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11.3.3. Free-Field Input
v 11.3.3.1. Syntax
<free field sentence>:: =<field> <field delimiter> | <free field sentence>
<field> <field delimiter>
<field>::=<number>| <string> | % <octal number> |/ | <empty>
<field delimiter>:: =, | <letter> <any proper string not containing a comma>,
11.3.3.2. Semantics

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 cartried 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, Al] 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.

B 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.

m Empty

An empty field causes the corresponding list element to be ignored.

m Slash (/)

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.

B Logical Values

For free-field input, the integer value 1 (one) and 0 (zero) represent the logical
values TRUE and FALSE respectively,
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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 individual records,
1
2
3
@
29
+123 .00 +
29
+ .123@29
,0,X,A1 , 4 A 5 B, / CARD 124
15 IGNORED, ZERO,
% 177, %30, 'THIS IS A STRING', 'DON"T',
STRING' , , , ,
If the above records (free field sentence) were read with the statement

1 10 20 30 40 50
e v e e e v e b e e e o b e e Lo

L R EAD (FLE !LPJ,',LLL'LEJQLRI =0 SITEP 1 1U.L.NITLI_J,!T'_L,,L]J_é_l_‘,,lpLoL,léi[j.l_.l;ll)__lji.v

where A was declared as an array of type real, values would be assigned to
A as follows:

A {0] = 123@29 A (6] - 4.0
A [11 = 123@29 A [7] = 15.0
A (2] = 123029 | A [8]. = Unchanged
A 3] =0 A [9] = 177 (octal)

A [4] = Unchanged A [10]. = 30 (octal)

A [5]. = Unchanged A [11] = THISWI

It
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A [12] = SBABST A [15]. = STRING
A [13]. = RINGWY A [16] . = Unchanged
A [14] = DON'TH
11.3.4. Write Statement
11.3.4.1. Syntax
<write statement>::=WRITE(<output parameters>)<waction label>
<output parameters>: : = <file part> <cartiage control> | <file part>
<carriage control>, <wformat and list part>|
<file part> | <array row>,<wformat and list part>
<file part>:: = <file identifier> | <switch file designator>
<carriage control> ::= [PAGE]|<skip to channel>|[DBL]|[NO] | <record
address part> | <empty>
<record address part> ::= [<address>]|<empty>
<address> ::= <arithmetic expression>
<skip to channel> ::= [<arithmetic expression>]
<waction label> ::= [<end of reel label> : <parity label>] | [:<parity
label>] |[end of reel label>] | <empty>
<parity label> ::= <label identifier>
<end of reel label> ::= <label identifier>
<wformat and list part> ::= <format part>| <format part>, <list>|
<format part>, <list part> | *, <list>|
* <list part> | <arithmetic expression>,
<array row> | <alpha array identifier>,
<list>| <alpha array identifier>, <list part>
<format part> ::= <format identifier> | <switch format designator>
<list part> ::= <list identifier> | <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 instead of

the file part, it indicates that it is an Edit and Move write statement.
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m Carriage control

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.

DBL causes the line printer to double space after the line is printed. NO
causes the printer to suppress spacing after the line is printed,

m 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 list 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 wotd 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 expression, 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, ptovides a means of calculating a format at execution time. The
calculated format must 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 pointer 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
recotd following the last record written.
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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,
B Edit and Move
In a write statement, an array row may be used instead of file part, this indi-
cates an Edit and Move write statement. When an Edit and Move write 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.
m 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
B Writing of mixed mode tapes is not possible.
m When a parity error occurs in writing a tape, the redundant record is left in
the buffer.
m 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 OPERAND COMMENTS
10 20 30 40 50 60
e MRUTE G (FILEID,FMT, LESTIO) G b b i g
I T T T T O T T T T S T T S S T O Y O S T T TN TV S YU T TN ST T SO TN NI S ST NS S S B O SO MO
L MRYTE FLLELD XEIPI,AIGLEIJI)I:I U T T T RO O U S NS S Y T S TN W T S AN O A A RO
O T T T T ST TS T T 0T O T T U YU GO W O S A ST N YWY O T ST T N N Y U T O
I T T T lwlRlIlTlEl |(|F|I [LiElI IDI'AF[MITI) l;l -} | P I N O T VO T | [ R I I T Oy N N | ' N I S N Y O S S | I IO R N |
A T S T T (A T T S TS U S U S O T S SO OO U S OO SO SO T N TS N YT TN S W ST N [N Y N S W S N N N S S B T
s MRITE (R LE DL LS T D) s PAR T Ll i o
G O U T Y O T O S T T T U T YO YV YO T (N YOO YU T S YT Y W T Y YOO W T T S 1O O O S B A
o WRVTE L GFILEND] [ DBL ], FMTL,ALBLC,ARALE Y Gy g
N I Y T I | I | SN S SN N N A I | ‘ } N [N SO (R S U N B | I § N0 N S N O T T e | | N T I Y T | l N T S R T Wt | | It 1 4 |
o MRNTE GFLLEND, XH Y, -Z ARAB T 0 T sl b e L
IS T T T O S Y U0 S S T T O SO TN S YOO TN YOO U U A WO S YT T T O U WS S U T I S Y OO A N O S SO OO [
- |( lFJl\LIEJ| ll)‘) |;l 1 SR PR N A | | § NN NS TN SN NN RS S | | I T Lol & 1 L ] 3 N VR Y Y S I S B | [ - S O T
P G T T U YT U 0 S U WO TN DO 0 S YO O SO TN 1O OO YO T ST T SO O A N TN YT U O T Y T S B A U B S O
Coa g (MRITE L GRL Ell:lXl+lzl]}'1F\Tl’lLlslTl)| |E|E|01F|];| TR T U T N T IO T T N T A A N A RO
BV T T T U N O T O T O YT S O U T U T YO W U T U A I I T T T U OO U T WY O SN I T RO S SO
L MRATE l(IFIIILIEIIIDI'[lkol!IAlElil:]l)lil_L P T T 0 U O SO O T Y T T TN NN O Y S SO B B B M
S S I U Y TR U S | I FS S N S B O S |,,J, 5 N N N Y Y BN Y S | ’ | N I N ,L‘,L,,J,L,l B O W [ T N N | I N TN T S S W | l § IR Y I I |
N I | leRlllTlEl, L(,IFJIlLlEllllDl'lFlRlMlTl'lL\SiTl)l ll;lE|°lFlfl~Pl,A41.RJJj; ) O S Y S Y | G Y Y N Y S O N l S I N O |
TN NN YU YO T S T T N S S S T N T T T T T WO T T T N VO S S O S S S N S S O
L4 MRNTE, (,FQLEND,FMT,FOR 1}:=1 STEP 1} UNTIL 1,00 DO IA\RIAIEIIIJIIA\Iisl)I;I
A N AR R | O U O Y B J,YL..J B N N N S N T B | TR R O A | | S RS R 11 Ly by
coa o MRTE L CAD T RMT LS T e e e b sl
P U U T T N O NN (Y T T T NS Y A T SV T G N WY DU I P S T Y O A N S O Y T A S A N O T R O B O
Lo WRUTE CFILENDL AL DN ST Y e b b b
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11.3.5. Space Statement
11.3.5.1. Syntax
<space statement> ::= SPACE («<file part>, <number of records> ) <action
label>
<number of records> :: = <arithmetic expression>
<file part> ::= <file identifier> | <switch file designator>
<action label> ::= [<end of file label> : <parity label>]
| [<end of file label>]|[: <parity label>] | <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
records are spaced in a forward direction; if negative, in the reverse direction.
For 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
1 10 20 30 ) 40
YU I N OSSN U T G | lA_l.-.J.;.J,l Lo el l l_,_,L_.L,__l,,v_J.A.,_L.,_J.NJ;_.J-.,L, Lo e d L 1 14 I N N [ S U N W
L (SPACE (G FILETD, S, ,E,iL_.LE,AlQ.LELF.L,:J_L_J_F:LA.,JR;ll;I T H S S SRS B N S
PO N T T T VO U T T T O N U S U A N O OO O IO N B Y AR B B
PO TN N U I T TN T NS U T U T T U0 N Y O SOOI Y T N N A U N U OO IO OO O O A N O S N W IO T O
L1111 SPACE (FM LEVD,-3) [LEOF:LPAR J; | 1
PSR N OO TN TN U U U AU U000 U0 OO T OO T U U O OO O W G O YV Y SO WY Y S B S |~L...,1,..,L_~A,1,...L_..L i
AN SO O U T U O O U T YOO T U U VU VOO VO Ut U U OO TS PO T Y TN VA Y Y D N SO U WO

1 SPACE, ((FI LEID, A+B~C)yi, | o 1o (a1l 1 Ll 1)
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11.3.6. Close Statements
11.3.6.1. Syntax
<close statement> ::= CLOSE (<file part>, RELEASE )| CLOSE (<file part>,
SAVE)| CLOSE (<file part>, *)| CLOSE (<file part>,
PURGE)| CLOSE(<file part>)
11.3.6.2. Semantics

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.

@ On a line printer file, the printer is skipped to the next page, an ending label
is printed, and the printer is again skipped to the next page.

m On a tape output file, the end of file mark is written after the last block on
tape.

® On 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 I/O unit is released to the system. If the file is
a tape file, the tape is rewound.

If SAVE is used, the I/0 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 I/0 unit remains under program control, and if a tape file, 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:

m 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 label of the succeeding file, if any.

m 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.

m If the CLOSE (file part,*) is executed after the end-of-file label branch has
been taken, no action is performed to position the file,.
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When the CLOSE (<file 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 ditection 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 CLQSE (<file part>,*),

11.3.6.3. Examples

1 10 20 30 40

U U TN U U Y NN U S OO O IO G | Lol Lt PN N OO N VN O O Y Y S B O
kN O | 1 11 1 IclLlollel I( lFlIIL' ElllDL' IRIEILI ElAl s[El) l;l I 1 - I [ R N VOO NSNS N SN I
TR TR TN NN U S A O O T Y 0 Y | [ B L1 PRI SN AN AU NN TN N N N O
TN TN VO TN WO W T TN U N S WY A O B A | [ | L1 AT S T T R W0 W S A B A Y
A T N SR O S S Y WO SO W 0 0 S | bt . RN BN R AR R R

R TN N R NN TOU N | 1 IclLlollel I( |F||lL1ElIJDL'lslAllel)l;i i 1 | | ] | ’ | 1 1 | 1 [
[T S R T TN S S TN U A WY S0 N AR O O | R | L NN B R R Y A

IS S T VO T O OO W Y YO0 Y T O | [T B | L1 IR OO NF R S N S B T Y
TN TN S S T N O S N OO WO T O i R SN R R IR S N N S N S B A
USSR T WO A T N OO T Y A A | Lol L1 RN IR B R N A S A
Lo 11 JCLosE, GFVLENLD,, (*) s (| L [ TN I B R N N S A
N I I T WY N S O T [, 1SS T GO AN Y TR B | [ 1] L1 ) T J B Y T N T I R |
F R S | S N I | ( ) N S R S SHO W | I L1 i1 L I L1 | S I L do 1 1 1 F SR S S |
AR SN TR SN T NS NS U AT SN T IO T W0 O B [ oo Ll PR SNS UNNE SO SO O A O N N S Y
T SN T T NN O W N A B I A A A e Lol L1 AR R A N AR A
Lt gy €L O0sE (FILEID,PURGE): |, I B A B AR R At
L [ RN NREE | Ll N N B N RO S e )
[T S S U W U N T N U N B B O A | R R L SR A A AN R R e
TR TN U S A WU S O T WO M RO A [ 11 I L R BN S S R B
TN TR SN WO R O T F DU WO T OO OO O W | N | L [N B R A A S
Lot e CLosE, ((FLLEND)) G g ] L P I NN SO N N S R O B A
AN T W T T OO 0 U NN O O W WO O O [ L] L IR N ST Y R B B B
TN TR N O N U AU AN G U TN T Y WY A Lo 1| L R B ST R R
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11.3.7. Rewind Statement

11.3.7.1. Syntax

<rewind statement> :

:= REWIND (<file part>)

<file part> ::= <file identifier> | <switch file designator>

11.3.7.2. Semantics

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/0 unit remains under program control.

For drum files the rewind 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

11.3.7.4. Example

used only on input,

1 10

TN DU T S U U W BT U AT U N N B O B T

T SR N S N W A0 Y B S O B Y O

L g IREWIEND, GFBWLENTD) G o)

- 11.3.8. L.ock Statement

11.3.8.1. Syntax

<lock statement> :

11.3.8.2. Semantics

.= LOCK (<file part>, RELEASE)| LOCK (<file part>,
SAVE)| LOCK (<file part>)

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 RELEASE is used, the
I/0 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/0O unit is released to the system
after a new reel is made ready, but the unit requirement is not relieved, The
RELEASE or SAVE must be used for tape files to indicate whether the I/0 unit

requirement is relieved or not.
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For drum files all lock statements cause similar actions. These are as follows:

(1) A temporary file declared SERIAL or RANDOM is made permanent,

catalogued.

(2) The buffer areas reserved for the file are returned,

E xamples

11,3.8.3.
.
1 10 20 30 40
L4y b0CK, (FILEID, RELEASE): , A G
_L__L_L_J_!_,L.J_J__LJ_ LoLoboto ) | T R Lo bl [ VS S G N P I OO S S S L
A T T T T VYT U U YW T YO T W O 0 O WO A S W O SO A I
TN S U O YOO NN N U WU U0 N OO N SO VR WA T SO T O G T S A A A A L I T U A B
TSN T U NS TN N T U W 0 WO IS A O T U U NN U S M OO AN N O N T N W [ U ]
i1y r g koK (CGFVLEND L, SAVE) G L N N S |
AN ST T T T N N S S O O N S Y W00 T T U O SO NN B O [ B T R B S R
TN T O T SOV R T TN T T Y U WO T SO T T Y VYU T Y S N M T VO S O [ R S | L
U N O W OO A U VAU TOU U I T VU TN TN P S M VO TN N YT O WO SO W M [ N T R B !
BN Y O SN Y W N YU YOO O WU T O U S SO A SO YOO O A [ R N I R
a1 v g LOCKGEVLEND) Gy oy L g T S S S N N B

11.4. 1/0 SWITCH DESIGNATORS

11.4.1. General

11.4.1.1,

11.4.1.2,

11.4.2.

11.4.2.1,

Each particular I/O switch designator will be discussed separately in
succeeding sections.

Syntax

<I/0 switch designator >::=<switch file designator> | <switch format
designator> | <switch list designator>

Semantics

L/0 switch designators are used in I/O statements in the same manner as file
identifiers, format identifiers, and list identifiers.

Switch File Designator

Syntax

<switch file designator> ::

<switch file identifier> ::

= <identifier>

= <switch file identifier> Es'ubscript expression> |
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11.4.2.2. Semanticbs

11.4.2.3.

11.4.2.4.

11.4.3.

11.4.3.1.

Switch file designators are used in I/0 statements in the same fashion as file
identifiers,

A switch file designator is used in conjunction with the switch file declaration
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/0 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
integer, 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 patametet 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 identifier.

If a switch file designator is used as an actual parameter to a procedure, the
corresponding formal parameter must appear in the speczflcatwn part preceded by
the specifier, FILE.

Restrictions

The value of the subscript expression should correspond to the position of one of
the file identifiers in the switch file list. If the value of the expression is outside
the range of the switch file list, the file so referenced in the I/0 statement

is undefined.

Examples

SWHF [1]]
SWFILE [1F X>N THEN 0 ELSE 1_]

F1SW [INTEGER (X<N)’]

Switch Format Designator

Syntax

<switch format designatot> ::= <switch format identifier> [<subscript

expression>_]

<switch format identifier> ::= <identifier>
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11.4.3.2.

11.4.3.3.

Semantics

Switch format designators are used in I/0O statements in the same fashion as are
format identifiers.

A switch format designator is used in conjunction with the switch format

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
declaration specified by the switch format identifier. 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/0 statement. The value of the
subscript expression must correspond 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 expreséion 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 FORMAT. 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 list. If the value
of the expression is outside of the range of the switch format list, the editing

specification so designated in the I/0 statement is undefined.

Examples
SF [1]

SFHFT [IF X<N THEN O ELSE N_]

11.4.4. Switch List Designator

11.4.4.1.

Syntax

<switch list designator> ::= <switch list identifier> [<subscript expression> |

<switch list identifier> ::= <identifier>
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11.4.4.2.

11.4.4.3.

Semantics

Switch list designators are used in I/O statements in the same fashion as list
identifiers. A switch list designator is used in conjunction with the switch list
declaration specified by the switch list identifier.

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 switch 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, LIST.

Restrictions:

1. The value of the subscript expression should cotrespond to the position of
one of the list identifiers in the switch list list; otherwise, the list so
referenced in-the I/0 statement is undefined.

E xamples

SWLIST [I7]

SLST [IF A>B THEN O ELSE I+1 ]
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12. ACTIVITY CONTROL

12, 1 ACTIVITY STATEMENTS

12.1.1.

Syntax

<activity statement> ::= <execute statement>| <wait statement> | <delete

statement> | <event statement>

12.1.2. Semantics

12.1.2.1,

Synchroncus 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 advantage 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
asynchronous 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,

O O O R OTOSOS

time —5= 1

<S ) represents an ALGOL statement,

Figure 12—1. Synchronous Processing

T For discussion purposes the main program will be treated as any other activity.



UNIVAC 1108
UME-7636 EXTENDED ALGOL

12 ’ 2
SECTION: PAGE:

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 simultaneous execution,

—————— O o . S R e
9_ _________ 3'@>1-(-) ————— @11
OO,

tim e e
S : ALGOL statements other than activity statements.

E : execute statements

Figure 12=2. Asynchronous Processing

12.1.2.2, Synchronization of Asynchronous Activities

In order to synchronize two or more activities (e.g., when the individual results
of several activities are to be printed in a single report), an activity may ‘wait’
until another, or several other, activities have completed,

By W ___.-@---@————@-—@1———(@5 — — — (activity A)

@——i—_-—_@——@—-@ (activity B)
_-©_—®1_4__©“@6 (activity C)

time =

S : ALGOL statements other.than activity statements
E : execute statements

W : wait statements

Figure 12=3. Synchronization of Asynchronous Activities
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12.1,2.3.

12.1.2.4,

In Figure 3, three activities are diagrammed (A, B, C). At statement Wy
activity A waits upon B. At Wp B waits upon C.

Activity A will not proceed past Wl until B completes. B. will not complete
until C completes, because at Wy activity B waits upon C. Therefore, at the
time statement Sg is encountered, the entire process is again synchronous, and
all statements following Sg are processed serially (until another EXECUTE

is encountered).

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
parameter 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.

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,

SET and CLEAR.

An event variable can be used to synchronize processing at the sub-activity level
(using the ewait 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> ::

EXECUTE (<task specification>)

<task specification> ::= <procedure call> | <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 the calling block. Each procedure is regis-
tered with the executive as an independent activity, using the Executive function,

FORKS.

In an execute statement, if a task variable is given the procedure call is associated
with that variable. 1f no task variable is given, the procedure call is not associated
with any task.

T See special cases of the delete statement for exceptions.



cl
UNIVAC 1108 12

UME-7636 EXTENDED ALGOL secTion: Pace:

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;

(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,

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
progtammer 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 more 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
used due to overhead for initialization of activities and activity control house-
keeping done by ALGOL. Multiprocessing also increases system overhead because
the 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 used 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.
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12.2.4, Example
LABEL 0 OPERATION 4, OFPERAND ‘0 coMm
T TN T T Y N U O Y U SO NS A N G T N SN OO S GO S VUG W N G Y W O U SO
Lot ITASK TASKICONTROL G, o f v o v e b
(ST T U S Y R N U VAU Y N SO S O OO A O ST Y NS G O O
S O T T T Y VU T Y T W T A T I T N O O SO T T O U T N N Y U O N S A W I B
OO YOO T O T S SO T O N U T OO P T T TN YO O O O T TG S W S M B
b a1 IEXECUTEGPROCTCARGTY) Viiy o v v v b e
b v e e rac v b v e e vl e e v b
it 1 EXECUTE(GPROC2) ;0o v bv e o b v e b
U S T U USRNSSR
L1111 EXECUTE(PROCT(INPUT, OQUTPUT),, TASKCONTROL,)|:,

12.3 WAIT STATEMENT

12.3.1,

12.3.2.

Syntax

<wait statement> ::= WAIT (<task list>)
<task list> ::= <task variable> | <task list>, <task variable>

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

1 10 20 30 40 50 60

O T S T N T Y T T O S T S A G ST O DO O OO0 T YO WU OO U OO O WO G T Y O W S W0 OO
i g ITASK (TASKER T G 0 oo b v aae v b e ool
Lt ITASK GARRAY G GONTIROLII L 1500 iy oo Lo v e e v Lo
N T O SO O G O T T O VO U U OO Y N U NS O T YOO U S O SO0 VO WY O 1 A W W N WO WO RO N A S
N TSN U T T S T T W (O U T S GOV VOO YO UV Y YUY WO G T T YO T N S O SO WY W 00 S S ) A A
teter v Lo e v e by coen e g e e e b e s e e o Lo
t g e IWALTGTASKER,, TV iy o ol oo Lo v doe v a0 L
oo aoy g IFOR =1, STEP, 2, UNTIL, , 5 DO | WAILT(, CONTROLDII | ), 5,
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12.4 DELETE STATEMENT

12.4.1. Syntax

<delete statement> ::= DELETE(<task list>) | DELETE (<arithmetic expression>)
<task list> ::=<task variable> | <task list>, <task variable>

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 ADLTS.

If an arithmetic expression is used, it must be equal to 0 or 1. Any other value
will cause an error to occur.

If the value is zero, all activities other than the one giving the DELETE are
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

1 10 20 30 40 ’
U ST T T U U U T N SO A N U T T M O U S N N O S B S B
v e ITASK T, T2, T30 0 b e b
U S T T T T TR T O (TN O N IO A T U O A S O B
Ly g g IPNTEGER, ey v v b e e b
RTINS O T T U 0 OO U Y AU U O S S T S O U O S T IO S S Y S M T S MY M
FER N B S T B IEXECUTECPROCH G )y TV 00w 0 vy v v by gy

|EIXIEICIUITIEI(IPIRIOICIZI'lTl]I) ]

[T T R TR SN B R O N A B A S M

TN S T N U S U U N U T U U T NN T A U T S U T I T U T T W S T N N N WY WS S A

a0 g IDELETEGT VT30 b o b

llllllllll'JJlllLllllJLllllI?lllIIIlIII[lIIIIIIl

vy o444y |WWF, DVWF 4SS , 1,0E-6 | THEN L DELETE (),
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12.5. EVENT STATEMENTS
12.5.1, Syntax
<e§ent statement> ::= <set statement> | <clear statement> | <event wait statement>
<set statement>::= SET (<event list>)
<clear statement> ::= CLEAR (<event list>)
<event wait statement> : := EWAIT (<event list>)
<event list> ::= <event variable> | <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 ETEST is given a set event variable as an argument, it returns a value
of TRUE. No waiting is done by the ETEST 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 EWAIT issues a cleared
variable causing no delay in execution. The ETEST function returns a value of

FALSE.

NOTE: After an EWAIT 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
1 10 20 30 40 50 60 80
T S S T Y U OO O S B T S A PO O U RO TN I S O OO A Y O (S TN S A T NN U S A0 SN (R AV N S Y (O S 0 SO N S O DA I
Lot Lt b LG LEVMENT B L E 203, s s v o b co o o b c b cea b s v
Lo G IREAL L RES VLT, (INETRALG e e b e s v b i L
Lo oinaa s IPIROGEDURE |, (GRAPHGPOLNT, INPUT,, PASSEDP,  {PLOTTED )i 1 a v v ool v o o
Lo i1 i IEVENT , PASSED ,PLOTTED: v b b e e b e
Lo oo REAL  POLNT,, INPUTG | vy v b o e o ol cu o e b oo d e 1
T T O U T T S O S T O S VOO U0 Y 00 O S YOG U U 0 A S T OO SO A T O NN O T Y W TN O P B B 0 B M
T T L O O S S T (T O S T O T T S U Y U I Y PO IO S0 OO NV SO0 SO O OO0 A Y O YO OO0 OO B OOV N O W S B S
v ICLEARGPASSIEDY i o vy ol s vy s b o v b e v e e Ly g gy
YR NT TN S I U O L0 O T T YT S YO ST SV U N S W SO OGS N T YO T O D A T T W S 0 S O T N U AV SV T N A
T O T T . U T S T S T O T S T U OOV U TS S O S T S W O S T B T T T N O B0 B M O MR R O
T T O o T O I SO S S T e S S T T I T AT T B SOVt S 0 YOO Y I 0 W O O S S S S O N U O Y 0 Y S S W

Lo o a o tLFe POHRT PO LNT TS ,0,,10,0,0,T,

T HEN 6,070 ,L,0,0P ELSE

CLEARGPLOTTED),

L1

L

S S N 0T 0 T O P S S S T O TR T T O SO O TGO U WS OSSN S G N 0 VOO S O T T 00 O 0O H W N S A OV Y B Y Y OO S N SO A0 I
T,EST,(,PlAS;S EDy), AND ETEST(,PLOTTE,D, THEN 6,0 T.0 EXI,T:;
T T S T T O T T S T T T S O T B S S Y DO T G U U S U SO A U S N S SO IO S S POV 0 O AU SN I HAT Y SO I I S WA S0 W Y A SOV A ANV Y SR T BRI
TS TS T U L U T U U T A T T S S T A S VUG U O S0 WU SO U XS T ST S WA T O U O BN S A O A T N S B O
EXITizi 00 JEND  OF JGRAPH: o o s e b e v s v v b s g
O T T T L S S T Y T T B S O S T TGO U VO AV O Y S S S0 0 RO WOR TN RN AT AT NS Y B U AN A S A MY M A R
TS SN N T T U IO TN YOO N OO N T N O A N0 O RSSO YA Y AT SO0 N WS S S OO N0 U R T VAN A ST N RS TOY O O TS T 000 OO TN O S T SO ST SO0 Y B B
Lo e cISETG B NGE2Y gy vy v b o e o e e e e o b e b e s
T T S T L O T U B B S S T T U S B U DO U O S O SO TS S U T Y T T N SO O A SO A BN A S B Y Y Y TS ETI A
oo a1 IEXECUTE( (GIRAPHORES VYT, LMNET HALLIETY 4E2), e Lo o vl e iy v
T T W OO T T U O U L T G O T (T S B (G S O S S TS W O O U S ST ST O S S O S A0 S S AT A O O WS SO
e (EBWANTOGEY Y G vy s v b v v b v v e by vy e e v e v v v b g
Lo i g JCREARGEYD Gl o - v b e s ol e i b e e e v b o v b e
A A TN o T OO0 00 00 OO Y T T T T T O U S0 W SO0 O T OO S U MO A O O SO N U B O SN Y0 B G S A O
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13. SORT/MERGE

13.1, SORT STATEMENT

13.1.1,

Syntax

<sort statement> ::=SORT (<input option>, <output option>, <data reduction
’ procedure>, <sort order>, <range inclusion>, <number

of tapes>)

<input option> :: = <input file> | <input procedure>, <record length>

<input file> ::= <file identifier>| <switch file designator>

<input procedure> ::= <Boolean procedure identifier>

<record length> : : = <fixed item size> | <varia'ble item size>

<fixed item size> ::= FIXED RECORD <arithmetic expression>

<variable item size> ::= RECORD <minimum isize>, <maximum isize>

<minimum isivze> : = <arithmetic expression>

<maximum isize> :: = <arithbmetic expression>

<output option> ; : = <output file> | <output procedure>

<outpﬁt file> :: = <file identifier> | <switch file designator>

<output procedure> : : = <Boolean procedure identifier>

<data reduction procedure> :: = <Boole‘an<procedure identifieb | <empty>

<sort order> ::= <own compare> | <key description>

<awn compare$ .. = COMPARE <Boolean procedure identifier>

<key description> : ;= KEY <format>, <ordering sequence>, <word position>,

<bit position>, <number of bits>
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13.1.2,

<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>

<hivalue> ::= HIGH <arithmetic expression>| HIGH <arithmetic expression>,
OWN KEY <rangeown>| HIGH <hivalue procedure>

<rangeown> ::= <major own> ] <major own>, <minotr own>
<major own> :: = <arithmetic expression>

<arithmetic expression>

<minor own> ::
<hivalue procedure> : : = <Boolean procedure identifier>

<low value> :: = LOW<arithmetic expression>| LLOW<arithmetic expression>,
OWN KEY <rangeown>| LOW<low value procedure>

<low value procedure> : : = <Boolean procedure identifier>
<number of tapes> :: = NTAPES<integer number> | <empty>
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.

m 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.
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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 parameter, or (2) assign a TRUE 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 values 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,

- m Output Option

An output option must be supplied and must be the second item specified in

- the sort statement. 1f an output file is specified it can only reference 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 allow ‘‘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 already
been returned. If the first parameter is FALSE the second parameter will
contain a sorted record.

m 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 fitst 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.



UME-7636

13

UNIVAC 1108 -
EXTENDED ALGOL

SECTION: PAGE:

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 Boolean
proceduie with exactly two parameters, both of which must be atrays. 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 TRUE if the
array given as the first parameter is to appear in the output before the array
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, o

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 of 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

D 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
D descending field

(3) Word Position

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,

(4) Bit 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 0,

(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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B 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,

(1) The hivalue or Iow value facility can be i'n 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 wotds, 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 TRUE 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 HIGH, LOW, and/or OWN KEY must yield an
integer value.

m Number 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 must be the
last item specified in the SORT statement and must be preceded by the
indicator, NTAPES. 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
maximum record length specified to the SORT.



UNIVAC 1108

UME-7636

EXTENDED ALGOL

SECTION:

13

PAGE:

13.1.4. Examples

E xample #1

1
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L1 ALPHA ARRAY ARIN, ARO L 1:yva ;o T R R TN WY N ST S ST ST N ST SO A A ST N S E S S
T T T T L T T T T T T Y O N GO 1O O T W O O T S T S B N Y O OO PO N S S AR W0 Y DO AU S MR ST
toe .t BOOLEAN PROCEDURE, INPROC CARTY Gy | v Lo o ol o ba craa |
it L JALPHA CGORE (ARRAY, ARIG i 1y, S O O S O S S YN VI SO Y W O SO0 O WY T
Lo v e IBEGHN v baao s oo v b e o o b e e an c o Loeeac v o b v v b a1
s v b BABEL O EBIOR L PTGGP2G] Gy v b v b a v e b v by
Lo ea ool oo (READ GRLLNG w n ARTD LB ORIy b i 0ol e o e b i 1
bov e e b o UNPROG: I FRALSE; (60 TO (Pl v ot o byvaa oo b oo v b v a1
Lo caed oo 1BOF L FINPROC:  TRUE; G0, TO P21, |\ 0yl v vy el e e a0y
PRI S R R WO R IO NP B YO l:li vt oo b e cvaeaseaac b vacag e b v ra e e e rc e Lo e c e gy
AT T S O O T Y 3 W S S W S T T N Y S T S S [N O N S S 0 0 A ST R HA A O ANV W S M SR
N U T N O N 0 I 100 TN R O ng T T S S T T T T S T T T T T VU O O WO A A T TSV B U S 0 Y N S S Y S T O
RTINS0 T WA Y NN B S S S S Y T [ S S T S AU B BN A T T T T T O T O O T O O BN TN NN SO0 S Y MY O R BT
O O T SO Lt 1 IL-TE o > T S B O T B O 0T U O W S S S A0 GO VS S T IO YU W S Y T SO M S M U
S S O O S U U o e S S B O O T T T S T T (O O OO OF 008 A U TS S S T T YT Y T VO WO O S T O R
T O T N Y U T Y U T S T[T Y T T Y A0 Y000 Y SN T S TS O WU S A S S OO R A S R T
T T Y T U T T Y T T T TS T S B SO T T U T T T G SO N T S O U T T B S S S O 0 S M AU A S S S SO PO
Lotototot 1o 1 APIRIOCEDURE OPROC, (((BOOLT, AR2) iy vl v s b v b v caaa b v g0
oo 1 |ALPHA CORE ARRAY AR2;, , BOOLEAN BOOLIT: , , |, o v loa vl
e g IBEGUN e e s e b e v s v vl e ca o d s a i b i
v b BABEY (B2 ALPHA O BQFOS L v e b b vy b ey
rar v aa t 1 1B QFQ I"SEMNDSRT iy b s e b e o e e a1
cov e b P 800 T THEN, | BEGN, WRLTE(IFOUT, ., EO0F0);: 160 ,T,0 B2, END ELSE ;|
e e b e WMRETIEGFOUT, e (AIRZD Gyl e o b ca b o b e
[ T Tl =111 O O S (U U T (T T T T ST O O S S0 OO O W S T B A S Y SO S
T S T T YA U OO P00 O T VST S TN S S N A S A D N N TV T A T YOO S S ST AN S Y SO Y SO O A A T O IO O A A A
1 10 20 30 40 50 60 80
o e KN = A G e e b e e b e D s ol s
P CSEQe = A G i T I S T R U T S S S R S IO SR S SRR
L LT L L e T O T T S S B S O T S T T SO TV G SO S A I UL Y B N
e WORDE =T b s b i s b e g
by BT =805 DU S T U Y WA S YT YT R T AT T Y U T T ST S T A W S MR WU W A
T O T B N T BRI L T T T O T O T ST U YN O T O [ O S N V1O YN P S ST SO OO WO WY TS S
SO T O S I SV A BB F T T T TS T S O T T U0 O 0 Y U 0000V S O P VO Y S U Y O S0 W S N T U0 W S S 0 B M B B N
Lo caed v [T SR FH T U U T S T YT S S O U SO S T S T W S A S S M SR
T T O T T S T YO T S S S T S TS O O T N SN SO T S T VO T S S VY U SO L O T S S DA
T BRI PR BT ol v v b v e b v v L s v v v b
S OOy U OO T . U P TS O T S T TS S S OOt O S W VO S B O O 0T T O 0 AN Y T 0 WY T '
L S ORT(INPROC, FIIXED RECORD RLNTH, OPROC, KEY KIND,SsEQ,WORD,BIT, 108): , |
I U ST T S S T S S S SO BSOS O N S T S OO SRS SOV SOT SO SO SO N SO A VTS T 0 S P O A 0 S AT E TR
S S T U B S T T TS G S T T O B S S SOV ST S S WO WY S O S M B B AR A
e L e e b s b Lo b
i va b e v das o L S O T TS T T T S T S Y WY S S S S B
Coa aBNDG i b Lo v v b e v e dav s v beve |
T T T T O Y T AU T S O S Y 1O O S O T S T T TG T O W G U SV S B O S A A Y 00 B B
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An example of a SORT program defining input and output files and a key is
as follows:

Lt

s 1 aBXTIERNAL BOOLEAN PROCEDURE S COMPR;| COMMENT A CGOMPARE PROCEDUVRE | |, ;i 111
ey s NS TEAD O F DEFTNING, [KEY G 0 v e b o o b o e i
lslolRlT‘(lllNllelolcl'JFIIIX\ElD RE\clolRIDI IRLLJN

1 10 20 30 40 50 60 80
| (BEGIN | |COMMENT , SIORT ,PROGRAM DEFINING | NPUT & QUTPUT FILES & KEYS: |\, 1,
| Lo aSIANIE ALPHA FLILE (PN FEN2,,28 00 140 G o e e b s e i e
| oas a1 aSAWVIE JALPHAL FLILE, OU T FOUT, (20,3280, T 40 v v be e ey voeacnboner e v s e |
U N G T T T U T - T T B T T S S S T S T T G O T S T O O O T T S O N A S T S IO DA SO B A Y SO
PR S T T S U T I SV S O S T SO S S T S S RO O T T VA G S T RSO RIS SR
U O OO T I ST T O S B - O O Y S T TS T S O T O O VO I O T O S O Y Y O S S WA GO0 IOV B S O B \44
BT T T S O I T S B S O S ST T S T T T SO O G S T TS SN OO T Y S O DN OO N (O N T W Y R
S S T T O T S IO O S S S T SO T AT O S S Y T T S S S S S S S W T S S B
| IS T O W |$|OIRIT(( |F| ! INA',['?JgLuiTi' JKIELY,L l\ IA/ 1 ‘JA,I’Q' \1 i '\315l' 1 110\,01} l; 1,,LJ,LJ¥L,J‘J‘J;I LI L,L,L,LJ,‘,‘L,|7L,I IO ] LIPS T N Y
PO T T U ST N T U0 T AN U T P 0 N U WS O W U T U U S O T YO A U0 I Y T S T S S 0
T N S O O T U SO G- T O S 0t O SO O 0 S T G0 OO Y VO O O G T N T VO 10 O W W 0 N B B G
PO S T WO T N S SO N O U U O Y G VO O T S TS O TS VT T O SO VY S O G B0 0 MY S S O
I N O T T T O T S T T S T T T T S S S S T T T T T B O T U TS S0 T S S Y O S (O M W R
PTI0GB0 U O O T T U TS U O WO A T ST Y P S P B VNN T O A A O SO Y Y MR
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:
1 10 20 30 40 50 60 80
T O L T O B T S T T U T T S VO S O POOT O (OO O O U T S 0 (O O O U G B N S T I Y I 00 Y I S R S SO A IO
O T T T T T T U T U T T T U S S S S T T T S T T T O O SO O SO S G S O T S S S S N S S S S S SO A U Y S U T S SR B

LU \TH.O0PROC, COMPARE SCOMPRY i\ | \ vy yu v ]y vy

ot

T N S O S T T S S T S Tt N T O T G T OO S W S S OO0 RO SO 0 S ST O U TSSO TS N0 O DO B WO SO0 SO ST

Another example of a SORT utilizing a data reduction procedure and an hivalue
procedure can be generated by replacing the sort call in the first example by
the following lines:

1 10 20 30 40 50 60 80
Lo EXTERMNAL (BOOLEAN PROCEDURE DROC:, EXTERNAL BOOLEAN PROCEDURE HUPRIC: 1 11 11
i1 ) IGOMMENT, DRIOC, 1S A DATA REDUCT IION PROCEDURE T0, BE 1NVOKED WUPON , \ 1, |
L2l 1111 (|0CCURRENCE OF DUYPLICATE KEYS & HIPRC 1S |A H!GH VALUE PROCEDURE , | , , |
Lo s e o AT hCK (I NPT, RANGE ;G o  p v v v b v v b s e b e e b o s
L SUORTIGF N, FIO U T IDROC KEY, 1A e A 131500 108, HMUGH|  HEPRC) iy s oo o Lo oo o]
ST U T SO T T OO T S T S OO OO N S O S S O TN T N TN P T T WA Y S WO A H MU GAV N N SO W S TN DA S A O

13.2. MERGE STATEMENT

13.2.1.

Syntax

<merge statement>::= MERGE (<moutput option>, <range inclusion>,
<merge otder>, <merge file list>)

<moutput option> ::= <output file > | <output procedure>, <mrecord length>
<output file> : : = <file identifier> | <switch file designator>
<output procedure> ::= <Boolean procedure identifier>

<mrecord length> : : = <arithmetic expression>

SECTION: PAGE:
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<range inclusion> :: = <hivalue> | <low value> | <empty>
<hivalue> :: = HIGH <arithmetic expression>| HIGH <arithmetic expression>,

13.2.2.

OWN KEY <rangeown> | HIGH <hivalue procedure>
<rangeown> : := <major own> | <major own>, <minor own>

<major own> :: = <arithmetic expression>

il

<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>
<metrge order> : : = <own compare> | <key description>
<own compare> : : = COMPARE <Boolean procedure identifier> | <empty>

<key description> ::= KEY <format>, <ordering sequence>, <word position>,
<bit position>, <number of bits>

<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>|<merge file>,
<metge file list> .

<merge file> :: = <file identifier> | <switch file designator>

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 moutput option. All items specified when using the merge
statement must be specified in the required order as stated in the syntax of the
merge statement.
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® Houtput Option

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
untyped, and must have two parameters: the first a Boolean, and the second

an array., The first parameter will be TRUE if, and only if, the last record has
already been returned. If the first parameter is FALSE, 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.

m Range Inclusion

Range inclusion specifications provide the user with the ability to include only
values within a specifiéd 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
can 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 atray 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.
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Arithmetic expressions for HIGH, LOW, and/or OWN KEY must yield an mteger
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 the 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 specx-
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

D 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
D descending field

(3) Word Position

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 recotd are numbered from left to right
-beginning with 1,
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(4) Bit 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 0.

(5) Number of Bits

An arithmetic expression which must yield an integer number specifying
the length of the key field in bits.

m 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 drum.

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

1 0 20 30 40 50 60 80
Lo aBEGLN (CIOMMENT, MERIGE, EXAMPLE US NG OUTPUT Fil LE & KEY, DESCRIPTIONG Lo oo 11
oo oo ALPHA KIND, S EQ;, | NTEGER, WORD, B! T, Al B RLNTH G L 0 v v ua v b o v L ee v can
Lo gy 1 BLLE OWT FOUT I G ha22)p Lo v o v v e b et v b e v s
Lo B LEL N MENT 300,040, COMMENT, OQRDERED FiILES, |FOR MERGE - MINT  MIN2, MUNS3G
poo g FLLE] VNG WMEN2 S ) b b s b v e e b v e by e iy
VO S LY L PO T T TP 2 S B O T YO S TS I G S OO Y N S S S A T S SR B RO S S B O O
s o RN = A G e s o b it il e e s g b b
b ISR A L b s b s o b s b e b
L et IWORD =Ty L e b ey s be v el s e e e v Lo i
iy BN TR =356 L e e b b b v b s e v e
[ R R RO ORI Bt 151 PR O T T T YOO S T S O T S N Y O U O YO WO S G T S O B ST T Y S S A
S U T T O S S T T S G U SO T Y T S (S BV S B Y O S S T S S T A (NSO W O A T NS EN SO SN SO S WO S
AA__lJ_A;L._L_I_A_L,J_LI,:J I T T T U T S T O Y TN U SO0 TS Y G N U AT S NS YOO GO ST AW N SN O VOO ST SO SN U U WO A AW WSS S N UAY S S MO N B
S O S T VO S S S G S S S ST T U S T U NS 0 O S U S S O O ST ST S BT P T R RN
IIIIIIA|||II:IIIIALKII\(AIIIIILLIIIAAIIIJ_A;IIIIIII‘III\AII\IIIII]IIIIII\I;lll\ll
L 1 MERGEGFOUT, KEY] (KT ND, S EQ, WORD BT, 1108, MI N, MEN2, MINS3D)G, g Lo gl v ]
T U T T A |E| TN T S Y U W T N OO T YW G S WSS T YT O S O 0 T S N S N O O S B W
PN T ST T T YO U T TS T T ST T Y S U U O O W A S VO S T AT T T S0 N A S A SR Ot
ST A AT SO A S AN RO A A SN B S S B S BT AT A TRl BV ST
L ENPG Ly b s e b e v b v b v g b e b e

Other examples with proper procedures could be as follows:

1 LABEL 1 OPERATION 20 N OPERAND © C5%MMENTS 50 80
L1 MERGE(OPROC yRLNTH, COMPARE S COMPIRL ML IND L Ml N2y M INBY a3 0 v b e 0o b i
AN R T ST O L T O T U T T SO S O S T S O v O T N VO SO O U S O S U S O VO L S S ST SO A S S O NG N U A W ROV IO T BTN SO R S
YTV ST T W N U S T Y G Y W T W T T U T N T U S O 0 S YU S A O O WO WY N N0 IO S DA S S SO SO
T T T 00 STV YR 0 DU R T ST O G ST T S WO O S S A OO NV D O VR G S O U S U A0 VO Y T L S U T
YV UGN OGS PO S U YO T Y O O YO YO0V 0 WA N VN T T U SO Y ST TS O S T WA S B S O U S T AUV U T A S AV A S S A
Lt MERGE ((OPROC, L4, HLGH jUibi+2,] (KEY: (K ND,ISE@i V13803160, Ml NG MU N2, Ml Na3 ) s s | ,LL._LLJ
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APPENDIX A. ERROR DIAGNOSTICS

Thereﬂ 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 recover at a particular point, symbols that are invalid at that
point are read, and spurious etror 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:

ILLEGAL CHARACTER PAIR 27 IMPROPER FORMAT PHRASE
CONSTANT TOO LARGE ' . 28 IMPROPER FORMAT DECLARATION
IMPROPER BLOCK STRUCTURE 29 IMPROPER NAMELIST DECLARATION
IMPROPER DECLARATION 30 IMPROPER REPEAT PHRASE

DUPLICATE DECLARATION/SPECIFICATION 31 IMPROPER SWITCH FORMAT/FILE/LIST

IMPROPER DECLARATION/SPECIFICATION 32 UNDEFINED FORMAT SYMBOL
IMPROPER SPECIFICATION 33" IMPROPER FORM DECLARATION
IMPROPER SPECIFICATION ‘ 34 IMPROPER USE OF WiTH

MISSING SPECIFICATION 35 IMPROPER DEFINITION

IMPROPER OWN DECLARATION 37 IMPROPER PROCEDURE CALL
IMPROPER EXTERNAL DECLARATION 38 IMPROPER PROCEDURE ASSIGNMENT STATEMENT
- DUPLICATE VALUE SPECIFICATION 39 IMPROPER IF-STATEMENT
IMPROPER LABEL SPECIFICATION - 40 IMPROPER IF-STATEMENT
IMPROPER VALUE SPECIFICATION 41 IMPROPER USE OF THEN
IMPROPER ARRAY DECLARATION 42 IMPROPER USE OF ELSE
IMPROPER ARRAY DECLARATION 43 IMPROPER FOR STATEMENT
IMPROPER LIST DECLARATION 45 IMPROPER ACTIVITY DECLARATION
IMPROPER LOCAL DECLARATION 48 IMPROPER TIMING CLAUSE
IMPROPER SWITCH DECLARATION 52 IMPROPER GO STATEMENT
IMPROPER PROCEDURE DECLARATION 53 EXTRA RIGHT PARENTHESIS
IMPROPER PROCEDURE PARAMETER 54 EXTRA LEFT PARENTHESIS
DUPLICATE PROCEDURE PARAMETER 56 MISSING OPERATOR

IMPROPER PARAMETER DELIMITER 57 MISSING OPERAND

IMPROPER PROCEDURE SPECIFICATION 58 EXTRA END

IMPROPER LABEL DEFINITION 59 MISSING END

DUPLICATE LABEL DEFINITION 60 IMPROPER USE OF DIV OPERATOR
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61 IMPROPER ASSIGNMENT STATEMENT 86 IMPROPER CONCAT SPEC
62 UNDEFINED TRANSFER FUNCTION 87 SORT-IMPROPER INPUT SPECIF
63 IMPROPER USE OF A LIST IDENTIFIER 88 SORT-IMPROPER OUTPUT SPECIF
64 IMPROPER USE OF A LABEL 89 SORT-IMPROPER SPECIF BEYOND I/0

65 IMPROPER USE OF A RESERVED IDENTIFIER 90 IMPROPER DO STATEMENT
66 IMPROPER USE OF AN ARRAY IDENTIFIER 91 MISSING FILE IDENTIFIER .

67 UNDEFINED RELATIONAL OPERAND 92 IMPROPER 10 STATEMENT
" 69 MISPLACED SEMICOLON 93 SORT-DROC IMPOSSIBLE
70 MISPLACED COLON 94 SORT-IMPROPER RECORD SPECIF
71 MISPLACED COMMA 95 SORT-IMPROPER SPECIF SORT ORDER
72- UNDEFINED VARIABLE 96 SORT-IMPROPER FOLLOWING SORT ORDER
75 FILL LIST ELEMENT NOT CONSTANT 97 MERGE-IMPROPER SPECIFICATION
78 IMPROPER EVENT STATEMENT 98 MERGE-ERROR OUTPUT SPECIF
79 COMPILER CAPACITY EXCEEDED 99 MERGE-ERROR RECORD SPECIF
80 DICTIONARY CAPACITY EXCEEDED 100 MERGE-ERROR MERGE ORDER
84 EXTRA RIGHT BRACKET 101 MERGE-ERROR MERGE FILE LIST

85 EXTRA LEFT BRACKET
RUN-TIME ERRORS

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
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
SUBSCRIPT OUT OF RANGE FOR

RESULT UNDEFINED FOR -

ARGUMENT OUT OF RANGE FOR

CALLED ROUTINE NOT IN LIBRARY
ILLEGAL 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 1/0 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 DECLARATION
(FORMAT) IMPROPER EXPONENT IN INPUT DATA

- (FORMAT) NUMBER IN FORMAT TOO LARGE

(FORMAT) IMPROPER FORMAT PHRASE TYPE
(FORMAT) IMPROPER FORMAT PHRASE
(FORMAT) INPUT DATA VALUE MORE THAN 1 DECIMAL POINT

'(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 OCTAL

(FORMAT) IMBEDDED SPACE IN INPUT DATA

(FORMAT) INPUT VALUE HAS TRUNCATION ERROR
(FORMAT) INPUT DATA CONVERSION ERROR '
(FORMAT) OUTPUT DATA TOO LARGE FOR FIELD WIDTH

(FORMAT) OUTPUT DATA VALUE EXPONENT TOO LARGE
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ABSORB
ALPHA
AND
ARRAY
BEGIN
BOOLEAN
CLEAR
CLOSE
COMMENT
COMPARE
COMPLEX
CONVERSION
CORE
DBL

DEC
DEFINE
DIV

DO
DOUBLE
DRUM
DUMP
ELSE
END

EQL

EQV
ETEST
EVENT
EVERY
EWAIT
EXECUTE
EXTERNAL
FALSE
FILE
FILL
FIXED
FOR
FORMAT
FORWARD
GEQ

GO

GOTO
GTR
HIGH

IF

IMP

IN
INTEGER
KEY
LABEL
LEQ
LINE
LIST

APPENDIX B. RESERVED WORDS FOR

MARINER 1108 EXTENDED
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LOCK
Low

LSS
MERGE
MOD
MONITOR
MOVE
NAMELIST
NEQ

NO

NOT
ocT

ON

OR

ouT
OVERFLOW
OWN
PAGE
PROCEDURE
PURGE
RANDOM
REAL
RECORD
RELEASE
REVERSE
REWIND
SAVE
SERIAL
SET
SLEEP
SORT
SPACE
STEP
SWITCH
TASK
THEN

TO
TRACE
TRUE
UNDERFLOW
UNTIL
UPDATE
VALUE
WAIT
WHEN
WHILE
WITH
WRITE
XOR
ZERODIVIDE
ZipP
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<absorb array -declaration> <compound tail>

9.7.1 5.1,6.1.1

<absorb declaration>" 9.7.1 <concatenate expression> 4.6.1
<action labe(> 11.3.2,11.3.5.1 <condition> ’ ’ 6.9.1
<activity statement> 12.1.1 <conditional statement> 5.1,7.1
<actual parameter> 3.2.2.1,6.6.1 <constant> 2.1.9.1
<actual parameter list> 3.2.2.1 ,6.6.1 <data reduction procedure> 13.1.1
<actual parameter part> 3.2.2.1 ,6.6.1 <decimat fraction> 2.1.7.1
<adding opsarator> 4.2.1 <decimal number> 2.1.7.1
<address> 11.3.2.1, 11.3.4.1 <decimal places> 11.2.4.1
<alpha constant> 2.1.9. <declaration> 9.1.1
<arithmetic expression> 42.1 <declarator> 2.1.3.1
<arithmetic operator> 2.13.1 <define declaration> 9.8.1
<array-deciaration> 9.6.1 <definition> 9.8.1
<array identifier> 3.2.1,1 ,6.5.1 <definition list> 9.8.1
<array list> 9.6.1 <definition part> 9.8.1
<atiay row:> 6.6.1 <delete statement> 12.41
<array segment> 9.6.1,9.7.1 <delimiter> 2.1.3.1
<array type> 9.6.1 <density part> 4.4:1
<assignment statement> 6.2.1 <designational expression> 11.2.2.1
<bhasic statement> 5.1, 6.1.1 <destination> 6.10.1
<bit field description> 4.5.1 <digit> 2.1.2.1
<bits in field> 4.5.1 <direction> 11.3.2.1
<bit position> 5.1, 6.1.1 <dlink> 6.10.1
<block> 5.1 .. <do statement> 8.3.1
<block head> 5.1,6.1.1 <drum access technique> 11.2.2.1
<blocking specification> 11.2.2.1 <drum file description part> 11.2.2.1
<Boolean constant> 2.1.9.1 <dummy statement> 6.4.1
<Boolean expression> 4.3.] <dump condition> 9.10.1
<Boolean factor> 4.3.1 <dump declaration> 9.10.1
<Boolean primary> 43.1 <dump list> 9.10.1
<Boolean secondary> 43.1 <dump list element> 9.10.1
<Boolean term> ) 43.1 <dump part> 9.10.1
<bound pair> 9.6.1,9.7.1 <editing phrase> 11.2.4.1
<bound pair list> 9.6.1,9.7.1 <editing phrase type> 11.2.4.1
<bracket> 2.1.3.1 <editing segment> 11.2.4.1
<buffer length> 11.2.2.1 <editing specification part> 11.2,5.1
<buffer part> 11.2.2.1 <editing specifications> 11.2.4.1
<buffer release> 11.3.2.1 <efile part> 10.3.1
<cartiage control> 11.3.4.1 <element part> 10.3.1
<channel number> 11.2.9.1 <end of file label> 11.3.2.1
<channel specification> 11.2.9.1 <end of reel label> 11.3.4.1
<character field description> 4.5.1 <event list> 12.5.1
<characters in field> 4.5.1 <event statement> 12.5.1
<clear statement> 12.5.1 <event wait statement> 12.5.1
<close statement> 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 <expression> 4.1.1
<compound statement> 5.1,6.1.1 <expression list> 11.2.6.1

<expression part> 11.2.6.1
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<external procedure declaration> 10.3.1 <label declaration> : 9.3.1

<factor> 4.2.1 <label equation part> 11221

<field> 11.3.3.1 <label list> ©93.1

<field delimiter> 11.3.3.1 <label part> 11.2.2.1

<field part> 11.2.4.1 <left base> 4.6.1

<field width> 11.2.4.1 <left bit of field> 4.5.1

<file declaration> 11.2.2.1 <left bit of left base> 46.1

<file identification part> 11.2.2.1 <left bit of right base> 4.6.1

<file identification prefix> 11.2.2.1 <left char> 6.10.1

<file identifier> 11.2.2.1 <left character of field> 4.5.1

<file lock part> 11.2.2.1 <left part> . 6.2.1

<file part> 11.3.2.1,11.3.4.1 , <left part list> 6.2.1
11.3.5.1, 11.3.7.1 <letter> 2.1.1.1

<fill statement> 6.5.1 <letter string> 6.6.1

<fixed item size> 13.11 <line declaration> 11.2.9.1

<fixed logical record size> 11.2.2.1 <line number> 11.2.9.1

<fixed physical record size> 11.2.2.1 <link description> 4.6.1

<for clause> 8.2.1 <link part> 4.6.1

<for list> 8.2.1 <list> 11.2.6.1

<for list element> 8.2.1 <list declaration> 11.2.6.1

<for statement> 8.2.1 <list identifier> 11.2.6.1

<formal declaration> 8.2.1 <list part> 11.3.2.1, 11.3.4,1

<formal parameter> 10.2.1 <list segment> 11.2.6.1

<formal parameter list> 10.2.1 <list specification> 11.2.6.1

<formal parameter part> 10.2.1 <local or own type> 9.2.1

<format> 13.1.1,13.2.1 ~  <lock statement> 11.3.8.1

<format and list part> 11.3.2.1 <logical operator> 2.1.3.1

<format declaration> 11.2.4.1 <low value> 13.1.1, 13.2.1

<format edit part> 11.2.4.1 <low value procedure> 13.1.1 ,13.2.1°

<format identifier> 11.2.4.1 <lower bound> 9.6.1,9.7.1

<format part> 11.3.2.1 , 11.3.4.1 <major own> 13.1.1 , 13.2.1

<for statement> 8.2.1 <maximum record length> 11.2.2.1.

<forward procedure declaration> 9.5.1 <maximum size> 13.1.1.

<forward reference declaration> 9.5.1 <merge file> 13.2

<forwatrd switch declaration> 9.5.1 <merge file list> 13.2.1

<free field part> 11.3.2.1 <merge order> 13.2.1

<free field sentence> 11.3.3.1 <merge statement> 13.2.1

<function designator> 3.2.2.1 <mfile part> 9.9.1

<general primary> 46.1 <minimum size> 13.1.1

<general procedure declaration> 10.1.1 <minor own> 13.1.1,13.2.1

<go to statement> 6.3.1 <mode part> 11.2.2.1

<heading> 11.2.9.1 <monitor declaration> 9.9.1

<heading controi> 11.2.9.1 - <monitor list> 9.9.1

<hivalue procedure> 13.1.1 , 13.2.1 <monitor list element> 9.9.1

<identifier> 2.1,6.1 <moutput option> 13.2.1

<identifier list> 10.2.1 <move statement> 6.10.1

<if clause> 421 ,51,7.1 <mrecord length> 13.2.1

<if statement> 5.1,7.1 <multi-file identification part> 11.2.2.1

<implication> 43.1 .<multiplying operator> 4.2,1

<in=out part> 11.2.2.1 <namelist declaration> 11.2.8.1

<input file> 13.1.1 <namelist element> 11.2.8.1

<input option> 13.1.1 <namelist identifier> 11.2.8.1

<in put or output> 11.2.4.1 <namelist list part> 11.2.8.1

<input parameters> 11.3.2.1 <namelist parameter part> 11.2.8.1

<input procedure> 13.1.1 <number> 2.1.7.1

<integer> 2.1.7.1 <number of areas> . 11.2.2.1

<iterative statement> 5.1 ,8.1.1 <number of bits> 13.1.1, 13.2.1

<1/0 declaration> 11.2.1.1 <number of bits in fink> 46.1

<1/0 statement> 11.3.1 <number of buffers> 11.2.2.1

<I/0 switch designator> 11.4.1.1 <number of char> 6.10.1

<key description> 13.1.1,13.2.1 <number of records> 11.3.5.1

<kind> 10.3.1 ‘ <number of tapes> 13.1.1

<labet> 44.1,93.1 <octal constant> 2.1.9.1

<octal digit> 2.1.2.1
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<octal number> 2.1,9.1 . <special exponent part> 2.1.7.1
<on statement> 6.9.1 <specification part> 10.2.1
<open string> 2.1.8.1 <specificator> 2.1.3.1
<operator> 2.13.1 <specifier> 10.2.1
<ordering sequence> 13.1.1,13.2.1 <statement> 5.1
<out destination> 6.10.1 <station part> 11.2.2.1
<output file> 13.1.1, 13.2.1 <string> 2.1.8.1
<output media part> 11.2.2.1 <string bracket character> 2.1.8:1
<output option> 13.1.1 <subscripted variable> 3.2.1.1
<output parameters> 11.3.4.1 <subscript expression> 3.2.1.1
<output procedure> 13.1.1, 13.2.1 <subscript list> 3211
<own compare> 13.1.1, 13.2.1 <switch declaration> 9.4.1
<paper size> 11.2.9.1 <switch designator> 4.4.1
<parameter delimiter> 3.2.2.1 ,6.6.1 <switch file declaration> 11.2.3.1
<parity label> 11.3.2, 1 11.3.4.1 <switch file designator> 11.4.2.1
<partial word designator> 4.5.1 <switch file identifier> 11.2.3.1 ,11.4.2.1
<partial word operand> 4.5.1 <switch file list> 11.2.3.1
<primary> 4,2.1 <switch format declaration> 11.2.5.1
<proc list> 10.3.1 <switch format designator> 11.4.3.1
<proc part> 10.3.1 _<switch format identifier> 11.2.5.1, 11.4.3.1
<procedure body> 10.2.1 “<switch format list> 11.2.5.1
<procedute declaration> 10.2.1 <switch identifier> 44.1,9.4.1
<procedure heading> 10.2.1 <switch identifier list> 9.5.1
<procedure identifier> 3.2.2.1,6.6.1,10.2.1 <switch list> 9.4.1
<procedure list> 9.5.1 <switch list declaration> 11.2.7.1
<procedure statement> 6.6.1 <switch list designator> 11.4.4.1
<procedure type> 9.5.1 <switch list identifier> 11.2.7.1 , 11.4.41
<ptoper string> 2.1.8.1 <switch list list> 11.2.7.1
<range inclusion> 13.1.1, 13.2.1 <symbol> 9.8.1
<rangeown> 13.1.1, 13.2.1 <task list> 12.3.1 ,12.4.1
<read statement> 11.3.2.1 <task specification> 12.2.1
<record address and release part> 11.3.2.1 <task variable> 12.2.1,12.3.1 ,
<record address part> 11.3.4.1 12.4.1
<record length> 13.1.1 <term> 4.2.1
<record specifications> 11.2.2.1 <time function> 3.2.3.1
<reel save part> 11.2.2.1 <transfer in statement> 6.10.1
<relation> 4.3.1 <transfer out statement> 6.10.1
<relational operator> 2.1.3.1,4.3.1 <type> 9.2.1
<repeat part> ’ 11.2.4.1 <type declaration> 9.2.1
<rewind statement> 11.3.7.1 <type list> 9.2.1
<right base> 4.6.1 <unblocked specification> 11.2.2.1
<row> 6.5.1 <unconditional statement> 5.1, 6.1.1
<row designator> 6.5.1 <unlabelled basic statement> 5.1 ,6.1.1
<sarray type> 9.7.1 <unlabelled block> 5.1,6.1.1
<save factor> 11.2.2.1 <unlabelled compound statement> 5.1,6.1.1
<separator> 2.1.3.1 <unsigned integer> 2.1.7.1
<sequential operator> 2.13.1 <unsigned number> 2.1.7.1
<set statement> 12.5.1 <upper bound> 9.6.1, 9.7.1
<simple arithmetic expression> 42.1 <value list> 6.5.1
<simple Boolean> 4.3.1 <value part> 10.2.1
<simple designational expressnon> 4.4.1 <variable> 3.2.1.1
<simple variable> 3.2.1.1 <vatiable identifier> 3.2.1.1
<sijze of areas> 11.2.2.1 <variable item size> 13.1.1
<skip to channel> 11.3.4.1 <waction label> 11.3.4.1
<slink> 6.10.1 <wait statement> 12.3.1
<sort order> 13.11 <wformat and list part> 11.3.4.1
<sort statement> 13.1.1 <word position> 13.1.1, 13.2.1
<source> 6.10.1 <write statement> 11.3.4.1
<source part> 6.10.1 <zip statement> 6.8.1
<source to destination statement> 6.10.1
<space statement> 11.3.5.1
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APPENDIX D. SPECIAL TOPRICS

Two of 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.

D1, RECURSIVE PROCEDURE CALLS

The 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 appearance 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 recursion),
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 is 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 involved 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 essentially
‘“‘pushed down’’ for each entry to a block (procedure or begin) and ‘‘popped up’’ at
block exit, enables recursive capability.

REAL PROCEDURE SIGMAD (I, A, B, X);
VALUE A; INTEGER I, A, B; REAL X;

BEGIN
IF B LSS A THEN SIGMAD:=0
ELSE BEGIN
I:=A;
SIGMAD :=X+SIGMAD (I, A+1, B, X)
END;
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]));

COMMENT WITH THE PROCEDURE SIGMAI 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 procedure 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.

A's 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
evaluated. Since operands of the expression may be known to the procedure (as global
variablesor 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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‘‘Received February, 1965

TESTING THE UNDERSTANDING OF THE DIFFERENCE BETWEEN CALL-BY-
NAME AND CALL-BY-VALUE IN ALGOL 60

The following short program incorporates most of the basic call-by-name and call-by-
value problems in Algol 60 procedures. The procedures INCV (x) and INCN (x) differ
only in that the formal parameter is called by value in INCV and by name in INCN.
Likewise, ADDV (y) and ADDN (y) differ only in the call-by-value for ADDV and
call-by-name for ADDN. ‘

The problem is to fill in the appropriate blanks within the comment statements. This
_little example has been used successfully, but not extensively, both as a teaching
device and (for a separate group of students) as a testing device, The answers are
given in the last paragraph of this note. Test yourself before examining the answers,

BEGIN REAL a, b;
REAL PROCEDURE INCV (x); VALUE x; REAL x;
BEGIN x :=x+1; INCV :=x END;
REAL PROCEDURE INCN (x); REAL x;
BEGIN x :=x+1; INCN :=x END;
REAL PROCEDURE ADDV (y); YALUE y; REAL y;

ADDV :=y+y,;
REAL PROCEDURE ADDN (y); REAL y;
ADDN :=y+y;

a:=1; b :=ADDV (INCV (a));
COMMENT ais now__, b is now__,
a:=1; b:=ADDV (INCN (a));
COMMENT a is now_, b is now___
a:=1; b :=ADDN (INCV (a));
COMMENT a is now__, b is now__
a =1, b :=ADDN (INCN (a));
COMMENT a is now___, b is now__,
END;

The answers for the blanks in reverse order of their occurrence are 5, 3, 4, 1, 4, 2,
4, 1.

.ROMAN L. WEIL, JR.
Graduate School of Industrial Administration

Carnegie Institute of Technology
Pittsburgh, Pennsylvania

Received February, 1965
Volume 8/Number 6/June, 1965’
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