJ L(IA[L1J/J2Il,rLllt:16IJ/I'jAIB1Cj'llIDlf.t1..t;It-/1 tbLQ1]t)j)L_L_L_L_1 J I IlL I j I I I I I I 

-----.L_L I~ __ I 1 __ ...i __ l __ L_J 1 I I 1 __ LJ I I I ...i_L_L_1 1----.L_l._l __ L----.L~.L..l __ LLL_.-i...J~~_.l 1.1 I Ll I I J 1 I I I 

-,--_J. lIe: IOIMIPIA1~.L( lPo[, lJ ,.13,-",1 [,3" ,1,::-" " ,J, A, NIU,A,R,Y, Ill,J 1,9 ,618, '", ,0, [~1 ,],,[13,::-;,) ,; '.' .1 , , , 1 

I I , I! I! ! I I ! ! ! ! ! ! ! I I I! ! ! ! ! ! ! ! I! ! ! ! , I , , , , , , , , ,I I, , 

L--,--l_, , 

I I LI I III 

L L j J_L.l.J I I 

L L._I l __ L...J 1 __ 1 I 

I I I I J _11 I 

" 1 

80 

I I I I I I 1 __ 1_1 I I J I I 11 I I I I I I I I J I __ I_L~!! i 1 1_11 l_l_t_l ___ LJ J lJ 1_1 I I J I J l_tL_L~ I J l_L __ ~___.l_I_l 

, L""O,VIE, I[)LE.t.CL.,(,D,W']l'.L IHICJ.J]," ,C.1.t:_J.l1:1J.L!_L_J_.I __ L-,_ . .L..L.t. .. ,--. .l---'---'--'---L.l.1 1 , , , '.L_L.L-'_1. LL.J _L.L.L j L.L, -'-'----'----'---'---'_1_1.._ 

-L_.1.....L...L..L..L...L.L.lJ....t... . .L..L...L.L..L..L.L 1..~ .. .L..L..L-'---J....L., , , I , , , , '....L..L I , , , I , .L-L..L...L..L1-J......L.L..J.......I.-J.....i..-L....J.......I.I-J.....i..-L....J.......I.-J.....i..-L....J.......I.I....l-L.....l....J.....I.....l-L.....l.....I......j 

I 11 I 1 LI I L_~l _LJ I L Ll I I LL_L_l t I I , , L.L.L..l..LL .. L...L...LLLL_L.1 , I I J 11_1 1 J I 

_Ll , ,MJ°.c"1E:L.J.I>JEIC,-hG",tllCl,'ll,2J,) I;' , , , , 1 1 1 1_---.l_ L_l. l ___ t~..L._L ___ L.l_~l I 

NOTE: The argument list of MOVE can be identical with that of COMPARE. 

13 
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6.11. SORT/MERGE STATEMENTS 

Because of the extensive parameter requirements of the sort stC'l.tement .and merge 

statement, they will not be covered here but will be handled separately in Section 
13 in this manual. 

6.12. ACTIVITY STATEMENTS 

Activity stat~ments provide multiprocessing capabilities; they are covered separately 
in Section 12 of this m anua!. 
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7. CONDITIONAL STATEMENTS 

7.1. SYNTAX 

<conditional statement> : : = <if statement> I <if statement>ELSE<statement> I . 
<label>:<conditional statement> 

<if statement> : : = <if clause> <statement> 

<if clause> : : = IF <B oolean expression> THE N 

7.2. SEMANTICS 

The conditional stat~ment provides a way to change the sequence of execution of 
statements at run time. 

The execution of a conditional statement may be described as follows: 

The Boolean expressions of the if clauses are evaluated one after the other in 
sequence from left to right. 

If a TRUE value is found, the statement following THEN will be executed. Unless 
th is statem ent defines its successor explicitly, the next statement to be executed 
will be the statement that follows the complete conditional statement. 

If the conditional statement consists only of the if statement and the result of the 
Boolean expressIon is FALSE control will pass to the statement following the com
plete conditional statement. 

If the delimiter ELSE is specified and the result of the Boolean expression is FALSE, 
the statement following TH EN is by~passed and the statement follow ing ELSE will 
be executed. 
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For furth er explanation note the follow ing figure: 

(1) IF 81 

+ 

(2) IF 81 

l 

THEN SI; S2 
j 

81 FALSE 

THEN 
t 

SI ELSE 

81 FALSE 

t 
S2; S3 
t 

2 
PAGE: 

(3) IF 81 THEN IF 82 TH EN SI t ELSE S2 ELSE 

IL.-__ ''-_-_-~_8-~_-~-+_-L-S-E-~ 
t 

IF 83 THEN S3 ELSE S4; ss 
+ t 

83 FALSE 

statement 1 statement 2 

81 FALSE 

(4) IF 81 THEN IF 82 TH EN SI t ELSE S2; l3 

l + ~ t 
~ _________________ 8_2_FALSE~ 

Bl FALSE 

NOTE: (3) illustrates that both the statements following THEN and ELSE 
may be conditional statements (ALGOL 60 only allows the statement follow
ing E L S E to be conditional) 

(3) and (4) denote that ELSE is always associated with the nearest THEN. 

Figure 7-1. Schematics of Conditional Statements 

A go to statement may reference: a labelled statement within a conditional statement. 
Execution begins with the labelled statement and succeeding order from this point in 
the program is then determined in the same manner as if entrance had been made at 
the beginning of the conditional statement. 
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7.3. EXAMPLES 

IF CLAUSES 

IF A-B NEQ 0 THEN 
IF BOOLl AND BOOL2 THEN 

IF STATEMENTS 

~ ____ ========1~O=-=-=_=_=-=_======~2~O============~30=============4~O============~5~O============~60========================~8~O 

I [' LFI j( j_~I* 18 1* 1* ,2 1). I> J L,I [Mil IT j JT I t1 EJ N, I PI RI qc l( IP Jl (~IPI_21.L.L.i-.l __ ~_1 I I _L __ ~l~_i._ J 1 _I L_L~ l __ L_L I I IlL I I I I I J 1_ l~-.l J L I I l_L_l 

, , L~L L_LL1_,---,---,- I 'l~_L~~-'---'--~l .LL~L-Ll---'-_l ,~J~-'_L---'---'---'-~L_'___'___1~_LLL_'___'___LLL L-'.L-'_-'_'---LLL-,--L"---'---'---'--.L~L-'---1_ 

I _L~ __ j 1 I 1 l __ J _.L.....L~~L---L _1 ~L _L L I-----.LJ ____ L_l 1.1.. _1. __ Ll. __ L_Lll L _ L_l_~ ___ L_l. L l J _L_~--.L_L L. L L --.l 1 I I I 1 J L..L_L_..L---.L-L ---1..-. L J 

_...L....L....l~,O,O!L,l, 

CONDITIONAL STATEMENTS 

I I I I __ ..l __ l_~_l J 1 __ L_L---.L~-.L~_...l_L_L_J_~~l J 1 __ 1 --.l __ 1_-.1. J I j j_-.l~_~~__.l_L_L...L~-----L-....L~_---L....l._L_~ __ ~l___.l_L...L_____L~.L~_~t __ 1 --.l L~_L_---L.L_L __ 

, , , ,l,FJ~LB,QLO!L,1L1T-'-'iLE~~ ,B,El(l,!LN~.Cl~,~l'IlliX~_,LL~GL~_'_LQL~~_LE:L~~_'___'lCt2L'l2<L"~__'_"___'__'___'___1 , 1 LLLL-'-L--'-.. 

I I L.L L-Ll .. L..Ll.-'---'---'--'-.lLL--,---,---LI ~~.L..LL_'__-'---L'---'~_'__-'---'--l-.l. ~L L-'-~LL..L"---l---'--'--..Ll--'---'---'---'_'___'_L_L_L~L '-L..LLl 1 J...1...l-1.--'-.'---'--'-'---'-'-'--1 

~~_LL-'--...L....L..~L__'_~L_'__L~_L~_L~_L~_L~_L~L__'__LL_'__L~_L~_L~_L~_L~_L~L__'_~L_'__LL_'__L~_L~_L~_L~ 

, L1. j I,F.L1AJ<:&L.iAL"'LDl.--,-CL~1 LD,--~l'IL,F~191RL LL.,--,=Lh---,-S.,T.J.EIlLLl Lj.U~Lb...lt&l...&.&L,ML"-'LIII J,: r·1M1AcT,~I,JJ 
, L, , J.L1':JlL1 E,L,SjE L--,-tf_L LA,+lBt.-'.E~.J>LITj!iLE-'IiL.tELglR,.LLL~;LJ'.J"L.JJ__'____LlJll'lLL.~,P, jQ&,_LMlAl.T,W;],.:Lc,-O,i! 

.1 ~ L__'__LJ.--'-.. l.-,--L..l.-'-'---Ll .. l--'-.L ~~~.-'---L.LLL"___,J--'-.l.J.--'----'--'----'-.~1.--'-~-'-LL~_-'--'---'---'--L_1 .~'Ll I L , l...L.LL-'----'-L! --'----'-'---'--'--'---'---'--'--4 
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B. ITERATIVE STATEMENTS 

8.1. GENERAL 

8.1.1. Syntax 

<iterative statement> = <for statement> I <do statement> 

8.1.2. Semantics 

PAGE: 

Iterative statements are used as a convenient method of forming loops in a program; 
they permit the repetitive execution of a statement zero or more times. 

8.2:. FOR STATEMENT 

8.2.1. Syntax 

<for statement> ; : = <for clause> <statement> I <label>: <for statement> 

<for clause> : : = FOR <variable> :=<for list>DO 

<for list~ : : = <for list element> I <for list>,<for list element> 

<for list element> : : ::: <arithmetic expression> I <arithmetic expression>STEP 
<arithmetic expression> UNTIL <arithmetic expression> I 
<arithmetic expression> WHI L E <Boolean expression> I 
<arithmetic expression> S T E P<ari thmetic expression> 
WHILE <Boolean expression> 

8.2.2. Seman tic s 

A for statement provides a method of forming loops in a program; it allows for the 
repetitive execution of the statement following the for clause zero or more times. 

There are three distinct steps involved in the execution of a for statement: 

(1) Value assignment to the controlled variable. 

(2) Test of the limiting condition. 

(3) Execution of the statement following the DO. 

1 
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In a for list the initial value assigned to the controlled variable is that of the left. 
most arithmetic expression in the for list element. 

The for list may contain more than one for list element. The process described by 
mOire than one for list element in a for list is exactly like that described by writing 
a series of fot statements, each with one of the for list elements, with identical 
controlled variables, and the same statement following each DO. 

Th<e for list element determines what values are to be assigned to the controlled 
variable and what test to make of the controlled variable to decide whether or not 

PAGE: 

to <execute the statement following ~O. When a for list element has been exhausted, 
the next element in the for list is considered, progressing from left to right. When 
all the elements in a for list have been utilized, the for list is considered exhausted 
and control is contjnu~d in sequence. 

All for list elements must be of a type compatible with the controlled variable which 
may be any type of a simple or subscripted variable. 

There are four kinds of for list elements: 

(1) The for list element as a simple arithmetic expression. 
FOR V : = <arithmetic expression> DO S; 

A for list element may be an arithmetic expression, in which case only one 
value is assigned to the controlled variable, V. There is no limiting condition, 
therefore no test is made. After assigning the initial value to the controlled 
variable the statement, S, follow ing DO is exe9uted. 

A for list may contain a list of for list elements which may be arithmetic ex
pressions. In this case the controlled variable, V, is successively gi ven the 
values of the arithmetic expressions E 1 , E 2 , E 3 , ..•. E n' The statement, S, is 
executed once for each value of V. 

(2) The For list element as a STEP~UNTIL element. 

F OR V : = <arithmetic expression> S T E P <arithm etic expression> 
UNTIL <arithmetic expression> DO S; 

or for ease of description 

FOR V : = El STEP E2 UNTIL E3 DO S; 

where El is the starting or initial value of V 
E2 is the increment by which V is increased algebraically 
E3 is the limiting or terminal value of V 

2 
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If the for list element is of the ST EP-UNTIL element form, a new value is 
assigned to the controlled variable each time the statement following DO is 
executed. First, an initial value, that of E l , is assigned to the controlled 
variable. All subsequent assignments are equivalent to: V: == V + E 2, and 
are made imm ediately after the statement following the DO is executed. The 
limiting condition on the value of V is given by E 3 , which is evaluated each 
time through the loop. A test is made immediately after each assignment to V 
to determine whethe r or not the value of V has passed E 3• If V has not passed 
E 3 , the stCJ,tement following DO is executed. If V has passed E 3 , the element 
has been exhausted and the statement following DO is not executed. If the 
val ue of E 2 is zero, the program may easily be caught in a closed loop. 

(3) The for list element as a WHILE element. 

FOR V: ~ <arithmetic expression>WHILE <8001ean expression>DO S; 

or for ease of description 

FOR V: = E WHILE 8 DO S ; 

where E is an arithmetic expression 
B is a Boolean expression 
S is an ALGOL statement 

PAGE: 

The value of E is assigned to the controlled variable V as long as the logical 
value of the Boolean expression, B, is TRUE. ,First the value of E is assigned 
to the controlled variable. A test is made on the logical value produced by 8; 
if the value is TRUE the statement, S', following DO is executed. This process 
is continued until the value of B is FAL SE, at which time the list element has 
been exhausted. 

(4) The for list element as a STEP-WHILE element. 

FOR V: = <arithmetic expression> ST E P <arithmetic expression> 
WH I L E <8001ean expression> DO S ; 

or for ease of description 

FOR V: = El STEP E2 WHILE B DO S; 

where El is the starting or initial value of V 
E2 is the increment by which V is increased algebraically 
8 is a Boolean expression 

1£ the for list element is a STE P-WHILE ,element, it calls for a new value to be 
assigned to the controlled variable V if the value of B is TRUE each time the 
statement following DO is executed. First, the initial value, El , is assigned to 

the controlled variable. All subsequent assignments are: V: = V + E2' and are 
made imme diately after the statement following DO is executed. A test is made 
after each assignment to V to determine if the logical value of 8 is TRUE. If 
the value of B is T RU E, the statement following DO is executed; otherwi se, 
the list elem ent has been exhausted. 

3 
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Value of the controlled variable upon exit from the for statement varies. If the 
statement S has a go to statement leading out of the for statement, the value of 
the controlled variable is the same as it was before the go to statement was 
executed. 

If the exit is made from the for statement because of the exhaustion of the for 

list, then the value of the controlled variable is undefined and is not ciccessible 
after exit. 

8,2.3. Restrictions 

A transfer to a labelled statement within the scope of a for statement through the 
use of a go to statement from outside of the for statement is not allowed; the label 

is undefined. 

8.2.4. Examples 

• for list elements 

A 

1+2 

10 STEP -1 UNTIL 0 

1 STEP 1 WHILE I == J 

A + B WHILE C>A 

• for lists 

A, 1+2 

1,2,3, 4 STEP 2 UNTIL 100,200 WHILE I>J, 400 WHILE I = J + K 

• for clause: 

FO R I : = 1 S T E P 1 UN TIL 10 DO 

FOR] : = 1, 2,10,20 STEP 2 WHILE J < I DO 
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8.3. DO STATEMENT 

8.3.1. Syntax 

<do statem ent> 

8.3.2. Semantics 

= DO <statement> UNTIL <Boolean expression>1 DO <state~ent> 
WH I L E <Boolean expresf?ion> 

The do statement provides another method of controlling an iterative loop in a 
program. It allows for the repetitive execution of the statement following the DO 
zero or mo re tim es until th e limiting condition is met or while the limitin g condition 
holds. 

The DO-UN TIL construction executes the statement following the DO repetitively 
until the value of the Boolean expression becomes TRUE. 

The DO .. WHll E construction executes the statement following the DO repetitively 
until the value of the Boolean expression becomes FALSE. 

In both cases, program execution continues with the next statement in sequence 
when the condition is met. 

8.3.3. Examples 

In the following examples S1, S2 •••. S5 represent any valid ALGOL statements. 
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9. DECLARATIONS 

9.1. GENERAL 

9.1.1. Syntax 

<declaration> = <type declaration> I <label declaration> I <switch declaration> I 
<forward. reference declaration> I <array declaration> I <absorb 
declaration> I <define declaration> I <monitor declaration> I 
<dump declaration> I <procedure declaration> I <va declarations> 

9.1.2. Semantics 

1 _. 

Declarations serve to define certain properties of a quantity and assign an identifier 
to the quantity so that it may be referenced in a program. A declaration for an 
identi.fier is valid only for the block in which it is declared. Outside of the block in 
which it is declared, a particular identifier has no meaning and can be used for other 
purposes. 

Dynamically this implies that at the time of entry into a block (through the BEGIN 
since labels inside are local and not accessible from outside) all identifiers de
clared in the block heading assume the significance implied by the nature of their 
declarations. If these identifiers have already been defined by other declarations 
outside of the current block, they are temporarily given a new significance, and the 
encompassing outer meaning is forgotten. Identifiers not redeclared for the current 
block retain th eit old meaning. The following diagram demonstrates this principle: 
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_..L ... .LL.-L_L.L_..l_....;..LL-Li .. ..L_L...L.LJ..._LL .. LJ. .. _.-L .... LJL..L...l_L JL .. 1...1 L .I ., 1 1. L L.L L .. L .LJ l. 1 

r .. .L......L.....L .. ..L_.L_LJ .. .-L...LJ.- .. LL .. 1 . ....J-L .. t .. L .J. .... L. L ... L..L .. .-L.J.._...l......L .. L .. L .. Ll_ ... L.L..l L . ..l........lL_l .. ,_ .. I ... .L J. .... , .. L. 1 L _.1 

""" ... LL.L...L .. _L~~L~lJ.-L~1. .. &~.~L~LTJ.j~lhL9..L~..L~L~.L=L~L~.l~.LTLE LQJ_Lt_L.1 I 1..L .. 1 ... L.I L 1 I J. 1 

1.1 I 1 J I , IR~~ ILl IAI' ID,; I , , L...L.L-L-.J........I---'--L.L I I I I I I ! .... L .. L.J I I, 

..... .1... .... L. J __ L_.l.--.l_ .. L..L~.L!i.!.l .. ~.~lELR _L_l£l!.L_.L 1 .. _L ... LL .. ..L...J_L..l .... L _ .. I . L L...L.-.L.....LL .. L....l_L.L_L L ... L.L. J .. L 1. 

I I , 1 .. L...L..l~~J:L .. L~..L~~I~ .. L!:L .L~LG~1 .. :.1}.J.OjJ.J..L .. L_LLL1J .... L.L.L L LJ nLJ .J ... 1 , I I I L 

_ .. L..l __ L .. L ... L .. .L ... L.L_L~;L~_ .. J.._..l .... L .. L .. I._' .J 1 .. ..J ... J ... L .. L .. L_J. ...... L .. .J . .-_L1 . .l . .1._L .. L_LJ. L .l ..... L .. I .. _L' L.l.L 1 .. 1 

_..l..-L..J~.....J........L._L.L .. 1.·.LL..l . .J.... .. L .. L .. L .1.._L L_L..L_L.LLL~ . .-L...L.L .. L.L_L_L .. L L. 1 .. L .. 1. 1 ..... 1 .1 .. 1 . L .. 1 . ..1. .... 1 

_.I'IIIIIIA':~&.L..L..LI 11111111111111,111 II II 

_.L....L....J .... L.-1EL~~~LQ&J..~J .. 2.....Li.J .. .I .. _L .. J. L._L.l ....... I_..L..J_ ... L..L...l .. .-L.L .. LL . ..J...L .. L J 1 .1 ..... 1... l .... l ... l L L ... I ... .1. 

1 I , I L.LL...l......L.1"_L..L...L .. ..L.LL1 ... .l .. L .. L_L.LLLL ... L..L....J ..... LnLL .. J_J .. ..L...L L L 1.._1 ..l .... LL .... l .. .1. L.L.L 

.-,L.-L...L...-L....l..-L .. L.LLf_L.l.. .. ...L .... L .. LL .. L_LL_ I I I I I 1 I , I I I I 1 ... 1 .. L . ..L.! L .. L .. L.1 ... 1.. L.J. .l .... .l..l . .-L 

r--..1--LJ.~L~PL .. L~L~L~ .. ~L.t.<.I.~ .. L;.L_LL L .. 1 ... L L .. l.J. .. L L.L..L ... L_L_L_LLL-Ll ..... ..L.L L . .l_L .. L._LJ ... 1 LL_L.-J 

1-..I1~1-J.1 -,-I ,..LI • ...JI~I--"I--I..I • ...1...1 -4-1 ...ll-...LI-..J.I --1..1 .....1.-1 -l.......!.-.J.-LI. .. .L . ..L L I I I I I I I I I , I I I I I , I I I , I 1 I. I 

1 
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C, E, and MAT declared in block 1 are global to block 2. The variable:s A, B, 

PAGE: 

&.D are redefined In block 2 and therefore are local to block 2 and any reference to 
them in block 2 will reference the new meaning and not the meaning declared in 
block 1. In blo ck 1 references can only be made to variables defined in block 1; no 
variables declared in block 2 are accessible to block 1. 

Upon exit from a block (through END, or by a go to statement) all .identiliers de
clared for that block become inaccessible. 

A side from iden tifiers associated with the standard functions, all identifiers used 
within a program must be declared. No identifier may be declared more than once in 

anyone block head. 

9.1. 3. Examples 

1 20 30 40 

--L-L----.L.-L._L.L._L_L-L.l_L .. L .. L.L.J ... l. L J_L .. 1.. 1 .11. ~.L.L...l_L.J.-L~_.Ll_L.j .j.-L . .-l~.L.L_L L_1....-l_.1. 

_.L_L.l!~,6.d~l.e.1LLL lbJl.1L!I..J21il. 1 .LJ._1.1 .1..1 lLLLLJ .L.LLL...l_.L.L .. .1 ... 1J._LJ .. -.-l .. _L.-.l __ L._J 

-.L..L.L_L.LL_LJ_L_LL_L L.-l._ .. L Ll .LLLJ 1._.L_LL_LL.l_J_-L_..L..L_L.l._L.L_LLL_L.-l.L.L.L_L._L 

1--'---L--,--.-L~~.L~9 . .LL.J_~L~NJ_ J~dL.tJ_Bl 2..1i_l_.i_L.J_.J_.L_L.L._L.L_LL ...L..L_I--L.l_..LL_.LL J_._L.LJ~L.L..l. 

1 1 1 IlL _LL..L...L..J..._.LLLL~ . .L.I ~I _II-.-JI-.J.I-..J..i --L.....J-.....J1'-J.1-.J.1_.1 ~I _1L.....-J1.---A.1--I.1--'-' .-1-1 ~I . ...I1---.l.I--I.l-l..1 ....!-I 

b--'--'---'---'-.~~.L"!JEJ G I~ LR L J !'L'.1~--'..c'-' 5.L~EliJ __ L_l_ L_-.l LL L.X .1.l .L J _.LL_L..L_ L.l._.L_L.-l_ 1 _.L.L_.L-.-l_.L 

_L_L.L.LL.l._LL_L..LJ_L_L .. LL.LJ.LLL_l .. _.L.LL..1_-.-l. .. L_L_.1. .. L.-l.-L.L ... J __ l._.L_LJ._LL~.-L_i. 

.....L..l~l~)~_J_L.L. J .. J T..l~L~l.«; .~_'_Lf::l~~L~t.!.t.!L9.L~~Lt-!~L~~-1.;_L~L_l_L_.l.J. .. L .. I_.J. __ .. l_L..L .. L 

J---.-!'---1---L __ L .LL.I.LL_L _L..L .. 1. . .L_L . .l. l ... l ..L.l_....l_.L .L.L.L...J. _L_L.L_J_. L_L. i .. _L_L_l_..l._-'--L_ LL_L_L L_L.1 ._..L 

-L-L9..LYLLN.L~~!~~.~._LE!U~.1.:rl~l!:_JI:!,L~.L~J~.lI'4L!L~LXl~L.1_..1L __ LL_L..l_LJ ... J .. l ... .LLL_.L_L 

9.2. TYPE DECLAR ATIONS 

9.2.1. Syntax 

<type declaration>: : =-" <local or own type> <type list> 

<local 0 r own type>: ; ,-= <type> I OWN <type> 

<type> :: "" INTEGER! REAL I COMPLEX I BOOLEAN I ALPHA i DOUBLE: 
TASK I EVENT 

<type list> <simple variable> I <type list> ,<simple variable> 

2 
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9.:2.2 .. Seman·tics 

Type declarations serve to declare certain identifiers to represent simple variabl~s 
of cit given type. 

U pan first entry into a block, all variables are initially s.et to zero. 

An additional declarator, OWN, may mark a declaratjon. Variables declared OWN 
retain their value upon exit from the block; at reentry into the particular block, 
variables maintain the value they had upon last exit. Values of variables not 
declared OWN are cleared to zero upon reentry irito fhe block and must be re
initialized by the program. 

Type declared variables are represented as follows: 

INTEGE R .- Integral values represented internally by 36 bits. The range of an 
. integ.er (in magnitude) is zero through 235_1 inclu~ive. 

REAL - Floating point numbers internally represented by 9 bits for sign and 
exponent of the number and the exponent and 27 bits for the fraction. The range· 
of a real number (in magnitude) is 10- 38 to 1038 with approximately 8 digits ·of 
precision. Any real quantity which is less than 10-38 is represented by zero. 

DOUBLE - Floating point numbers internally represented by 12 bits for sign and 
exponent of the number and 60 bits for fraction. The range ofa DOUBLE number 
(in magnitude) is approximately 10-308 to 10308 with approximately 18 digit:;; of 
precision. 

COMP LEX - Complex values of the form A + i*B .where A and B are real num bers. 

BOOLEAN -- Truth values, TRUE or FALSE. 

ALP fi A -- Any set a f 6 a r 1 e s s c h a ra ct e r s. 

,. ASK and EVENT types are used in connection with the activity stC;ltements for 
nlultiprocessing of ALGOL procedures and will be discussed in Section 12, 
ACTIVITY CONTROL. 

3 
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9.2.3. Examples 

----------_._'---_ ..• _--_ .• 
10 20 

I '9 
SECTION: 

30 40 

........ '---l--L_L_.LL .. L . .l.._.L.-L.Ll .. 1 ... LL_l_l __ .l __ LL-L ... l_ .. J._L.L.l--'-. ..L..LL.L..L. L_L . .J_L_L_L . .L~_Li .. L ... L.1 

-.Lil.Ll'lIJ EJG I EiRl. I.JAL ... LSJ."lCLdDLO LG1; .1 .• 1. .. ..l.1 ..... 1 L_L.l __ L.l-.-L.l.~L-L...J_~i---L .. L-L_.1._L .. .l 

~L-l----L_LL.L .. l ... L.L_LJ._.L __ LLi._l .. _L.J._L.L.l-LL 1 I I L.L.LL.LL..L.L--.Ll._L..l-LJ_L..L ... L.L .. L.JJ 

_L~~.1~L~.L .. 1 l~J.1 LL LRL2..lLLL_L_L . .1 L.-l_L . .1_Li __ .L_L L.L.L.L~~_Ll.L.-L . ..Ll.-LJ .. _1-L.LJ.--'--

t-I--.i.. ....... -I-...L...LL . ..L..L-l I I I i I ...L..LL....L-LL...lI--LI..-I..1 -1..1 -.1...1 ...J1-..li....J..I-J..! -J..I ...Ji'---li....J....-I..-J..-.I......JI-..lI--J.i ..... 1 -J...I _-,-I ...J1--J.1--J.I.....I..i 

_L-L.LL .. _L.L .LJ_ L-..L LL.L. L .. L.LJ._LL_L.J_L_L.L_L.J._.L..L.L_l_LLi..J.~.l-.l_Li .. .Ll_L _L.1 

._.L...-L..L~Q~fJ.L.JI:.t!l ... 1_L~I~.tLLLl.CLX.t1.1j_LL ... .L_L._L .L .. LJ_L..L.l._.l.-L.l_~--'-----L_.L_l---L--'._.J._ . .L....LLJ. 

.L_1_L_l .. .1. _l_L---1_...L_L_LL..-l. L .. L.LL..L--'--.l.-L...L--'----'----'--._.L_ L_l_l._L_L_L--L.L..L.L..l 

.L..J....LJ._.L..L-L.L_.LL .L_L...L.-L_l_LL_L.L.L-L._L_l. II! . .L~.--L-"--'--.L..L_J __ L.~_.l.-L_.L_L...L 

_L.L.l~l!:~_L_Ll.~L~.LM.~LUP lA L-rLt;Lt.LLIQ.lS!'LTLLl_L.LL.l.u..L..l 1 1 .Li-LJ. . ..l..Ll_L __ I.-.LJ. 

9.3. LABEL DEC LARA TION 

9.3.1. Syntax 

<label declaration> : : "" LABEL <label list> 

<label list> : := <label>\<label list>,<label> 

<label> : : = <identifier> 

9.3.2. Semantics 

PAGE: 

Labels are used to name certain points within a program so that these named points 
may be referenced by go to statements. 

The lab e1 dec! aration ina bIock heading defines those lab eis that will be u sed in 
that block to mark statements. 

9.3.3. R'estrictions 

• All labels must be declared and have meaning only within the block in which 
they are declared. 

• In nested blocks, a label must be declared in the head of the innermost block in 
which t he as soci ated labelled sta tern ent appears. 

• A block can be entered only through the block head. 

• If any statement in a procedure body is labelled, this label must be declared in 
the procedure body, 

• A procedure body itself must not be labelled. 

4 
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9.3.4. Examples 

20 30 40 
t==:=====-::="=-=-==--'--====:::7:=.=====-================== 

10 

-.l .. ~ .. 1. .. 1. l_ .. 1 .L I I 1 .t I. I L j J 1. .... 1. .1.L.LL-.l_LL.L LL..l.l L .L. . .1 ._1 1 L .. L.LJ 1. .. 1 1. .1.1 L· L 

_.L.L.I~1~LqLL1~1 .L je 19L~J~Ir:LNI T I LBILI 0ICL.I<LLl.LlL_L. L. [_1.1 L. LL ... L .1. ..l._.L . ..L.L.L_L .L_LL. j L 

_L.J......l L_1. .LJ J I. JI.L~L"!:.L~LGIE_lR.1 1.1 L; I. 1..L L 1.L.l .... L_LL.L._'-.1 . L LLJ .1_LJ ... -.lL .. L. J .. I.._.L .. L .... L 

_LL.-.l .. L J L. J 1..l lL dhlhE:.: d-Ll L.t 1 L,J L12.LL J\"l~J..l. !Ll~tLi.L_L J __ LLL. LJ .. .1 J_L LJ ... ..l_I._L L.L. L.l 

L ... J I.. I L.I 11. l. L .. L .. L.L...l..._L.. .. L I. L L L.L _1_.1 L.I.L.I..J ... L L I. L I I 

1 I I_.J .. .L-1 __ L.1 . J .J. I 

_L . .1.....i.._.L_LL_L.L.L.LL..L~l.~ll:Ll:L_L LLL41.IJJ-:L~.l.iJ ... ..L 1. ... L.J.L.L . .1 .. L 1._.-'-.. 1. .. 1 I I 1 . .1 .. J I. .. .1 l .. I I.. I j 

1 1 I 1 LJ--LLl~L~~..l.!.tS:L~.LL. ... LS_~J. ~:.J~~~_J_1L.l.h!L.u.!::L~.L!.L..LL.j_LL . ...L.L._.l_l_L.L...L.L...J._J. 

._ .. L.L_L .J ...... L_.L.. L .1. LJLJ :.L.-1.J .. L . L -'._J .1 -'_.1.....1 ... _L. L .. L.L_J. __ L.J_..1 L. L.I . .1 _I J. I 1 I . .J L 1. J I 1 

._.L..L.LILL .. 1 .J I LG10LL"TJOJ cL14 1; I J J I i .. .1 .t ... L .. t .... L ._.L .. _.l_~ 1 .L. .L I .-' 1 . .1 1 L .l L_L. L_l .. J I _1 

_ .. L .. _L_L......L ... L .. L .. 1 .. _1.._.[ I .. J J •. I .. J _J 1.. .l_ I.. I .1 .1 L_.L-l-.L..L_L .. L .L .. 1. i .. L_.1 J I I . .1 1 J 1.1 1 1 .1 I 1 

. 
I I I I L.L.L .. LJ.-L_L.~_L..l. .. ..L.".L-L_ ..L-1_.-L .... L . ..l...-LL .. L.L....L...LL.l---.L..L_J-L.L.l. __ L..L..J_.L.J_L.L.LL_Ll 

_..J.........J._LJ. __ L..L...J.._.J .. .L~ 19L.lILQL_1J~J.3.L; J ... L L.L~L.L.LL....L_L_LJ _L LL_LJ __ L.L.L_L._LL .. LL .. L .. L.L 1 

.....LLL..L.. L_L ... _l .. 1 ... l . I. . L~. L_t . LJ _t. 1 .. I 

Ll.L.I .. L.! L .I ..... L.. L L .. L._L .1. L! .J 1 j L L. L L .L .. l 

l_.J .J. _J J l 1 I I 1 .. l L .1.1. .1 .. 1 .I 1..-'.. L .. 1 

. ....L . ....LL.L_L_I_L.L.LJ.L __ J .. = .. L.L_.L.l ... L l_._l .. J 1 .1.L.L_.LLL_L.Ll_ .. 1 l_L.J ..... L......l. ... i .. LL.LL.L ..• _.L __ L.L.1 

....L.LLJ....._LL....Lr;~lQ.J..L~J hJ oJ<;:I.JSL2L~ 1.1. .J ... L.Ll._L_L _L..J_L._LLL.l_.L_LL.LL.L L_L....1_L .. J L 1 

....L..J......L.-'......_L .. L_l~l:.J._LL ... .L_.l_.J. 1.._1. .. L .. 1.1 .L..L_.L. ... LJ. .. _L.L ... L.L_L .. L.L_L.l . .I._1._1...L-1 .... L_I._L _L._L.L .L.1 

• J . 
1 1 1 I ! 1 ! I: •• L I I I 

.. ..L...L...L........L.....L...L_L . ..l.!J .1..1 . .1 .J ... 1.L.J. l. L L. I .L .L_.L_L .l ... J .. 1_1 ... 1_.1._L_JJ._L .L..l_L.L . ..1_L._L_L.L ... l 

.. LJ . .L.._L_I.!-..141£.LJ~.1~ LP I. L~lbl0l(:LKdJ.iJ .I ._.L . L .. 1. .. L_.L .1..._LL..L . .1_.1.... .. 1._1._1...L ... L._i. l LL 1 .. 1.. L L 1 

.. J .. -.l L.t .1. .. .1 L IlL I.! .1. . .1 1.._[ L 1 L I L. L .. l. 1 .1. J. J 1 __ J .LL..J _.LL .. L __ L _.1..1 . J .. L . i ... J .1 .. 1.1 

Note that in the previous example L4 is redeclared in Block 2. The GO TO L4 
statemen t of Block 2 will result in a jump to L4 in Block 2. The GO TO L3 state
ment of Block 2 will result in a jump to the outer block, thereby causing an end to 
Block 2. The reference to SWI in Block 2 could result in a jump within Block 2 or 
to Block 1, depending on the value of I. 
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9.4. SWITCH DEC LARATION 

9.4.1. Syntax 

<switch declaration> = SWITCH <switch identifier> <switch list> 

<switch identifier> <iden tifier> 

<switch list> = <desi gnatio nal expression> I <switch list>, <designational 
expression> 

9.4.2. Semantics 

1-1-.-.1 

1-' 
, 

A switch declaration defines the set of values of the corresponding switch designators. 
These values are given one by one as the values of the designational expressions 
entered in the swi tch list. With each of these desi gnational expressions the re is 
associated a positive integer, 0, 1, 2, "" obtained by counting the items in the list 
from left to right. The value of the switch designator corresponding to a given value 
of the subscript expression (cf. section 3.5. Designational Expression s) is the val ue 
of the designational expression in the switch list having this given value as its 
associated integer. 

An expression in the switch list will be evaluated every time the item of the list in 
which the expression occurs is referred to, using the current values of all variables 
involved. 

A designational expression that appears as an element of a switch list will be 
evaluated at the level of declaration of the swi tch, not at the level of the switch 
designator if the levels are different. Note the following example: 

10 20 30 

, I , I , 
,B,E,G,I,U, I I I 

, I, N, TI E, G, E, R, , JAil J BJ ;! l , , I 

,LiA,BI Ej LJ , I L,l /'.1 ~21' IL I 3 j , I Lt4 1 ; I , I 

!',W,IITIC, ~ , ,T ,EIS ~2LJ..!::.,l , I, F 

, IT, H, E, N, ,L,2, ,E,LIS ,E, ,L, 3" ,L,4,;, I 

40 

I 

, l , I 

,A, >,B, 

, I 

50 

, I , , 

J I , 

J I J 

, , J I 

60 

, I 

J .. 1 , 

I I 

L 1 

, I 

, J 

80 

I I I 1 1.1 L.L I" .1.1 

1 ---.L_J __ J_ L . .L. ~-.l __ l~_L.. 

J L1 ' .. L..l.'--

, , , I , 

L J I 1 J L. L L 1.1. L.L 1 

_L~ 1_~L __ L_L_l J I I 1.~1 1.1 J I I I J j I l L.LL 

, I , 

, I L 

J I, 

J L 1 

I I I I __ L~l_ I J J I , I , I _I I J 1 _L . ...L.J_-.l L..L_~ ___ ~~ 

J I I , , L 1 J , L , .1 I J , .. '.--'----'-. ..1---'---"---L_ 

f-l....J......LJ..--'--'-'-~~L~~L..'-~~L.L..L.L.L' ..LJ-LI ...l'-l''--'-..J......'--'-..J......L..L...lI-L' --L.1'--'-..J......,--,-..J......L, 1-1 ..ll-L' ..LJ-L..LJI'-...LI ...LI-.JILL, ...1., --L.L...l---'--.J---'---'--.j 

_L-.l __ J_l~ J J I I I 

I-LLLLL..L.l l l I 

END 

j I J 

I: I .1 ILl ILL J L I I I J J I I 

J ,G,O, ,lTQ ,TJE,S,T,P,A,T,H!I:::.I'='iLL' J 

, , I 

I jEj"'LD ll J I I 1 I 1 I j I 

L 1_1-1 __ 1 I J I j 1 , I 

I I , I , , I ! ! 

l I l J l 

, I 

, I 

, i 

, I 

J I 

J 1 J 

J lLI 

L 1..1 

J L 1 L .L~.L--"---'--..LI---,---,---,----'----1----'---' .L' ..L-l--.L1_L.-'----'----'----'----L.L--'---l 

l I, l J 

J J I 

, I 1 

! ! ! I! ! 

L j J 

I J 
, l j 

l J i.'.1 L1. L 1..L.L1...--'----l_L 

L.l. J ._.LJ~_l .. L .. 1._L_l_....L....L ___ L 

, l l , I, , 

6 
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The designational e xpress.ion TESTPATH [] J, is at a different block level from the 
switc;h declaration, TESTPATH • Furthermore, A, L 1, and L2 have been re-declared 
in the inner block. If the value of I (The subscript expression of the switch designa
tor) sh~:)Uld result in a reference to the first or second element of the switch declar
ati011, then A, L 1, or L2 of the outer block would be referenced; i.e. the reference 
would be at the level of the switch declarati,On. 

9.4,.3. Example 

.-------.-------------.-.------~-----'----------

----.-L..L_LL_.1~._.L L.LJ .. J., .. L .....L._1..1 L,L.L __ LJ ... LL_LJ.._L~L_LJ...J_ .. L_L L...L_LL .. L.LJ. _L.L.L..LLi......L_L. 

-L I I 15 IW lL.tIl~IjL.L,J..s..LVf.lJ.LLL=...L.l..Ll.Lt.l.b..!.]L.Lllf.L.J.JlL . ..LU.t:ll E I HI I $IW I ~ I J I I § ~ 51 EI I '=.dJ..i....L.. 

9.S. FORWARD REFERENCE DECLARATION 

9.S.1. Syntax 

<forward reference declaration> : : =co <forward procedure declaration> I <forward 
switch declaration> 

<forward procedure declaration>: : = FORWARD <procedure type> PROCEDURE 
<procedure list> 

<proced ure ty pe> : : = <em pty> I <type> 

<procedure list>: : :..-: <procedure iden tifier> I <procedure list>,<procedure identifier> 

<forward switch declaration> : : = FORWAR 0 SWI TCH <switch identifier list> 

<switch identifier list>: : = <switch identifier> I <switch identifier list>, 
<sw itch identifi er> 

9.5.2. Semantics 

The forward reference declaration establishes the existence of a forward referenced 
procedure or switch which cannot be declared in the normal manner prior to lts use. 
A procedure or switch must be defined before it may be referenced in th e program. 

7 
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However, in the special cases such as (1) a procedure calls another procedure 

PAGE: 

which in turn references the first procedure; (2) a switch references another switch 
which in turn references the first switch; it is impossible to declare both procedures 
or switches before they reference each other. In order to use such recursive references, 
the forward reference declaration is used. The procedure identifiers in the procedure 
list or the switch identifiers in the switch identifier list will be marked temporarily 
as defined. The normal procedure declaration or switch declaration must appear 
later in the program, 

9.5.3. Examples 

10 20 30 40 50 

~_L_.L_--L--L __ L_Lj jPjR,OlCLI:l.[)jUjRjE 1 IQI;L_LLuLl 1.1 j I_L--L_Ll. 1 1 1 1 ....L...L.i-L1 1 1 II 1 1 

~......LLJ __ LLLLBI~L~IIJ...NL l.LLL_Ll_LLLL_1 ...L...L_1 _LL_L...L---'------'----LL.-'-I----'--I-'----I ----'--------'I--'-I----L-'-_I'-------I.I------'---'---'------'-...L....LI_---'-I ----,I,-----,------'.I-'-I------L 

I ....L----,--------,-----,-I--,-I ----,----I ---'--...L...-'-----...LI _1'-----'1--'-1-'----1 _-,---I ----,I--,-I---LI -' __ ---'-I---LI --LI ---LI ---,-I-------LI 

1 I 1 1 I: 1 1 I 1 1 1 I I I I I I I 1 

~L....L-L--L-...l-L--L _L_I_:_LLLLl LL_....L_L~l __ L_L_LJ _LL_L_l 1 1 I 1 1 II I LL-'-I----'-----'---'-----L 

f--LL....LL...l._Ll...J_LE.LN 10 1; J 1 1 1 1 I L_U----'I----'-I------'.-'----L_-'I------'.I---'---I_IL-IL...LI------'.I--LI ---LI ....ll----'--I--LI----'--.......l.........ll----'--I--LI ----'----I ...JI----'--'--LI----'--...I ----'----...ll----'--I---'-I _...LI .....!I----'--I---'-.......L-L 

" I' I 1 1 I P I R I 01 C l E, 01 q ~ E I 1 Pi ; I I 

1 I , I I I I 1 I I 1 1 1 I 

I 1 1 1 I 1 1 I 1 

~....LL...l.--L-'------L-LJ ~_LL1 __ 1 __ ...L_L....LLL_L.L...l j _J __ I----'--__ L L_l~ 1 1 1 1 I 1 1 1 1 1 I I 1 1 I 

~....LL...l. IQI; 1 L_L_L-'------L-----'-l. 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I I I I I I I 

, , , , 
1 I I 1 1 1 1 1 1 I 

~...L...L..J.-...L...J--.L-LJ-=-LL 1._1... 1 _L_1.......LL _L_LJ_.L_L_L....L 1 1 1 1 I I I I I I I 1 I I 1 1 I I I 1 I 

f--LL...L...L..J. I 1 I I EI NIDI; LL....LLL_LLLLLL_L I I I I I I I I I 1 I I I I I 

.......L....L...L_...L_L_J_ili"kIl E 1 G1 E1&_L1LdlL...i...&.LL_LL....L...l.. I 1 I I I I 1 I 1 I 1 1 1 I I I I 

~...L...L..J.~~~1---Lh~.u 1 L 13 1; I Ll.--L_---'----L_Ll_....l 1 I I 1 1 I 1 1 1 1 1 1 1 I I 

~.L...L...L~...l.W-JJ!----'~I-fL...LJ~-l~~I"'1 ILll111LI211111FI IAI ITIHIEINI IS,WI2ICI,JI IEIL,SIEI 

----LL.L...L...L I I SIWIIITlc;....HLL.LS~L~du IS IW l 1 CJ IJI~~~l----L-'-----'-------'-I--'-I______'_-'------'-...L...--'---L----''-----'--'-I_--LI-L1 ----,I----'----'-----L 

----LL...L...L..J.~WIIITICIHL_LL~t=1 ILlll 'I L, 31 II S IW l 11 C IS] 1;1 I I I I I I I I I I 

----LL.L...L...L----'----....L....JLJ'...J_----L_l __ LL.....!_L.L...L L _LLL __ LJ.-----'---'-1 -LI ---L...L...-'----'---L----'--'--'-----'--.......l.....---'-----'------'--L---'-----L----'------'--...---L---'-----...ll--LI -L....l........L---'----L...JIL...lI---L I 1 I 1 I I I 1 

1 1 1 , 1 I 1 1 1 1'1..Ll I 1 1 1 1 1 1 I I 

~...L...L..J........L....L..~....Ll I I I 1..._l...J-----LLLLL_--'-I-'--L....l.....---'--------'----L...JL....l---'----'--L....l.....---'--------'----L........L---'----'----L----'----....l.........lI----'--I--L----'----_...L...L.L...LJILlI I I 1 I I I 1 I 1 I I I I I 

I I I I I I I I I 1 1 1 I I 
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9.6. ARRAY DECLARATIONS 

9.6.1. Syntax 

I 'ECTlQN, 9 PAGE: 

<array declaration> -- <array type> ARRAY <array list>\<array type>CORE ARRAY 
<array list> 

<array type>: : =- <empty> \ <type> I OWN<type> 

<array list>:, : c_'C <array segment>\<array list> <array segment> 

<array segment> : : ,-~ <array identifier> [<bound pair list> J\<array identifier>, 
<array segment> 

<bound pair list> : : = <bound pair> \ <bound pair list>,<bound pair> 

<bound pai r> : : <lower bound> : <upper bound> 

<lower bound> : : 'co <arithmetic expression> 

<upper bound>: : 7.-' <arithmetic expression> 

, 9.6.2. Sem antics 

The concept of 'array' considerably enhances the power of ALGOL 60. An array can 
be considered to be a sequence of variables, referenced by the same identifier, but 
with each variable in the sequence being uniquely addressable by its fixed location 
in the sequence. 

The array declaration, then, defines one of several identifiers to represent multi
dimensional arrays of subscripted variables, and gives the dimension of the arrays, 
the bounds of the subscripts, and the type of the variables. 

Arrays, like simple variables, may be declared to be OWN or by default are local to 
the block of declaration. Initially all arrays are set to binary zero. If declared OWN, 
the value assigned to each element of the array must be preserved at the end of the 
block of declaration for the array and restored upon re-entry. This concept implies 
non-·stack storage; UNIVAC 1108 Extended ALGOL, however, utilizes the dynamic 
stack to contain an OWN array while the block in which it was declared is active, 
but maintains a current copy of the OWN array on drum to reinitialize the array upon 
re-entry of its block of declaration. 

Arrays must be declared to be of type REAL, INTEGER, DOUBLE, COMPLE X, 
BO()LEAN, or ALPHA; with all elements of any array being of the same type. If 
type is not specified, REA L is implied. 

The dimension of an array is fixed at declaration time by the number of bound pairs 
specified; each reference to an array element, therefore, must list an entry for each 
dimension. 

9 
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The bound pairf:> of the array declaration define the lower bound and upper bound for 
each dimension specified. The syntax permits the bounds to be defined by arithmetic 
expressions, the bounds, then, may be fixed at compilation time if an integer con
stant is given for the bounds, or the bounds may vary if an expression of variable 
prima ries is used to define the bounds. 

A dynamic, or variably bound, array is assigned storage in the stack according to 
the current value of the variables defining the bounds. In order for such variables to 
have a value, they must be declared in a block that is global to the block of the 
array declaration. For this reason, dynamic arrays may not be declared in the outer
most block and dynamic OWN arrays are not permitted. 

An array is defined only wh en the values of all upper bounds are not smaller than 
those of the corresponding lower bounds. The result of a subscript expression 
must be of type I NT E G E R; if th e result is not of this type, the com piler will gen
erate a transfer to type IN T E G E R. 

The limit for the value of the size of any dimension is 4096. If COR E array is 
declared, storage will be allocated in the stack for the entire array at declaration 
time. In the absence of the word COR E, only the area specified by the rightmost 
bound pair will be reserved in the stack; the entire non-core, or segmented array, 
will be resident on the drum wi thin the scope of the non-core array declaration. 

The programmer need not be concerned with the segmenting of arrays since the 
compiler generates code to execute this function. 

It should be emphasized that run time will be increased in direct proport:ion to the 
frequency of referencing different setst of array data. 

All one dimension arrays are CO R E arrays, even if the word CO R E is omitted in 
the declaration. At every array reference, the values of the subscripts are checked 
to see that the address designated is contained within the array. If it is not, a non
recoverable run tim e error will resul t. 

9.6.3. Examples 

10 20 30 40 50 60 

I L J t , ! , I , I J I J I 

J jAJRjRjA,Y, IA\.IBI'ICI~-JNJ:1110iO"IMJ:j5iO>.~'ID,L-J5j ,l,2.Ji' I I! , I , I , 

~ __ L-.L----.l J 1 I 1 J L j J • I I I! I I I : 1.1 I I, 1 j 1 1 

----.L_ L_L_l_J J I \ J I I I J • I J J J J ; J J I I J i I ! I 

! I I I I I! ! l..l! ! ! ! ! ! I! J ! ! ! ! ! I ! ! I ! J ! ! ! ! I! I I J ! 

--'L-'_JOjWjl~, II,N,TcE.G.E,RI ,A,R1RjA,y, ,K,EjEjP, ,LI,Fj ,x, ,0, ,T,H,E,N, 10, ,E:jL1S,E, Il_L:,XjI,5,OJ-~')L l...'-.. " ,J 1 

I I 1_ L I J I I J I I I L I J l J J I I L I I 1 I I I I I .L Lt __ L_Ll_l_ L_L_ I J I I I J L I I j j J j I I 

1 LL---.l __ L 1 l I I I I I I i I I I I I I l I I I I I 1 I j L _L, 1_ J I I ! _1 Lt __ J 1 J 1 J J J I I J I I I 1 _1 _1 J 1 

L L...L ___ L _...L __ L _L 1 j I I J J J J J I I I I I I 1 I J I I I j I J 1 I ) ) \ I 1_ J J L J L. J I 1 J 1.1 I IlL I I _1 1.J I 

REA,L, lC!O!R,E J IA1R!R.1AIY' :BIEITIAI I ![IX!:!)1,!X!+-!1101:~OI'IXI*!*'2!:!Yl*I*12IJl·"'!! I'!) 

80 

I I 1 1 _L_LL_-.l_~ 

I L I 1 -' I 1 J L-.J 

I 1 II J.L 1 J LL 

1 I I J 1 

j I I I I I~~~~~y 

tSet is defined as the stack-resident area of a segmented array defined by the 
rightmost bound pair, for a two dimensional array, it is one row. 

10 
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9.7. ABSORB DECLARATION 

9.7.1. Syntax 

<absorb declaration> : : =-. A BSOR B <subscripted variable> ,<absorb array declaration> 

<absorb array declaration> : : = <sarray type> ARRAY <array segment> 

<sarray type> : : -co <type> 1 <empty> 

<array segm ent> : : --= <array identifier>[<bound pair list> JI <array identifier>, 
<array segment> 

<bound pair list>: ; = <bound pair> 1 <bound pair list>, <bound pair> 

<bound pair>: : = <lower bound>:<upper bound> 

<lower bound> = <arithmetic expression> 

<upper bound> :-:: <arithm etic expression> 

9.7.2. Semantics 

The absorb declaration allows two or more arrays to share common storage. 

The subscripted variable must refer to a previous~y declared COR E array; to be 
henceforth j dentified as the absorb ing array. The absorbing array may absorb any 
number of arrays with the same bound pair specification in the same absorb 
declaration.' Arrays with different bound pair specifications may be absorbed by 
the same abs orbin g array in indiv id ual absorb declarati.ons. 

The number of words in the absorbing array from the point of absorption must be 
equal to or greater than the num ber of words in the absorbed array. The mapping of 
an absorbed array into an absorbing array is accomplished at run time; therefore, 
both absorbing and absorbed arrays may have dynamic bounds. 

The type fields of the absorbed and absorbing array need not be the same. 

9.7.3. Hestrictions 

• Absorbing arrays must be CORE arrays. 

• Absorbed arrays may not be declared with OWN or COR E specifications, these 
attributes are inherited from the absorbing array. 

• An array may be absorbed only once, since it is absorbed by a declaration. 

• An absorbed array may not itself absorb arrays. 



UME-7636 
UNIVAC 1108 

EXTENDED ALGOL 

9.7.4. Examples 

10 20 30 

9 
SECTION: 

40 50 

1 1 -1_L~.L L ~L I L [ I , L.LL 1 L j j.l _LI , , 1.1 IJ_~I .L~L_L~~L 1.~.L.-l~ J_-.-L_L.L.J I , , I I , 1 I 1 I ~.~ 

~~_L~LEL"\[ LI 1 ALRI RIAj YJ L M[ Aj TI Rj I I XI ,C 11 : 1 1 10,0, ] ;, I I I '_ILJ.L..JL~ 1.J....l----LJ._..L.L.J.. . .-L~L.J~ I 1 , 

~JLJoILI~Lc:;I~LRILCI OIR, El ~ I AL~l RLAI Yj I SJJhM_1Clt:~L"L.! ,2j,._LJJ':'LiLISt±LJJll.:ulJ I; I I I I I , I 1 I I I I 

1 1 , , , I , I I I: 1 I I I , , , I I 1 , , I , I I I ! I 1 , I I I I , I I I I I 1 I 

f--L.-L~.J~L-1~LLJLLLiLl J ~.L 1 It ~L 'L L~LLL L J~.1---.L-.l----1 1 I I I I .J_~~.-L-.-L.' -"---.LI --.ll---.LI --'I_LI -L...LI----LI -"---

~.J.&I!~~~LRLB,~ jMjALT[ RLILX, IGflIOJJI'j[)JOl UL~L~E:L .l~At~i~J~j---.LI:LJ.GQLI :--,1--'.9-,=IJdJ'LC;'-L'----,-1 --,I----L'--'--' -"---.L--'~----'-I -LI_L'_'L-l'---LI-'--

~L..L--'---L.~L_L l.1 ,:.1. L.l .1 .LI i.'._1 I , 1 , , J----1_ .. L..L--'~1 , , , 1 , , , 1 , , , I I , 1 1 I I 1 , 

A1BS,OIR1B I IM1A1T,R1liX, ,e l ,]" ,1,N1T1E1G,EIR, IA1R1R1A1Y, ,I" ,J 1 ,11S[,11:12 IO],;, 

~~_L~L.L.~J~L_L_L L: L, j LLI ~!.~.LLLJ _I L 1 'I_LLnLLl 1 L~L~l 1 I I , I 1 1 I 1 1 I 1 , 1 1 

~.J..A~~BIE!Ll~L:rL ~LIL~I L~l:LL_.~~~i~ Y 1 1 LI E, T.tLI:~L~l c: '-111: ,U1l, " '-12, : I ~ 2J 1; , 

I I ! 

I I I f 

I I 

..L--'-~.J~L-.l_.L ... j~.t~Llj 1 ~.J I LI I I I , I I , I I , I ILL 1..L.L_L~_Li. ~L--.l L~L LJ __ 1-~.-L_.IL--'-I----'-1 --'-'----L_ 

t------L--'----LA=-"Bo..LS"'-&JL!L_l?_J}L~1 L~~j-'l~lJ,J_L.Rt~.J,.~Ld~~IRIAIYI ,R,EISI~IOIJ;1 I I I I I I ,I I I I , I I 

, , I I I: I I , I I , I , , 1 I , , , , , , , , 1 , I I I I I , I I I I I I I 1 1 I I , 1 1 , 1 I 

~AIB,SL~~~1S_tI.Itt.J ~L~~I+j~L'j5 WI' J JI JNITJ~lGLEJ~LlP.LRL~~~IRITI IC LI1 1: IUlll 'I L I 2 ,: I UI2J, ;1 

~~~~LJ~LL_L~L-.l_Li..L..J~.~L.Jl----L~.L.JLL..L.l--.l---L..J~.-LJ--'--- I I , , , I , , , I I I I I I ii' 

9.8. DEFINE DECLARATION 

9.8.1. Syntax 

<define declaration>: : = DE FIN E <definition list> 

<definition list> : : = <definition part> I <definition list>,<definition part> 

<definition part> : : = <defined identifer> = <definition> # 

<definition> : : = <symbol> I <definition> <symbol> 

<sYlnbol> : : = <delimiter> I <identifier> I <constant> 

9.8.2. Semantics 

I ! 

PAGE: 

The define declaration defines an identifier as a set of basic ALGOL components. 
The appearance of a defined identifier results in it being replaced by its associated 
definition. Such replacement must result in a legitimate ALGOL construct. When 
identifiers are used in a definition they will, at the time the defined iden tifier is 
used, refer to the mea ning applicable at the level of the define declaration. Thi s 
point is important only when t he defined identifier is used in a nested block which 
contains a declaration affecting an identifier in the defining construct. A define 
declaration may contain another defined identifier. 

9.8.3. R~estrictions 

• Any basic component used in a definition must be completely contained therein; 
for instance, a part of an identifier cannot be used in a definition with the other 
part being supplied later in the program. 

This rule also applies to delimiters, unsigned numbers and strings. 

12 
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• All identifiers in the definition must be previously declared. 

PAGE: 

• The meaning of an identifier in the definition given is always employed whenever 
the defined identifier is used. 

• The well-formed construct of a definition must not contain a declarator or a 
specificator. 

• A defined identifier must not be used in a fill statement, a format declaration nor 
as a formal parameter. 

9.8.4. Example 

10 20 30 40 50 60 

_L_LJ L01EJ!=JIINlEj LL~LKts~JJJJNJGIEIKIULTITIAI# Lt IR IOIC11I1"'ILL __ LBJ+1SIQIRITL(L!3I"121-141~IAI"ICd I) I; I #1;1 I I 

LLLLLL. J~. LlL_LLJ_L 1 J II 1 L I 1. L I L. I L.J _~L.J __ .L_L...L1._1.J_ L_L L-L L 11.1_1 1 J I L_l L .It L_I 1 1 

_LL_~J!".JILI'Il.!=j lILNITI=IIINIT1EIGIRIALTjEI L(LXLUY'LL.1~L)I#L;_1_1LI I I 1 1._LL...1_L I I I I I I 1 j I I I III 

I I I I I I I I I I I I I I I I I I I ....Ll-L..LL_L_L.L.l._LLL.J.....L..L..L I I I I I I L-L_l_LL_L_LJ.--L ... .L..1._L . ..L..l....!-L.Ll._ 

I I I I I I I _I 1 1 

1..1 I I I I I I 1 I I I I I I 1 I 11 
_LL_L~hlJl'ILEJ j At 51 Gl"'.lAL: 1= I I J NI T I# I; I I I J I 1 ~L....LL.J 1 1 ... 1 I I 

.J.._.L..l......L_LLL_L_L_l.C'IeLq~allylvqli~ I III 11 I I I 1 LLL.L.L_LL.Ll LI 1 I 

_1. .. LI 

1 L I 

1 I 

l I 

1 I I 1 

I I I 1 

I I 1 I 

I I I I 

I 1 

I 1 

1 

1 

I 

I 

I 1 I 

_1 1 J . 
I I I 10 1 E, FI II "i EI I AI 5 IG 1= IA I: I = I I I NI TI ; I # I ; I I .1....!-L_l-L...L.J.....LJ......L.J..I-L1 ...!-..l..-L....L--L...I-..L...L-L. I I I I I ... L.LL--L.L...L...L I I I I I ... 

_LL_~I.-.L..J _.LL..1 1 I I I I I I Ll I L 1 I I _LI._1 L_I _L_...L..L_JL.L .J ... _J I I _L_1_1 _ L I I I I I 1 I I I I 1 I 1 __ 1 

_LL~J I I I I I _LJ 1..1 I I I 1 1 _1 __ .L.LL 1_J _1 _1 LL 1_ .. 1._1.._1 L.L_l ... l _L1.. 1 1 I I I I I 1 I 1 1 I I I I I 

9.9. MONITOR DECLARATION 

9.9.1. Syntax 

<monitor declaration>:: = MONITOR <mfile part> «monitor list» 

<mfile part>: : = <empty> I <file identifier> 

<monitor list>: : = <monitor list element> I <monitor list>,<monitor list element> 

<monitor list element>: : = <simple variable> I <subscripted variable> I 

9.,9.2. Semantics 

<array identifier> I <switch identifier> <procedure identifier> I 
<label> 

l 1 

I I 

The monitor declaration allows the programmer to display variables whenever their 
values are changed and to trace the path of a program by displaying labels and 
switches when th ey are encountered. 

The file part of a monitor declaration is optional except as noted in restrictions. 
When given it does not specify that this particular monitor list is placed in the 
given file. Instead, all monitored elements are placed on the most recently given 

file. 
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When a monitored variable or array or procedure identifier is used in the left hand 
part of an assignment statement; the following information is written on the 
designated file: 

identifier: val ue assigned or 

array identifier ~1, S2, .•• , SnJ: = value assigned 

When a monitored switch is encountered, the follow ing information is written: 

switch identifier [V] , where V is the current value of the subscript expres
sion. 

When a monitored label is encountered the following information is written: 

label identifier 

When an array identifier is given, all variables in the array are monitored. If a 
subscripted variable is given only that element of the array will be monitored. 

9.9. 3. ~~estrictions 

• In each block before a reference to a monitored identifier occurs at least 
one MONITOR declaration with a non-empty file part must have appeared . 

PAGE: 

• All monitor list elements must have been previously declared and labels may only 
be monitored in the block in which they are declared. 

9.9.4. Examples 

10 20 30 

~J l_LBJEJGJI,NJ lIRJEjA[L, I IAI"B"ICI~,DI;I I J 

1 I I, NIT IE [G IE [R J I liS I; I I I I J I 

,IL,A,B,E,L"", IL,I,;""", I 

, IFdL,E, ,O,U,T, , IF,I,L,E,I, ,1,(,1,.12,2,),;, 

40 

I I I I 

50 

, I, 

, I , 

1 I, 
, I 

60 

, I 

, I I I j I J 

L.1.LL1---,-.LL~_-'---Ll.l _1 .. ' 1 .. J 1 

80 

I L J L L_L I _L-.J_~ __ l_L_i_Ll~ __ ~ __ L _ _.l __ i____.L_..L __ _.l~ __ L 

I I jF,I,L,E, ,O,U,T, I JF,I,L,E,2'.-1 1 (1!,!2!2!~_..L..L~-"-L...L...l-L.-L-JL.LI...L'--'--...l.......L--'--..' .L'...i'-L.'.L,--,I-L.-L-JL.L-'-LL--'-L' J..1...i'_L.l.......L--'--...L....l-L.-'--I 

I IM,O,N,I,T,O,R", IF,I,L,E,I, ,(,A,.,~.,L,I,l,;, I" I J J L l_~ __ l_LI --'-I ---'---L--'----'----'L..L--'---l,---,--I I 

, IM,O,N,J,T,O,R, , , IF,I,L,E,2, d.C. ,Dll,;, , , , , , , , I , , I! I I [ I J I I I J I I J I, 
,ICtO,M,M,E,N,T" , IA,.,B,.,C,.,D,,,L,11 ,'N,I,!.;!.; ,A,!.;!.; IBIE, ,PIL,AIC,E,D, IQ"I ,F,I,L,E,2, ,BIE,C,A,.U,S,E, ,1,111 J 

__ L __ l_.....1 __ 1 

BEG I NI 
I I I I I I I I I 

IR,E,A,L, 1 ! I , lA, ;, , , , , , , , I , , , , 

II,N,liE\G,E,R", IA,R,R,A,Y, ,1,(,1,:11,0,),;, 

., IF,I,L,E, ,O,U,T" IF,I,L,E,3, ,I,(,I,.12,2,l,;, "I 

I IM,qt-\I,T,O,R", IF,I,L,E,3, ,(,A,.,IILs,J,l,;"", I 

,I, 
, I, 
, I 

, I 

l I , , L ILl -'-_I , 

! ! I I I I I ! ! I I I I ! I '._L.L....l--'--...L....l-'---'--I 

Ll.L.'.LLL.L--'- .. L--,---L-'-_L--'-

, I, , J J I J 1 L J I J _J j 

I I J I I I I I I I I I I 1 l_l_-.l __ ~_~ __ .L_L..L..1.--

~-,----,----,----,----,---,-.. iSQ.J<\lML.E~, , 1 I A,L,L, ,V,A,R,I ,A,BjL,E,S, ,A,R,E, ,N,olw, ,M,O, N, IJT,qR,EjD, ,O,N, ,F,I,L,E,3J ;LL.' -'-_L.L--'--'--LL-'--.LLLL . .1 

, I j ! ,., , ~---L.....l..-L..J..--'--LL..L-L_L_l . ..L...LJ..._L.' , I ! , , I , I I , ! , ! I , , I , I , 
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9.10. DUMP DECLARATION 

9.10.1 Syntax 

<dump declaration> :: = DUMP <dump part> 

<dump part> : : = <file identifier> «dump list> )<label>:<dump condition> 

<dump condition> : : = WH E N <Boolean expression> I WH EN <Boolean expression> 
EVE R. Y <arithmetic expression> I WH EN <Boolean expression> 
EV E RY <arithmetic expression> WH I L E <Boolean expression> I 
WH EN <arithmetic expression> I WH EN <arithmetic expression> 
EVERY <arithmetic expression>1 WHEN <arithmetic expression> 

15 
PAGE: 

EVE RY <arithmetic expression> WH IL E <Boolean expression> I <empty> 

<dump list> : : = <dump list element>l<dump list>,<dump list element> 

<dump list element> ; : = <simple variable> I <subscripted variable> I <array 
identifier> I <label> 

9.10.2. Semantics 

The dump declaration allows a programmer to display variables at any point during, 
the execu tion of his program. 

The dump condition is evaluated when the label is encountered. If there is a dump 
condition and the WH EN and WHILE portions of the condition have been satisfied, 
the dump declaration becomes active. The DUMP will then be executed each time 
its label is encountered provided the WHILE and EVERY portions of the dump 
condition are satisfied (if present). Once the dump declaration has become active 
and the WHILE condition is not satisfied the DUMP becomes inactive and remains 
so until the block in which it is declared is re-entered. If a dump condition is not 
present, the DUMP will be executed each time its label is encountered. 

In the case of WH EN dump condition it may be represen ted either by an arithmetic 
or Boolean expression. If the condition is an arithmetic expression, it will refer to 
the number of times the label named in the dump declaration has been encountered. 
If it is a Boolean expression .. a true value means the condition is satisfied. 

All dump list elements are placed on the file given immediately preceding the 
dump list. 

The dump list elements are displayed in the same format as in the monitor 
declaration. 

9.10.3. Restriction s 

The colon following the label is given only when a dump condition is present. 
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9.10.4. Examples 
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9.11. I/O DECLARATIONS 

I/O declarations will be covered in Section 11. 2. 

16 
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10. PROCEDURE DECLARATIONS 

10.1. GENERAL PROCEDURE DECLARATIONS 

10.1.1. Syntax 

<general procedure declaration>: : = <procedure declaration> I <external procedure 
declaration> 

10.1.2. Semantics 

The follow ing pages describe the syntax and semantics for both the procedure 
declaration and external procedure declaration. The external procedure declaration 
is a special feature of UNIVAC 1108 Extended ALGOL and enables communication 
between an ALGO L program and programs compiled at a prev ious tim e written in 
ALGOL or FORTRAN. 

JlO.2. PROCEDURE DECLARATION 

10.2.1. Syntax 

<procedu re declaration>: : = PROC ED UR E <procedure heading> <procedure body> I 
<type> PROC ED U R E <procedure heading><procedure body> 

<procedure heading> : : = <proced ure identifier> <form al parameter part> ; 
<val ue part><specific ation part> 

<procedure identifier> : : = <identifier> 

<formal parameter part> :: = <empty> I«formal parameter list» 

<formal parameter list> : : = <formal parameter> I <formal parameter list> 
<parameter delimiter> <formal parameter> 

<fa rm al parameter> : : = <identifier> 

<value part> : : = VALU E <identifier list> ; I <empty> 

<identifier list> : : = <identifier> I <identifier list>,<identifier> 

<specification part> : : = <speCifier> <identifier list>; I <specification part> 
<specifier><iden tifi er list>; I <empty> 

<speCifier> :: = LABEL i <type> I SWITCH I PROCEDURE I <type> PROCEDUREI 
ARRAY I <type> ARRAY IFILE I LIST I FORMAT I SWITCH 
FORMAT I SWITCH LISTISWITCH FILE I 

<procedu re body> :: :c: <~statem ent> 

1 
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10.2.2. Semantics 

I SECTOON, 10 

The ALGOL procedure provides a convenient means of defining an algorithm and 
giving it a nam e so that it may be referenced or called anywhere within the scope 
of the declaration of the procedure iden tifier. F urthermo re, different actual 

parameters or arguments may be passed to the procedure at each call. 

The procedure declaration consists of the procedure heading and the procedure 

body. The identifier of the procedure appears in the procedure heading followed 

PAGE: 

by a list of names which designa te formal parameters. The formal parameter list 

may be empty, but if it is not, each formal parameter name must be further defined 
by the specification part. Since the dimension of an array is not indicated by the 
specification, all arrays, including those intended to be of single dimension, t must 
be specified to be CORE arrays if that is the programmers intent. If the word 
I:ORE does not precede AR RAY in the specification part, the code generated by 
the compiler at the array reference will be that for a segmented array. 

Formal parameters are really .dummy variables to which an actual parameter value 
of identical type and kind will be passed when the procedure is activated by a 
procedu re call statement. Formal parameters may be called by value or called by 
name. If the formal parameter identifier appears in the value part then wh en the 
procedure is en te red the val ue 0 f the corresponding actual parameter will. be 
calculated and in effect will be substituted for the formal parameter at each oc
currence within the procedure body. If a formal parameter does not appear in the 
value part, it is assumed to be called by name. This means that at every reference 
to the formal parameter within the procedure body, the value of the actual parameter 

will be calculated (or recalculated). It is possible, then, for the value of a formal 

parameter called by name to vary from reference to reference within the procedure 

body. 

The attributes of actual parameters and formal parameters are checked for 
equivalence at run time; if they are not identical in kind and type, an unrecoverable 
run time error results. (See Appendix A Error Diagnostics). 

An exception to the rule of complete agreement between actual parameters and 
formal parameters is that an actual parameter that is defined to be an array row 

may be passed to a formal parameter that is specified to be an AR RA Y and is 
referenced as a single dimension array within the procedure body. 

If a type declaration appears before the word PROCEDURE in the heading, a 
function procedure is declared. A function procedure is an arithmetic (or Boolean) 
primary and may only be referenced in expressions. The name of the function 
procedu re must appear in a left part list of an assignment statement in lth~ procedure 
body. This is, of course, necessary so that a function procedure may exit with a 
value. A go to statement leading out of the procedure body is invalid. A label, 

however, may be passed as a parameter; thereby enabling an exit from tlhe procedure 
other than the terminating END of the procedure body. 

Declarations may be made in the procedure body, defining identifiers that are local 
to the procedure body. 

t AIl arrj~ys used'as single dimension must be declared CORBo 

2 
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]lO.2.3. Example 
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10.3. EXTERNAL PROCEDURE DECLARATION 

10.3.1. Syntax 

<external procedure declaration> : : = EXTERNAL <kind> PROCEDURE <proc 
list> I EXTERNAL <kind> <type> PROCEDURE <proc fist> 

<kind> FORTRAN I <empty> 

<proc list> <proc part> I <proc list> ,<proc part> 

<proc part> <procedure identifier> I 
<procedure identifier> «efile par t><element part» 

< efile part>: : = <file name>. I <empty> 

<element part> : : = <element name> I <element name>/ <version name> I <empty> 

10.3.2. Sem antics 

PAGE: 

External procedures are procedures whose bodies do not appear in the main program. 
They are compiled separately and linked to the main program at its execution. The 
external procedure declaration serves the purpose of informing the compiler of the 
existence of these procedures, their types (if any), and the proper manner to con-

struct the necessary linkages. 

The file and element information is given in standard UNIVAC 1108 Executive 
System format. This information is used by the ALGOL compiler when it generates 

maps for run-time execution. 

3 
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If no file or element is given, the external procedure is assumed to be in the file 
TPF$ and will be automatically collected by the system. If only a <file name> 
is given, the compiler adds a LIB file name statement to its map of the object 
code. This file is assumed to have been VPREP'ed and it will be searched for 
any external procedure names. Thus, if a user has many external procedures in a 
file, he need only give that file name once. If the user wishes to name specific 
elements, he should give file name. element name/version name. 

Examples: 

PAGE: 
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NOTE: The effect of external procedure declarations in cumulative, i.e., after 
6 files have been specified, an external procedure may reside in any of them. 

The word 'FORTRAN' has special significance only in this context. Procedures of 
kind <empty> are ALGOL procedures and are treated exactly like an ordinary pro
cedure declared within the program. However, they need not be written in ALGOL 
language. Procedures of kind 'FORTRAN' are FORTRAN subroutines or functions. 

10.3.2.1. ALGOL External Procedures 

An ALGOL program which consists entirely of a procedure is nonexecutable be
cause it contains only a procedu re declaration (section 10.1). When such a 
program is compiled, the name of the procedure is marked as an entry point when 

4 

the program is entered into the program file. The first six characters of the procedure 
name must define it. Such a procedure may be referenced from another ALGOL program 
as an external procedure. 

10 20 30 40 50 60 80 
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I J I J l_i ___ LU __ L L. . .l_.l_.l_.l ___ L_.L.... 

L~L~_l.~_L~---.L~~L-'---'---j 

In order to call this procedure from another program the following statements 
could be used: 
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10.3.2.2. FORTRAN Subprograms 

A FORTRAN subroutine or a FORTRAN function may be made available to an 
ALGOL program by the external procedure declaration. 

PAGE: 

Actual parameters in calls on such procedures may be either expressions or arrays. 
The FORTRAN subprogram is a subroutine or function depending on the absence 
or presen ce of type in the external procedure declaration. A FORTRAN function 

is used like an ALGOL functional procedure i.e., as an expression. F or example, 
if MUL T (above) were a FORTRAN subroutine: 
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In order to call this subroutine from an ALGOL program the following statements 
are used: 
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11. INPUT/OUTPUT 

11.1. GENERAL DESCRIPTION 

The purpose of this section is to acquaint the user with the interfaces of the ALGOL 
I/O Library and the 1108 Executive System and with the processes initiated during 
program execution by compiler generated linkages derived from 1:/0 declarations and 
I/O statements. 

This section is not intended to pre-empt, supplant, or modify any part of the 1108 
Executive Programmers Reference Manual. Therefore, the 1108 PRM should be 
referenced for clarification of any sta,tement regarding the Executive system. 

Descriptions of Executive requirements are intended only as an aid to understan ding 
the methods employed in the internal processes of conversion from ALGOL I/O 
decli9.rati,ons and I/O statements to Executive interfaces, and consequently to assist 
the programmer in the construction of efficient Algol I/O statements and I/O declar
ations. 

1 L 1.1. F He Assignments 

The Executive requires that files to be read or written must be assigned to the 
requesting run by use of Executive Control Statements. The control statements may 
be submitted to the Executive by external or internal methods. Externally submitted 
control statements are those accessed by the Executive from run streams either 
introduced to the System as card input or as pre-stored drum files or as elements 
within a file. Internally, control statements are submitted by an executing program 
to the Executive via an Executive Request for the Control Statement Formatter 
(ER CSF$). 

The ALGO L Compiler generates File Assignment Control Statements as the 
products of file declarations. The File ASSignment Statements are submitted to 
the Executive either internally or externally according to the device type of the 
file. 

11.1.1.1. Tape Files 

Tape File Assignment Statements are externally submitted as they are inserted 
into the RUN stream by the ALGOL initializing element prior to execution of 
the program. The Executive can, therefore, satisfy the tape unit requirements 
before initiating execution of the program. If the tape files or tape units are 
not available the run will be delayed until the facility requirements are satisfied., 

Tape files are never considered as permanent files by the ALGOL I/O System, 
Le., tape files are never catalogued. The T option (temporary) is always speci
fied in a tape File Assignment Statement. Other possible options are H- high 
density, L - low densi ty, and E - even parity (BCD). 

1 
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11.1.1.2. Drum Files 
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Drum File Assignment Statements are submitted internally during execution via 
ER CSF$. Drum files are always assigned to F ASTRAND or Simulated 
FASTRAND. 

(1) SERIAL and RANDOM Files 

The C option (catalogue if RUN completes normally) is always specified 
for files declared with SA V E in the file lock part and/or OU T or empty 
input/ output part and with drum Ii Ie description part present. 

If SAVE is specified cataloguing is accomplished at the end of the blo,ck 
in which the file was declared, or at occurrence of a close stE/.tement or 
lock stqtement. 

PAGE: 

If SAVE is not specified and a lock stE/.tement is not encountered, cataloguing 
is inhibited when the file is closed. 

For Files declared IN, the A option, implying reference to a previously 
catalogued file, is always specified. 

Absence of the drum file description part in a file declaration always 
causes assignment with the A option. 

(2) UP DATE Files 

UPDATE may not be used for temporary files. The A option, implying 
reference to a previously catalogued file, is always specified. 

UPDATE may not be used to create a file. However, a file declared SERIAL 
may be written and catalogued and released with the lock statement and 
then in another block, nested or disjoint, declared as an UPDAT E file and 
processed. 

11.1.1.3. Punch and Print Files 

Punch and print File Assignment Statements are internally submitted to the 
Executive during program execution via ER CSF$. F ASTRAND or Simulated 
FASTRAND is always specified as the associated device. 

Punching and printing are processed in the Alternate File Mode causing output 
to the assigned file rather than a punch or printer. At RUN completion or pro
grammed file release punching and printing is initiated under Symbiont controls. 
The file is then no longer available to the executing program. 

Printer back-up tape files may be declared, however, actual printing of the tape 
file can only be accomplished by an Executive feature totally unrelated to the 
ALGOL I/O system, and therefore, becomes completely a user responsibility. 

2 
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11.. 1. 1. 4. Card File s 

Card files are introduced to the ALGOL sy·stem only through the use of the DATA 
processor. The DATA processor is invoked by the processor call statement "DATA. 
Card images following the l'DATA Statement and preceding the related l' END 
statement are written to the file specified in the 'Y DATA statement and previously 
externally assigned by the user. 

The file name specified in both the l' ASG and l'DATA statements must be identical 
to the file name specified in the corresponding ALGOL file declaration. 

11.1.1.4.1. Card Files on Fastrand 

Card files may be placed on Fastrand in the following simple manner: 

.------------.----------------------------~-.-

10 20 30 40 

~.JJ.' IS G I, 111 I I CIA I R~.LS._LwEL_L._...LJ........Ll .L_L_LL...L..I-L ...... LLJ.......l._L .. L.-...L-..L-..l_..L._.J~. L J (L.!LJL .J. ....... L_l.........L... 

~.J.It)1 AlII AI , LlLU.-...L.l.CLALR1..tkS_L.LJ .J. t. I L.L.L.L_L..L.......L __ 1.._Ll ...... l.L L_I 1_ J I ... L·_LJj..L_~JL.J._.I-..LL 

1 . I I I I L.t.=L..LJ.........LJ. I I I 1._....L...l...-...LL._L.L.L.LJ.......J........l.. ...... L.L_L_Ll.........L.J _1._1 .'-.LLJ_.L-..L. LL-..L I_ .. L 

_L...L.....L..L_LL.....L..""L.J.....J __ l....l ... .....L __ L_l.... ...... Ll.....L..LL.....L __ L._L . ..l.........L..J........l.._.L....L_L_L_L LL I I .J. 1._Ll_L_..J _ L.l __ 1.... . ...1-...L 

1 I I I I I· I-I I I I I I I ~ I 1. J 1 I I 1 1 --'-I I I I I I I I J I 1 I 1 J 1 ) 1 

t---'---,---,-I C--'IL...A-LI_RJ>....L..L..~L~A---'-I G....JIL...E....l.I ...... S.J...1 ......L.......L_..L.......L........J_1...L_L ...... L....L.....L.l ....... L..L.._LL-J.._..L....L_LJ_l. '--...J~lL1_dL....L....l......-...L 

t---'_-L........L......L......JL..._L.....L........L.........L......L1 _....L....L..L...l......J.........L __ L.L....L..LL..L. __ L.~ __ LL....Ll_LL..J ... J_ . ......1_L L_ L._...1 .. J----.L_Jn .. 1.. .... 1 _ 1 1 ..... L.1.....'--I I 1 -1 

~-'----L........J'--L-----'----'----'-...LI.~..L..L...l._ I 1 I 1 ... L..l __ L...L.l_l...........L.....L...J ........ L_L_L.1._...LJ._L .. .L 1_.1_1_1..-...'--.1. ..L .. _L_L.l ...... -......1...._ 1 1 1 

~_I 1 ...L........L-L.......JL-L........L......L.....JL.....L1 ...... L...L..._L.L.J........L_...L .. l.. ...... L_L _LL_L...L.....Ll...........L....JL.......l-.......L........L......lI----'..I---'---1 .J........l...._1...._LJ .... 1.._. L_.L ...... L...l.._.L .. .L 

~II; INIDI I I ~_.....r.--I..--'-""""'_~.J...-.L.-.J~l, -L..L I I I I _ I I I I ! I -L..L....L.I I L.LLJ......J.._LL_L.J_...L 1 ! I I 1 1 

(1) The" ASG statement causes assignment of a F ASTRAND file of the name 
CARDS. The "T" option specifies the file is to be temporary, i.e., the file 
will be released at RUN completion or at the occurrence of the Executi ve 
Control Statement, "FREE CARDS. The "F" specifies that F ASTRAND is 
the device to be assigned. 

(2) The "DA TA and "END statements are as stated earlier. The' 'I" option is 
required to specify "Initial" entry into the system of the following images. 
The "L" option causing the images following to be listed as they are 
written to the file specified. 

11.1.1.4.2. Card Files on Tape 

A card file to be used as input frequently to an ALGOL program may be placed 
on tape by use of the DA TA statement in the following simple manner: 
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10 20 30 40 

l'1 A I S I GI • ,TI ,C ,A 1 RID l~-LLJ.!LJ. uL L_1 _l_L __ LL_L..L_L_L_.~~_.~L_L.L--L __ ..L_L.L~ __ L.LL L.L_LL_ 

l'IDIAITIA"~~_L~~_LI?J~_LIL.L1L.LL_LIL_LL.J_L L L.LLJ. I LL-LL.1 LLL.L I l 

~~...L...LL.LJ-L_L_LL_LJ_L--'--_J J L_LJ __ LJ __ L-.l_.L..LJ_LL_L_LL-L-.l __ LLl _.1.. J .l L-.l.--L_L_ 

I I I I I I-I I"" I , , , I I , L I I I l.f I I I. I , I I , , I , I I , I , , , , , 

w- I IC IA I ~~ I 0 I 111M I A I G.J;A.L.L..L_ LL-L_L.LL..L~Lj ____ ~L.l_--'--..L_L~L_LJ_--'--_LJ __ L LL.L.L.L .. L 

_L_L.l-L_L.L.l::L...LJ--.l_ .. _L_LL._L. J __ J .. L.l .. 1_.l_L--'--_--'--_--.L_l_L_LJ._L.--.L_.l.--L.L----.L--L-L.--'--_.L.L~ __ J_ .. _.1 .. J.._LJ 

I I I I I ~_~_L_..L_.l._LL_l_ L.1 .J.L_LJ ___ L-LL_.L_L.1.L...lL_L_ L ___ L--'--_L_L_Ll_L.J_L_l_L_--'--_.L_ 

1---J1LJ--LI_J....--. IL-I_L-JI_-J.I-----L---L---L--L.-'----LI _-.l_LL..L..L_L_Lj_J.. __ L-LL--'----.L_~ __ .L_L.J------LL---'-----L_L J .. _LLJ __ L.L-L_ L_ "I E, N, Dr , , , I I , , , I I I , , I , I I I I , I I , , I , I I I I L..L' , I , 

The external control statement required in an ALGOL program RUN stream to 
assign the card file, now on tape, would be as follows: 

~,s ~, • ,.:r=.L'=_=.L=-->-=_=-'-.=,l:;:IA:='c:.::
R

=.,=O=,=S=I=. =,=T=,: ----'---=:,~:,2~0=1:---"=::_=~~~:::,-----'------L===..L.=3=:=_L=____.L_L==~==L=.=..L.L.L==4=:=_=L=1= .. _.=L:·=._-'--==L= .. ..L.=L=_ 

where the device specification "T" following the file name indicates 
tape input. 

Provided that the Assignment Statement precedes program exec1lltion in 
the RUN stream, the ALGOL I/O system will accept the specif:ied DATA 
tape file as card input and process it as such. The input of card images 
from tape is restricted to tape files crea ted by the l'DA T A statement 
and tape files outputted by the ALGOL I/O system as blocked :items. 
The creation of the OAT A tape file is unrelated to the ALGOL program. 
The process is an Executive feature. 

11.1.1.5. Compiler Generated Assignment Table 

At the completion of an ALGOL compilation a table of File Assignment State
ments is listed. The table reflects, with exceptions, the actual control state
ments to be submitted to the Executive by the ALGOL initializing element and/ 
or by the ALGOL system at execution. 

The exceptions noted above are as follows: 

For files declared as DRUM specifying a drum file description part the size 
of areas and number of areas may be specified as arithmetic expressions 
and th erefore are unknown values at tim e of compilation. The F ASTRAND 
Assignment Statement requires specification of the FASTRAND area size 
to be reserved for the file. The specification field for the reserve is filled 
with asterisks during compilation. The asterisks are replaced with the 
actual value during execution when the value is known. 
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(2) Ambiguity in device association can result from file declarations intended 
to specify labelled input tapes or card files. Example: 

10 20 30 40 

--LL....L-L 1 , , 1 ~LLL_LJ-L_ 1 , I. , I L I I 1 1 I 1 1 

The compiler cannot determine the intended device and therefore assumes 
tape and produces a tape File Assignment. The statement is listed in the 
table of assignments which is printed following compilation under the 
heading CARDS or TAP E. 

PAGE: 

At the time of program execution the ALGOL initializing element will resolve 
the conflict. If a DATA file of the name in question has been previously 
assigned to the RUN, the generated tape Assignment Statement will not be 
submitted to the Executive. If the file name is unknown by the Executive, 
i.e., in the absence of an external assignment, the tape Assignment Statement 
w ill be utilized. 

Ineffici ency in the file assignment due to ambiguity in device association can 
be easily avoided by the use of the output me dia part val ue "3" in file 
declarations specifying card files. 

Example: 

10 20 30 40 

_-L..l~L-1 -,1'--1..1--,-1 --,-1_ -,--,---,---,-I -,''--1-' --..L..l~-L-L 1 1 1 1 I ~_L~_LL_...L..LL-1 1 1 1 1 L.L .. _L.LL 

_-L..l~Ll---1-.L--.l.--'---'---'--L-I.....L..i 1 1 1 1 1 1 1 ~~L __ Ll .. _-L_~L_L-.L-.-L _L...J-1_.-.L..L_Lj_L_Ll. 

The compiler will not assume a tape file if "3" is used. 

(3) All card, printer, and punch File Assignment Statements are listed under the 
heading PERIPHERALS. The card File Assignment Statements are never 
submitted to the Executive. They are listed to acknowledge the file and its 
associated device. 

(4) The file names of files declared as designated devices are listed tinder that 
heading. Device association will be attempted by the ALGOL initializing 
element as described in the following section on user external assignments. 
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11.1.1.6. User External Assignments 

11.1.1.6.1. External Assignment Statements 

The ALGOL programmer may override any or all compiler generated File 
Assignment Statements. The presence of an external File Assignment State
m ent in the run st ream w ill inhibit the submission of the A LGOL compiler 
generated statement. 

The ALGOL initializing element is given control prior to execution of the 
ALGOL object program. The initializing element queries the Executive as to 
the status of each file specified in a file declarati,on. If the file is externally 
assigned the initializing element bypasses assignment action for the file in 
question. However, compatibility checks are made to insure, for example, that 
a file declared as output has not been externally assigned to a device restricted 
to input, i.e., a card file. The following table reflects allowable chal!1ges in 
the device declared in the file declaration via external assignments. 

Device Declared May be Externally 
In ALGOL Program As Assigned as 

CARDS CARDS, TAPE, FASTRAND 

TAPEIN TAPE, FASTRAND, CARDS 

TAPE OUT TAP~, FASTRAND 

DRUM IN SERIAL FASTRAND, TAPE, CARDS 
----

DRUM OUT SERIAL F ASTRAND, TAPE 

PRINTEl~ FASTRAND, TAPE 
,--

PUNCH FASTRAND, TAPE 
----

DESIGNATED DEVICE any except CARDS 
--

Note: Files declared RANDOM or UPDATE may not be changed by external 
assi gnment. 

TABLE 11 ... 1. Internal/External Device Assignment 

Buffer and item sizes must be compatable for changed devices. Card files, as 
described previously, are expected to be inputted in the System Data Format as 
created by the DATA statement. Therefore, an External File Assignment chang
ing a card file to a tape or F ASTRAND file must specify a file created by 
either a OAT A statement or a file outputted by the ALGO L I/O system with . 
buffer specifications of 224 word block size, 14 or less word item size. Tape 
or drum s erial files ch ang ed to card files must have been declared with buffer 
specifications of bio cked item s with a block size of 224 words. 

A punch file changed to a tape file by an External File Assignment will 
produce as output a tape file in the format acceptable to the ALGOL I/O 
system as card input. , 
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11.1.1. 6. 2. Designated Devices 
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If a file declared as a designated device is not externally assigned by the 

PAGE: 

user the initializing element will query the console operator with the me ssage, 
"file name. DEVI CE". 

Acceptable responses are a ny of the file declaraOon output media types except 
"3" (CARDS). Drum files must be indicated by S, R~ or U responses to indicate 
accessing technique. Care should be taken by the programmer to avoid the con
sole comm unication method of device association. It is tim e consuming and 
requires operator knowledge of the response or on the spot attendance of the 
programmer. It is offered by the ALGOL I/O system as a last resort effort prior 
to program termination action. 

11.1. 2. Blocking Specifications 

11.1.2.1. Unblocked Records 

The buffer si ze speci fied for unblocked records is accepted as the actual data 
word size of the block to be read or written. Three control words are added to 
the buffer size when creating a block. 

Example: 

The blocking specifications of 

1,253 

will create a block of two hundred fifty-six words. Three control words and two 
hundred fifty-three data words are written per block. 

The control words are invisible to the user, i.e., they are never passed to the 
calling program when read. 

FORTRAN V unformatted data blocks on tape are compatable with the above 
specification. F ASTRAND files created and/ or read by FORTRAN V yield two 
hundred forty-nine data words. To write or read FORTRAN V unforma tted data 
blocks on F ASTRAND the blocking speCification of (1,249) is compatable. 

11.1. 2.2. Blocked Records 

The buffer size specified for blocked records is accepted as the actual block 
size to be written. A single control word is affixed to each item of twenty-two 
or less words. An additional control word is inserted for each additional twenty
two words of an item or portion thereof. 

Items or portions of items are never spanned across blocks. A bypass record is 
written to fill any unused words at the end of a block. 

Example: 

The blocking specification of 

1,224,22 
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will create a block of two hundred twenty-four words. Nine items of twenty-two 
words and one control word, and one bypass record of one control word and 
sixteen void words will be written per block. The bypass record will never be 
passed to the calling program when the records are read. 

PAGE: 

FORTRAN V,iformatted data blocks on tape or F ASTRAND are compatable with 
the blocked speci fication example presented previously. The bypass records will 
be ignored. 

To eliminate bypass records and unused space in blocked records the user should 
compute buffer sizes in terms of item sizes and control words. 

In the determination of the most efficient block size for blocked variable length 
records the maximum record size sould be considered as the item size to establish 
an acceptable minimum number of records per block. 

As indicated previously, a blocked record file is produced in modified Systems 
Data Format. 

SDFF block size is two hundred twenty-four words while ALGOL I/O permits 
block size to be specified by the programmer. The ALGOL I/O bypass control 
word would be considered as a data control word if read by the Executive System. 
An SDFF, acceptable to the Executive system, can be output on tape or 
F ASTRAND through the ALGOL I/O system as an unlabelled file if the standard 
SDFF block size is specified and care is taken to assure that each entire block 
is filled with items thereby elim inating bypass records. An SDFF can be read 
in the forward direction only by the ALGOL I/O system provided the standard 
buffer size and ma;Kimum item length are properly speCified. SDFF label, bypass, 
and end of file control words are acknowledged by the ALGOL I/O system. 

11.1.2.3. ALGOL I/O Formats 

11.1.2.3.1.'Unblocked Records 

HI S4 T3 

N LB BSN 

CHECKSUM 

N LB BSN 
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N = number of significant words (buffer size specified) 

LIB = last block flag 

o = not last block 

1 = last block 

BSN = always 0 

11.1.2.3.2. Blocked Records 

N 

~ ___________ C __ O_NTROLWORD 

N .:s 22 

Control Word 

Sl S2 S3 S4 

Sl = -it = 00 = data or bypass image 
= 077 = EOF image 

S2 = IL = image length n 

S3 = PL= length of previous image 

S4 = ti = 010 = data word image 

= 040 = bypass image 

= 030 = EOF image 

T3 

T3 = SEQ. NO. = image sequence number within logical record 
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11.1. 3. Internal 8 uffering 
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Punch and print files are not buffered by ALGOL I/O. The PNCHA$ and PRNT A$ 
interfaces with the Executive provide the required buffering action. 

Card files being of Systems Data Format are always read with a look ahead factor 
of one buffer, i.e., two blocks of two hundred twenty-four words are initially read. 
When the second block is accessed the first is refilled (if end of file has not been 
encountered). The two block look-ahead provides immediate sequential access to 
a minimum of twenty-eight card images. The Systems Data Format of DATA files 
truncates unused (blank) words at the end of the image. Therefore, depending on 
the content of each card the number of images per each two hundred twenty-four 
word block may vary from fourteen to one hundred twelve. The truncated blank 
words of a card image are restored upon access of the image. Card file item size 
is always fourteen words. 

Tape and drum SE RIAL or drum U PDA T E files are read or written with a look ahead 
factor of the number of buffers specified plus one. Drum RANDOM files are never 
buffered. 

Direction changes in reading unblocked serial files cause look ahead buffers to be 
drained and refilled with blocks read in the opposite direction. 

The time wasted in this proc.ess should be carefully considered when programming 
frequent direction reversals. Direction changes in reading blocked recOJrds will not 
cause buffers to be drained and refilled unless continued reads require access of 
the next or previous buffer. Frequent direction changes if confined to records with
in the current buffer are not penalized by the system overhead required for draining 
and refilling buffers. 

11.1.4. File Labelling 

11.1.4.1.. Tape File Labels 

11.1.4.1..1. Output 

An output tape file is initially read to test for the presence of a label. If a 
label exists, expiration of the purge date is checked. If no label exists or the 
purge date has expired, the tape is positioned at load point for a sulbsequent 
write operation. If purge date has not expired, the tape is rewound to load 
point and a console message is outputted to inform the operator of this status. 
A response of G to the console message will permit the file to be overwritten 
despite the purge date. A response of A is interpreted as an indication that a 
new tape had been mounted and the label check will be reinitiated •. 

A standard one hundred twenty word label is written as the first block of a 
labell ed output tape. 

10 
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11.1.4.1.2. Input: 
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The standard one hundred twenty word label is expected as the first block of 
a labelled input tape. The file name within the label is compared' to the file 
ident i,fier specified in the file declaration. If the file name is correct, the 
program continues. If the file name is incorrect or the label is not present, a 
console message is outpu.tted and the tape is repositioned to load point. An 
operator response of G will permit the file to be read despite t he file nam e 
disc.repar:tcy. A response of A indicates that a new tape has been mounted 
and the label check should be reinitiated. 

11.1.4.2. Drum File Labels 

PAGE: 

All files declared as DR UM are written with an initial label block (one sector). 
Within blocked record files the first word of the label is a SDFF label control 
word which wh en read by the Executive System or by FORTRAN V causes the 
entire sector to be bypassed. In unblocked files the label block is a void bloc~, 
i.e., zero significant words. The ALGOL I/O system will check purge date within 
the standard label prior to performing a write operation. If the purge date has 
not expired a console message permits the response, G, to continue processing. 
the only alterna te response acceptable to the ALGOL I/O system is an A, in
structing program termination. 

Buffer and/or item sizes will be extracted from the standard labels and (1) will 
be compared for compatibili ty with the specifications of the file declaration or 
(2) will be utilized in file processing in the absence of file declarati.on specifi
cation. 

11.2 DECLARATIONS 

11.2.1. General 

Each particular I/O declaration will be discussed separately in succeeding 
sections. 

11.2.1.1. Syntax 

<I/O declaration> : : :::: <file declaration> I <switch file declaration> I 
<form at declaration> I <switch format declaration> I 

11.2.1.2. Semantics 

<list declaration> I <switch list declaration> I < namelist 
declaration> I <line declaration> 

I/O declarations define the files, formats and lists to be used in I/O statements. 

11 
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11. 2. 2. File Declaration 

11.2.2.1. Syntax 

I SECTlON. 11 

<file declaration> : : = <reel save part> <file lock part> <mode part> <density 
pa rt> FIL E <in-out part> <file identifier> <label equation part> 
<station part> «buffer part> <save factor» 

<reel save part> : : = <empty> 1 SAVE 

<file lock part>:: : = <empty> 1 SA V E 

<mode part> : : == <empty> 1 ALPHA 

<density part> : : = <empty> 1 HIGH 1 LOW 

<in-out part> : : = <empty> liN lOUT 

<file identifier>: : = <identifier> 

<label equation part> : : = <output media part> <drum file description part> 
<label part> 

PAGE: 

<output media part> :: = 01112131415161718191 'DRUM <drum access technique> 1 
<empty> 

<drum access technique> :: = S,ERIAL I RANDOM 1 'UPDATE 1 '<empty> 

<drum file description part> : : = [<number of areas> : <size of area:s>] 1 

<empty> 

<num ber of areas> : : = <a rithm etic expression> 

<size of areas> : : = <arithmetic expression> 

<label part> : : -== <file identification part> I <multi-file identification part> 
<file identification part> 1 <file identification prefix> 
<file identification part> I <empty> 

<file identification part> : : = "12 or less string characters" 

<multi-file identification part> :: = "12 or less string characters" 

<file identification prefix> : : = "12 or less string characters" 

<station part> : : = <empty> I <station identification> I <station part> 
<station identification> 

<buffer part> : : == <number of buffers>, <buffer length> , <maximum record 
length> I <numb er of buffers> , <buffer length> 1 <number of 
buffers>, <record specifications> I <num ber of buffers> 

<number of buffers> : ; = <arithmetic expression> 

12 
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<buffer length> : : ~= <arithmetic expression> 

<maximum record length> : := <arithmetic expression> 

I SECTOON, 11 

<record specifications> : : = <unblocked specification> I <blocking 
specifications> I <empty> 

<unblocked specification> : : 0-= <fixed physical record size> 

<blocking specification> : : = <fixed logical record size>,<fixed physical 
record size> I <fixed physical record size>,<fixed logical 
record size> 

<fixed physical record size> : : == <arithmetic expression> 

<fixed logical record size> : : = <arithmetic expression> 

<save factor> :.: = SAVE <arithmetic expression> I <empty> 

11.2.1.2. Semantics 

(1) Reel Save Part 

The real save part .is applicable to magnetic tape files only. When SAVE 
is used the operator will be instructed to remove the reel when the block 
in which the file was declared is exited or when a close statement is 
encountered. 

(2) F He Lock Part 

The file lock part is applicable to DRUM files only and relevant only when 
a file is initially created. When SAV E is used the file is catalogued (made 
permanent) when the block in which the file is declared is exited or when a 
close statement or lock statement specifying the file is encountered. 

(3) Mode Part 

The mode part is applicable only to magnetic tape files. When AL PHA is 
used BCD format is assumed. 

(4) Density Part 

The density part is applicable to magnetic tape files only. HIGH specifies 
800ppi., LOW, 200ppi. In the absense of density part, high densHy, 800 
ppi., is assumed. 

13 
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(5) In/Out Part 

I SECTION, 11 PAGE: 

IN or OUT must be specified for files having only one mode, i.e. card files 
may only be read, therefore IN is required; for printer files OUT is required. 
IN or OUT may be specified for drum or tape files to protect against er
roneous efforts to write onto input or read from output. The absense oLIN 
or OUT permits reading and/or writing of drum or tape files. The in-out part 
must be empty for UPDAT E drum files and tapes to be written, rewound and 
read. 

(6) File Identifier 

For card files the identifier must be exactly that specified externally in the 
ASG and DAT A control statements. 

The file identifier must be specified in all I/O statements referencing the 
declared file. At the completion of any read statement the file identifier 
may be referenced as an integer variable to yield num ber of words read. 

(7) Output Media Part 

The types of the output media part .identify the associated device. 

TYPE 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 

DRUM 
empty 

Types 1, 4, 6 are identical. 

DEVICE 
Card Punch 
Printer, 
Labelled Tape 
Card Input File 
Printer 
Labelled Designated Device 
Printer 
Unlabelled Designated Device 
Paper Tape Punch 
Unlabelled Tape 
F ASTRAND or Simulated F ASTRAND 
Labelled Tape 

The value "3" is obviously an exception in that it alone specifies an input 
file. It is not mandatory, however, more efficient file assignment will result 
from the use of "3" in file declarations of card input files. 

A "Designated Device" is accepted as a fi1E:~ without device association at 
compile time. At execution of the resulting object program the file must be 
either externally assigned or the type keyed-in via console in reply to the 
query "file identifier. DEVICE". Acceptable key-ins are any of the numeric' 
types or R (random), S (serial), U (update) for drum files. Card files may 
not be keyed-in. 

14 
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(8) Drum Access Technique 

~-.. ~,_AG_E: _15_ 

The accessing technique must be specified for files declared as DR UM • 
SERIAL indicates sequential access of records/blocks. Buffering of higher 
numbered records/blocks is performed on files read and buffering of records/ 
block sis performed for files written. 

Files declared RANDOM will not be buffered for reads or writes, however a 
write of blocked records will be preceded by a read to protect adjacent 
records. A record address is al ways required for RANDOM reads or writes. 

UPDAT E processing i:5> possible only with permanent files previously 
created by the SER IAL or RANDOM process. Reads and writes are buffered. 
Writing of blocked records will be preceded by a read if the block is not 
currently in the core buffer. 

(9) Drum File Description Part 

The drum file description part is relevant only when the file is initially 
created. It should not be used with files declared IN. Absence of the 
drum file description part ,implies reference to a catalogued file for files 
declared OUT. 

For SERIAL and RANDOM files if the drum file description part is present 
and the file is declared OUT or the in-out part is empty a temporary file is 
created and made permanent only if SAVE is specified in the file lock part 
and/ or a lock statement is encountered. 

Drum file description part is never specified for files declared UPDATE. 

The creation of a RANDOM file will fill the entire area specified preceding 
the current record with void (zero) records if not previously written. Sub
sequent write operations will overlay the void records. Subsequent read 
operations wi 11 return either the specified record if presen t or zeros. 

The creation of a SERIAL file will assign the specified size as the reserve 
size. The unused area following a close of the file will be released to the 
Executive. However, if catalogued, the file maybe extended to the system 
specified maximum. If temporary a close results in release of all areas 
assigned. 

The size of areas times the number of areas yields the total number of words 
to be assigned on drum. Internal computation converts the number of words in 
terms of sectors (28 words), tracks (64 sectors), and positions (64 tracks), 
Track andposi tion are acceptable granules to the Executive system. Assi gn
ment of drum (FASTRAND or Simulated F ASTRAND) is made in terms of 
tracks or positions as reserve sizes of the file., Unused areas are available' 
to the Executive for other assignment. However, extension of the file up to 
the system maximum is available to the user upon request. Blocks written to 
drum al ways begin at the first word of a sector and may end at any word wi th
in a sector. 
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(10) The file identification part will be utilized as file name in all. internal 
library Executive references. In its absence, file identifier will be used 

PAGE: 

as the file name. The Executive references are file assignments, catalogu
ing, releasing, reading, writing, etc. 

(11) File Identification Prefix 

The file identification prefix is applicable to files declared DRUM only. 
The file iderAtification prefix will be utilized as the file qualifier. In its 
absence the Project ID specified in the RUN control image will be used by 
the Executive as the file qualifier. 

The file qualifier is required in all references to catalogued files. If file 
identification prefix is absent in a declaration referencing a catalogued file 
the qualifier is automatically the Project ID. 

(12) Multi-File Identification Part 

The multi-file identification part is applicable to magnetic tape files only. 
When present it is used as the file identification part as described above. 
The file identification part ,is then used as the tape label name and written 
in or searched for in the labels of multi-file tape reels. 

(13) Station Part 

Station part .wi 11 be utilized to cause print .files to be output to the remote 
station initiating the'RUN. Station numbers have yet to be determined. 

(14) Buffer Part 

Buffer sizes for card input or output files are 14 words. Printer files re
quire 22 wo rei buffers. Buffer specifications for card or printer files if 
other than the above will be ignored and the standard sizes assumed. 

I.f a file is to be blocked, the logical and physical record sizes :specified 
will be compared. The lesser value will always be assumed to be the 
logical record size wi thout regard to the sequence in which they occur. 

The block si.ze wri tten to drum or tape for unblocked items is three words 
greater than the specified buffer size. Block size of blocked items is 
equal to the specified buffer size, however, the number of items per block 
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is equal to block size divided by item size plus the number of control words per item. 
For. item size of twenty two words or less, the number of control words per item is one; 
for item size greater than twenty-two words an additional controll word is required for 
each additional twenty-two words or portion thereof. B locking specifications should be 
computed to compensate for control word requirements. Items or portions of items 
less than twenty-words are never spanned across blocks. Bypass records are used 
to fill any unused words at the end of a block. 
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(15) Save Factor 

11 
SEC T ION: 

The save factor is applicable to labelled tape and drum files only. The 
value specified will be added to the current date and inserted in the file 
label. The file cannot be written again until the purge date in the label, 
if any, has expired. 

11..2.2.3. Restrictions 

(1) File names must be unique throughout an ALGOL program. Files may not 
be declared twice in the same block. 

(2) Files declared UP DA T E alway s refer ence catalogued files previously 
created and declared as SERIAL or RANDOM. 

PAGE: 

(3) Temporary files are released at the end of the block in which they are declared or 
if CLOSE is encountered. Subsequent references to a released file will result 
in transfer of control to EOF or EOR labels when specified or the next 
statement if EOF or EOR are absent. 

A file declaration in a nested or disjoint block specifying the same name as 
a previously closed temporary file will cause assignment of a new temporary 
file of that name, however the content of the released file is unavailable. 

(4) A second file declarati.on of a previously declared file, if in a nested block, 
will cause an automatic close of the previously declared file. 

(5) Files may not be declared within a procedure. 

11.2.2.4. Examples 

10 20 30 40 50 60 
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11.2.3. Switch File Declaration 

11.2.3.1. Syn,tax 

I SECTION, 11 

<switch file declaration> : : = SWI TCH F I L E <switch file identifier> 
<switch file list> 

<switch file identifier> : : = <identifier> 

<switch file list> : : = <file identifier> I <switch file list>,<file identifier> 

<file identifier> : ; = <iden tifier> 

PAGE: 

11.2.3.2. Semantics 

The switch file declaration associates a switch file identilier with a number of 
files as designated by the file identi.fiers in the switch file list. 

Associated with each of the file identi.fiers in the switch lile list is an integer 
reference. The references are 0,1,2, ••• n-l, obtained by counting thte identifiers 
from left to right. This integer indicates the position of the file identi.fier in the 
list. The file identifiers are referenced, according to position, by switch file 
designatQrs. 

If the switch file designator yields a value which is outside the range of the 
switch file list,. the file so referenced is undefined. Each file identifier used in 
a switch file list must have appeared previously in a file declaration, and each 
file is governed according to the file declaration in which it was declared. 

11.2.3.3. Examples 

1 10 20 30 40 50 

I I I I I I I L-Ll.. I I I I L I I I I I I~ .. ~-'-.. L~LI I I I I I I I I I I I ~.LL..LL_L .. LL 

I I I 1 I I I I._L_L..L I I I L_LJ.J._.LL ... L_J...-L..L . ...L....L....L.....L..U_...l I I I 1.-L..L_L_.Ll...L._l..-L_..L....L.L LJ.---.LJ 

I I I I I I SIWI hTICIHI I FII LLL~ __ tllW.iHITIAIPIEI: L=I TIAI PIE 111, IT.th~j.21' ITIA.LPIEI31; I I .. ..L_L_L 

I I 1 1 I I I I I I .... j..-_L..L...L...L_L.L..J._L....LJ_~L...L...L . .L...L.L . ..L_L_L.L I I I I I L.L .. L..L.L..l..-L...l ... L...L .L 

1 I I I I I l I I I I I I I LI I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
I I I I I I SIW11 I TI ~..J.L~lj::L..L.L~JH I U I N II ITI : I =t C I A I R LD.1 0 I U I L.....u .... "LAl~~!!~.L.&.L.JLTjLl 
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11.2.4. Format Declaration 

11. 2.4.1. Syntax 

I SEC TlON. 11 

<format declaration> : : = FO RMA T <input or output> <format edi t part> 

<input or output> : : = INI :OUT I :<empty> 

<format edit part> : : = <format identifier>«editing specifications»1 
<format edit part>,<format identifier>«editing specifications» 

<format identifier> : : = <identifier> 

<editing specifications> : : = <editing segment> I <editing specifications>/ I 
/ <edi ting specifications> I <editing speci fications>/ 
<editing segment> 

PAGE: 

<editing segment> : : = <editing phrase>l<repeat part>«editing specifications»1 
<editing segment>,<editing phrase>l<editing segment>,<repeat 
part>( <editing . specifications» 

<editing phrase> : : = <repeat part> <editing phrase type> <field part> I <string> 

<repeat part> : : = <empty> I <unsigned integer> 

<editing phrase type>:: = AIDIEIFIIILIOIXIPIRIS 

<field part> : : = <empty> I <field width>.<decimal places> 

<field width> : : = <unsigned integer> 

<decimal places> : : = <unsigned integer> 

11.2.4.2. Semantics 

The 'format declaration associates a set of editing specifications with a format 
identifier. The following discussion of format declarations is divided into two 
parts: those used for input and those used for output. 

11. 2.4. 2.1. Input Editing Specifications 

Input data can be introduced to the system by various media such as punched 
cards, magnetic tapes, or paper tapes. Once the information is in the system, 
however, it may be considered a string of 6-bit characters regardless of the 
input equipment used. 

For editing purposes this string can be processed as a set of six-bit char
acters. The input editing specifications, through the editing phrases, desig
nate where and in what form the initial values of variables are to be found in 
this string. 
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11. 2.4. 2.1.1. Input Editing Phrases 

The editing phrases designate six-bit character processing. They describe 
a portion of the input data in which the initial value of one variable is to be 
found. 

A phrase such as rAw has the same effect as Aw, Aw •••. , Aw(r times), where 
r is the repeat part and' w the field width. The field width may sp1ecify from 
one to 63 characters. If the repeat .part of an editing phrase is em'pty, it is 
given a value of 1. 

Characteristics of the input editing phrase types are summarized in the 
following table: 

Editing Editing 
Type of Variable Example of Field 

Phrase Phrclse 
Type Exalmple 

Bei,ng Initial ized Contents 

A A6 Any TOTALS 

0 0 None Any Operand 

E E9.2 Real or Complex +1.18 E-03 

F F7.1 Real or Complex -3892.5 

I 16 Integer -12345 

L L4 Boolean TRUE 

0 0 Any 777771244121 

R Rll1.2 Integer, Real or +2143567E+4 
Complex 

S S+2 Real or Complex None 

P PJl5.7 Double +2.12345670-212 

X X6 None Any 6 Characters 

Table 77-2. Characteristics of Types of Input Edit Phrases 

20 



UNIVAC 1108 
EXTENDED ALGOL I SECTION' 11 

The definition of each input editing phrase type is given below; 

I PAGE' 21 

a. A - initializes a variable to the characters found in the field described 
by the field width. If the field width is greater than N (where N is 
either six for a single precision variable or twelve for a double pre
cision or a complex variable), the left most N characters are taken as 
the value to be assigned to the variable. If the field width is less than 
N, spaces are filled to the right of the characters in the field to make 
a total of six characters. The type of the variable can be any, however, 
the data transferred from the data string is treated as alpha information 
and the variable is initialized with alpha characters. 

b. D - causes six characters in the input data string to be ignored. The 
field part should be empty. The use of editing phrase type 0 is equiva
lent to the use of editing phrase X6 (See type X). 

c'" E - initializes a variable to the number found in the field descri bed by 
the field width~ The field width. must be at least 7 greater than the 
number of decimal places specified since the input data is required to 
be of either of the following forms; 

±n.dd---d@±ee 

±n.dd---dE ±ee 

The sign of the number must appear first. A digit and a decimal point 
must follow the sign. One or more digits may follow the decimal point. 
The number of digits following the decimal point must equal the number 
of decimal places indicated by the editing phrase. Following the digits 
must be the symbol E or @, the sign of the exponent, and a two digit 
exponent. The sign of the number may be indicated by +, -, or a single 
space which is interpreted as positive. 

d. F - initializes a variable to the number found in the field descri bed by 
the field width. The input data must be found in one of the following 
forms; 

±nn---n.dd-d 

±.dd---d 

The sign of the number ,is optional. If there is a sign, it must appear 
first; if there is no sign, the number is assumed to be positive~ A 
decimal point must be present; zero or more digits may precede it. There 
must be as many digits after the decimal point as specified by the 
decimal places in the editing phrase. The number must be right-justified 
in the designated field. 
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e. I - initializes a variable to the integer found in the field desc ribed by 

the field width. The sign of the number is optional; the applicable rules 
are the same as in the case of editing phrase F. The number itself may 
consist of one or more digits which must be right-justified in the desig
nated field. 
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f. L - initializes a variable to the logical value found in the field described 
in the field width. There are two possible values, TRUE and FALSE. 
The programmer may truncate these input words as follows: 

T or F must appear in the field but need not be the leftmost character. 
The T or F can be preceded or followed by any number of spaces to fill 
the field. If T or F is not the leftmost character of the field, it must be 
preceded only by spaces. Whenever the T or F appears it can be followed 
by any characters in the field and need not be RUE or ALSE, respectively. 

g. 0 - initializes a variable to the contents of N octal digits taken from the 
input string, where N is equal to 12 for a single precision variable or 
equal to 24 for a double precision variable or a complex variable. The 
field part is ignored and should be left empty. However, the field width 
is always set to 12 or 24 and 12 or 24 characters are taken from the in
put data string. If either 12 or 24 characters are not available in the 
input data string, invalid data will be transferred. 

h. P - is used with double precision numbers. P initializes a variable to 
the num ber found in the field descri bed by the field width. The field 
width must be at least 8 greater than the number of decimal places 
specified since the input data is required to be of the following form: 

±n.ddd--- dO ± eee 

The sign of the number must appear first. The sign may be indicated by 
+, -, or a single space which is interpreted as positive. A digit and a 
decimal point must follow the sign. One or more digits may follow the 
decimal point. The number of digits lJ1ust be equal to the number of 
decimal places in the editing phrase. Following the digits must be the 
symbol 0, the sign of the exponent, and a 3 digit exponent. 

i. R - initializes a variable to the contents of an input field which may be 
written according to the specifications of the I, F, E, or P editing phrase. 
The R field has the following syntax: 

<R field> : : = <signed R field> I <unsigned R field> 

<signed R field> : : = <sign> <unsigned R field> 

< sign> : : = -\- I -

<space>: : = <single space> I <space><single space> 

<unsigned R field> : : = <I field>I<F field> I <E field> I<p field> I 
<space> I <space> <unsigned R field> I <unsigned R field> 
< space> 
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<I field> : : = <unsigned integer> 

<F field> : : = <I field>. <unsigned integer> I • <unsigned integer> \ 
<unsigned integer> • 

<E field> : : = <F field> <E part> I <E part> I <F field> <space> <E part> 

<E part> : : = E <exponent> \@<exponent> 

<P field> : : = <F field> <P part> \ <P part> ! <F field><:space><P part> 

<P part> : : = D<exponent> 

<exponent> : : = <unsigned exponent> \ <sign> <unsigned exponent> 

<unsigned exponent> : : = <digit> I <digit> <digit> 

The action of the oR format (RW) is essentially a free field scan within 
the fixed field W. Four cases are possi ble : 

(1) Entire field is blank. For this condition a minus zero is generated. 
This condition can be detected programmatically. 

(2) Visible decimal point appears. For this case the field would con
tain an F field with or without an E part or P part. That which is 
allowed or restricted is as follows: 

(a) If an E part or P part appears, it must be to the right of the 
Ffie~ --

(b) Leading blanks, trailing blanks and blanks between the F field 
and E part or P part are allowed but ignored. 

(c) Imbedded blanks within F field or within the E part or the P part 
constitute an error condition. 

(d) The decimal places (d) of the RW . d phrase has no meaning and 
is ignored. 

(3) Implied Decimal Point 

The field contains an I field with or without an E part or P part. 
For this case, d specifies the location of an implied decimal point between 
the dth and (d+l)th positions (counting from right to left). That which 
is allowed or restricted is as follows: 

(a) Digits to the left of the implied decimal location are considered' 
integer; to the right, fractional. 
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(b) If the I field is completely to the left of the assumed decimal 
point such that blanks appear to the right of the I field but left 
of the assumed decimal point location, an error condition is 
assumed. 

Example: 

Note: \i denotes blanks. 

123~.tS.tS. = error 

(c) If the I field.is completely to the right of the assumed decimal 
point location such that the blanks appear to the right of the 
assumed point and to the left of the I field. those blanks are 
considered to be zeros. 

Example: 

Note: Ii denotes blanks • 

• .tS.tS~123=.000123 

(d) Blanks found embedded within an I field constitute an error 
condition. 

Example: 

Note: .tS denotes blanks. 

123 • .tS.tS45 =error 

(e) Blanks to the le'ft of the I field and to the right of the I field 
and blanks between the I field and the E part or ~~ (if any) 
are allowed and ignored • 

• 123.tS.tSE -2=.123E-2 

(f) An error condition is assumed if the implied decimal point falls 
wi thin the E part or P part. 

PAGE: 

(4) Th e field contains an E part or P part only. An E part or J~ with 
or without a leading sign can be used. For this case, a ±1.0@ee, or a 
±1.0Deee is generated. Leading and trailing blanks are allowed but 
ignored. The decimal places (d) of the RW.d phrase is meaningless and 
is ignored. 

24 
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(5) Mi scellaneous notes which apply to all are as follows: 

(a) Overpunching of numeric data is not allowed. 

PAGE: 

(b) In any of the above cases if the data are not right justified and 
other than trailing blanks are found, an error condition is assumed. 

(c) An error condition is assumed if anything other than an I field, 
F field, E field, P field, or blank field is found. 

(d) A single digit exponent is allowed. 

j. 5 - provides the means of scaling data. The 5 editing phrase is applied 
to R phrases only. The 5 phrase has the following form: 

5<exponent> 

When an S phrase is encountered in a format, all subsequent values 
associated with an R format phrase are multiplied by the designated 
power of 10, the exponent. More than one 5 phrase may appear in a format, 
each taking precedence over the one before. 

Example of 5 editing: 

5-2 
5+4 
53 
5+20 

k. X - causes the number of characters indicated by the field width to be 
ignored. The repeat part of the X editing phrase has no meaning. It is 
ignored and should be left empty. 

1. Strings - if the input editing phrase is a string, the string in the format 
declaration is replaced by the corresponding input string. The number of 
characters transferred from the input string is equal to the number of 
characters in the format declaration which are enclosed between the 
string bracket ,characters. For strings used in format declarations, a 
maximum of 132 characters is allowed. 

11.. 2.4. 2.1.2. Error Conditions 

When an error condition is encountered during input editing processing, the 
following action takes place: 

1. If no parity action label is specified in the read statement, the program 
will be terminated. 

2. If a parity action label is specified in the read statement, control is 
transferred to this label. The buffer remains unchanged, that is, the 
erroneous data remains in the buffer and will be acce~sed by the next 
reference to the file. 

25 
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11.2.4.2.2. Output Editing Specifications 

I 11 
SECTION: PAGE: 

Output can be performed by the system through various media such as magnetic 
tape, line printer, and drum. The information in the system ready for output (in 
the buffer area) but not yet transferred to the output equipment may be con
sidered as a string of six-bit characters, regardless of the output media to be 
used. 

The output editing specifications, by means of the editing phrases, designate 
when and in what forms the values of expressions are to be placed in the out-

. put data string. . 

11. 2.4. 2.2.1. Output Editing Phrases 

The editing phrases describe a portion of the output data string into which 
output information is to be placed. This information may be one of three kinds: 

a. The value of an expression. 

b. The characters of the editing phrase itself (where the editing phl~ase is 
a string). 

c. The insertion characters 0 (zero) and spaces. 

A phrase such as rAw has the same effect as Aw, Aw, ••• , Aw (r times), 
where r is the repeat part and w is the field width. The field width in an 
editing phrase may specify a length of one to· 63 characters. If the repeat 
part of an editing phrase is empty, it is given a value of one. 

Characteristics of the output editing phrase types are summarized in Table 
11-3. 

26 
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E:diting 
Phrase 
'·ype 

A 

D 

E 

P 

F 

L 

0 

R 

5 

X 

Editing 
Phrase 
Example 

A6 

D 

E11.4 

P13.5 

F8.3 

16 

L5 

0 

Rl1.4 

5-2 

X8 

--,----- -------~.--

Type of 
Example of . 

Evaluated 
Field Contents 

Expression 

Any RESULT 

None 6 zeros (000000) 

Real, Complex -1. 2500E-02 

Double -1.250120+124 

Real, Complex 6735.125 

Integer J1J11416 

Boolean }6TRUE 

Any 777721412712 

Real, Complex, }62.1231E+09 
Double 

Real, Complex, None in field; result: 
Double 10**( -2)*R(s ubsequent) 

None 8 blanks 
__ v.~" _____________ '----------_._-_._._--

Table 71-3. Characteristics of Types of Output Editing Phrases 

The definition of each output editing phras e is given below: 

PAGE: 

a •. A -- place the value of one expression (N characters, where N is equal to 
six for a single precision expression and twelve for a double precision or 
a complex expression) in the field described by the field width., The 
counting of the field begins at the high order character, i.e. the leftmost 
character. If the field width is greater than N, N characters are placed 
left justified in the field, the remaining field is filled with spaces. If the 
field width is less than N, the leftmost characters of the expression 
value are placed in the field. The expression can be of any type; however, 
the expression is treated as type ALPHA when an A phrase is used in 
the editing specification. If an A type phrase is used for an expression 
which has type other than ALPHA, alpha information must be set for the 
value of the expression before output editing has taken place. 

b. 0 - places six zeros in the output data string. No expression is associated 
w Hh the 0 phrase. The field part should be empty. 

c. E ' ... places the value of one expression in the field described by the 
field width. This value has the following form when placed in the output 

. data string: ,bn.dd ••• dE±ee 

27 
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The sign of the number is represented by a single space if positive, and 
a minus sign if negative. If' the field width minus seven is greater than the 
num ber of decimal places specified, leading spaces are used to complete 
the field, then the sign of the number, the first significant digit, and a 
decimal point are inserted. The value of the expression is rounded to 
the number of decimal places specified by the editing phrase. If the 
number of significant digits in the expression value is less than the 
number of decimal places specified, the digits are left-justified with 
trailing zeros. To complete the field, the symbol E, the sign of the 
exponent, and the appropriate two-digit exponent are inserted. The sign 
of the exponent is indicated by either + or -. 

d. F - places the value of one expression in the field described by. the 
field width. This value has the following form when placed in the output 
string: 

,tSnn---n.dd--d 

The sign of the number is represented by a single space if positive, and 
a minus sign (-) if negative. The value of the expression is rounded to 
the number of decimal places specified by the editing phrase. ][f the 
number of significant digits thus obtained is less than field width minus 
two, leading spaces are used to complete the field. If the number of 
significant digits is more than field width minus two, the entirle field will 
be filled with asterisks (*). 

e. I - places the value of one expression in the field described by field 
width. The expression is rounded to an integer and placed right-justified 
in the field p preceded by leading spaces, if any are required. H the number 
of significant digits is greater than the field width minus one, the entire 
field will be filled with asterisks (*). The sign of the number is the same 
as for the E editing phrase type. 

f. L -places the value of one Boolean expression in the field designated by 
field width. Table 11-3 shows the effect of various values of lield width. 

Field Width 
BOOLEAN VALUE 

TRUE FALSE 

L1 T F 

L2 TR FA 

L3 TRU FAL 

L4 TRUE FALS 

LS TRUE!;i FALSE 

Ln, where n>S Skip n-S then same as LS 

Table 11-4. Boolean Values for Various Field 
Widths in Output Editing Phrase 

28 
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g. 0 - Jlace the value of one expression in the output data string. The 
number in the field is an octal digit representative. The field part is 
ignored and should be left empty. However, the field width is always set 
to twelve or twenty-four depending upon whether it is a single precision 
value or double precision value or complex value of the expression. 

h. P - place the value of one expression In the field described by the 
field width. P is used for double precision numbers. This value has the 
following form when placed in the output data string: 

I,i n.dd---dD ieee 

The sign of the number is represented by a single space if positive and 
a minus sign (--) if negative. If the field width minus eight is greater 
than the number of decimal places specified, leading spaces are used to 
complete the field. Then the sign of the num berp the first signfican t di git, 
and a decimal point are inserted. The value of the expression is rounded 
to the number of decimal places specified by the editing phrase. If the 
number of significant digits in the expression value is less than the 
number of decimal places, the digits are left-justified with trailing zeros. 
To complete the fiel d, the symbol D, the sign of the exponent, and the 
appropriate 3 digit exponent are inserted. The sign of the exponent is 
indicated by either + or -. 

i. X - places a number of single spaces, as indicated by the field width, 
in the output string. 

j. R- places the value of one expression in the field described by the 
field width. The output will be either an F.type, an E-type or a P-type 
field, depending upon the magnitude of the expression and the type of 
the expression. Assuming that: 

E exponent number, 
sign 0 for +, 1 for -_., 
W field width, 
d number of decimal places to the right of decimal point, and 

number of decimal digits to the left of decimal point, then: 

(1) The output will be in F - form at 

(a) if the absolute value of the number is equal to or greater than 1 
but less than the maximum allowable integer, and 

w> I+d+ l+sign. 

(b) or if the absolute value of the number is less than 1, and either 
A BS(E)::;.d 

or 
w<d+6+sign 

or 
w<d+7+sign 
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(2) The output will be in E-format or p-format if the conditions for F· 
format are not met, and 

for E-format W2 d+6+sign 

or 
for p-format 

(3) If none of the above conditions are met, the field will be Hlled with 
asterisks. 

PAGE: 

k.. S - the values associated with the subsequent R format phras1es will be 
multiplied by such powers of 10 as designated by the integer in the S 
format phrase itself. More than one S phrase may appear in a format, each 
taking precedence over the one before. 

1. String - an output editing phrase may itself be a string. This editing 
phrase is defined as placing itself, except for the delimiting string 
bracket chclracters, in the output string. However, an apostrophe can be 
placed in the output data string by placing two consecutive apostrophes 
in the string output editing phrase where a single apostrophe is desired 
in the output area. For a string used in format declarations, a maximum of 
132 characters is allowed. 

11.2.4.2.3. The Meaning of Symbol / 

The symbol / (slash) in the editing specifications indicates a termination of 
a record .. The rightmost parenthesis of the editing specifications perform the 
function of one slash. For input editing specifications, n consecutive slashes 
cause n-l records to be skipped (spaced) from the input file. For output 
editing specificclti,ons, n consecutive slashes cause n-l blank records (records 
filled with spaces) to be written out to the designated output file. 

11. 2.4.2.4. Editing Specification for Complex Values 

A com plex value is represented by an ordered pair of real num bers. Therefore, 
all editing phrases used for real numbers can be used for complex numbers 
except that a pair of editing phrases is required for each complex number. In 
order to describe the format of a complex number, two editing phras l8s, one 
for each portion of the complex number, must be used. 

11.2.4.2.5. Restrictions 

1. Input editing specifications cannot be used as output editing 
specifications; the reverse is also true. 

2. An input editing phrase must not be a string. 

30 
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11.2.4.2.6. Examples 

LABEL 

L..1.._' 1 I I 

.J I 

.1 J IlL I 

OPERATION OPERAND 
10 20 30 40 

I I J I I I I , , , I I I , , , , , , I , I I 1.1 , I I .L.L~ .. J LI.I .1 .1 I 

COMMENTS 
50 

I I , 1 I 

J! I I J I J I I J 

L...1. L L.I I J I , , , I I 1 , , , , , , , I L I 1.1 '.1 I..L I I. J J_L.L.L."---L.l I .J .. Ll I 1 J I IlL' 

60 

,I I' I" 

, I , , 

1 I I. I I I 1 ,.1 I 1. 

j I I I , I 'J L Ll . .1.l I , I , 1 , I , , I I I I I I I , , I L 

_ L.l .. L 1 L 1 1 1 ILl !. I I I , , I , 1 , I I' I I , L.t.J , I , 1 I J 11 L 1 -.L_ 

.L.L I I I I I. 1 I 1 I I I I , , I , , I , , , , .1 , I , I , I Ii '._'_i._L.LIL. 1 , 1 I I , 1 , ,I I I I I ILl 1 I I L 

.L.L..I_' , I ,FI01RIM,AIT I 10IU&J..E.J1L.!ljlJLilJ1..LC:>.L~L.L.LL_L..l-"---L-1 __ LLLL..l.-L I' 1 1 1 I I~.L..L..-L.L_L.LJ._...L. LLL.1_L . ..L 

L .1.'-- .1..-1.'- I ilL.! ,. I I I I I , I I , , , , , I I J L L I L I .L J I. J LJ _1.. 1..1 I 1 1 I ,I, I I I L L L I 1.1 I J 

1 ___ 1 __ LL..L I IFJ.Q,FtlM1J\I'TL ,0, U,T, ,F ,41 (,F, 5,. ,2 ,., X,21. ,R13,. ,1,. ,S ,-,2 J.ll.L!. L L.' , I j I I 

,.'- I L.I I , I , , , , , I , , , , , , , , , L 1...1 .... , .I. '.L I L.L_l_LL..l I , I I , 1 

j_.L.L.L...L~~lM1AITI IF,M,T, ,(,SI'I·,2,.,3,R,lj2"13,.IS,",2.,.A,R..lILO,.!'fILLi.' '"' I 1 1 1111 I , I I I I I 1 1 I 1 I I 

.L.L..I I , , , , I I , , , I , LLLL.L.L.L.L_LLL1_LLL L...L...L..l-L..L..L.L~ 1 1 , 1 1 , I L.L..L..-LL.L..L..-L.LL_LL .. LLLL...L...L.L 

.1 L.t 1._LI LFJ01Rl~.IAITl 1 0 1 UIT, ,FIMI I(,A ,6 L<' XI 7,. ,A,81 /, /, /1/1/1>'; 1 , I I 1 L ... Ll.] LI 1 , I ] 1 ] 1.1 L 1 , 1 I , L 1 I I L I , I 

't T1:le last eha.racter before the ri15ht parenthesis is the letter 0 not zero. 
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11.2.5. Switch Format Declaration 

11.2.5.1. Syntax 

<switch format declaration> : : = SWITCH FORMAT <switch format identifier>:= 
<switch format list> 

<switch format identifier> : : = <identifier> 

<switch format list> : : = <editing specification part> I <switch format lisb, 
<editing specification part> I <format identifier> I <switch format 
list> ,<format identifier> I <form at identifier> ,<switch form at list> 

<editing specification part> : : = «editing specifications» 

11.2.5.2. Semantics 

The sw itch format declaration associates a switch format identifier with the 
editing specification part 0 r format identifier in the switch format list. Associated 
with each editing specification part or format identifier is an integer reference. 
The references are 0, 1, 2 ''', obtained by counting the editing elements of the 
switch format list from left to right. The integer reference indicates the position 
of the editing specification part or format identifier in the list. The editing 

specification parts and format identifiers are referenced according to position, 
by switch format designators" 

If a switch format designator yields a value which is outside the range of the 
switch format list, the format so referenced is undefined. If a format identifier 

is used in a switch format list, it must previously be defined in a format 

declaration. 

Editing specifications are identical to the editing specifications of the format 

declaration (11.2.4.). 

11.2.5.3. Examples 

10 20 30 40 50 60 

_ I I 1 1 I 1 I I( II 12 d 1.1 FI OIR 111 ;_1 I I I I 11 I I I I I I I I I I I I I I IlL J __ I _L.l _ Lll _ 

I I I I I I I I I I I I I I I I I I I I I ! I ! I ! ! ! ! ! ! ! I ! I ! I [ ! ! ! ! ! 

..L._LL __ L ... l .. L __ L I Li I I I I I I I I I I I I I I 

L....L.L_~L---.i __ .l_.l I I L I 1 I I I 1 I I I I 1 I I I I I I 1 I I I 
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11.2.6. List Declaration 

11. 2. 6.1. Syntax 

L, __ ,",,--' sE_cT,_oN:_I1---L-p_AG_E: _33_ 

<list declaration> : ; LIS T <list specification> 

<list specification> : : = <list identifier> «list» I <list specification>, 
< li s tid e n ti fi e r> ( < li s t> ) 

<list identifier> : : = <identifier> 

<list> : : = <list segment> I <list> ,<list segment> 

<list segment> : : = <expression part> I <for clause> <list segment> I 
<for clause> gexpression list8 

<expression part> :: = <arithmetic expression> I <Boolean expression> 

<expression list> : : = <list segment> I <expression list> , <list segment> 

11. 2.6.2. Semantics 

A list declaration associates a set of expressions (arithmetic or Boolean) with 
a lis t identifier. The list identifier may be used in a read statement .for the 
variables to be initialized and the order in which the initializing is to be done. 
The list ,identifier may be used in a write stCJtement for specifying values to be 
included in an output operation. These values are placed in the output string in 
the order of their appearance in the list declaration. Variables in a list declaration 
may be either local or non-local to the block in which the listdeclarati.on appears. 

Restrictions: 

1. Since any expression other than a variable is meaningless in an input opera
tion, a list identifier used in a read statement ,must refer to a list declaration 
which includes variables only. 

2. When used for input, the variables in a list ,declaration must have been de
c 1 are d as t y peR E A L, IN T E G E R, ALP H A, BOO LEA N, DO U B L E, 0 r 
COMPLEX. 
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11.2.6.3. Examples 

LABEL OPERATION 
10 20 30 

OPERAND 
40 

COMMENTS 
50 

11 
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60 

I--L-.~ ~~-L . .1 

I--L_LLJ L I ILl IISIT I 

~_LLLL.L L...l L L.l 

J __ J I l J I I I! I I I L.I j L L L .i J , , , II I , I 1.1 I I , I L I I I I I I I 

,LI1, ,( ,X,.,Y,. A,[.JeJ,., ,SjT1EjPJ Il, jUj~Tjl,Lj jSj 10,Oj ~Bl[LIJL)';1 I 

II I I I I I I I I I I I I I J I I I 1 , I I I I I I I I i LL1LLJ.l j 1.J I_Ll .L_LL 

1 I I I j I J i J J I J 1 1 J I I I , , I , '- I..' It 1 J L 1 I I L L_L.1 

I I l I I 

_L_L.LJ_.L_L.L.l. I I 1 I I I I I I I I , I I I L , I I 1 I 1 , L .1m' 1. 1 mJJ I .• J._I I.J 1 L L L.L.l..-L_.L_L...l _L...!..L_L.L_L.l_1 I I I I I 

f-L .. L_L.l..LLLLdISlTj I LIII SIT I3 1 I(,F!O,R, ,1"1=,0, ,S,T,EIPI ,II Ill~T,I,L[ ,llOj 1 0,01 ,F,OjRI IJJ'I=~O, .1S1T .LE .Lf>Ltl...l Il.It~.L'T.t.!..t.I.-.L. 

~L..L.L.~--'---L..L-L.L. l I I I I I I, I I : I' I' 1 1 j I j 1._ 

!---'--L....l-.L..J'-l...-L.L_1IL.L1..J...' ..L'..J.....L..L..L-LI . ...ll-LI ..JI-LI..JI~I L...J~l J I I I I I J i I ! ! I I I ..L.L' ...l-LI-I!L.L..J....l...-L.l...J...1 ..L'-LI ...l'...J..1 ..J'-L' _L.LJLL_'L,.L' 

-'--.LJ-L...L..l_L-L..J.1 [ , 1 , I j ,i, 1 I I , , l 1 , , , I , j I , 1 [ 

~L.L_L.L_LJ.L,IISITL LLl4J ,( IB, IA,N10, ,C"j ,N,O,TJ [ L.i. I .. .L.L_ 

~L-'-I ---,---,---,-----,---I --'-, ...L.l_L I I I I J I I I I J I 1 .. L.L_l , 1.1 , 1.1 . .1 L _I.J .. 1 j j j ., .I.L.L.L..L.L 

f--.t-L . ..LI ---'---'---'-----'---, --'-I...L .L_.L 1 1.1 1 1 , , , ! , 

,L 1 & tr 1 ,R IE ,s ,U ILl ~lL£.jQJ!Lll~lLUJ.l.,!:.IJ'..L .. tl.L..J..!lLfuT,-,I.!..1 ..o::L'-I'--"'1 N'-'..IL.l.' .!":Q~Q:!L..UI C...L!:AiUC-I...!.ILJJl1..L'LI ..JI.!..F..L:I O~IL!:R~, --'-'!I J'-LI!..-, EE..J.I.!..l LI .l,~S.L!IT!..JI!:.El!IP:.JI_ 

~..L...L.J--'---L..L-L.LLJ I I I I I L [ I,ll IUIN1Tjl,LI ,KI 10lQ ICBI[tll,IJIJI,1 LCCJ1JIJIJ,)I:1 1 I j 1..1 I 1 I II 1 .l.LI I 11_ 

11.2.7. Switch List Declaration 

11.2.7.1. Syntax 

<switch list declaration> : : = SWITCH LIST <switch list identifier> 
<switch list list> 

<switch list identifier> = <identifier> 

<switch list list> <list identifier> I <switch list list>,<list identifier> 

11.2.7.2. Semantics 

A switch list declarc.ltion associates a switch list identifier with a number of 
list identifiers. Associated with each of the list identifiers is an integer 
reference which is obtained by counting the list identifiers from left to right 
starting with zero" This integer indicates the position of the list identifJ!er in 
the switch list list. These list identifiers are referenced by means of sw itch 
lis t designators. 

If a switch list designator yields a value which is outside the range of the 
switch list list, the list so referenced is undefined. Each list identifier' used 
in a switch list list must have appeared previously in a list declaration. 

11.2.7.3. Example 

E:=,=!=s=! w=, :=°=1 T=~=C=._.=l'tI=.1=_.=J=b=l=I=.l.:Cj=.=lJ= . .L...L..==2=OI= lL=!=X=!=l=L=:.l===1 L=I~=l =~=.-1=L=I=:=~=' =!L=!3=! ;=1 ==1=_=..1.~:~:4~0~~~~~:=:L..L.l-===.l.-L= 
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11.2.8. Namelist Declaration 

11.2.8.1. Syntax 

<namelist declaration> ; : = NAMELIST <namelist list part> 

I SEC TION, 11 

<namelist list part> : : = <namelist identifier> «namelist parameter part»1 
<namelist list part> , <namelist identifier> «namelist 
parameter part» 

<namelist identifier>: ; = <identifier> 

<namelist parameter part>; ; = <namelist element> I <namelist parameter part>, 
<namelist element> 

PAGE: 

<namelist element> ; : = <simple variable> I <array identifier> I <label identifier> 

11.2.8.2. Semantics 

A namelist declaration associates a list of namelist elements with a namelist 
identifier. The namelist identi,fier may be used in an automatic data read 
statement for specifying that the variables to be initialized and the value to 
be read in are provided in the input file itself. 

The formats of input data records are specified under read statements 
(Section 11.3.2). A specific requirement of input data records introduced 
into the system via the DATA statement for use with the namelist declaration 
is that a space must appear in column one of every item. 

A ssuming that N AM E 1 is defined in a name lis t declaration and used in a read 
statement and A,B, C, LAB, and FILEt are declared as follows: 

r-----------:--'-··--.-----···--··-------------------··------

10 20 30 40 ========================= 

. 1. .. L ... L.1 l ... J._L--.L._L_LJ _.l_.L .. L.L.L .. l .. 

~_J.. .. L_LL .. L_LJ ... .LL J~JB._L~J~L..J.l:L~~J.LL.L.LL.L. L.J.[ .I._.JJ .. LL.LJ_.l-L_l_LLl._L L-L--L.LL 

. ..LL.LL_Ll---.L_L.L Lr:LI .. .L~J~ .. L._,_I.Jt~'L_LlfJI __ J.~..L~J.1.L._L._L~L(.L1J...~!J.L~L_L . ..J. _LL1_-L.L_L_L_LL L 

......... --'-.-...--'-_,1 ....... 1---..' ........ 1 -L.J ...It::l.J.~.iJ;d·:L.L~.J.L__L.~.J_~..LSlili!' 1 , j B 1 ,1 CLI ! L I A I B! )!; II! I J ! ! ! 1 1 

t---'--'-----'-~._L_.J.. __ L . .L_.L.L.L..L __ < 1. ___ L_L L .L __ J L L .. l .... 1. ... LL_L .. L_ J . .J_L_ ... L L_L ... L_ .. L.i .. L.L.l.L._'-__ L_L.l ..J ... l. . 

_._L_L.J-1. __ Ll.-L..J . .L~.LL .. Ll> .J .... L. L.L .. L l ... L_l .. .L. .. L..1_ Lt .. l L.l _L_L.L .. LLJ._~~....1........L.J........LLL 

... L...L_...L.....L_L.L . .J .. J_.l JR.Lt;.l~JJh . .J .I( .LfJ t.l!-ll;lbLLN.J~ . .L~.l_I;Jl.!L,;L .. L_.L_LL_LL.J._J_.J_L.J. 1 1 I I L_L. 
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Possible input data records of FILEl may be as follows: 

LABEL OPERATION OPERAND 
10 20 30 40 

1st record 1!!_LNIAd~~~~~_Jl I I I I 1 1 1 I I '- I 1 1 1 1 I I I 1 I I 1 I I .L....l __ 1_L.L_.l ___ l L _1 

11 

L.1 

PAGE: 

COMMEN 
50 

__ L.L_L_LL_ 

2nd record ~IAI=ll~~.tZJ_710JOIOI717171717171'1 1 I I11111 I 1 1 1 I 1 L1 _l_J --'- 1. L1 I.LL.l L 1 1 1 . L.L.l...L...L_ 

last record 

fbIBI=,1~....L!t4_1·_lQL.1 1.11...11_1 I I I j 1111 I l_.1 L_LJ __ J_l .. .L ... l J L.L..L......l~_LL_L __ Ll __ 1_L.L_LJ.L..L... 

~CI=ll.l!.._4.t! 13 1' 14IEL~.!131· 17 1'1 1 , I I I 1 I I 1 1 I I I 1.1 I 1 1_1 1 _1_1 .L_LL-1 __ L __ LL_L.l_~_L 

l 1 1 l I I 1 1 , 1 1 IlL I 1 I 1 1 1 L _1 L _1 l I _J_ L....l __ L __ l _1...._1 _L..L _L.L __ L 

~~L...LL_L_L 1_1 1 I J J I I 1 I 1 1 1 I I 1 J , 1 .L L L _1 _1 1..1 L.I __ L..L 1 __ 1 1.._1L_L_I __ 

~.t1_1.L12l· ,4,/1 LIAI BI I I I I I I 1 1 I 1 I I , I L _I J. 1 J I I _I I i._I _L_L--'-----L...L_LJ _-' _1_ L....l_l.L_L 

I , I 1 1 1 , I I j I J I , , 1 1 L J L J L J 1 _LJ_ L_L_J J_...L..L..L...L..L...L._Ll.......Ll __ L __ '-

1 1 I 1 1 1 1 1 1 1 I I 1 1 1 I I 1 1 I I 1 1 

The above example would cause records from FIL E 1 to be read into variables 
A, B and array C. Upon executing the last record, indicated by the slash(!), 
program control will transfer to the indicated label, LAB. 

11. 2. 8. 3. ]~estrictions 

U The first input data record must be the namelist identifier which is referenced 
by the read statement. 

t. All variable identifiers and label identifiers used in the input data records 
must have been defined previously in a namelist declaration. 

II If a label identifier is used in the input data record, it must appear in the 
last record and immediately follow the symbol / (slash). A single space 
following the symbol/indicates that there is no label following. 

11.2.8.4. Example 

LABEL OPERATION 
10 20 

_LJ _L_I LL J J 1 1 1 I 1 I 1 I 1 1 J 

...L_J '-.1 1.1 1 1 I 1 1 1 I 1 1 I 

_L._I 1 _ LMu\lMI EI L.I II S 1 TI 1 1 NIA1MIEI11 

OPERANO 
30 40 

COMMENTS 
50 60 

1 .l 1 .L1 I .. L L 1 I. _.'- L J .1.. L.L_L_L_L.J --'--L..L . .l .. 1 L 1 I I 1_.L.1 1 I 1 1 1 I .1. J 1 

1 1 I I I 1 III 1 I 1 1 1 1 j I.L 1 1 J 1 I J J I. I I 1 I. J .. l _1. L l...L L..L....L_L_L 
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11.2.9. Line Declaration 

11.2.9.1. Syntax 

<line declaration>:: = LINE <file identifier> ( <paper size>, <channel 
specification» <heading control> 

<paper size> : : = <unsigned integer> 

<channel specification>:: ==<channel number>: <line number> I <channel 
specification>, <channel number>: <line number> 

<channel number>: : 0= <unsigned integer> 

<line number>: : = <unsigned integer> 

<heading control>: : = [ NO] I [ NO, <heading>] I [<heading>] I <empty> 

<heading>: : = <string> 

11.2.9.2. Semantics 

11 

The line declaration is used in conjunction with file declarations. The file 
identifier so referenced in the line declaration must be a print file. The 
UNIV AC 1108 high speed printer does not use the paper loop mechanism to 
control carriage return and spacing of a line printer. Form control and spacing 
is completely variable and controlled entirely by program. In UNIVAC 1108 
Extended ALGOL, the line declaration is used to describe print files. The 
form, number of lines per page, and the channel number associated with a 
specific line number are specified by the line declaration. 

11.2.9.2.1 Paper Size 

The length of the printer form is expressed as paper size. Paper size 
specifies number of lines per page. Standard paper size is 66 lines per page. 

11.2.9.2.2 Channel Number 

Channel numbers referenced the channels on printer control tapes. 
Channel numbers are used in conjunction with line numbers to give an associated 
reference number and line number which is to be spaced to when utilized in a 
write statement. All channel numbers must be defined in the line declaration to 
describe the channel number and its associated line number prior to being 
referenced by a write statement. A maximum of eleven channel numbers with an 
associated line number for each may be specified. 

For example, channell is the 'home paper' channel. If skip to channell is use~ 
in a write statement, it causes a 'page eject' to the line specified in its associa
ted line number specification. 
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11.2.9.2.3 Heading Control 

I iI 
SECTION: 

Heading control indicates whether or not a heading is to be printed on each 
new page. 

PAGE: 

(1) If heading control is empty, it causes the current date and page number to be 
printed on each page by EXEC 8. 

(2) If NO is used, it will not print the EXEC 8 date and page number on each 
page. Therefore, if a line declaration with a NO specified does not appear 
the EXEC 8 date and page number will always be printed on every page. 

(3) If only heading is used, the string in the line declaration will be printed 
with the EXEC 8 date and page number appearing on each page. 

(4) If NO and heading are used, only the string in the line declaration will be 
printed out and no EXEC 8 date or page number will be printed. 

11.2.9.3. Restriction 

1) The file identifier used in a line declaration must have appeared previously 
in a prevailin~ file declaration. 

2) In the absence of a line declaration, standard UNIVAC 1108 print page 
definition will be assumed. Standard UNIVAC 1108 printer page definition 
is 66 lines per page, with a top margin setting of 6 lines and a bottom 
margin setting of 3 lines, thus giving 57 printable lines. 

3) Each channel number declared in a line declaration must be associated 
with only one li.ne number. 

4) Channel number can only be 1 through 11. 

11.2.9.4. Exam,ple 

10 20 30 40 

The above example declares that the form is 66 lines per page; and it will be 
positioned to line 6 before printing begins. Each skip to channell in a write 
statement causes the paper to be ejected and repositioned to line 6 of the new 
p age. Channel 6 will be associated with line 11, and channel 10 with line 60. 
Since no heading control is specified, the EXEC 8 date and page number will 
be printed on each page. 
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11.. 3. ST A TEM ENTS 

11..3.1. General 

I SECTION, 11 PAGE: 

Each particular 1/0 statement will be discussed separately in succeeding sections. 

11. 3.1.1. Syntax 
<I/O statement>: : = <read statement> I < write statement> I <space statement> I 

<rewind statement> 1 <close statement> I <lock statement> 

11. 3.1. 2. Semantics 
l/O statements cause values to be communicated to and from a program and 
provide programmatic control of files and I/O units. 

11.3.2. Read Statement 

11. 3. 2.1. Syntax 

<read statement>: : = READ <direction> «input parameters» <action label> 

<direction>:: =<empty>I REVERSE 

<input parameters>: : = <file part> <buffer release> 1 <file part> 
<buffer release>, <format and list part>\ 
<file part> <buffer release>, <free field part>1 
<array row>, <format and list part> I <array row>, 
<free field part> 

<file part>: : = <file identifier> 1 <switch file designator> 

<buffer release> : : = <empty> I [ NO] ,I <record address and release part> 

<record address and release part> : : = [ <address>] I [ NO] I <empty> 

<address> : : = <arithmetic expression> 

<format and list part>: : = <format part> I <format part>,<list>1 
<format part>, <list part> \ *, <list>1 
*, <list part> 1 <alpha array identifier>, 
<Ii st> I <alph a array identifier>, <list 
part> 1 <arithmetic expression> , <array row> I 
<name list identifier> 

<free field part> : : = /, <list> I /, <list identifier> 

<format part>: : = <format identifier> 1 <switch format designator> 

<list part>: : = <list identifier> I <switch list designator> 

<action label> : : = [<end of file label> : <parity label> ] I [<end of file 
label> ] I C <parity label>] I <empty> 

<end of file label> : : = <label identifier> 

<parity label>: : <label identifier> 
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11.3.2.2. Semantics 

I SECTION< 11 

The read statement causes values to be assigned to program variables and! or 
places information in strings defined in the format declaration. 

• Di rection 

REVERSE is used to sp~cify the reading of magnetic tape or drums in the 
reverse direction. Otherwise this field is empty. 

PAGE: 

For drum files the use of REVERSE causes adjustment so that the value of 
the record pointer is decreased by one from its designateq setting before the 
read is performed. If the value of the record pointer is N when a read reverse 
is executed, the record pointer is set to N-1 before the read is performed. A t the 
completion of the read reverse, the record pointer remains at N-l. 

• File part 

This field specifies which file is to be read. If array row ~s used instead of 
the file part, it indicates an Edit and Move read statement. 

• Buffer release 

The buffer release indicates whether the input buffer i~ to be refilled after it 
has been read and edited. If [NO] is used the buffer will not be filled and the 
current buffer is the next one to be accessed. 

• Record address and release part 

This field applies only to drum files. The address specififtS the rellati ve 
address of the record in the file to be read and is edited as specified in the 
read statement. The record pointer is set to the address bcrfore the read is 
executed. The record pointer will not be adjusted ~fter the read is executed. 
An address must be used with files declared RANQOM. If [NO] is not used 
and address is not specified, the record read will be the current one pointed 
at 'by the record pointer. After the read, the record pointer will be adjusted to 
point to the next record. If [NO] is used, the record read will be the current 
one pointed to by the record pointer. After the read, the record poiI1tterwill not 
be adj usted, i. e., the record pointer will be the sam e one qS before the read 
was executed. 

• Format and list part 

The format and .list part specifies the action to be taken on input data. If no 
format and list part is gi ven, one logical record will be passed without being 
read. Such a statement acts as a space statement which only spaces one 
record. 
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PAGE: 

A format identifier alone indicates that the referenced format declaration con
tains a string into which corresponding characters of the input data are to be 
placed, i.e., replace the string in the format declaration with the string in the 
data. The referenced format declaration must only contain one string. 

A format indentifier together with a list or list identifier designates that the 
input d"ata is to be edited according to the specifications of the referenced 
format declaration and assigned to the variables of the referenced list. 

The asterisk, *, together with a list or list identifier specifies that the input 
data is to be processed at word length and that it is to be assigned to the 
variables of the referenced list without being edited. The number of words 
read is determined by the number of variables in the list or the buffer size, 
whichever is smaller • 

. The arithmetic expression with an array row specifies that input data is to be 
processed at word length and that it is to be assigned to the elements of the 
designated array row without being edited. The number of words read is deter
mined by the number of elements in the array row, the buffer size, or the value 
of the arithmetic expression, whichever is smallest. 

The alpha array identifier together with a list or list identifier specifies that 
the input data is to be edited according to the calculated format specification 
stored at the referenced alpha array at execution time and is assigned to the 
variables of the referenced list. The calculated format must be placed in a one 
dimensional alpha array prior to execution of the read statement. 

The namelist identifier indicates an automatic data read statement. The list 
information is provided by the referenced namelis t declaration and also is 
provided in the input file itself. The format information is provided in the 
input file. Input data records are defined as follows: 

(1) The first character in each data record is always ignored. The first record 
of a group of data records to be read must be the namelist identifier which 
is declared in the referenced namelist declaration. This identifier is 
followed by the data item s. 

(2) The data items must have the following form: 
variable element = DATA WORD 

They are defined as follows: 

<namelist element> : : = <Simple variable> I <array identifier> I <label> 
<OAT A WORD> : : =:: <value list> 

<value list>: : = <initial value>, I <value list>, <initial value>, 

<initial value>: : = <number> I <string> I % <octal number> 

(3) Any selected set of the variables or array identifiers belonging to the 
namelist parameter part of the namelist identifier which appear on the first 
record may be used in the manner specified by the above data item. 
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(4) The end of a group of data records is signaled by a slash (/) instead of a 
comma. A label appearing immediately following a slash, i.e., /LABl, 
will cause ,a program transfer to the specified label, LABl, which must 
be specified in the namelist declaration. A slash followed by a space in
dicates that no label is specified. The program will transfer to the state
ment immediately following the read stE)tement after the read is executed. 
See namelist declaration, Section 11. 2. 8.2, for examples. 

• Free field part 

When the free field part is used, no format declaration is required to provide 
the editing specifications for data. Editing specifications are determined by 
the format of the data. Data must be formatted as described under FREE 
FIELD INPUT, Section 11.3.3. 

• Action labels 

The action labels provide a means of transferring control from a read statement 
(0r space statement) when an end-of-file condition or parity condition occurs. 

An end-of-file condition occurs for drum files whenever an attempt is made to 
read a record whose address us greater than that of the EOF indicator. The 
EOF indicator is always set to the address of the highest addressl~d record 
written in the f.lle. 

• Edit and Move 

An array row may be used in a read statement instead of a file parlf • It provides 
the means of utilizing the editing features of a read without using I/O files and 
buffer areas. In effect, the array row designated in the read statement is anal
ogous to a buffer area. 

• When a read stcltement is executed without specifying an input file, data in the 
designated array row is edited and placed in the list. The format part determines 
what editing is to take place as the data is moved from the array row to the list. 

11. 3. 2. 3. Restriction s 

• When a parity error occurs in reading from tape the redundant record is left in 
the buffer. 

• Tape files must be closed before changing directions when the tape is posi
tioned follow ing an end-of-file. 

• Labels and variables used in an input file for a namelist data read statement 
must be declared by a namelist declaration in the block in which the read 
statement appears or be global to it. 
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11.3.3. Free-Field Input 

11.3. 3.1. Syntax 

<free field sentence>: : == <field> <field delimiter> I <free field sentence> 
<field> <field delimiter> 

<field>: : = <number> I <string> I % <octal number> I / I <empty> 

<field delimiter>: : ==, I <letter> <any proper string not containing a comma>, 

11.3.3.2. Semantics 

PAGE: 

All free-field input is in the form of free-field sentences. Each field in a 
sentence is associated with the list element to which it corresponds according 
to position. A free-field sentence is not affected by the end of a record. A field, 
or field delimiter, may be carried over from one record to another. Continuation 
from record to record is automatic, until the list is exhausted; unused characters 
(if any) on the last record read are lost. All blanks in free-field sentences, 
except those in strings, are completely ignored. Fields are handled as follows: 

• Numbers 

Numbers which either are represented in integer form or contain a decimal 
fraction and/or exponent part are converted to integer, real, double or 
complex according to the type of the variables in the list, respectively. Two 
real numbers are required for each complex variable. 

• String 

Strings may be any length. Each list element receives six characters until 
either the list or the string is exhausted. The string characters are stored 
left-justified with space fill on the right in the list elements. Strings are 
enclosed in the string bracket character, i.e. '. In order to read an apostro
phe or a quote within a string, two string bracket characters must appear in 
succession to represent one in the input record. 

• Em'pty 

An empty field causes the corresponding list element to be ignored. 

• Slash (I) 

The slash (/) field causes the remainder of the current record to be ignored. 
The record following the slash is considered the beginning of a new field; 
therefore the slash field does not require a field delimiter. (The slash field 
is unique in this regard.) A slash field has no effect on list elements. 

• Logical Values 

For free-field input, the integer value 1 (one) and 0 (zero) represent the 10gica'I 
values TRUE and FALSE respectively. 

44 
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11. 3. 3.3. Restriction 

Free-field input may not be used with blocked tape records. 

11.3.3.4. Examples 

Consider each of the following lines as indi vidual records, 

1 

2 

3 

@ 

29 

+ 1 23 . 0 @ + 

29 

+ .123@29 

, 0, X, Al , 4 A 5 S, / CARD 124 

15 IGNORED, ZERO, 

% 177, % 30, 'THIS IS A STRING', 'DON"T',' 

STRING' , , , , 

I SECTION, 11 

If the above records (free field sentence) were read with the statement 

10 20 30 40 

I PAGE, 45 

50 

LL--L.L-l ___ L.1 __ LLJ_LL_L_.l .L L.li __ LL_L_LL_L ___ LL_..l_L.-L_L_L.LI 1 .. 1 .1._1 I I I I Ll..-.l ____ L.-L1. __ .l __ L l L_.I .. LL 

_LL.LJ __ L~.LI?~L~J1..l!:LI_J Ll EIILDJ'_L~ Lf=.l!l.L RL.JI_L~...L:O::JOLJ~~!L~~L L
1LJ U.LNj ~L~Jl..--1_L1 ~.-l_ .. l DJ.0L 1 P.l [i~JJJ LJ.L 

where A was dec! ared as an array of type real, values would be assigned to 
A as follows: 

A [ 0] 123@29 A [6] , = 4.0 

A [1] . 123@29 A [ 71 = 15.0 

A [2] , = .123@29 A [81 ' = Unchanged 

A [ 3] 0 A [ 9] 177 (octal) 

A [4] Unchanged A [ 10J 30 (octal) 

A [5] , = Unchanged A [ 11] THISIjI 
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11.3.4. 

11. 3.4.1. 

A [12] , = S~A~ST A [1S] , = STRING 

A [13] , = RING~lI A [16] , = Unchanged 

A [14] , = DON'T~ 

Write Statement 

Syntax 

<write statement> : : = WRI T E«output parameters» <waction label> 

<output parameters> : : = <file part> <carriage control> I <file part> 
<carriage control>, <wformat and list part>1 
<file part> I <array row>, <wformat and list part> 

<file part> : : = <file identifier> I <switch file designator> 

<carriage control> :: = [PAGE] I <skip to channel> I [DBL] I [NO] I <record 
address part> I <empty> 

<record address part> :: = [<address>] I<empty> 

<address> :: = <arithmetic expression> 

<skip to channel> :: = [ <arithmetic expression>] 

<waction label> :: = [<end of reel label> : <parity label>] I [:<parity 
label>] I (end of reel label>] I <empty> 

<parity label> :: =:: <label identifier> 

<end of reel label> :: = <label identifier> 

<wformat and list part> :: = <format part> I <format part>, <list> I 
< form at part>, < li s t part> I *, < li s t> I 
* , <list part> I <arithmetic expression> , 
<array row> I <alpha array identifier> , 
<list> I <alpha array identifier> , <list pad> 

<format part> :: = <format identifier> I-<switch format designator> 

<list part> <list identifier> I <switch list designator> 

11. 3.4. 2" Semantics 

• File part 

The file part specifies the file to be used. If an array row is used ilnstead of 
the file part, it indicates that it is an Edit and Move write statement. 

46 
PAGE: 
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II Carriage control 

I SECTION, 11 PAGE: 

The carriage control allows for paper control on the line printer. Carriage 
control is irrelevant and ignored on all other units except the record address 
part which applies only to drum files. PAGE causes the printer to skip to the 
next page after the line is printed. Skip to channel causes the printer to skip 
to the channel indicated by the value of the arithmetic expression after each 
line of print. The arithmetic expression should have a value from 1 through 11. 
If the arithmetic expression yields a value other than integer, it will be rounded 
to type integer in accordance with the rules applicable to the evaluation of 
subscripts. If skip to channel is used, the channel number and its correspond
ing line number must be defined in the line declaration which follows the file 
declaration. 

DB L causes the line printer to double space after the line is printed. NO 
causes the printer to suppress spacing after the line is printed • 

• 1 W format and list part 

The wformat and list part specifies the action to be taken on output data. A 
format identifier alone indicates that the referenced format declaration con
tains one or more strings which constitutes the entire output. 

A format identifier together with a list or list identifier designates that 
variables in the list are to be formatted according to the specifications of the 
format declaration and written as output. 

The asterisk, *, together with a Nst or list identifier, specifies that the 
variables in the list are to be processed at word length and are to be written 
as output without being edited. The number of words written is determined by 
the number of variables in the list or the maximum record length, whichever is 
smaller. When unblocked records are being used, the maximum record length is 
the buffer size. 

The arithmetic expression with an array row specifies that the elements of 
the'array row are to be processed at word length and are to be written as 
output without being edited. The number of words written is determined by the 
number of elements in the array row, the maximum record length, or the value 
of the arithmetic express'ion, whichever is smallest. When unblocked records 
are used the maximum record length is the buffer size. 

The alpha array identifier, when used in a write statement followed by the 
list part, provides a means of calculating a format at execution ti!lle., The 
calculated format nJust be placed in the one dimensional alpha array prior to 
execution of the write statement. 

The record address part applies only to drum files and specifies the relative 
address of the record to be edited and written. If address is provided, the 
record pointer is set to address before the write statement is executed. If 
the record address part is empty, the record point er is used as it was left by 
the previous I/O statement. For RANDOM files, the address must be provided. 
After a write statement is executed, the record pointer will be adjusted to the 
record following the last record written. 

47 
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If only the file part and record address part are provided in a write statement 
referencing a drum file, the contents of the current buffer are written. 

• Edit and Move 

In a write statement, an array row may be used instead of file pari;, this- indi
cates an Edit and Move write statement. When an Edi t and Move wdte is 
executed, data from the list is edited and placed into the designated array 
row. The data is edited as specified by the format part as it is moved from the 
list to the array row. In effect, the array row designated is used as a buffer 
area for writing a record. 

• Waction labels 

Waction labels provide a means of transferring control from a write statement 
when an end of reel condition or a parity condition occurs. 

11.3.4.3. Restrictions 

• Writing of mixed mode tapes is not possible. 

• When a parity error occurs in writing a tape, the redundant record is left in 
the buffer. 

• If a parity error occurs and the label is not present, the program terminates. 

• If an end of reel occurs and the label is not present the program continues; 
the record is not written. 

11. 3.4.4. Examples 

LABEL OPERATION 
10 20 F========================== 

OPERAND 
30 40 

COMMENTS 
50 60 

~~~---L_l._L.L.L I, '" ,I", , , , 'I' I I I." " , "I L~~,' I I II I L~.L.J' '-.1 j I 

--LLli~~~HL~L l(tl'ILIEI'I
D ! 1[IPLAIGLE~).l~~lL .... LLLLLI_l--Li I, , I I I I I ~I I I I I I 

I I 1.1 L 

I I I I 

~~ I I I , I I I I I I I I I I I I I , I IJ. I 1.1 L I I I I I L L~_.~~ I I I I I I.L~~--LLL--"LL~~._._L~~L 

I ,W,RI'ITIE, 1(IFI'ILIE,'IDI,lIMIT) ,;, I I I I I , I I I II I I I I I I , I I I 

~-L~~ __ LJ_L~ L J 1 I. I ,. I I I , I I I J j I , 1..1 '_I .1_1'-_1 L_L.J_l-LL_L..L_.I~~-LL...L---L--L..L.l. I I I I I I 

~~~'''''~~l~JT lEI I( ,FI', L,E, 'IDL'I* I' IL, liS IT,I,D,)L l[L:LP-'-!-L~l:1;_LI j L I_LI. __'___...L..L..L-LL __ LL__'___.L_L_L.L I I I...LL 

I I ___._Ll--.L .. LLLI.I I I I I " 1 I J J I 1.1 , I.' 1 1 l---'- .. Li._L.--'---..LL.l_LL.__'___._'____L..L-LLL.l .. L--'-_L..L_L--L.L--'-----Ll 1 .. L.-'-----L-LlL 

--LJ~~~E__'____L(IFJIILIE,IIDI ICOI BIL~JI'IFJMITL,_IAILLB~LI.<:--'-L-'--~LR~AJ[.L~---'--J11iL--'------'--~l--L--'------'----Ll-----'----Ll-Ll I I I I I-L 

I I I I I , I I 1 , I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I , I I I I I I I I I I , I I I I , I I I I , 

-L~~~BtllT lEI I( I FII, L, E, 1,01, ,XI +,Y I -IZ" ,A,R IAI3 1[,l , '1 1L'1*.L]) I;L.J __ l._'____L.-L_LL..L-L~L.LJ._L.J _ _'______'___~i_L___'__...LL 

J.----L----"----"----L-l--L---'-....JLLJ_LL I I I , , , , 1 I I I 1 I J 1 .. 1 J L I L---'-_l---'-_LLJ _1._L1'-_L--'----1 I I I I I I 1 L--'--. __ L.L.J __ Li ... L_LL~L 

J.----L---'----"----L-l~~LI.I!.J.~J ,( IFJI,LJE,I PI) ';"1 ,1'1 J I J "l._LLL.L.'_.L_L__'__---'-.. _L-L~L---L.l.~___L_.l .. L.JL-'-----'-____'___L.LJ._.L__'_______l __ L 

J.----L----"----"----L-l---.-L.LJ. __ l __ L.--'-. __ l I .IL L. I J I 1 , J L .LI L.1.-'--.I_I .. 1 L---'-_.-'-.. _L ... L.L--.l I. L..LJ __ -'-----'--__ LL---'-_l __ ~_L.__L.LJ._LJ. _ __'__---'I------'-I___'__1 --'-----'---LI ~IL--.LI---'--I 

, I WI'3 II T I E , l(lILIEJ:;XI~2IJI'l,TI'ILISITI)1 [IEIOIF,];1 1 I I 1 I 1'1 I I 1 

J I I L_L_L~_LL----'---._L.I I I I ILl .LLL! L .. L~_.L L.l L1 .L_l_L---'---.1..1 LL_L.l I I I I I I 

1---'------'-~~~t!1~~LI( I FII ,L1 EI 1 1°1, III OJ' I Ale *,JI ) I ;LL J I L 11 I Ill ... L . .l .. _.J.--l_LJ I I I I I I LLI I I I I I I I I 

~_.~.....J----L---'--.LJ .. L.L i.1 L II I I.J.J.L_L.Ll_J .... L. L.L_l __ L .. LL.L---'----.lL_LL.L.L_I .. L.L~_J_.L..L----'-____'__.--l...L.LL___'__ .. L__'_____'______l___._L.L.1 I I I I 

1---'------'-~.....J~l.~LI jTI~LL(IFII, LI EI ,1,0j,f IR,MIT 1'1 LIS, T I ) 1 J~ E, 01 FJ : ,Pl·JRJJLLLL.L----'----_~U-----'------'--.. LLL---'--_ ___'__...L I I , I I I 

I , I , , I I I I ...LL_L-L.JLl_L! I , I I I 1..1...---'---l I I I I I I I I I 1 I I I I I I , I I I· I I I I I I I ! I I ! , 

~---L---'---l~I!J-1T~E..Lu,(IF=.LI,LJ Ell 10j "FL~i"l'L,1_I~R.Ju_I!.L:J"'-'-!L.__'__slItELPL .. ll LLlILtoI.L"I"l' ILL ,1, O,OL~J>L---,-J\~-,--~CI~JA" I B I ) I; I. 

l----'---.i___L___'___l......L.L.L.LJ.-.L.l_L.L LJ_I.J. L.I .LL-'-----'---.L.-'-----'-----'---~_.L.L..L.I .L_L..L.i_LLL~~ I!II_~._~_IIIIII. 

___._Li___L___'___l~~§.L'(l"L/ IJ, IF; M, T1'jLjSL"I'l),! J LLL L.l.LL...LL I I I I I I Li----,---I ---'1------'-1----'---'----'--~I'--LLLLJ . .l.1_Ll____'___...L..L 

f-L.1----L---'---l I I I I ~ _ _' __ L.LL.Ll I 1 .1 IL_L.l. _ __'___LL_Ll_.LL---'----'--_L.l .L--'-_.J L.L.1. L_J L __ L--.l-----'----'-I----'---'---..L....l_L_-'----'-----'----'---J-LL-----'---l._L 

! ! I I ! I ! 
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11.3.5. Space Statement 

11.3.5.1. Syntax 

11 
SEC TION: 

<space statement> SPACE «file part>, <number of records> )<action 
label> 

<number of records> :: = <arithmetic expression> 

<file part> :: = <file identifier> I <switch file designator> 

<action label> :: = [<end of file label> : <parity label>] 
1 r<end of file label> 11 [ : <parity label>] I <empty> 

11.3.5.2. Semantics 

The space statement is used to bypass input logical records without reading 
them. 

The value of the arithmetic expression determines the number of records to be 
spaced and the direction of the spacing. If the expression is positive, the 
Jrecords are spaced in a forward direction; if negative, in the reverse direction. 

F' or drum file, the space statement is used to adjust the value of the record 
pointer; i.e., the value of number of records is added to the current record 
pointer. 

11.3.5.3. Examples 

10 20 30 40 

PAGE: 

~:==========================.--============================================ 

_I 1--L~l __ LL I I I L_I '_J I L ___ I._ . .J ____ 1.i. LLLdLL L L._L-ldL_i_~i. I I I I ~_L_L_i __ .L I_ 

lI--L-'--"----L--'--',~~~~lc:_1 E j dl( j F ,I 1 LI ELljOj, 15 1).1 [lL_L~19L~F=1_: _l~~L~l~.J!Lj i __ L_L_Li ___ L_Li_LJ 

~--LJ--L-.-LLJ __ 1 I J I j 1.1 LJ_LLLL_L J __ LJ._~LL_ Ll _ L 1 L _L..l_.L _LU--L-L.J __ Li._-'-_L 

~-L-LJ--L.-L_LL_l .L I 1 I. 1 _j 1 1 J I.L.L_L._'-_L_LJ._._L LL_L_L.lL_L_L L_l L L_-'-_ J_L--'-_1 L I_ 

I , , I ,., S ,P ,A IC1L.JJ.~.l!_~.~.l.~ A1 • .L~L! l=l.~_J.L~~~~1 PIAl R I] ; 1 . I I I 1 I 1 I I 

~-L,J-J--L~LJ_LL_ L .I ILl 1_.1. I LL.JL_~.L_L __ LL_J ___ L_ L--' ___ L_L __ L-'-J_L_l .. L_L_.L LJ _I _L 

..L-'-_L--L.J--L~_LL l_1 I I , j J l _L.L_L_L_l __ L_:_L .. __ L_I_LL . .L __ LJ. __ .L-'-_L_L_Ll_l_L J L .. L_L_L_L_ 

~ __ L_LL~~C_lt;L_I( J Fjl1l, ELI1~L'.LAl.!iJ~'L-:-l~_J_1LL_L _ L .. L LLL_L .11. Li._L-LLi_L_LL..L L 
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11.3.6. Close Statements 

11.3.6.1. Syntax 

<close statement> 

11.3.6.2. Semantics 

I 1.1 
SECTION: 

CLOSE «file part>, RELEASE) I CLOSE «file part> , 
SAVE) I CLOSE «file part>, *) I CLOSE «file part>, 
PUR G E ) I C LOS E ( < fil epa rt> ) 

The close statement causes the referenced file to be closed. 

The following actions take place: 

• On a card output file, a card containing an ending label is punched. 

PAGE: 

• On a line printer file, the printer is skipped to the next page, an end:ing label 
is printed, and the printer is again skipped to the next page. 

• On a tape output file, the end of file mark is written after the last block on 
tape. 

• 0 n a drum file, the buffer areas reserved for the file are returned and if the 
specified file is a temporary file, the drum space for the file is returned. 

If RELEASE is used, the 1/0 unit is released to the system. If the fih~ is 
a tape file, the tape is rewound. 

If SAVE is used, the I/O unit is released to the system, but the unit 
requirement of the program is not reduced. If the file is a tape file, the tape 
is rewound. 

If PURGE is used, the permanent file is closed, decatalogued, and released 
to the system. 

If the' asterisk symbol, *, is used, the file must be a tape file or drum file. 
The 1/ 0 unit rem ain s under program control, and if a tape fil e, the tape is not 
rewound. This construct is used to create multi-file reels. 

When the asterisk symbol, *, is used on multi-file input tapes, the following 
action takes place: 

• If the last reference to the file was a forward read statement or a forward 
space statement and a CLOSE (file part,*) is executed, the tape is positioned 
forward to the la bel of the succeeding file, if any. 

• If the last reference to the file was a reverse read statement or a reverse 
space statement and a CLOSE(file part,*) is executed, the tape is positioned 
to a point just in front of the beginning label for the file. 

• If the C LOS E (file part, *) is executed after the end-of-file label b ranch has 
been taken, no action is performed to position the file. 

so 
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----- .------.----~----------~--------..----.-----------------~~-----------~"---------------~--------

When the CLOSE «(ile part> ,*) is used on a single-file reel, the action taken is 
the same as for a multi-file reel. The next reference to this file must be a read 
statement in the opposite direction from that of the prior read on the file. 

When the CLOSE «file part» is used, it applies only to a random access 
drum file. 

All file buffer areas are released as a result of all close statements being 
executed except CLOSE «file part> ,*). 

11.3~6.3. Examples 

10 20 30 40 

..... _L.L-L.l_~~J ___ .LL-LL-L~L-1 I 1 I I-----.L.J I I I I I I I I I 1 I LL._.l~L..L.LL1_LJ .... _L_L.L.L 

_-.-l ...... 1. ... _.l __ ..L . ..LJ_. __ .l._L_J.~lC I L 10 I s l~_L.....J_~f..l...I_Ll.j._~ LLP....LLL~.hJ;.L~L~L~l .. .Lll_L.l ___ L_. __ L 1_ ....L_J. __ l. L_I. ..... 1.. .... L_.L .1 ... _L 

I I I I I I I I I I I I ! I I ! ! ! I I ! ! ! I 1 1 I 1 I I 1 I 

_.....L __ L..L-.-l_L . ..L.......L..l_l_L_L __ L 1_1._1.._1.. ....L.. __ 1.. __ 1 .J_ .. _LL....L.....L..l... ..... L_L .. .L..! --'--"--L1.........l-1 _l~L . .L....L.........L..L......L.....l..L...l~L . .L _.L L . ..L 

-L......L..L....L.._L...l ...... L_.L_L_J._L.l ..... L_L_L_L _LL_L ..... L......l._.1 ! I I !-----L..L1.._L-L..L ..... L_L_LL_L-.-l. ___ .L J . L 1 1_ 

_! 1 I L...l.......L...L.1.--l . ......L..LL..l...-.-l-.L.L_L_L.L...L ..... L...L.....L...lI--'---'---'---'-......l............L-....J..........J...1 ._L ..... L...L....L...L....LJ,---''-----'---'---'---'---'-____ L.L 

1 I 1 I I_I! I 1 1 J-L I I j I ! I I I 1 1 I 1 I 

_L-'-._LL...L..l. ..... L.L-l........lC;: 1 L 1 0 I S lEI 1 ( 1 F 1 I I L I ~.-=D:J.I~' ...1..1--,-1 ~* .1...1 ),--,-1 ,L; 1......1 ......l..........L.......L......L.....-'--'---'--LI_ ......L..LJL.l...........L.L...l_..L..L L L 

_.JL ..... L.LLL....L...L....L.......l.~L...L~L_l . ......J..__'_--'------'-.....L.......L1 -1-1 ..... i......L..L....L-L ..... .l.--'--'---'---'---'---'-I_ .....L..1.._ .• _L._L_.L_L...l ~L __ L-'-~L..L_L..L. 

I I ! ! I __ ..I......L ! I _..J-.L._""I _. ""I --1..1 --'-_"_-"-...I.......I-....... ..L.-..I--..I.-"--'--!.......J--i-..l.-..I.-L.I --1-1 ......... i --1...1 _"_I ...J-I ...J1 .... 
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11.3.7. };~ewind Statement 

11.3.7.1. Syntax 

<rewind statement> :: = REWIND «file part» 

<file part> :: = <file identifier> I <switch file designator> 

11.3.7.2. Semantics 

·1 SECTION. 11 PAGE: 

The rewind statement is used only in reference to tape files and drum files. For 
tape files, it causes the referenced file to be closed and the tape to be rewound. 
The I/O unit remains under program control. 

F or drum files the t'ewind statement causes the record pointer to be set to the 
address of the first record in the file. 

11. 3. 7.3. Restriction 

On paper tape files, the rewind statement may be used only on input. 

11. 3. 7.4. Example 

10 20 30 40 

~1--L1_.L...JII---.JI'--L-L---L-~L-...I_.-L---L--L--L-L_l~L-.l._J .. L .. L . ..1 L_L . .L~ I I I I L.L __ L.-.l_J. __ .L_l._L1-.L._L.L..L __ 

~1---,-1_-'---III--,I.--L-'--'--...L--..-L.-L _-'---L---,---,-_L .. L.L.L I L.1 L. L _1_ L .1.1. LL _L . LL.L.l.L--.L..L_-1 .. L_L.L_LI---'---'--L...-'---'_ 

~'---L'_L-.L"_.J I---IL-L---L--L--LI R..::.L.:1 E::J.I":':'WJ.11-,-1 NJ1-=-D -'-__ LLf.t!~!~LL_L_L __ LL_L_L.Li __ L_L_LL.J~ __ L---'---'--..L---'---'-_ 

11.3.8. Lock Statement 

11.3.8.1. Syntax 

<lock statement> :: = LOCK «file part>, RELEASE) I LOCK «file part>, 
SA VE) I LOCK «file part> ) 

11.3.8.2. Sem antics 

The lock statement is used only in reference to tape files or drum files. For 
tape files it causes the referenced file to be closed, the tape to be rewound, an 
end of file to be written if output, and an operator message to be printed in
structing the operator to remove the reel and save it. If R E L EASE is used, the 
I/O unit·is released to the system after a new reel is made ready, and the unit 
requirement is relieved. If SAVE is used, the I/O unit is released to the system 
after a new reel is made ready, but the unit requirement is not relieved. The 
R E L EASE or SA V E must be used for tape files to indicate whether the I/O unit 
requirement is relieved or not. 
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F or drum files all lock statements cause similar actions. These are as follows: 

(1) A temporary file declared SE RIAL or RANDOM is made permanent, 
catalogued. 

(2) The buffer areas reserved for the file are returned. 

11..3.8.3. Examples 

10 20 30 40 

~ __ ...LI ---'---'---'--L-l.-.L.LJ!-_lO J~ 1 K I I( IF 11 _L!:-EI_J."-JL1~~!J.~-L~J~J~L~1L~--.lJ_----,---'-Ll1 

t--'J_--'---'-_'___-'--L..1~_L 1. l. I 1 I I. L i . . L 1 .l. __ L_L. L _L.L __ l L LL_-L L_L-L_L.L __ L_.L_L.L-"I'---'---'----'--.L--L.....L...L_ 

~_.L_-'----'--L--,--L-L_L_Ll_.L ----'--_L .L._L __ L----'-- __ L_LJ _.l __ .Ll I I I I L_0 __ Ll....LL-LL...L-L-1 ---,I--->.I--'---L--'-----'---'---'----"---'---

t-----"l---1I--'--L--'-__ -'--'---'---'--l __ L .1. J _ L 1 .. .1. .. LL_L..-U ___ LL_L __ L..L...L-L.LL....LL_LL_L_L_.L.-L...L_...LI--'--L--'----'--'---'--~L 

I I I-L...J...-..L....L....L..L-L. I I I I I 1 I 1 I I I 1 I I I I I I I I 1 I I 

J. L-l-----'----L.J~ 10 IC 1 K I ll.LELLlb~JI._..lQl..u§hy...tSLLLL_L __ .1 ... _L_L...L_L..L __ ..L-----'--L...LI---'----'----'---'---'----'----L-l_ 

t--'J_--L---'--~_'___L--1......L.LJ_.l.LJ_J---'--_L._l _L_LJ_~ ___ .L_j_ I I I I 1 _.U_L __ L_LL __ LJ_ .... L.---Ll-_--'--'--..L-.-'----'I_----'---'-__+___--'--

,---L--L.--,----,--,--. .L1----L1----<-.1 --,-I -,1 ...... 1 L_I 1 __ 1. L.1.J_LJ .... L_L_LJ __ ....L....L..J. __ Ll._L----'------L...l_L_L..L--'-1 -ll---'----'---'-_--'--l---'----'--'---l----

t-----'1.---1I---'---'-----'-1 _L--1.---L.LJ __ l .. .L...l_I_ ... .l .. J.._LJ.--.-l.......L_LLL...L....L....L..J. __ .LLL.-"I'--'---L~__'__-'-I---'--. __ LL_..L...J....-L-'-I--L---'-__'____'_ . ..L... 

~1~~~~~_~~~~~I_~l~1 ~1~1~1---11_ L.L-~_L.~I~I~I~I~I~I ~I~I~~~~~I~I~~~~~~~~~~_ 

r-'.l'----'--'----'----'--_""--'-----'---'---'I..bJ.Q IC I KLUF....l_LL'=LE..LUlhlJuJ._L_LL_L.Ll_...:J . .....L.....L..l_L_L .... I .. _L.--L...-L--'----"---'--.L....L....L.L .. L_ 

11.4. I/O SWITCH DESIGNATORS 

11.4.1. General 

Each particular I/O switch designator will be discussed separately in 
succeeding sections. 

11.4.1.1. Syntax 

<I/O switch designator>: : == <switch file designator> I <switch form at 
designator> I <switch list designator> 

11.4.1.2. Semantics 

I/O switch designators are used in I/O statements in the same manner as file 
identifiers, format identifiers, and list identifiers. 

11.4.2. Switch File Designator 

11.4.2.1. Syntax 

<switch file designator> :: = <switch file identifier> ~subscript expression>] 

<switch file identifier> :: = <identifier> 
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11.4.2.2., Semantics 

I SECTION. 11 

Switch file designators are used in I/O statements in the same fashion as lile 
identifiers. 

PAGE: 

A switch file designator is used in conjunction with the switch file de:claration 
specified by the switch file identifier. The value of the subscript expression 
determines which file identifier in the related switch file list is to be selected 
for use in the I/O statement. The value of the subscript expression must cor
respond to the position of the file identifiers in the switch file list. The values 
of these positions start with zero. If the value of the expression is other than 
in teger, it will be converted to an integer in accordance with the rules applicable 
to subscript expressions. 

If a switch file identifier is used as a parameter in a procedure, it must be 
indicated in the specification part of the procedure. The specifier used to indicate 
this is SWITCH FILE. The actual parameter which corresponds to such a formal 
parameter must be a switch file identif:ier. 

If a switch file designator is used as an actual parameter to a procedure, the 
corresponding formal parameter must appear in the spec:ification part preceded by 
the specifier, FILE.. 

11.4.2.3. Restrictions 

The value of the subscript expression should correspond to the position of one of 
the file identifiers in the switch file Nst. If the value of the expression is outside 
the range of the switch file list, the file so referenced in the I/O statlement 
is undefined. 

11.4.2.4. Examples 

SWHF [IJ 

SWFILE [IF X>N THEN 0 ELSE 1J 

F1SW [INTEGER (X<N)J 

11.4.3. Switch Format Designator 

11.4.3.1. Syntax 

<switch format designator> :: = <switch format identifier> [5subscript 
expression> J 

<switch form at identifier> :: = <identifier> 
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11.4.3.2. Semantics 

I SECTION, 11 I PAGE, 55 

Switch format designators are used in I/O statements in the same fashion as are 
format identifiers. 

A switch format designator is used in conjunction with the switch format 

Sw itch forma t designators are used in 1/0 statements in the same fashion as are 
format identifiers. 

A switch format designator is used in conjunction with the switch format 

declaration specified by the switch format identHier. The value of the subscript 

expression determines which editing specification part in the related switch 

format list is to be selected for use in the I/O statement. The value of the 
subscript expression must conespond to the position of one of the specification 

parts in the switch format list. The values of these positions start with zero. If 
the value of the expression is other than integer, it will be converted to integer 
in accordance with the rules applicable to subscript expressions. 

If a switch format identifier is used as a formal parameter in a procedure, the 
specifier used to indicate this is SWITCH FORMA T. The actual parameter which 
corresponds to such a formal parameter must be a switch format identifier. 

If a switch format designator is used as an actual parameter to a procedure, the 
corresponding formal parameter must appear in the specification part preceded by 
the specifier, FORMAT. 

Restrictions: 

1. The value of the subscript expression should correspond to the position of 
one of the editing specification parts in the switch format Jist. If the value 
of the expression is outside of the range of the switch format list, the editing 

specification so designated in the I/O statement is undefined. 

11.4.3.3. Examples 

SF [1] 

SFHFT [IF X<N THEN 0 ELSE N] 

11.4.4. Switch List Desi'gnator 

11.4.4.1. Syntax 

<switch list designator> :: = <switch list identifier> 8subscript expression>] 

<switch list identifier> :: = <identifier> 
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11.4.4.2. Semantics 

Switch list designators are used in I/O statements in the same fashion as list 
identifiers. A sw itch list designator is used in conjunction with the sw'itch list 
declaration specified by the switch list identifier. 

PAGE: 

The value of the sUbscript expression determines which list identifier will be 
used from the switch list. The value of the subscript expression must correspond 
to the position of one of the list identifiers in the switch list. The values of 
these positions start with zero. If the value of the expression is other than 
integer, it will be converted in accordance with the rules applicable to subscript 
expressions. If a sw itch list identifier is used as a formal parameter in a pro
cedure, the specifier used to indicate this is SWITCH LIST. The actual param
eter which corresponds to such a formal parameter must be a switch list identifier. 
If a switch list designator is used as an actual parameter to a procedure, the 
corresponding formal parameter must appear in the specification part preceded 
by the specifier, L 1ST. 

Restrictions: 

1. The value of the subscript expression should correspond to the position of 
one of the list identifiers in the switch list list; otherwise, the list so 
referenced in the I/O statement is undefined. 

11.4.4.3. Examples 

SWLIST [IJ 

SLST [IF A>B THEN 0 ELSE I + 1J 
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12. ACTIVITY CONTROL 

12.1. ACTIVITY STATEMENTS 

12.1.1. Syntax 

<activity statement> : : = <execute statement> I <wait statement> I <delete 
statement> I <event statement> 

12.1.2. S(~mantics 

12.1.2.1. Synchronous and Asynchronous Processing 

Normally, when the object code produced by the compiler is executed, it is 
regarded as one activity by the executive system. The program is executed 
serially following the logic of the source statements. This is synchronous 
processing. 

A program can be structured so that serial execution of all parts is not necessary; 
it can be written as several independent parts which do not depend on each 
other and which can be executed in parallel. This is asynchronous processing. 
Activity statements allow programs to take advahtage of this independent 
structure by calling procedures for processing in parallel with the main program. t 

The following diagrams depict the difference between synchronous and 
a synchronous processing. 

Figure 1 shows synchronous processing; the statements are executed serially in 
time. One statement is processed only when all those preceding it have been 
processed. 

- -Q----Q----------@------00----@ 
tim e.-..,..1 2 3 L:l 5 . 0 

(~represents an ALGOL statement. 

Figure 12-1. Synchronous Processing 

t For discussion purposes the main program will be treated as any other activity. 
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Figure 2 shows asynchronous processing. When an execute statement (E) is 
encountered an independent activity is begun. The set of statements on each 
line is then scheduled with the executive system for sim ultaneous execution. 

~
------------®®---~® 
2 3 4 5 

-®--- E -~-------~------®--------®--------GD-
11267 8 

S ----------~-®------0 
9 3 10 11 

S ------0--0--------0 
12 - 13 14 15 

time-+-

S ALGOL statements other than activity statements. 

E execute statements 

Figure 12-2. Asynchronous Processing 

12.1.2.2. Synchronization of Asynchronous Activities 

PAGE: 

In order to synchronize two or more activities (e.g., when the individual results 
of several activities are to be pri nted in a single report), an activity may 'wait' 
until another, or several other, activities have completed. 

--®.------I-----®---®----0--®.---® - - - (activity A) 
12 3 .4 1 5 

s 6-~--C(----~~-®i-~ (activity B) 

cb-@-~--®--®---®--1s1 
10 11· 12 13 14 15 '-=16 (activity C) 

time~ 

S ALGOL statements other.than activity statements 

E execute statements 

W wait statements 

Figure 72-3. Synchronization of Asynchronous Activities 
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In Figure 3, three activities are diagrammed (A, B, C). At statement WI 
activity A waits upon B. At W2 B waits upon C. 

Activity A will not proceed past WI until B completes. B will not complete 
until C completes, because at W2 activity B waits upon C. Therefore, at the 
time statement S5 is encountered, the entire process is again synchronous, and 
all statements following S5 are processed serially (until another EX E CUT E 
is encountered). 

12.1.2.3. Task Variables 

A task is composed of one or more activities, allowing the programmer to treat 
related activities as a unit. Tasks are formed by giving a task variable as a 
p a.rameter to the execute statement. Since task variables carry information 
necessary to communicate with the executive system, they must be given when 
it is desired to delete t or synchronize tasks. 

12.1.2.4. Event Variables 

An event variable represents a sub-activity, and has two states, set and cleared. 
The state of an event variable is program controlled by use of the event statements, 
SE:T and CLEAR. 

An event variable can be used to synchronize processing at the sub-activity level 
(using theewait statement). The state of an event variable may be tested by the 
intrinsic Boolean function ETEST (Table 3.1, Section 3.2.2.2.) which yields a 
TRUE value if the variable is set. At block entry, all event variables are 
initially cleared. 

12.2. EXECUTE STATEMENT 

12.2.1. Syntax 

<execute statement> EX E CU T E «task specification» 

<task specification> :: = <procedure call> I <procedure call> , <task variable> 

<task variable> :: = <variable> 

12.2.2. Semantics 

The execute statement allows programs to multi-process by calling procedures which 
will be processed simultaneously with th.e calling block. Each procedure is regis
tered with the executive as an independent activity, using the Executive function, 
FORK$. 

In an execute statement, if a task variable is given the procedure call is associated 
with that varia.ble. If no task variable is given, the procedure call is not associated 
with any task. 

t See special cases of the delete statement for exception s. 
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An activity is terminated in any of the following ways: 

(1) it reaches the final END of the procedure; 

(2) it tries to complete a goto statement to a non-local label; 

10.cTOON,12 

(3) it generates an unrecoverable run time error (e.g., subscript out of range; 
improper format, etc.), 

(4) a delete statement is encountered naming the procedure's associated! 
task variable. 

PAGE: 

In order to wait upon or delete a particular activity, a task variable must be given 
in the execute statement, which causes the executive to assign the activity an 
identity. There is a limit (36) to the number of activities with an identity which a 
program may have executing simultaneously. If this limit is exceeded, ALGOL 
will wait until an identified activity terminates and reuse that identity. The 
programmer need not be aware of this restriction because ALGOL will do its own 
run time queueing of procedures. 

NOTE: There is no limit to the number of activities without identities a program 
may have. If it is necessary to have ~ore than the maximum number of 
activities simultaneously processing, non-identified activities may be 
used. 

12.2.3. Restrictions 

It is important to consider the effect of multiprocessing upon both the system 
and the individual user. 

The execute statement allows the user to take advantage of multiple processors 
to decrease his throughput time., e.g., in a job which has an elapsed time of 5 
minutes, 10 minutes of CPU time can be taken advantage of. Extra time will be 
u sed due to overhead for initialization of activities and activity control house
keeping done by ALGOL. Multiprocessing also increases system overhead because 
th,e executive must now schedule several separate activities simultaneously. 

In demand or real-time situations, a quick response can be vital. In these situations, 
the ability to schedule independent activities can be used to achieve this quick 
response. 

In a batch mode, however, where rapid throughput is not necessary, caution should 
be u sed against indiscriminate use of this capability. 

ALGOL library procedures (SIN, COS, MOVE, etc.) may not be used in an execute 
statement. 

External ALGOL procedures, which have been separately compiled, can be used 
in an execute statement. 

4 



UME~~ 5 
UNIVAC 1108 
EXTENDED ALGOL I SECTION, 12 PAGE: 

12,.2.4. Example 

LABEL. OPERATION 
10 20 

OPERAND 
30 40 

COMM 
50 

I I 1~.LL_LL~~L~_L~Li-.l--.-l~LL1 ___ L 

~IL~'~'~'~'_~I~I~'~I~I.~'~~~-L'~'.~, , I I , '_~'~I~I~I~~~I~~I~I-L' ~I ~I~I_~'~I~I~I~I~I~I~I~'~I~I~~~. 

L 

---L_~L __ L--L.LJ~ .. _l ... LL I 1 .. J .. _IL.L_L.L.l_L_L_.L.L....L--.-l .. _Ll , , , , , , '....1.-l_L .. Ll._.L.L.....L..l_L ! ___ LJ .L 

---L_~LL.L.LJ--.L..L.l!;.J_XlI;J<;:Jl.JlIJ.I;L<LPLRJ O.l~L~lLl;LL..L----'---_LL_J ..... L_j~L_J. L . ....L....L..L I , , , ..L..L.li.....L.LJ _.L 

I--IL---'L---'---'---'_.LJ--L .. ....l .. __ L.L....L ... L.J..~ ... L..J .. _L ... L_U.L..J ... _L....1 __ ... L.L....L...-L_Ll--.Ll......L.J---.l~....1---L_~.-L....l~L..L.1. L . L. I. I_ 

I I , , I IE,XIEICIUL!..LE,( ,P,Rl~~i ,1,N,P,U,T '1 IO,U,T,P,U,T,) I I,T,AIS,K,C,O,N,T,R,O,L,) I; '. 

12.3 WAIT STATEMENT 

12.3.1. Syntax 

<wait statement> WAI T ( <task list» 

<task list> :: = <task variable> I <task list>, <task variable> 

12.3.2. Semantics 

The wait statement gives to programmers the capability to synchronize processing. 
If all the activities associated with the task variables named are completed (or if 
the task variables were never associated with any activity) the wait statement has 
no effect on the program. 

If any activity associated with the task variables given is still processing or 
scheduled for processing, the activity issuing the wait suspends itself. It will 
continue processing only after all activities associated with the task variables 
in the task list have terminated. 

12.3.3. Example 

10 20 30 40 50 60 

_J_L ... L_L.....J.......L_.L.L..L_L.L_l .. 1 I I I I I I 1 I I .J I I I .1 L..LJ __ .L..L ... l....L_L_L..L_L.L_L.L.LL .L ... L _L 1 L I J 1 ... l .. L.J .1_1 .L.I .L IlL 

_LJ.......J~ .. L.LJ._1L.~J.S ... IKI .ITIAISIKIEIRI'IT,ll)1 I __ LL.LJ_....l...l_i....L .. L.L...i........LLJ ... LL_ILI L 111.1 11.1.1 I I I 1.1.11 L 

I I I I I ITIAJ!L,KI IAtRIRIAIYI. 1 ICLOjNITIRj()I.L,dJ1J:LILO.JJU.J._.L_LL.L .. LL..L....L_LLLj [..t. I.I....J _1.J 1 .L_LL LLL 

I--.L---'--'---.JIL.-LI.....JIL....L..L.LL .. L.I J I I I I I I 1 I I .1 I I I _L L.....LJ--L . ..L_ .. Ll __ I_LL.1 .L.l_I .... L_L -f._l .... L L ... L.LJ._L.L.J _.1.._1 J.I ILl 1 L 

, , , , I , I , I I , I , I I L.L.L.L_LL..L __ LL..L.....LJ-LL~l J I I I 1--LL-L...L-L-L. .. LJ._LL.L.l-1--L...J._IL..J..1 ....JI......J......L..LI .L 

__ j-LJ.L .. L.i .. L_L~ . .L1 1 III III I 1 LII_Ll_LJ ...... L.I .... L....L~L_L ... LLLL_L_L..J..L .. 1 J l.LI_L.LL.l..I . .l .1.1 __ 1 III L 

__ LJ.......J--L-L.LL.L.L.1'!t'L!'I.GTI ( I TI Al SIKIE IR" I Til l ) I; 1.1 ILJ. __ L....l_L..L_LL . .L.L.L.LLI_LL.l . .L L LI.J .. 1 .. 1 .L.I _I 1 1.....1 ILL L 

~J--L...J--L-L.L.L.L..~QLI!LLL~L:t=ll, JS ~ IEjPI ... L2L.lYI ~TL!_l~ __ LJ._~LLJMLJ_I!L~ I.l"r) I ICI9INJ!L~JC>.L~.lC 11]1)_1 ELL 
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12.4 DELETE STATEMENT 

12.4.1. Syntax 

I SECTION, 12 PAGE: 

<delete statement> :: = DELETE«task list» I DELETE «arithmetic expression» 

<task list> :: = <task variable> I <task list>, <task variabl~> 

12.4.2. Semantics 

The delete statement is used when one activity wishes to terminate another 
activity. When the delete statement is encountered, it causes the immediate 
termination of all activities associated with the named task variables using 
the executive function ADL T$. 

If an arithmetic expres,sion is used, it must be equal to 0 or 1. Any other value 
w ill cause an error to occur. 

If the value is zero, all activities other than the one giving the DEL E TEare 
terminated. If the value is one, all activities without identities (those initiated 
without a task variable in the execute statement) are deleted. It is possible for 
an activity to delete itself. 

12.4.3. Example 

10 20 30 40 

~I~I_L-I~II.~-L-L~~I-LI-LI ~I~I-L_L~I~-LI-LI ~I~-L-L~~L-~~~-L~~~~~~-L-L~~_L-~--L 

I I I I I I. I I I I I I I 

III; I 

I I I 

~~I_L-II~~-L-L-~XI EICIU,TIEI( ,P,RIOIC,ll( II I) I' ,Tll I) I; I 

~LLJ--L-L~-L_D_~_~~~~_L~L~Z~L~S?-LI '-..J'LT---1I_1-L')_--L1 ;~I--1-L--'--..JL~~-'-..J~~--'--L~..L-LI---L----L-L..L 
L-l.-LLLJ 

I I I I 1 

1 I. 1 I 1 
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12.5. EVENT STATEMENTS 

12.5.1. Syntax 

I SECTION, 12 PAGE: 

<event statement> :: "" <set statement> I <clear statement> I <event wait statement> 

<set statement>: : "" SET «event list» 

<clear statement> :::::: CLEAR «event list» 

<event wait statement> : : = EWAlT «event list» 

<event list> :: = <event variable> I <event list> , <event variable> 

12.5.2. Semantics 

The event statements are used to define sub-activity states and to wait for 
sub-activity completion. 

The set statement indicates that the event is active. If the intrinsic Boolean 
function E T EST is given a set event variable as an argument, it returns a value 
of T RU E. No waiting is done by the E T ES T function. The ewait statement will 
suspend the activity issuing it until all event variables in the list are clear. By 
using this statement, it is possible to delay an activity until another activity has 
reached a certain point. 

The clear statement indicates an event is inactive. An EWAlT issues a cleared 
variable causing no delay in execution. The ETEST function returns a value of 
FALSE. 

NOTE: After an EWAlT on an event variable is passed, it leaves that event 
variable set, whether or not it was set originally. 
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12.5.3. Example 

10 20 30 

~..L .. L~L-L-Ll_----.L __ L~ __ l __ l.J L I I L J L I I J I I I 

J-L.L_t_.J L.LLLLlI;:IVLE1t-\T, I ,E j l"jE j 2J "E,3 j ;! I J J I 

40 50 60 

,I, ,1 J , 

, I, 

I--L-t-~.Ll .Ll:RIE,A1L, i ,R,E,S ,UIL,T,., ,IJN,I,T, I ,AI L';1 1, .i. Ll .L..L.L_L.L.'--_L_'--.L-'---.J..-Ll. L-' 11., , 1 

l-'----'---LLLLLI l_IP,R, 0, C, E,O,I..\ R, E, I , ,G,R,A1P,H, (1 P,Oi I,N, T,., ,I ,N,P,U,TI., ,P,A,S,S f. P l.' L I.P, L, 0, T,T, E,OJ) , ;L L, , 

12 
SECTION: 

80 

I I I I I J 

I, 

, IE, Y, E, ~ T, , ,P,A, SI S, E, 0, • 'P~ELT-'.!:,.~~L.L_L_L'___L-'-' .L.l-L..L...l--L..L...J--'-...L.L' .1-1 -"-L.L.l-L..L...l--L...L'-.JI--,-...L.L.L-'-L..l.' ..J'-'-' .J..1..J'_.1...-'-L.J..-LL.L-'--l 

.L L.LL.L-'-l.J L.1R.lEI A,L, L lP,O, 11 NIT,., ,I ,N ,P ,U ,T,;, I , I., 

_L~l_~LLJ.Ll~Ll I J I J I I I J L.I I I I I I i L 

J-LL._L_LL __ Ll_l L .. l"l L.LJ _1 I. I 1 I J I I I 1,1 I 

.,-.L L 

_1 I, 

L Ii 

I L l_.L I -.l 

IlL lJ 

l-L.LLL.LLLLi_~_,L1EIA,R,(,P,A,S,SIE,0,) ,;, , , I I.L' L I , L-' ... .L....L-'--'---L .. L.L LL_LLJ_.L_'---'----'--.l __ LLL.J..-LLL_L_L 

I ! I·! I ,! !!! ~~ __ L.J... .. .J '-LI ...L.--'-...L.L.L-'-L.J....JI-,-, ..1..'---L-L...l--,-.L...l-'-, .1-1 -"-'-.L.l'-'-' ..1..'-.J'--'-' ...L'...JI--,-, -"-'-' .1-' ..J'-'-' .J..' ..J'-'-' .J..I-.J'-'-' . ..L...J--'-...L.L.L-'--l 

J-l.....-l..-.L~-.LLL_LJ_~_LL_L_J. 1.L_LI L l_I.L I I I I J I J I L I l. J _L.L.L I _.L . .l .L __ l __ L_i __ l_L_L~-.L_...L._L~.L..l.........-LLJ __ l L_L.....l.......--l ___ l~ 

l-L-LLLl_LLL ! .. [I,F, , ,P,O, I,N, T,-l P,O, I, N,T, I, <, ,0,. [0,0,0, I, ,LT,HLELNLi.Gl()J..Il O"L, 0, 0LPI LElLL~LI:L-,--~_L.J:.t.J\l.R.t.Ll'd'LQc.IL.~i-'--'---'----'--'----'----'---

~_LJ ___ l._----L....l.......L...L .. J .. ~ .. l 1 I 1 _I I I I I I ) I I I I I I Ll.~L L Ll ..L.....l __ ..L_...L_L...L........l.._LLi_-L L_LL-.L--.L __ L.l...._.J._l_.l ' ! I J , , I ! I , ..L--'---L.J..--'---L.L-'--I 

, I II ,F, ,E,T,E,S,T'(,..LBAthl..1..E.LO.Jl, J.ALNl.QJ. i.I;"T~,P,L,OIT,T,E,O.l, ,T,H,E,NI ,G,O, ,T,O, ,E,X,I ,T," , I , , , , , I , ' 

1--'-.L.J_L.L..l.....J....LU·J. , , I , , , , , , , , , I 1 I , , 1..1 L1.J , .1 j _L"-,--,_-,---,---,_Ll-,_.LLLL...l.-'---l.....l...J..._L_.LL..l.--'---L..l.--'--I 

l-LLLLL-'---L.L Ll~.LL_Ll , [ , 1 , , , 

~1,1"'-'--'--.LL.LLl~IN&L" ,0lF, , , jG,R,A,P,H,; 

1 til I 

! ! ,-, ! I ! ! J' I I I I 

, I 

, I 

, I 

I 1_, J L __ L_L L J .L_ . .l_l L .L_L! I I I J ! t __ .L-.L..L..L.L . .L __ L_Lj~L __ L __ L_L_L.l._L.l 

,I L J LLI _I 1. J L _'- _L -'---'----'--_1--'_'._1.. L'_.LLL-,--,---,--,--L.L.'-..L...L..L.L_'--.LL 

I 1_ 1 J L......L----L-..L......L_......L.....J_.....L_~............L.J.........Ll._.....1 _ _'__ . .....L...L.....-L...L........L.--'--~_..L.......J,___'____'___'____.L__'____'__1 

I! ! I ! ! ! I, ! ! ! ! I ! ! ! ! ! ! ! J , I J ! I I , ! I I ! 

~1_LL..L.L-'---L1S..J'IT,(, lE,I,.,E,21),;" ,I ,....J_l' 1.,.1.1.'.I_L.l._, , .. L.1.L-'-_-'--_'-_Ll_-'-..L-'---LL-'---.L..l..-,-_Li_L-'---L-'-_.L_., .. L_L 

1--'-.....L..L..l......L..L-'-- LLl:.L L..1 _'-- L I. 1 , , [ 1 1 , , I I.. I J .L-'--' --'---L.J_'-_L.L.L_L.L. .L.Li ..1 .. -,---,-J __ '--L J. L _Li_L.L.L_U_L-'---'-.L.L.LL_.L 

I-LLL'--'-.L-'-.LUE.1XlE1CJ U,T, E, (, _I.Gj RJA, P, H,( ,R, E,S, U, L[ T" d ,N, I j T1 I, Al LuJl:LI, nE12,) 1 dL;,1 .. L, .L-'----'---'----'---_.1...J .1._, , 1.'-_'-.1.....1..1 L.LL _L.LL.J_--' __ '--L_'--

1--L--'--L.L-Ll......L~Ll ... .1._L.L _ _'_ __ .l __ l I.J 1 1 I J , t .1. J I J 1 L _I I L I I I L_LL_L_l l_L.L_L _L _L_L_'__L __ L.....1...........l_L-L...L.-L-1.....! !! I ---'--_. __ l_..L __ l_l L.L .L---'_ 

~~.L.L~.L..l_..I...' .L'..lI.!:E~,W~'.'::IA,~IL!~!l'.l.J(,.!:E"-"ICJ.'L)1.!.1;.1-I..1'~' -'--'-'-.L._.L~...L~! ! J t I I ! ! I! I ! ! t ! ! ! I ! I I I ! ! ! ! ! t ! I I! I I 

1--'----'---'--L.L..l.....J...-'---L.ll;.l.!,l.1:J~-'-Rilll::' I L) ,; [ 

_L--'---L'-----'----'----'---LL~.l ... L . l 

'--'---'-LLLL.J..-'---L [ '.-,-. L.J 

[', 

, I 

, I 

, I 

, 1'1 

! J ! ! 

L 1 .1 , L J ._J .. 1..'.' 1 J--'-_'--..1..1_.L.1_.1.' .l 1 , 

'-'---'-~--'-J....J._JI--'-I ...Ll_· L.I .L...l-'-I .L1....1'-'-.L....l-'---'----'--'--...L.'____L-.L.l--L.t..-L.....! , ! !! I I I ! I ! ! I ! I ! I I 

1 _L.L_L_Ll_J 

, 1_1.. L , 1.LL.L-'----'--.L-, Li.J..-'.' I.. 

8 
PAGE: 



UNIVAC 1108 
EXTENDED ALGOL 

I 
I SECTOON, 

13 

13. SORT/MERGE 

13.1. SOR.T STATEMENT 

13.1.1. Syntax 

<sort statement> :: = SOR T «input option>, <output option>, <data reduction 
procedure>, <sort order>, <range inclusion>, <number 
of tapes» 

<input option> : : = <input file> I <input procedure>, <record length> 

<input file> :: = <file identifier> I <switch file designator> 

<input procedure> : : = <Boolean procedure identifier> 

<record length> : : = <fixed item size> I <variable item size> 

<fixed item size> : : = FIXED RECORD <arithmetic expression> 

<variable item size> :: = RECORD <minimum isize>, <maximum isize> 

<minimum isize>: : = <arithmetic expression> 

<maximum isize> :: = <arithmetic expression> 

<output option> : : = <output file> I <output procedure> 

<output file> : : = <file identifier> I <switch file designator> 

<output procedure> : : = <Boolean procedure identifier> 

<data reduction procedure> : : = <Boolean procedure identifier> I <empty> 

<sort order> ;: = <own compare> I <key description> 

<own compare> :: = COMPAR E <Boolean procedure identifier> 

<key description> :; = KEY <format>, <ordering sequence>, <word position>, 
<bit position>, <number of bits> 

1 
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<format> :: = <alphabetic variable> 

<ordering sequence> :: = <alphabetic variable> 

<word position> :: = <arithmetic expression> 

<bit position> :: = <arithmetic expression> 

<number of bits> : : == <arithmetic expression> 

<range inclusion> :: = <hivalue> , <low value> , <empty> 

I S.EC T'ON , 13 

<hivalue> :: = HIGH <arithmetic expression> , HIGH <arit~metic expression>, 
OWN KEY <rangeown>' HIGH <hivalue procedure> 

<rangeown> : : = <major own> , <major own>, <minor own> 

<major own> : : = <arithmetic expression> 

<minor own> : : = <arithmetic expression> 

<hivalue procedure> : : = <Boolean procedure identifier> 

<low value> : : = LOW <arithmetic expression> , LOW <arithmetic expression>, 
OWN KEY <rangeown> 'LOW <low value procedure> 

<low value procedure> : : = <Boolean procedure identifier> 

(number of tapes> :: == NTAPES<integer number>' <empty> 

13.1.2. Semantics 

The sort statement causes data, as specified by the input option, to be reordered 
as directed by sort order and returned to the program in the manner specified by 
the output option. All items specified when using the sort statement must be 
specified in the order required as stated in the syntax of the sort statement. 

II Input Option 

An input option must be given and must be the first item specified in the sort 
statement. If an input file is given as the input option, the file must be of 
fixed item size only. All records on the file will be taken as input. Item size 
and blocking information will be taken from the file declaration and no record 
specification is to be made in the sort statement. This file will be rewound 
and returned to load point after the SORT has read all the records if tape, and 
if drum, the pointer will be reset to point to the first item of the file. 

2 
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If an input procedure is specified, that procedure will be invoked to furnish 
input to the SORT. An input procedure must be a Boolean procedure, with an 
array as' its only parameter •. Array size is determined by the record length 
specification. The input procedure, on each call, will either (1) insert the 
next record to be sorted into the array param eter, or (2) assign a TR U E value 
to the procedure identifier. When a TRUE is returned from the input procedure 
to the SORT, the SORT will not use the contents of the array ,and will not call 
the input procedure again. The record length represents the length of the 
records to be sorted. Record length must be stated whenever an input procedure 
is specified. For fixed length records, this will be the length of each record 
presented to the sort. For variable length records, two value'S must be stated: 
the minimum record length and the maximum, and they must be stated in that 
order. Variable length record files to be sorted must have an input procedure, 
as opposed to an input file declaration,associated with them. 

• 0 utput Option 

An output option must be supplied and must be the second item specified in 
the sort statement. If an output file is specified it can only refE;'!rence a fixed 
item size file. The sort will write its output on the specified file, close the 
file upon completion and rewind to load point if tape or first item of the file 
if drum. If an output procedure is specified, it will be invoked once for every 
record that was sorted, and once to atlow "end of output" action. This pro
cedure must be untyped, and must have two parameters: the first a Boolean, 
and the second an array. Size of the array is determined by record length. 
The first parameter will be TRUE if, and only if, the last record has a~ready 
been returned. If the first parameter is FALSE the second parameter will 
contain a sorted record. 

• Data reduction procedure 

The data reduction procedure is optional, but if indicated, must be the third item 
specified in the sort statement. If a data reduction procedure is specified, it will 
be invoked by the SORT each time records of identical keys are encountered as 
the data is sorted; the option to condense items is open at this point. This must 
be a Boolean procedure with exactly two parameters, both of which must be 
arrays. The result which is returned via the procedure identifier should be TRUE 
if the arrays are combined and FALSE if not. If the records (arrays) are combined 
the array given as the first parameter must contain the combined record; that 
given as second is ignored. The key field defined to the SORT of the two 
records, if not combined, or of the combined record, if combined, must not be 
altered. Data reduction cannot be used with files containing variable size 
records. 

• Sort order 

The programmer has the option of defining a key for the SORT and the SORT 
will generate the compare coding for determining which of two records should 
be used next in the sorting process, or the programmer may specify a compare 
procedure of own code. 
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If a compare procedure is specified, it is called by the SORT to determine which 
of two records should be used next in the sorting process. It must be a Boole~n 
procedure with exactly two parameters, both of which must be arrays. The 
arrays must both be equal to the largest record contained in the file to be sorted. 
The result which is returned via the procedure identifier should be T RUlE if the 
array given as the first parameter is to appear in the output before the ar~ay 
given as the second or if the order is immaterial; and FALSE if the arr:ay given 
as the second parameter is to appear in the output before the array given as 
the first parameter. 

If a compare procedure is not stated, then a key must be declared. If key is 
specified, then the 1108 SORT will generate the compare coding. The key 
description defines the field of the record on which the file is to be ordered. 
Every record must contain the entire key field described: The output olf the 
sort will be a file reordered on the specified field. 

The key description is composed of the following five variables: 

(1) Format 

An alphabetic variable specifying the format of the key field as follows: 

A alphanumeric 
B signed 1108 binary 
o signed decimal' 
M 7090 IBM* signed binary 
U unsigned binary 

(2) Ordering Sequence 

An alphabetic variable specifying the desired ordering sequence of the 
key field as follows: 

A ascending field 
o descending field 

(3) Word Position 

An arithmetic expression which must yield an integer number spec ifying 
the num ber of the word within the record containing the most significant 
bit of the key field. The words within a record are numbered from left to 
right beginning with 1. 

(4) I;Jit Position 

An arithmetic expression which must yield an integer number in the range 
of 0 through 35 indicating the bit position within the above defined word 
which contains the most significant bit of the key field. The bit positions 
within a word are numbered from right'to left beginning with O. 

(5) Number of Bits 

An arithmetic expression which must yield an integer number specifying 
the length of the key field in bits. 

*Trademark International Business Machines Corporation 
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• Range Inclusion 

Range inclusion specifications provide the user with the ability to include 
only values above or below a given value as input to the SORT. There are 
three ways in which the range inclusion facility can be specified or it need 
not appear in the sort statement at all .• 

PAGE: 

(1) The hivalue or low value facility can be in relation to the already specified 
key field of the sort statement. In this instance, the key field must only 
include two words of the item and will be taken as two whole words. 

(2) It can be in relation to a defined field, OWN KEY. This field can be other 
than the key field indicated in the key description or in the case of a 
compare procedure where no key field is defined. The OWN KEY specifica
tion allows for the definition to encompass not more than two words of the 
item. If it is only to include one word, then the word number, beginning 
with one and counting left to right, must be specified. If it is to encompass 
two words, then the word numbers of both words must be specified in 
sequence, first word major, second minor. 

(3) It can also be a Boolean procedure. This procedure would be called by the 
sort in order to determine whether or not to include this item prior to in
putting the item to SORT. If specifying a procedure, it must be a Boolean 
procedure and have an array as its only parameter. The result which is 
returned via the procedure identifier should be T RUE if the item is to be 
included in the sort and FALSE' if not. 

If a range inclusion procedure is desired then the procedure name must 
stand alone. If a function designator is specified, it must have at least 
one parameter. 

Arithmetic expressions for H IGH, LOW, and/ or OWN KEY must yield an 
integer value. 

• N umber of Tapes 

If scratch tapes are indicated, the number must be specified at compile time 
and must be an integer number within the range of 2 through 7; it Ipust be the 
last item specified in the SORT statement and must be preceded by the 
indicator, NT A PES. The philosophy of ALGOL sorts will be to take a 
standard of core, scaled to 1108 SORT minimum requirements, and calculate 
a suggested drum, scaled minimum also, and avoid use of scratch tapes. Only 
if an exceptionally large volume input is expected should scratch tapes be 
specified. 

13.1.3. Restriction 

A general limitation is that array subscripts should not be used which exceed the 
maxim urn record length speCified to the SORT. 

5 
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13.1.4. Examples 
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11 __ '- I L_I J_ 11"11 I I ! , ,I 11.'_ I, , I I , 

, L-"--1._L.L L.1 , • J I 1 , , , I , , I I I 1 , LL._.L.L.L._I l. 1 

l...._L __ LL_l.......l.....--L __ LI ["...1_.1 J I I , ! I I 11 L_l 1 , I __ .l __ ~~--...-L...--L_....L......L~-L_L---..l----.L...._~L......L_....L..J....... 

_L L 1..1. L L_L __ LL_1 L __ Ll."_1 I I I J J I 1 j I I .... L_L..l. .... ....1 ____ L_L~"J_L_L ___ L---.L_L.J ......... J .. L 1_ .... L.-l_L_L_l------.l......._L .... L.....L..l..... 

, ! I ' I ! ,! L-L.l..L_l.........l. .. _L_..L J. L..L...l_!_~.L1 ...L......'---'---'-L...L--L-L...L--'--L--'I..JIc.....L1 -'--'LL' --11-1-1 -II ..JI-LI ...LI..JI-LI -1.' ..JI'--..L1 -LI_ILLI --11---,-1 .LI ..11.--'---'---'-L-LJ----'-1 

_L-L .. L_L_.L-L_L_LL_I ..1 __ L_L"L_l_ .... l _i __ ! I I J J I I I 1 I ! I I , ! l--...-l_J ___ L..L L_.1 1 I I 1 __ 1 ___ L..l __ ....J_--...-L~I-L_.l .... ~~_j __ l_1----L..~ 

LL--'-L..~J-')lBL:rLL..!~...LP.LR..c()lC; •. LF_Lllx,E,O, ,R,E C,O, R,O: ,RI L,N, TjH,. 1°, P,RI 0IC" 1 K,E,Yl1 1(1 I ,NI 0,. ,S '~LQL'-'-VlJ~LOL.~I_,T1 •. J-'J.o.t!tL.i..L.LLL-' _1 .L--'--LL 

, , ,I , ,1 

~L....L........L....L..Ll_L~J '-_.1 __ 1._...1.......i_1 I , 1 I , I l 

!---'--'---'-'--'--'-'-_.JILLI ..LI---'--I -'-I....I.I_·LI -'-I--'I-L-'-' ~-L-L...J_L_L ___ .... L.i-,-_",--,--,-",--,----,--.-,--,---,---1 -'-I-l-.L....L--'---.LI -,-I....JILLI ....I.I......L-I -,--,-I-LI -'-I-l-LI -'-I....JI-,-I -'-'....J,--,--I ....I.'_ILLI--"---L.I -,-I--,I-LI -,-I-l-.L....L--'---'-'--L.j 

I---'-~~...L..>--"--~.L.l·-'-LI I LII I , , 1.1 ,. I .L..1.1...L...L..L.L.J.....LJ~_l..1_...L_LL._L.L--'--

_..L_l._L~.L .. 1 L.l_LL.1 L_L' 

~l.......L.L.L! ! I ! 1 ! ! .. l __ -L_L .... L.J_ .... l_I ___ L_l L I, , 
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~_-Li_l 

! ! ! 

An example of a SORT program defining input and output files and a key is 
as follows: 

10 20 30 40 50 60 80 

L I 1_ I I J I I J_I 1_11 I I I_I 

, l L_'.' [ , 1 l I J i J I _I l_l __ ~_L_l_-.l __ ~ 

I 1 J 1 __ 1 I _L_-.-L _~ __ L_..L_.L_L-.l_ L L _J_LlL~L I 

! ! ! ! , 1 , , , , , , . ...L..L, .w: '.....LI -I.'....J'.....L-L-LL_L-LL' -,I.....L' -I.' -LL-l.-LL...l--'..'_-'--'I-L..L...J'---L...l-LL--'-l..-LI-LL....L-L.L....L--'-.L.....l.I--'--'--'-'--..L-l-'---L-JL-.L....LI--'-.L.....l.--'--'--'-'----'---I 

,I 

,1 

_..J..._~----.L_-LJ....J ___ L.J.-J-----.L~---.L_L:L 1 I I 1 __ L~L_-.l_L_LJ __ ~ J I I 1 1 J I L __ L_L~~~~ __ L_l L_LL----.l~LLL_~_...L-.L_L-l 1 J_J _l ~~L~ 

--'.._.LLL.L.L~-'~l!i.Lt!'...L'.tN, • .LF-'()lU,T.l!-'Kir:Jv:L,',A,',.,'IA,·J.,l,.,3, 5 J.,l,OI8')';L.LL-'---'--Li..l.--'-J' J' LL.LLJ_l...L_'_L.l J 1', I" Il.l....J...l--'---L-

, J I! , ! ! ! I! ! ! ! ! ! ! '01 ! I ! I I I j ! I J I I! L 1 1 1 

L L ~_L_~Ll_l~_ L--.l_~.L __ L_L J _L_I _1 ~ __ ..J..._LL----.L_..L~ 

_L_~_...L_l_l __ .L..J.-J-------.Li~~L..J .1 ~L_l 

-L_.l~_~L_.L __ J~ __ L..L...L~ ... l _1-~ ! I 

,-I 

, I 

_1 __ -.L~_LJ __ L~L_l_J 1 I I 

, ' .. L .I_1--'-__ L--'-.l_L-Li_ LL, I I L_l.1 I _LI.I I I L I LJ L J _J 1 L_J __ ~ ___ L.l~ 

I I I 1_ J __ I ... L~LL_L---.l l ... J I J I L __ L _LL ... LLl_L-.L ... J_L-----L-L ... ~_1_~.-L ... L_1_._L ... .L~~ 

L_LLLL.l_LL.L-'-_l , I. 1 , LL_L.L_LL-'--L~_L_L.L..L._L.l._LL.-'.-' .-'-1.--'-.l--'--'_L , I 

Another example of a SORT utilizing an own compare procedure instead of KEY 
can be generated by replacing the SORT call in the first example by the 
following lines: 

10 20 30 40 50 60 80 

I_I ,I ,I , I 

L J I I I I J 1 I I_I j 1 I L! 1 1 1 I 1 I 1 II! J I 1 I J 

I LE, X1TLEiR,Io\A,J .. LB10'()lLJEIA,N, ,P,R,OlC,E,O!~R,E, ,S,C,O,M,P1R1;[ ,C,O,M,M,E,t-I,TL-,-~L ,C,O,M,P,Aj~LEL--,PLR,OIC'E:10,U,R,E, I I ,,11_1..1_'-

_I I I 

1 L I 1 __ J _I I I J 1 ... 1..._1 _L ... l_ J j I I j 1 I 1_.1 I J I J I 
SC OMPR); 

LJ J 

Another example of a SORT utilizing a data reduction procedure and an hivalue 
procedure can be generated by replacing the sort call in the firs t example by 
the following lines: 

10 20 30 40 50 60 80 

,_ lE1XLT,E1R,N'~LI..t_1.B10d), L, EIA,N, J P,R,O.lC::LE, OJ l..\.R,E, ,0, R,o, C,i...! LE:ll<JMd~L~L~,_h..1B.L()LOlLJ El~~ lP,RLOjCJEJO,U,RjEL ,!i,-'.iI'.tBJCJ;_L L-LL LL.-'-_L_ 

J .. _LL--'--Li--'---L-.L_L C::1QJ~M.JLj ~,IUC>..L<=..t.-,1 ,5L .1!-,.-, [), M.ILA, J R, ELOLl.\_c::c.!dl..<>t.li_~i>Lc;J:J)-,-lJLBLE".!l()-'-'&' ELL!lI>l,YJ 0, K..LE -,Q LJI.)J-"-'--Olt-lL L LL-'--"----'-_--'-.-'-

"I', '" IO,C,C,U,R,R,E,N,C,EI ,O,F, ,O,U,P.L,I,CIA,T,E, ,K,E,Y,S, ,&1 HI PRC ISlA HI GH VALIUE PROCEOUIRE 

.....L--L..--1 .... _l 1 __ j_L_L......l~"[L91_ It:;Li5J ~.J.J~J~ Jl!l!J JRIAIN,GIE,i.1 I I ... _L 1 ... 1_ ... L...L...i_L...J __ -----L_. l_..l_i........L..... ...... L 1. J. _L L _.L I j -'_ --L..--1_L...1--L.l L ... _L...i_l L_L_1_ ... ~._L ... 1. ... _.L......L_L_ 

i--'--1-J.....JL.Ll~i.OJ.RL1"LL1'd.Lt-I1LlF10'U' T".J..Il.L~L()cC.,LLK1~Ly' "I A, ',-,-,-' IA-'-·L'.ll.lu]J,s.l'_'-l.l~Lt.ti.L'.tG_lH I I.H.lI.LI'JR~C,L;_L_JL.l 1"--.-'- LL.LL.L.l_.I . .LL' .. L.L.L...J..-' 

13.2. MERGE STATEMENT 

13.2.1. Syntax 

<merge statement> : 

<moutput option> 

MERGE «moutput option>, <range inclusion>, 
<merge order>, <merge file list» 

<output file> I <output procedure>, <mrecord length> 

<output file> : : = <file identifier> I <switch file designator> 

<output procedure> : = <Boolean procedure identifier> 

<m record length> <ari thmetic expression> 
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<range inclusion> : : = <hivalue> I <low value> I <empty> 

I SEC TION, 13 

<hi value> .: : = HIGH <arithmetic expression> I HIGH <arithmetic expression>, 
OWN KEY <rangeown> I HIGH <hivalue procedure> 

<rangeown> : : = <major own> I <major own>, <minor own> 

<major own> : : = <arithmetic expression> 

<minor own> : : = <arithmetic expression> 

<hivalue procedure> : : = <Boolean procedure identifier> 

<low value> : : = LOW <arithmetic expression> I LOW <arith~etic expression>, 
OWN KEY <rangeown> I L OW <low value procedure> 

< low value procedure> : : = <Boolean procedure identifier> 

<merge order> : : = <own compare> I <key description> 

<own compare> : : = COMPARE <Boolean procedure identifier> I <empty> 

<key description> ::= KEY <format>, <ordering sequence>, <word position>, 
<hit position>, <number of hits> 

<format> : : = <simple alphabetic variable> 

<ordering sequence> : : ,;" <simple alphabetic variable> 

<word position> : : = <arithmetic expression> 

<bit position> :: = <arithmetic expression> 

<number of bits> : : = <arithmetic expression> 

<merge file list> : : = <merge file>, <merge file> I <merge file>, 
<merge file list> 

<merge file> : : = <file identifier> I <switch file designator> 

13.2.2. Semantics 

The merge statement causes the data in all of the ordered files of the merge file 

.list to be combined as directed by merge order and returned in merged sequence 
as specified by the rnoutput option. All items specified when using the merge 
.sta.tement must be specified in the required order as stated in the synta}[ of the 
merge statement. 

8 
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An output option must be supplied and must be the first item specified in the 
merge statement. If an output file is specified it assumes a fixed record size 
file. If variable length records are used in the merge files, the record size of 
the output file must be equal to or greater than the largest record size of the 
merge files. Record size and blocking information will be taken from the file 
declaration and no record specification is to be made in the merge statement. 

End of merged items will result in an end of file sentinel being written out and 
the file returned to load point if tape, or first item of the file if drum (See 
rewind without interlock of Section 11.). 

If an output procedure is· specified, it will be invoked once for every record 
merged, and once to allow "end of output" action. This procedure must be 
untyp~d, and must have two parameters: the first a Boolean, and the second 
an array. The first param eter will be T RUE if, and only if, the last record has 
already been returned. If the first parameter is FALS E, the second parameter 
will contain a sorted record. Size of the array, specified as the second parameter, 
is determined by mrecord length. The mrecord length represents the maximum 
length 'of records (items) to be written out after merging, and must be specified 
when an output procedure is indicated and must not be specified when an 
output file is indicated • 

• R.ange Inclusion 

l?ange inclusion specifications provide the user with the ability to include only 
values within a specified range, or only values above or below a given value as 
input to the MERGE. There are three ways in which the range inclusion facility 
c an be specified or it need not appear in the merge statement at all. 

(1) The hivalue or low value facility can be in relation to the already specified 
key field of the merge statement. In this instance, the key field must only 
include two words of the item and will be taken as two whole words. 

(2) It can be in relation to a defined field, OWN KEY. This field can be other 
than the key field indicated in the key description or in case of a compare 
procedure where no key field is defined. The OWN KEY speCification 
allows for the definition to encompass not more than two words of the item. 
If it is only to include one word, then the word number, beginning with one 
and counting left to right, must be specified. If it is to encompass two 
words, then the word numbers of both words must be specified in sequence, 
first word major, second minor. 

(3) It can also be a Boolean procedure. This procedure would then be called by 
the merge in order to determine whether or not to include this item prior to 
inputting the item to MERGE. If specifying a procedure, it must be a Boolean 
procedure and have an array as its only parameter. The result which is 
returned via the procedure identifier should be true if the item is to be in
cluded in the merge and FALSE if not. If a range inclusion procedure is 
desired, then the procedure name must stand alone. If a function designator 
is specified, it must have at least one parameter. 

9 
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A rithmetic expressions for HIGH, LOW, and/ or OWN KEY must yield an integer 
value. 

• Merge Order 

The programmer has the option of defining a key for the merge and the MERGE 
will generate the compare coding for determining which of two records should 
be used next in the merge process or the programmer may specify a compare 
procedure of own code. 

, If a compare procedure is specified, it is called by the merge to determine 
which of two records should be used next in the merge process. It must be a 
Boolean procedure with exactly two parameters, both of which must be arrays. 
The result which is returned via the procedure identifier should be TRUE if the 
array given as the first parameter is to appear in the output before the array given 
as the second parameter or if the order is immaterial, and FALSE if the array 
given as the second parameter is to appear in the output before the array given 
as th'e first parameter. The arrays must both be equal to the largest record 
contained in the files to be merged. 

If a compare procedure is not stated, a KEY must be declared. If key speci
fication is given, then the MERGE will generate the compare coding. The 
key description defines the field of the item on which the file is to be ordered. 
Every item must contain the entire key field described. The output of the 
merge will be a single file merged on the specified key field. The key speci
fication encompasses the following five fields: 

(1) Format 

An alphabetic variable specifying the format of the key field as follows: 

A alphanumeric 
B signed 1108 binary 
o signed decimal 
M 7090 IBM signed binary 
U unsigned binary 

(2) Ordering Sequence 

An alphabetic variable specifying the desired ordering sequence of the 
key field as follows: 

(3) Word Position 

A ascending field 
D descending field 

An arithmetic expression which must yield an integer number specifying the 
number of the word within the record containing the most significant bit of 
the key field. The words within a record are numbered from left to right 
beginning with 1. , 

10 
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(4) B it Position 

An arithmetic expression which must yield an integer number in the range 
of 0 through 35 indicating the bit position within the above defined word 
which contains the most significant bit of the key field. The bit positions 
within a word are num bered from right to left beginning with O. 

(5) Number of Bits 

An arithmetic expression which must yield an integer number specifying 
the length of the key field in bits. 

• Merge file list 

The merge file list names the files to be merged; it must contain at least two 
and may contain from two to seven ordered files to be merged. Each file 
named must be a fixed item size file, but the different files can have different 
size items. Item size and blocking information will be taken from the file 
declarations associated with the particular files named. Exhaustion of files 
will result in the file being returned to load point if tape, or first item of the 
file if (:!rum. 

13.2.3. Restrictions 

A general limitation is that the subscripts of an array should not be used which 
exceed the maximum record length speCified to the MERGE. 

13.2.4. Examples 

,-------------------------------------------------.-------------------------------------------------------, 
10 20 30 40 50 

. .LJ_-'---'- .. LLA 1I..LPl·11A, .. LK_l!L1'Id).l..Ll~.LE ,QI;, ,I.LN ,T,E.LG,E,R, IW,OLRl [),. ,S,I ,T" ,AI" ~I.L.R,L,N, T,H,; l .. ! 

__ 1.....1-._L . 1 1 .t.1't.L...k.!L....t.Q.L.!.hIJ.....lrrQ'!.!l T, J 1 Lllt..lL.....l_2Hll...L.l.L..L.L.1.... J ., . .LL.L._l I L I.' , .. L..LL...L.....L. L I 

60 80 

1---'-_1'-'-' ...l.'_IL-.L:.IF.-J.I''-!C:,L""E::..L:I---L:..,I..L:,N..:.JL---1:.:IM:..L1,'-J,c..:N.L:12CJ.,_1L::.3.l..l1(....l1.:....1 1...<1 • ..L.ll:...JI...:..4.u.,)-"I;'-'-"'-'I.....JI~1 ....ll-'-I ..L.I -11-1..1-,---,---,--,-1 .... I_IL......J...I ....l1-'-J......1~..l-lI-'---'---'-'---'---L....L--'--.L..L......J '-'---'---'-'--'-L....L-'-L....L'...L..L-'....L..!-.L-'---.L-J 

1. __ 1._J_....L_l ___ l.EtG~J:~.J..J~..J.~~_L1L_l~~1!J.I _ _L1_1~~_L _ _.l_....L_l 1._1_1_1 ---.l_L...L __ -.L_L __ I __ .L __ 1 ~_L~..J. __ lJ.. .. _l_L_-----.L---.-L __ l 1. L---.L----.L-.l_L_l J J---.L_~l~L_l I L-.l __ LL_LI L.L-.l-.-i 

-.L...L .. J __ l_l_.~~J~L~=~~LL---.l_L_l I. 11 __ 1_1 J l_i j J I ~ ___ LI_L---.L~_-.L. __ I_.L __ -.l_...L_t_L_L'1.1 l ___ J. ___ -.l_~ ___ l_j _~_~_1_1 j 1 __ l_...L---.-LI-L_l LLi~~l I ~ 
~LJ ___ L_l_~_l____.L_Ll_~_L~.L~.~L~~~~---.L_~L_l .. 1 _l ___ L __ L~l L __ 1._ 1 I _1 __ ..1_ .l_..1 __ L~L __ L .1_ L.l~LLj .. 1 L_l-------.l. _L--.l _-L._.t _l~ __ ..l __ L_.L1..~L_L J. 

L_1 __ LL..1_L...L_.l ___ L1Y!'.LQL!~LQ1Lt~l!l~~ __ L_l_..l____.L_____L_..l_J._J __ ( 1 __ 1 L_-.l __ L_l .I .i __ .l_--'- ___ L_..l_l ___ l 1 L __ LJ __ L_L_L __ Ll----.l __ .J J_------.l_----.L..L-----L __ l._L_t __ 1----.L __ l_..l_l_1 j 1 I L_l L 1_.l __ L~_-.l __ ..1. __ 

l-LLII'L"lls,IITI"=,3151;LIII,,, ,1"" .l.......L' I I I 

I I 

-----L-L_J __ J._l~_~J~_l_ 1 J J _I_i._ J .1 __ 1 j.1 I_L_L---.l L_..l. L_..L..L L __ I __ -.l_l_ L. __ U_L_L_L_..1 1.l __ LL...L_I 

L..l."-L...L_~LL..t~--1_..l __ I. __ ...L----.L.l~_--.l_---L-----L ___ L_ 1 I __ J __ 1 L.l _.1 1 __ 1_ L_l ___ L_L--1 _.J __ 1_ ~_L J--.l_l 

'--1..1..-,-_1., 

1 , '.1 J_-.l __ LI t_1 I 

1_ 1._1 _1.--.l __ 1 1 L L __ ,--_1 _L_..l __ L _L...L---. 

1 _L~----.L_1._L_l_-.l __ Ll-LL-L---L----1........ 

! , I I I I I ! I, ,0, I 1'1 I I! I I ! I I I I J I I I I I I I, , I , , I 1 I 

J_L_LL..L.t&§"&(iS.L."'_()J·JL.1_'_L~~LYJ .LI<J ~JN,.D.l.'.1.5..t.E.l.q.L' IIYRlR1D_U_1 Bt 'I T,.,ll 0.J!ll!...JM--,-!.t..t-It'IM, I,N1..2J~I~11;' 1 1 .L .1..1 _LLJ .. .J .. _LL..LLLL"-.l . .1.--'--_L1.. 

---"--L..Ll_L_..L.....L.....L_L..t.....1.~_L_L_L...L_'-_-'----L..LL...L_.l. , 1 1._1_-,---,-.LLI.' 1 L_l...l_L_1_LL..L_L.l.---'-_.L"..i......L._c...l_1 , I L..L.-'.---'--_L-'-_L--'-_.L_LLL_LL-'-....L_..LL L .. 1...L...l.....L.....J __ l J_ 

'-L_1..L_l_..L.....L.....L._l---'---'.:-'--L-'----LJ __ L .. L~ __ L...L___'__.L_.L_LLL___'___' .. ...L._L_l_L.l._l....t....J...._'__...L....l...1 .. .1 .. 1. ,_1_1 J_L_L.L.1.. .. L..!. -.l.....J-L. L.L..l......t.....,----,-----,-----,--.L---'----

~L~L_~~_~~j.--L-L~~----.L~_l_ .. 1. __ I-----.L------.l _L.I __ ..1_L.l .l--L-L_L~~L._l.J ___ I I 1 1 __ .1_.I.. .. J J_LJ __ -L...l_L_~.L---L-l ___ ~.J_L_~.___.L_1.----L. 

,E,N ,D,: I ! I I , , , I ! ! I I I I I I I , J L I ! I 1 I I ! ! I I , , I 1 I I I I ! I I I I 1 I I 

Other examples with proper procedures could be as follows: 

-----------------------------------------------------------------------------------------------------------, 
OPERATION OPERAND COMMENTS LABEL 

~=~=========1=O,==========,===20=============3=O=============4=O=============50============~,6=0,========================~890 

r--l--l-_l I ! ! I I ! LL..L-LL_L.J.-.L I I I [ I I L . .1-LJ~_L----L_L_L_L_J_______.Ll _ ___L __ LJ __ l __ .L....L.. __ L_L___.l.J __ .l _ ___L_j_L.J..._.L_____.L_l_J_l_J~_.1 __ 1 1_....L...1.----.-l_..l __ 1 _l._L .. L---L..... 

~_..L..1.--'-__ L__L. __ L_LL._1 ... 1 .L~L_.L-l ... l __ l_L.L.L ___ L-.l_ l_ 1 _1- L_ L_I_-L_J __ l_L __ L---.l ___ L __ I .. .1 .1 __ L_L __ L __ L-L_L.L_L....l ~------.l_L_L L .. L._L i 1 .L _.L_L_.l __ ..l __ ! I 1 _1 ~ L _I I 

! ! , ! ! ! ! I' , , ! I ! ! , ! I ! , L ! L L L I I I I 1 I I I I I I 

.1.._ 
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APF:JENDIX A. ERROR DIAGNOSTIC:S 

T here are two general types of errors checked for and indicated by appropriate 
diagnostics in the UNIVAC 1108 Extended ALGOL compiler: compilation errors 
and run-time errors. 

COMPILATION ERRORS 

For compilation errors, an asterisk (*) is printed under the symbol at which 
a syntax error is detected, and the error diagnostic is printed on the left-hand 
side of the page on the line following. The compiler attempts to recover 
and continue compilation following the error diagnostic. Since the com'piler 
attempts to r,ecover at a particular pointp symbols that are invalid at that 
point are read, and spurious error messages are frequently generated following 
a legitimate error message. The spurious messages will, of course, disappear 
when the legitimate error is corrected. 

The possible compilation time error diagnostics follow: 

01 IILLEGAL CHARACTER PAIR 
02 CONSTANT TOO LARGE 
03 IMPROPEH BLOCK STRUCTURE 
04 IMPROPEH DECLARATION 
05 IDUPLICATE DEC LARATION/SPEC IFICATION 
06 IMPROPEH DEC LARATION/SPEC IFICATION 
07 IMPROPEH SPECIFICATION 
08 IMPROPEH SPECIFICATION 
09 MISSING SPECIFICATION 
10 IMPROPEH OWN DECLARATION 
11 IMPROPER EXTERNA L DECLARATION 
12·,D·UPLICATE VALUE SPECIFICATION 
13 IMPROPER LABEL SPEC IFICATION . 
14 IMPROPER VALUE SPECIFICATION 
15 IMP R 0 PER A R RAY 0 E C LA RAT ION 
16 IMPROPER ARRAY DECLARATION 
17 IMPROPER LIST DEC LARAT ION 
18 IMPROPER LOCA L DECLARATION 
19 IMPROPER SW ITCH DEC LARATION 
20 IMPROPER PROCEDURE DECLARATION 
21 IMPROPER PROCEDURE PARAMETER 
22 DUPLICATE PROCEDURE PARAMETER 
23 IMPROPER PARAMETER DELIMITER 
24 IMPROPER PROCEDURE SPECIFICATION 
2"5 IMPROPER LABEL DEFINITION 
26 0 U P LI CAT E LA BEL 0 E FIN I T ION 

27 IMPROPER FORMAT PHRASE 
28 IMPROPER FORMAT DECLARATION 
29 IMPROPER NAMELIST DECLARATION 
30 IMPROPER REPEAT PHRASE 
31 IMPROPER SWITCH FORMAT/FILE/LIST 
32 UNO E FIN E 0 FOR MA T S Y M B 0 L 
33' IMPROPER FORM DECLARATION 
34 IMPROPER USE OF WITH 
35 IMPROPER DEFINITION 
37 IMPROPER PROCEDURE CALL 
38 IMPROPER PROCEDURE ASSIGNMENT STATEMENT 
39 IMPROPER IF-STATEME NT 
40 IMPROPER IF-STATEMENT 
41 IMPROPER USE OF THEN 
42· IMPROPER USE OF E LS E 
43 IMPROPER FOR STATEMENT 
45 IMPROPER ACTIVITY DEC LARATION 
48 IMPROPER TIMING CLAUSE 
52 IMPROPER GO STATEMENT 
53 EXTRA RIGHT PARENTHESIS 
54 EXTRA LEFT PARENTHESIS 
56 MISSING OPERATOR 
57 MISSING OPERAND 
58 EXTRA END 
59 MISS ING END 
60 IMPROPER USE OF DIV OPERATOR 
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61 IMPROPER ASSIGNMENT STATEMENT 
62 UNDEFINED TRANSFER FUNCTION 
63 IMPROPER USE OF A LIST IDENTIFIER 
64 IMPROPER USE OF A LABEL 
65 IMPROPER USE OF A RESERVED IDENTIFIER 
66 IMPROPER USE OF AN ARRAY IDENTIFIER 
67 UNDEFINED RELATIONAL OPERAND 
69 MISPLACED SEMICOLON 
70 MISPLACED COLON 
71 MISPLACED COMMA 
72· UNDEFINED VARIABLE 
75 FILL LIST ELEMENT NOT CONST ANT 
78 ·IMPROPER EVENT STATEMENT 
79 COMPILER CAPACITY EXCEEDED 
80 DICTIONARY CAPACITY EXCEEDED 
84 EXTRA RIGHT BRAC KET 
85 EXTRA LEFT BRACKET 

RUN-TIME ERRORS 

86 IMPROPER CONCAT SPEC 
87 SORT-IMPROPER INPUT SPECIF 

. 88 SORT-IMPROPER OUTPUT SPECIF 
89 SORT-IMPROPER SPECIF BEYOND I/O 
90 IMPROPER DO STATEMENT 
91 MISSING FILE IDENTIFIER 
92 IMPROPER 10 STATEMENT 
93 SORT -DROC IMPOSSIBLE 
94 SORT-IMPROPER 'RECORD SPECIF 
95 SORT-IMPROPER SPECIF SORT ORDER 
96 SORT-IMPROPER FOLLOWING SORT ORDER 
97 MERGE-IMPROPER SPECIFICATION 
98 MERGE-ERROR OUTPUT SPECIF 
99 ME RGE-ERROR 'RECORD SPEC IF 

100 MERGE-ERROR MERGE ORDER 
101 MERGE-ERROR MERGE FILE LIST 

An error during execution results in the printing of an error message, 
the name of the library procedure involved, and the line number of the 
ALGOL program at which execution was currently taking place. The program 
is then terminated. The list of run-time errors follows: 

INCORRECT NUMBER OF ARGUMENTS TO 
MEMORY CAPACITY EXCEEDED IN 
UNDEFINED DESIGNATIONAL EXPRESSION IN 
READ/WRITE ERROR REF A SEG ARRAY .Jr 

SORT ERROR 
RANGE INCLUSION ERROR 
IMPROPER PARAMETER TO PROCEDURE 
IMPROPER 
UNRECOVERABLE DRUM ERROR IN 
CHARACTERISTIC UNDERFLOW 
INCORRECT NUMBER OF ARGUMENTS TO PROCEDURE 
CHARACTERISTIC OVERFLOW 
ATTEMPTED DIVISION BY ZERO 
IMPROPER NUMBER OF DIMENSIONS FOR 
SUBSCR IPT OUT OF RANGE FOR 
R E SU L TUN D E F I NED FOR . 
ARGUMENT OUT OF RANGE FOR 
CALLED ROUTINE NOT IN LIBRARY 
ILLEGA L OR IMPROPER SEQUENCE OF FORMAT PHRASES IN PARAMETER TO 
IMPROPER PARAMETER TO 
DEVICE NOT IMPLEMENTED 
FILE NOT KNOWN 
FILE NOT ASSIGNED 
BUFFER IMPROPERLY DEFINED 
ERROR IN LIBRARY CALL 
FILE PREVIOUSLY RELEASED CANNOT OPEN 
FILE PREVIOUSLY OPENED, NEVER CLOSED 
INTERNAL FILE ERROR 
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FEATURE NOT IMPLEMENTED 
ATTEMPT TO WRITE INPUT FILE 
ATTEMPT TO READ OUTPUT FILE 
'FILE NOT OPENED WHEN READ ATTEMPTED 
DEVICE UNKNOWN 
FORMAT SPEC MISSING 
UNKNOWN CONTROL WORD IN FILE 
EOF, NO RETURN SPECIFIED 
ATTEMPTED REWIND ON IMPROPER DEVICE 
ALGOL I/O ERROR 
NAMELIST INPUT NONBLANK COL 1 
NAMELIST ADDRESS NOT SPECIFIED 
NAMELIST NAME INCORRECT IN INPUT 
VARIABLE/ARRAY/LABEL NAME IN INPUT NOT' FouND 
SPACE FOUND IN NAME IN NAMELIST INPUT 
REVERSE READ. DEVICE ILLEGAL 
ITEM SIZE GREATER THAN SPECIFIED 
IMPROPER LINE CONTROL SPECIFICATION 
(FORMAT) IMPROPER FORMAT DEC LARATION 
(FORMAT) IMPROPER EXPONENT IN INPUT DATA 

. (FORMAT) NUMBER IN FORMAT TOO LARGE 
(FORMAT) IMPROPER FORMAT PHRASE TYPE 
(FORMAT) IMPROPER FORMAT PHRASE 
(F 0 R MA T) IN PUT D A T A V A LU E M 0 RET HAN 1 DEC I MA L POI NT 
(FORMAT) INPUT DATA NON·NUMERIC 
(FORMAT) INPUT DATA TOO LARGE 
(FORMAT) OUTPUT FORMAT USED IN READ 

'(FORMAT) INPUT DATA NOT LOGICAL VALUE 
(FORMAT) INPUT DATA NON OCTA L 
(F 0 R MA T) 1MB E D D E D S PA C E I N IN PUT D A T A 
(FORMAT) INPUT VA LUE HAS TRUNCATION ERROR 
(FORMAT) INPUT DATA CONVERSION ERROR 
(FORMAT) OUTPUT DATA TOO LARGE FOR FIE LD WIDTH 
(FORMAT) OUTPUT DATA VALUE EXPONENT TOO LARGE 
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SECTION: PAGE: 

AF:>pEr'-lDIX B. RESERVED WORDS FOR 
MARINERIIOB EXTENDED 
ALGOL 

ABSORB LOCK 
ALPHA LOW 
AND LSS 
ARRAY MERGE 
BEGIN MOD 
BOOLEAN MONITOR 
CLEAR MOVE 
CLOSE NAME LIST 
COMMENT NEQ 
COMPARE NO 
COMPLEX NOT 
CONVERSION OCT 
CORE ON 
DBL OR 
DEC OUT 
DEFINE OVERFLOW 
DIV OWN 
DO PAGE 
DOUBLE PROCEDURE 
DRUM PURGE 
DUMP RANDOM 
ELSE REAL 
END RECORD 
EQL RELEASE 
EQV REVERSE 
ETEST REWIND 
EVENT SAVE 
EVERY SERIAL 
EWAlT SET 
EXECUTE SLEEP 
EXTERNAL SORT 
FALSE SPACE 
FILE STEP 
FILL SWITCH 
FIXED TASK 
FOR THEN 
FORMAT TO 
FORWARD TRACE 
GEQ TRUE 
GO UNDERFLOW 
GOTO UNTIL 
GTR UPDATE 
HIGH VALUE 
IF WAIT 
IMP WHEN 
IN WHILE 
INTEGER WITH 
KEY WRITE 
LABEL XOR 
LEQ ZERODIVIDE 
LINE ZIP 
LIST 

1 
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<absorb arr aydec laration> 
<absorb declaration> ' 
<action labe I> 
<activity statement> 
<actua I parameter> 
<actua I parameter list> 
<actua I parameter part> 
<adding operator> 
<address> 
<a Ipha constant> 
<ar ithmetiC: express ion> 
<arithmetic: operator> 
<arr ay dec !Iaration> 
<array identifier> 
<array list> 
<array row> 
<array segment> 
<array tYPEi> 
<ass ignmelilt 'statement> 
<bas ic sta1tement> 
<bit field clescription> 
<b its in fiEdd> 
<bit position> 
<block> 
<block head> 
<blocking specification> 
<Boolean constant> 
<Boolean Elxpression> 
<Boolean f'actor> 
<Boolean pr imary> 
<Boolean ~)econdary> 
<Boolean term> 
<bound pa i:r> 
<bound pa iir list> 
<bracket> 
<buffer Ie ngth> 
<buffer part> 
<buffer re lease> 
<carr iage control> 
<channe I number> 
<channel specification> 

APPEN,DIX C. INDEX OF 
'METALINGUISTIC 
VARIABLES 

9.7.1 <compound tail> 5.1 ,6.1.1 
9.7.1 <concatenate express ion> 4.6.1 
11.3.2 ,11.3.5.1 <cond ition> 6.9.1 
12.1.1 <conditional statement> 5.1 , 7.1 
3.2~2.1 , 6.6.1 <constant> 2.1.9.1 
3.2.2.1 , 6.6.1 <data reduction procedure> 13.1.1 
3.2.2.1 , 6.6.1 <decimal fraction> 2.1.7.1 
4.2.1 <decimal number> 2.1.7.1 
11.3.2.1 , 11.3.4.1 <decimal places> 11.2.4.1 
2.1.9.1 <dec laration> 9.1.1 
4.2.1 <dec larator> 2.1.3.1 
2.1.3.1 <define dec laration> 9.8.1 
9.6.1 <defin it ion> 9.8.1 
3.2,.1.1 , 6.5.1 <definition list> 9.8.1 
9.6.1 <definition part> 9.8.1 
6.6.1 <de lete statement> 12.4.1 
9.6.1 , 9.7.1 <del im iter> 2.1.3.1 
9.6.1 <density part> 4 .4~1 
6.2.1 <des ignational express ion> 11.2.2.1 
5.1 , 6'.1.1 <destination> 6.10.1 
4.5.1 <digit> 2.1.2.1 
4.5.1 <d irection> 11.3.2.1 
5.1 , 6.1.1 <dlink> 6.10.1 
5.1 <do state ment> 8.3.1 
5.1 , 6.1.1 <drum access technique> 11.2.2.1 
11.2.2.1 <drum file description part> 11.2.2.1 
2.1.9.1 <dummy statement> 6.4.1 
4.3.1 <dump cond ition> 9.10.1 
4.3.1 <dump declaration> 9.10.1 
4.3.1 <dump list> 9.10.1 
4.3.1 <dump list element> 9.10.1 
4.3.1 <dump part> 9.10.1 
9.6.1 , 9.7.1 <editing phrase> 11.2.4.1 
9.6.1 , 9.7.1 <ed iting phrase type> 11.2.4.1 
2.1.3.1 <ed iting segment> 11.2.4.1 
11.2.2.1 <ed iting specification part> 11.2.5.1 
11.2.2.1 <ed iting spec ificati ons> 11.2.4.1 
11.3.2.1 <efi Ie part> 10.3.1 
11.3.4.1 <element part> 10.3.1 
11.2.9.1 <end of file label> 11.3.2.1 
11.2.9.1 <end of ree I tabe I> 11.3.4.1 

<character fie td desc:r iption> 4.5.1 <event list> 12.5.1 
<characters in fie td> 4.5.1 <event statement> 12.5.1 
<clear statement> 12.5.1 <event wa it statement> 12.5.1 
<c lose sta.tement> 11.3.6.1 <execute statement> 12.2.1 
<compare statement> 6.10.1 <exponent part> 2.1.7.1 
<complex constant> 2.1.9.1 <express ion> 4.1.1 
<compo'und statement> 5.1.,6.1.1 <express ion list> 11.2.6.1 

<express ion part> 11.2.6.1 
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<external procedure declaration> 
<factor> 
<fie Id> 
<f ie Id de I im iter> 
<fie Id part> 
<field width> 
<fi Ie dec laration> 
<file identification part> 
<file identification prefix> 
<file identifier> 
<file lock part> 
<'fi Ie part> 

<fi II statement> 
<f ixed ite m size> 
<fixed log ica I rec ord size> 
<fixed phys ica I record size> 
<for clause> 
<for Ii st> 
<for list element> 
,<for statement> 
<formal declaration> 
<formal parameter> 
<forma I parameter list> 
<forma I parameter part> 
<format> 
<format and list part> 
<format declaration> 
<format edit part> 
<format identifier> 
<format part> 
<for statement> 
<forward pr ocedure dec laration> 
<forward reference dec laration> 
<forward sw itch dec laration> 
<free fie Id part> 
<free field sentence> 
<function des ignatot> 
<genera I pr i mary> 
<genera I procedure dec laration> 
<go to statement> 
<head ing> 
<head ing control> 
<hivalue procedure> 
<identifier> 
<identifier list> 
<if clause> 
<if statement> 
<impl ication> 
<in .. out part> 
<input fi Ie> 
<input option> 
<in put or output> 
<input parameters> 
<input procedure> 
<integer> 
<iterative statement> 
<I/O dec lar at ion> 
<I/O statement> 
<I/O sw itch des ignator> 
<key descr iption> 
<kind> 
<label> 

10.3.1 
4.2.1 
11.3.3.1 
11.3.3.1 
11.2.4.1 
11.2.4.1 
11.2.2.1 
11.2.2.1 
11.2.2.1 
11.2.2.1 
11.2.2.1 
11.3.2.1 ,11.3.4.1 , 
11.3.5.1, 11.3.7.1 
6.5.1 
13.1.1 
11.2.2.1 
11.2.2.1 
8.2.1 
8.2.1 
8.2.1 
8.2.1 
8.2.1 
10.2.1 
10.2.1 
10.2.1 
13.1.1 , 13.2.1 
11.3.2.1 
11.2.4.1 
11.2.4.1 
11.2.4.1 
11.3.2.1 , 11.3.4.1 
8.2.1 
9.5.1 
9.5.1 
9.5.1 
11.3.2.1 
11.3.3.1 
3.2.2.1 
4.6.1 
10.1.1 
6.3.1 
11.2.9.1 
11.2.9.1 
13.1.1 , 13.2.1 
2.1.6.1 
~0.2.1 
4 .2.1 , 5.1 , 7.1 
5.1 , 7.1 
4.3.1 
11.2.2.1 
13.1.1 
13.1.1 
11.2.4.1 
11.3.2.1 
13.1.1 
2.1.7.1 
5.1 , 8.1.1 
11.2.1.1 
11.3.1 
11.4.1.1 
13.1.1 , 13.2.1 
10.3.1 
4 .4.1 , 9.3.1 

Appendix C 2 
SECTION: PAGE: 

<label declaration> 9.3.1 
<label equation part> 11.2.2.1 
<label list> 9.3.1 
<Iabe I part> 11.2.2.1 
<left base> 4.6.1 
<left bit of field> 4.5.1 
<left b it of left base> 4.6.1 
<left bit of right base> 4.6.1 
<left char> 6.10.1 
<left character of fie Id> 4.5.1 
<left part> 6.2.1 
<left part list> 6.2.1 
<letter> 2.1.1.1 
<letter 5tr ing> 6.6.1 
<I ine dec laration> 11.2.9.1 
<I ine number> 11.2.9.1 
<I ink descr iption> 4.6.1 
<I ink part> 4.6.1 
<list> 11.2.6.1 
<I ist dec laration> 11.2.6.1 
<I ist identifier> 11.2.6.1 
<I ist part> 11.3.2.1 , 11.3.4.1 
<I ist segment> 11.2.6.1 
<list specification> 11.2.6.1 
<local or own type> 9.2.1 
<lock statement> 11.3.8.1 
<logical operator> 2.1.3.1 
<low va lue> 13.1.1 , 13.2.1 
<low val ue pr oced ure> 13.1.1 , 13.2.1 
<lower bound> 9.6.1 , 9.7.1 
<major own> 13,,1.1, 13.2.1 
<maximum record length> 11.2.2.1. 
<max imum size> 13.1.1. 
<merge fi Ie> 13.2 
<merge file list> 13.2.1 
<merge order> 13.2.1 
<merge statement> 13.2.1 
<mfi Ie part> 9.9.1 
<minimum size> 13.1.1 
<minor own> 13.1.1, 13.2.1 
<mode part> 11.2.2.1 
<monitor dec laration> 9.9.1 
<mon itor I is t> 9.9.1 
<monitor list element> 9.9.1 
<moutput option> 13.2.1 
<move statement> 6.10.1 
<mrecord length> 13.2.1 
<mu Iti-fi Ie identification part> 11.2.2.1 

. <multiplying operator> 4.2.1 
<name I ist dec laration> 11.2.8.1 
<name list element> 11.2.8.1 
<name I ist identifier> 11.2.8.1 
<name list I ist part> 11.2.B.1 
<name I ist parameter part> 11.2.8.1 
<number> 2.1.7.1 
<number of areas> 11.2.2.1 
<number of bits> 13.1.1 , 13.2.1 
<number of bits in link> 4.6.1 
<number of buffers> 11.2.2.1 
<number of char> 6.10.1 
<number of records> 11.3.5.1 
<number of tapes> 13.1.1 
<octal constant> 2.1.9.1 
<oc ta I dig it> 2.1.2.1 
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,,~octa I number> 
<on statement> 
<open string> 
<operator> 
<order ing sequ1ence> 
<out destination> 
<output file> 
<output med ia part> 
<output opt iQn> 
<output parameters> 
<output pr oced ure> 
<own compare) 
<paper 5 ize> 
<parameter delimiter> 
<pa r ity la be I> 
<partia I word designator> 
<partial word operand> 
<pr imary> 
<proc list> 
<proc part> 
<proc,edure body> 
<procedure dec: laration> 
<procedure head ing> 
<procedure identifier> 
<procedure list> 
<procedure statement> 
<procedure type> 
<proper str ing> 
<range inclusion> 
<rangeown> 
<read statement> 
<record address and release part> 
<record address part> 
<record length> 
<record spec ifiications> 
<ree I save par1t> 
<re lation> 
<re lat iona I ope!rator> 
<repeat part> 
<rewind statement> 
<r ight base> 
<row> 
<row des ignator> 
<sarray type> 
<save factor> 
<separator> 
<sequentia I operator> 
<set statement> 
<s imple ar ithmetic express ion> 
<s imple Boolean> 
<s imple des ignational express ion> 
<:'5 im pie var iab Ie> 
<s ize of areas> 
<skip to channel> 
<slink> 
<sort order> 
<sort statement> 
<source> 
<source part> 
<source to destination statement> 
<space statement> 

2.1.9.1 
6.9.1 
2.1.8.1 
2.1.3.1 
13.1.1 , 13.2.1 
6.10.1 
13.1.1 , 13.2.1 
11.2.2.1 
13.1.1 
11.3.4.1 
13.1.1 ,13.2.1 
13.1.1 ,13.2.1 
11.2.9.1 
3.2.2.1 ,6.6.1 
11.3 .2.1 • 11.3 A.1 
4.5.1 
4.5.1 
4.2.1 
10.3.1 
10.3.1 
10.2.1 
10.2.1 
10.2.1 
3.2.2.1 .6.6.1 , 10.2.1 
9.5.1 
6.6.1 
9.5.1 
2.1.B.1 
13.1.1 , 13.2.1 
13.1.1 • 13.2.1 
11.3.2.1 
11.3.2.1 
11.3.4.1 
13.1.1 
11.2.2.1 
11.2.2.1 
4.3.1 
2.1.3.1 .4.3.1 
11.2A.1 
11.3.7.1 
4.6.1 
6.5.1 
6.5.1 
9.7.1 
11.2.2.1 
2.1.3.1 
2.1.3.1 
12.5.1 
4.2.1 
4.3.1 
4A.1 
3.2.1.1 
11.2.2.1 
11.3.4.1 
6.10.1 
13.1.1 
13.1.1 
6.10.1 
6.10.1 
6.10.1 
11.3.5.1 

I Appendix C 
SECTION: PAGE: 

<spec ia I exponent part> 
<spec ification part> 
<specificator> 
<specifier> 
<statement> 
<station part> 
<str ing> 
<string bracket character> 
<s ubscr iptedvar iable> 
<subscr ipt express ion> 
<subscript list> 
<sw itch dec laration> 
<sw itch des ignator> 
<sw itch fi Ie dec laration> 
<switch file designator> 
<switch file identifier> 
<switch file list> 
<sw itch for mat dec laration> 
<sw itch for mat des ignator> 

,<switch format identifier> 
<switch format list> 
<switch identifier> 
<switch identifier list> 
<s w i tc h lis t> 
<sw itch I ist dec laration> 
<switch list designator> 
<switch list identifier> 
<sw itch I ist list> 
<symbol> 
<task list> 
<task specification> 
<task variable> 

<term> 
<time function> 
<transfer in statement> 
<transfer oLit statement> 
<type> 
<type declaration> 
<type list> 
<unblocked specification> 
<uncond itiona I statement> 
<unlabelled baSiC statement> 
<unlabelled block> 
<un labe lied compound stateme nt> 
<uns igned integer> 
<uns igned number> 
<upper bound> 
<value list> 
<value part> 
<var iab Ie> 
<var iable identifier> 
<var iable item size> 
<waction label> 
<wait statement> 
<wformat and list part> 
<word pos ition> 
<write statement> 
<zip statement> 

2.1.7.1 
10.2.1 
2.1.3.1 
10.2.1 
5.1 
11.2.2.1 
2.1.8.1 
2.1.8;1 
3.2.1.1 
3.2.1.1 
3.2.1.1 
9.4.1 
4.4.1 
11.2.3.1 
11.4.2.1 
11.2.3.1 ,11.4.2.1 
11.2.3.1 
11.2.5.1 
11.4.3.1 
11.2.5.1 , 11.4.3.1 
11.2.5.1 
4.4.1 , 9.4.1 
9.5.1 
9A.1 
11.2.7.1 
11.4A.1 
11.2.7.1 .11.4.4.1 
11.2.7.1 
9.B.1 
12.3.1 , 12.4.1 
12.2,.1 
12.2.1 , 12.3.1 , 
12.4.1 
4.2.1 
3.2.3.1 
6.10.1 
6.10.1 
9.2.1 
9.2.1 
9.2.1 
11.2.2.1 
5.1 ,6.1.1 
5.1 .6.1.1 
5.1 ,6.1.1 
5.1 , 6.1.1 
2.1.7.1 
2.1.7.1 
9.6.1 , 9.7.1 
6.5.1 
10.2.1 
3.2.1.1 
3.2.1.1 
13.1.1 
11.3.4.1 
12.3.1 
11.3.4 .1 
13.1.1 , 13.2.1 
11.3.4.1 
6.B.1 

3 
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APPENDIX D. SPECIAL TOPICS 

Two (;If the more sophisticated concepts of the ALGOL 60 language' are recursive pro
cedures and the facility to call-by-name or call-by-value procedure 'parameters. 

Dl. RECURSIVE PROCEDURE CALLS 

Th,e theoretical importance of recursive functions and the growing number of applica
tions in simulation models and experimental mathematics justifies the need for recur
sive capability and the effort necessary for implementation of this capability. 

The "Report on the Algorithmic Language ALGOL 60" states that, "any other (than 
the appearal1ce in the left part list) occurrence of the procedure identifier within the 
procedure body denotes activation of the procedure". 

The normal 'sequence of execution in an ALGOL 60 program can be altered by a pro
cedure call statement or by naming a function procedure as a primary in an arithmetic 
expression. The above quoted paragraph makes it valid for any procedure to call 
itself, or to call a second procedure which then calls upon the first (direct re,cursion), 
or to pass to a procedure. as an actual parameter a call upon itself (indirect recursion). 

In either case, it is clear that a procedure may be entered several times before an 
exit occurs. (Note that this js not the case for a begin block; the ALGOL Report 
states that when a GO TO statement naming a global label to the block is executed, 
normal block ending must occur.) 

If a procedure is invol ved in recursion all variables local to the procedure, including 
parameters called-by-value, must be uniquely identifiable for each level of recursion. 
The dynamic run time stack of an ALGOL implementation, which is es'sentially 
"pushed down" for each entry to a block (procedure or begin) and "popped up" at 
block exit, enables recursi ve capability. 

REAL PROCEDURE SIGMAD (I, A, B, X); 

V ALUE A; INTEGER I, A, B; REAL X; 

BEGIN 

IF B LSS A THEN SIGMAD:=O 

END; 

ELSE BEGIN 

I :=A; 

SIGMAD :=X+SIGMAD (I, A+l, B, X) 

END; 

Figure 1. Example of Direct Recursion 
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REAL PROCEDURE SIGMAI (I, A, B, X); 

VALUE B; INTEGER I, A, B; REAL X; 

BEGIN 

REAL SUM; 

SUM :=0; 

FOR I :=A STEP 1 UNTIL B DO 

SUM: =X+SUM; 

SIGMAI :=SUM 

END; 

Y : = Z + SIGMAI (C, 1,50, SIGMAI (R, 1, 50, MAT [C, R] )); 

Appendix D 2 
SECTION: PAGE: 

COMMENT WITH THE PROCEDURE SIGMA I DEFINED AND CALLED 
SPECIFYING ITSELF AS A PARAMETER IN THIS MANNER INDIRECT 
RECURSION OCCURS; 

Figure 2. Example of Indirect Recursion 

D2. PARAMETERS CALLED-BY -NAME OR CALLED-BY -VALUE 

When a formal parameter to a proced\lre appears in the value list for the procedure, 
the ALGOL Report specifies that the value of the actual parameter be delivered to the 
procedure upon entry to the procedure. If the actual parameter is a variable, ,the cur
rent value is delivered, not the address of the variable, so that the variable, itself, is 
never altered by the procedure. If the actual parameter is an expression, it is evaluated 
upon entry to the procedure and the result is passed to the procedure. Note that the 
value passed to a formal parameter called-by-value becomes local to the called pro
cedure. 

As stated in Chapter 10 of this manual, if a formal parameter does not appear in the 
value list of a procedure declaration, it is assumed to be called-by-name. 

A formal parameter called-by-name must be evaluated at every reference to the formal 
parameter within the procedure body. For actual parameters that are simple variables, 
this possible multi-evaluation has no effect, since the address of the simple variable 
is delivered at each reference. Note, however, that since the address of the simple 
variable, not the value, is delivered to the procedure at each reference to the formal 
parameter, the value of the variable may be altered by the procedure. 

Call-by-name implies more sophistication for actual parameters that are expressions 
or subscripted variables. At each reference to the formal parameter the expression is 
evaltiated. Since operands of the expression may be known to the procedure (as global 
variables or as parameters), the evaluation of the expression can yield a different 
result upon each evaluation. 

The following example program, reprinted from the "Communications of the ACM" 
Volume 8, Number 6, June, 1965, will enable the reader to test his understanding of 
call-by-name and call-by-value. 
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TESTING THE UNDERSTANDING OF THE DIFFERENCE BETWEEN CALL-BY,
NAME AND CALL-BY-VALUE IN ALGOL 60 

The fO'llO'wing shO'rt prO'gram incO'rpO'rates mO'st O'f the basic call-by-name and call-by
value prO'blem s in AlgO'I 60 prO'cedures. The procedures INCV (x) and INCN (x) differ 
O'nly in that the fO'rmal parameter is called by valu,e in INCV and by name in INCN. 
Likewise, ADDV (y) and ADDN (y) differ O'nly in the call-by-value fO'r ADDV and 
call-by-name fO'r ADDN. 

The prO'blem is to' fill in the apprO'priate blanks within the cO'mment statements. This 
little example has been used successfully, but nO't extensively, bO'th as a teaching 
device and (fO'r a 'separate grO'up O'f students) as a testing device~ The answers are 
given in the last paragraph O'f this nO'te. Test yO'urself befO're examining the answers. 

BE~:;IN REAL a, b; 

REAL PROCEDURE INCV (x); VALUE x; REAL Xi 

BEG'IN x :=x+l; INCV :=x END; 

REAL PROCEDURE INCN (x); REAL x; 

BEGIN x :=x+l; INCN :""'x END; 

REAL PROCEDURE,ADDV (y); VALUE y; REAL y; 

ADDV:=y+y; 

REAL PROCEDURE ADDN (y); REAL y; 

ADDN :=y+y; 

a :=1; b :=ADDV (INCV (a)); 

COMMENT a is nO'w_, b is nO'w __ 

a :=1; b :==ADDV (INCN (a)); 

COMMENT a is nO'w_, b is nO'w_, 

a :=1; b :=ADDN (INCV (a)); 

COMM EN T a is nO'w_, b is nO'w_, 

a :=1, b :=ADDN (INCN (a)); 

COMMENT a is nO'W_1 b is nO'w __ 

EN[); 

The answers fO'r the blanks in reverse O'rder O'f their O'ccurrence are 5, 3, 4, I, 4, 2, 

4, 1. 

, ROMAN L. WElL, JR. 
Graduate SchO'O'I O'f Industrial AdministratiO'n 
Carnegie Institute O'f TechnO'IO'gy 
Pittsburgh, P ennsyl vania 

Received February, 1965 

VO'lume 8/Number 6/June, 1965" 



U P·7636 


	0001
	0002
	0003
	001
	002
	003
	004
	01-01
	01-02
	02-01
	02-02
	02-03
	02-04
	02-05
	02-06
	02-07
	02-08
	02-09
	03-01
	03-02
	03-03
	03-04
	03-05
	03-06
	04-01
	04-02
	04-03
	04-04
	04-05
	04-06
	04-07
	04-08
	04-09
	04-10
	04-11
	04-12
	04-13
	05-01
	05-02
	05-03
	06-01
	06-02
	06-03
	06-04
	06-05
	06-06
	06-07
	06-08
	06-09
	06-10
	06-11
	06-12
	06-13
	06-14
	07-01
	07-02
	07-03
	08-01
	08-02
	08-03
	08-04
	08-05
	08-06
	09-01
	09-02
	09-03
	09-04
	09-05
	09-06
	09-07
	09-08
	09-09
	09-10
	09-11
	09-12
	09-13
	09-14
	09-15
	09-16
	10-01
	10-02
	10-03
	10-04
	10-05
	11-01
	11-02
	11-03
	11-04
	11-05
	11-06
	11-07
	11-08
	11-09
	11-10
	11-11
	11-12
	11-13
	11-14
	11-15
	11-16
	11-17
	11-18
	11-19
	11-20
	11-21
	11-22
	11-23
	11-24
	11-25
	11-26
	11-27
	11-28
	11-29
	11-30
	11-31
	11-32
	11-33
	11-34
	11-35
	11-36
	11-37
	11-38
	11-39
	11-40
	11-41
	11-42
	11-43
	11-44
	11-45
	11-46
	11-47
	11-48
	11-49
	11-50
	11-51
	11-52
	11-53
	11-54
	11-55
	11-56
	12-01
	12-02
	12-03
	12-04
	12-05
	12-06
	12-07
	12-08
	13-01
	13-02
	13-03
	13-04
	13-05
	13-06
	13-07
	13-08
	13-09
	13-10
	13-11
	A-01
	A-02
	A-03
	B-01
	C-01
	C-02
	C-03
	D-01
	D-02
	D-03
	xBack

