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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 
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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 
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I I 1.1 L 

I 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 
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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 
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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 
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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 
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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~~~. 
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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 
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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. 

7 
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12.5.3. Example 
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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 
PAGE: 
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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 

4 



C. "Jc. I UNIVAC 11 08 
UMEd~~ EXTENDED ALGOL I SECTION, 13 

• 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 

Example #1 

10 20 

.LL-"--L~J..!"l. ~L.!-lELLI.lNl. 11'1 IIN, 1 3 1 J (11 ", 1, 4 ,),;, , I 

-"--'-L.L...LlF...J l.LLEL.l(), UI TL.LFI()I ULT, [I I I ( ,I ,. 12; 2 ,) ,; , 

30 40 

, I 1 

50 

,I, 
'L' I , 

SEC TION: 

60 

1.1 _I--'~-Il Ll._J---"---l 

L J_ L---.l-----.L_~L -.1_1- _L._.l ___ L! 

13 

80 

.l_l...J_ 

A I ... , P, HI A, ,A, R, RIA, Y, I A, RII ,N" ,A ,R,OL . .l-',[-C.-,-IL, '.L' .:.11 ,..:.4,-" JeLl !...l; '-L-LJ-L-'--LL--'-L...L--'--L...L--'--.LI -L1..JILL-'--LL--'-L...L..JI-L1 -1.1..J1-L1 -L'..JILLI --1'-1-1 .LI --11-1-1 .l--1-L-LJ-L-LJL.j 

.L_L_L"L..L_LL..J._Ll_...L-.L_~~ LL I ! I J I '_I I i I I I I I I I 1 

_l_LLLLLl.1!lLOi_CltLJ.EI &!'Llf".tR,OjCIE,O,U,R,E, ,1,NIP,RloIC , ,(,A,R, 1,) ,; I I 

LLLL_LL.1 _I 1.1 AIL, P,H,A, ,C, Q R, EI ,A, R, R,A, V, ,A,R,I,;, 

I I J I' l 

L.t l_i __ ...l __ --.l ___ l L_J Ll~~ __ L 1 I L_Lj __ I_~ 1 l_L._Ll~~ 

I 1_1_ L __ i-----.l __ L _1. .J __ L_L_~ __ L_...L_.L . .L L~L_ L L L_J __ L~ 

l ___ L l_L---.l __ L_L._L.-1 .... L_1 l __ J_---.l __ L.J I I J_LJ __ L--.l ___ L __ L . ..L_.J._~ 

I ! I I I ! L, A, Bf E, L, ~kLfL! L!.~2....l-';_ lL--L-1-",--,---'--'--L--'---.L1 .L1---'--.L....lI-L1 -'-I -1-",--,---'---.L1 .L'--'---.L....l---'---'-I --'1-'-1 -,-I -,I-LI -,-I ....J'-LI ....I.'_'LL' --'1---'--' -,-I --"-'1_ -'---'-'--L.J-L-'-j 

~LLL.Ll.L.LLL L" .. l R,E,A,O, ,(,FLlj~"*j'iA,R;I.), ,1,E,0,F,I, 1,;", I 

~~L _Ll L __ LLL~_LJLt~.LPL~l<AC,: I':""! F, AI L,S, E,i, ,G,Oi IT, 0, I PL1,; J J 

L....1_L! LJ_1 ElQ1 F,I,:, ,IIN,PtR,OIC I !, 

L.1.1..." 

, I.' I, 

, J __ L J _I 

J J __ L __ ~L---.LJ ___ .... L..L ___ l. L .... LJ __ J .. Ll_.l.....L~ 

, --.1_ ~L--L....L_J......_l_L_L .... L~_~ __ l _.1_ L_J............L~_ 

, J _L _ L_L---.L...--l...._ .... J J j j _ L -.l_LLL-...--l .... _LJ _ 1. _L_L~ 

f-L...--L_~_.L...J..........L....L...._LL_....L..L_LEttLi_l J '·1 1_ L I [ L' I "I' I 1 __ ..L...--~ _J ..L~_L_~_l-.--....L j l_L~-...-l.......--l_..l L..L~_J_.L...L-1--'----'---'---.L-j 

, ! I , , , , ! , 'L~.L-L....L._L .... l_J _1 l __ !.-l __ L~-'-1 ..L1-,1'--1...1 .LI-'--'---'-'--'---'-'-..l-..JL...L...L.-L......L..--'-L......L..--'-.L...L-'--.LI -,-I....JIL...LI .LI_I'---'-I ....1.,---,--' .L.I--"-'_-'---'-L..l-..J-L--'--l 

f-L L J _L_L---.LLJ ___ LJ __ L J 1 1. __ L_l _J 1 ~! 1 1 1 I I_L_l L 1 J J , I I I '_L.1. _LL1. .L1 .1_1 _LL...L....L..J._.L.J....J_ 

I I _LL...L ..L1...J---"---1 _.L.L 1..L _L.L.1_.1..L.1 .. _1_ 

I 1 I.J.L.l_..L~_J---"--.L.I..-L.J---"---LLL 

t-"._.LLL..LL...LL I_L _L l.L.LL..LI ,: I I , , I J I L .... L_L_LJ .... L_1 

I--L.~L.L.-'-.L-"-.~LL .1...L.1 P1f L:.L.I:L Nt 0 1;J I , I I 1 _ .L......l. ___ l_..L J _L_J 

, l ,I ,I 11 

r--'-'---'---'--'--'--.JI-,-, -,-I ....J'L...LI ....1.1 ~ILLI ....I.1_1L...L..1'-1-i -"---'L...LI _L __ L ___ ~.........l. __ IL.l..--L-L...L--'--L..LI ....JIL...LI ....I.1---'--'---'-1--'---'-L-LJ-L..L-L...L-'--LL--'-L...L1 ..JI-L' ...LI ..JI-LI -1.1..J1-L1 -LI_IL...LI --'1-'1_ -'---'-1-...L--1-'-..L...j 

r---l.............LL~...L...--L_L_J __ L .... 1 .1 __ 1 I J j ,_I 1 I L_I L..l_L...--L...--L_U_l_.J L..L.-.--L...L......L....~~...--.L_l.........L.L_L_i __ L 

_L.LLL...1......L.L.t1'd~I'OlC,E10,LJLRLEI LO,PIR,O,C L ,(,ao,QL,I .• IA,R,2 1) L;j L1.L" ,...!.....l....t_L.L-LL...L....L..J. I I I I I I I .1.._L_LL.l...J.......L_.L....L_-"--'-.J~ 

f-...L-..L..L.L...L.L.L...LLL~Hl&_LC1()LR1E L,A, R ,R ,A ,Y .. lA, R-,21;L-,_,~,0.t£'J.L-1E~~~~.S'...ti.L.L.LLI 1 .. 1 ...L..l.--L-L...L_LL1 ._IJ_-'-- 1_...L_l _.L...LL" .1. LJ.. '_L1...J __ L 

1---'---'-'---'--'---L...L...LLt~~~..L.!i __ L __ L __ L_L J __ L J J __ L_ .... L J __ L 1 1 L l __ LL._L_L_L_J_L_LL_l"_1._L-L_..1--..l.......~_L_l .... ---.L_1_J_----L...J ___ l...---l."L .. L.l_..L......L......1_L..L_U_....l.L_LL....1..........--...-L.....L.. 

! , I , ! !L,A!B,Et~ ,BI2!;IA,L,.~.~QF!q;t I J J " I!" J ! ! ! ! , I , I! ! , t , J , I ! , , 1 , , 1 , ! I , ! 

f--L--1--Ll.......L.L.L..LU . ..L..L...tE.L9.tft.9t..:.,·_, I'LEl."'l[)ISIR,T,',;,.llL_1.L..L..L_LL.L.ll...Ju~....L.L..l_LLj_..I_LL.L . ..1.L1.1.....L1 I I I I I 11._L--'-.L_L-l . ...JL.L.L.--L _ 

_ L...L...L..l.......L.L.L-'-LL.1. L.t!fi_JhQLO.1Lllj jT,H,E,N, ,B,EIG,I,NuWIR11,T,EltIF"()N,.!.i!..liJ..!1.I:..c9.J".LQl1.1i.l....&&t IT,O , IBI2, ~~--,.l.~~--'-.L.L-j 

f--L--1--L_L....L...l.....--.L...LLJ LJ .... _l.. __ l .... _L_L'!Il RI_ ~I TJ E, (J FI 0t U, Tj' ! *1' J A] R,2 1 ) li_1_ 1_1. .... 1 J _ 1 ! J J J L L _L _1 I J __ 1 I L J J _I ..L .... L..l._l..-...--L .... ~l_L....L.....L __ L_l..........L....J __ 

.L~J......l....J.......L..L .. L.J IB, ~I: IE:LN,O" 1 I ,1 j', .. L 1._' I L L.--,--L.l.L.L-LL.1.....l 1 LL.-,_-'.l._l._.L..L...J...~_.L.-'-L--'--L.l...JL. 

, I I , ! 1 ! ! ! I ! I ! ! ! ! ! !~....L...L~LI ...LI ..JI-LI -LI..JIL...L' --11-1-"---'-1-1 -1.1..J1-L1 -'-'....JI-L' -1.1..Jlc.....L1 -'--LI .LI --,1---,-1 -II ..11-L1 -1.1..J'-LI -1.1..J1-L1 -L1.--'-"---'---'-l...J--1.....J 

10 20 30 40 50 60 80 

r--" ,I I 

, 1 , 1 , 

_.1 _LL.L.,L.tBJ-l.NL"D Hl.:J'lI.l<!,;J , I 1..J . ..LL 

,W l °1 R,OI: ,~, 1,; I L.l j.L--,_L , L.L...Ll.....t....l .1.1.. 1 .1...1---'---1.. 

!---,--1-.L...L-'-.l..:B,-,--I~ I,-,T-,-, :.LI_= ,-I 3-'-1 5"""1-'.-; 1...-1 -'--'-'-I ..LI -,1'--1...1 --'---J'--1...-'-'--'L . .L.....J... __ LJ... . ....LI-L-'---'-'--'-J-'-..L1 -,1----'---'-'---'---'-'--'--'---'-'--'--'-'--'--'-'--'--'-1 --,1-,-1 -,-I -'---'-'--1--'-'-I_ILLI .L1_11...--1.1. --'-J.......l..-'--"'--'-~ 
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 



""r .... ," I UNIVAC: 1108 I 
____ U_M_F~~, ___ E_X_T_E_N __ D_E_D __ A_L __ G_O_L ________________________ ~ ____________ ~_s_E_c_T_'o_N_: __ 1_3 __ ~_p_A_G_E_: ___ 1_1 __ _ 

(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 
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Other examples with proper procedures could be as follows: 

-----------------------------------------------------------------------------------------------------------, 
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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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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" 
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