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. CHAPTER oa

ALGOL-20 Card Format and Kevpunching Gonventions

ALGOL programs should be punched in the following form:

Column — 12 3 45678 9012 3 4 507 89 0 123 45067890123456789 M
Language

w;AT WH .LOC. F oP. M Addr, Index;Comment. .
ALGOL AL . i iiici i e ianes ALGOL teXt.veeeoeverasscsroas
system 5Y L iiieiiiienenaiaanan SYSEEM LeXE . esenernnrnsnnnen
comment CO . .eeriierneenannnnnns COMMENE v v v e vsvananassonns

The teletype TAB table for these language fields is as follows:

Tab - 1 2 3 4 5
Language field
{
AL 4 7 10 13 15
WH 4 L5 20 24 40
SY 4 tabs after the first are taken as characters and scanned.
. Cco no tabs - tabs are taken as characters.
Tabs taken as characters are printed as '=' on the LP-12.

A blank language field (columns 1 and 2) is interpreted as AL or
WH, as determined by the most recent appearance of AL or WH in the
language field. A blank language field on the first card is interpreted
as AL,

System cards give special instructions to the ALGOL translator.

The system instructicns are described in Chapter 4.

Comment cards are printed as part of the translation listing but
are otherwise ignored. They may be freely inserted Ior purposes of
documentation.

Normally, the programmer may use columns 4-72 for his ALGOL program;
however, there is a system statement with which he may change the right-
hand margin from 72 to any column between 40 and 80, as described in
Chapter 4. The columns beyond the right margin may be used for comments,

etc.
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The translator will ignore all columns to the right of a double
vertical bar (}[). This allows the programmer to use the rest of the
card for commenis. (Double vertical bars in strings will not invoke
this convenlion.)

In ALGOL-20, certain constructions may not be split between the
end of one ALGOL text card and the beginning of the next, since the
translator always supplies an imaginary blank column between the right-

hand margin of one card and column 4 of the next:

{1) An identifier may not be continued from one card to
the next. The implied blank will terminate an identi-
fier which ends at the right margin of the card.

(2) The combination characters

- » < — = 8L B8R 8F

must be punched with the two characters in adjacent columns of the sawe

card.

In addition, alphanumeric strings may not be split between two cards.

One reason for this restriction is to provide better errer recovery il 4
quote is accidentally omitted. A long alphanumeric string instruction in
a READ, PRINT, or PUNCH statement may simply be closed by " ', "
{quote comma) after the last character of the string punched on the card
and reopened with another quote on the next card.

The ALGOL program may be punched in any format the programmer desires,
subject only to the above restrictions. There may be one statement per
card or a single statement extended over many cards or many statements on

a single card. Thus, a consistent indentation rule which aligns each end

with its begin can be used to advantage to show clearly the structure of

the program. {See also Chapter oc.)
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CHAPTER 6bh

ALGOL-20 Error Messages

Translation Errors

The ALGOL-20 translater prints numerical errvor codes Lo Indicate
syntdx errors in the source program. The translator prints the error
code just below the last card image it has scanned, with an arrow 1!
pointing to the last character scanned on this ILmage. Since each card
is scanncd once from left to right, the 't' pointer will generally be
alead (i.e., to the rvight) of the actual error.

Errors are broadly cateporized as Phase T errors (O through 09),
Phase II errors (70 through 93), miscellaneous errors (906 through 99),
Subscan errors (100 through 109), and System errors (110 through 125).
System errors are those occurring on SY cards. Subscan and Phase 1
errors are purely syntactic and are discovered in the process of scanning
the source program cards. Phase II errors are discovered at a later
stage in the translation process when the actual machine code of the
object program is generated. The miscellaneous errors are those which
indicate a possible problem within the translator. Any listing contain-
ing such an error should be brought to the attention of the User
Consultant or a member of the Computation Center staff immediately.

The translator attempts to "recover" from each error if possible,
so that many independent errors may be found in one pass through the

e

computer. Ifowever, any Phase L error as well as errors marked with ¥ in
the errcr Llist will cause all succeeding Phase II errors to be ignored.
To call the programmer's attention to the fact that subsequent Phase II
errors are being ignored, the translator will print "NOTE 6" (see the

section on notes below) das Phase 11 is turned off.

Any error prevents executlon of the compiled program.

Notes

The Algol-20 translator prints notes on the program listing to call
the programmer's attention to syntactic constructions which are accept-
able but questionable, or constructions which are possibly caused by an

error. Notes do not prevent execution of the compiled program.
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Translation Zrrors

Phase I Errors (Each oi these errors terminates Phase IL.)

26:
27
28:
29:
30:
31.
32
33:
34
35:
36:
37:
38:
39:
40

The program does not start with begin.

A statement starts with an illegal character or an illegal reserved word.

A statement starts with an identifier follewed by an illegal character.

In an expression an opecrand was expected and was not found.

Iin an expression a binary operator was expected and was not found.
(Possibly caused by a semicolon missing after the preceding statement,)

A'g" does not have a matching ”[”.

An array element has been used illegally.

A ":" has appeared incorrectly.

A" ar ":=" has appeared incorrectly.

A ™" does not have a matching "(".

A "," has appeared incorrectly.

then has appecared without if.

¢lse has appeared without then,

Characters are still in the stack after a or an end,

A procedure statement is followed by other than end, else, or '';".

for is not followed by an identifier.

The for variable is not followed by a "' or ":i=".

step has appeared without for.

until has appeared without step.

while has appeared without for.

do has appeared without for.

go to is not followed by an identifier or "(" or if.

go to if...then...is not followed by glse.

"t
b

An obscure error in a go to statement.

An impossible error after begin. ("}-" is not the second element in the
stack, See Error 98.)

own is followed by something other than <type>.

An array declaration does not specify subscript beunds.

The identifier list of a declaration is not followed by a ';'".

switch is not followed by an identifier.

The identifier of a switch declaration is not followed by a "' or ":=".

procedure is not followed by an identifier.

A procedure identifier is not followed by "(" or ";".

A formal paramecter list is not followed by ")'".

The "}" following a parameter list is not followed by a ";".

The identifier list in a specification is not followed by a '";".
An identifier did not follow the "," in an identifier list,

The illegal construction "then if" has occurred.

A switch with more than one subscript position has been used.

The value part of a procedure declaration was not followed by a '";™.




41:
42
43
44
45:
40
47
48
49 .
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The name of a permanent subroutine (such as "SIN'") is not followed by "(".
There is an extra "," or ¢lse a missing ":" in an array declaration.
More begin's than end's have occurred when the end-of-file is reached.
Impossible - see Error 98.

max or min is not followed by "(".

In an array declaration the identifier list is not followed by "[".

Array specifier has subscript bounds, which it should not.
library is not followed by <type> or procedure.

Phase I Frrors {format and name statements) (Each of these errors tferminates

50:
5L:

52:
53:
54:
55:
56:
571
58:
59:
60 :
6l:
62:
63:
64
65!
66:
67:
68:
69

Phase I1.)

A reserved input/output word is not followed by "(" .

A format list element starts with an illegal character. (Should be '"<"
or "' or "S$" or identifier).

" is missing: 1i.e., a replicator was expected but not found.

for is missing after "$".

"' is not followed by "S$" or an identifier.

™" oor ™" is not followed by ")" or ",".

A name statement or format statement is not followed by end, else or ';'".
A replicator is not followed by "(" or "<".

"' ar M, is followed by an illegal character.
An integer is followed by an illegal character.

A format instruction is not followed by '">" or ",".

An iilegal prefix to a numeric primary has been used.

An illegal numeric primary has been used,

"." appears in a numeric primary in a read statement.

In a numeric primary, E, F or 5 is not followed by an integer.

Phase Il Errors {Only those errors marked "*'" turn off Phase II.)

'>'f70:
71:

72
73:
74
75:

76:
77
78:

A reserved word which is not yet available has been used.

A label has been used but not defined. (The name of the label is
printed prior to this error message)

An identifier has heen used but not declared.

An identifier has been declared twice in this block.

An identifier in the value list is not a parameter.

Al identifier which has been used as a procedure has not been declared to
be one,

A subscripted identifier has not been declared to be an array or switch.

The program is too leng.

A procedure identifier which is mot a function designator has been used
in an expression.

* Turns off Phase II.
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79:

80;
81:
82
83
84
85:
86:
“87:
88:
B39:
*90:

*91:
92:
93:
94:
95:

An identifier which has been used as a switch has not been declared to
be one,

An array identifier has been used without subscripts.

Too many index variables have been declared.

A label or array or switch has been called by value.

An identifier in a specification list is not a parameter.

In a procedure declaration a parameter is not specified.

In a procedure declaration a parameter is specified twice.

A procedure, switch or label appears on the left of a M2 oor M.

The W2 stack is too full.

More than L0O0 relocatable library procedures have been declared.

A constant has been used in place of an identifier, e.g., 33 kJ.

A subscripted for variable has been used (this is not yet available in
ALGOL-20) .

The next-command pointer is less than the base of the program,

Miscellaneous Errors

96:
97:

98:
59

A possible translator error - bring listing to Janet Fierst at the
Computation Center.

Impossible: bring your listing to A, Evans at the Computation Center.
Same as 98.

Subscan Errors

100:
101:

102:
103:
104:

105:
106:
107
108;
#*109:
110:
111:
112:
113:
1i4:

* Turns off Phase II.

A card column contains an illegal combination of punches.

Too many abcons or adcons have been used (numerical constants and
alphanumeric string constants) .

Too many decimal points appear in a number.

Too many ',''s appear in a number.

An error has appeared in a parameter delimiter comment: "M<any sgtring
not containing:>: (",

An illegal bar ( "|" ) variable has been used.

A constant has been used which is too large to fit into a real variable.
A" " is followed by something other than M, MM or <digite.

A string goes over the end of a card.
The symbol table has been exceeded.
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System Statement Errors

115: An abcon system statement has occurred after code has been compiled.

Li6:

117: An abcon system statement has requested more space than there is in
user memory.

118:

119: An illegal SY card has occurred. (This may be caused by a LIBRARY card
after the symbolic library has been released,)

120: The library procedure nesting exceeds 5.

121:

122: WHAT has been called after it has been released.

123: An illegal segment statement has been used.

124: An SY LIBRARY card has asked for a routine not in the symbolic library.

125: A library procedure declaration has named a routine not in the relocatable

library.
Notes
Note l: end comment convention was used on preceding card, That is, every-
thing was ignored up to ";", end, or else.
Note 2: A function designator has been used as a procedure statement,
Note 3: 1In an arithmetic or boolean expression, the construction if...then if

has occurred. This is syntactically illegal but unambiguous, and is
therefore accepted by the tramslator.

Note 4: An arithmetic (boolean) (designational) expression has been used
where a simple arithmetic (boolean) (designational) expression
should have been used.

Note 5: In a designational expression, the construction if...then if has
occurred. This is syntactically illegal but unambiguous.

Note 6: Phase II has been turned off.

Note 7: The construction if...thean for...do...else... which is legal in
ALGOL 60 but illegal in ALGOL 62 has been used.

Note 8: TAB appears as a character.

Note 9: Fifty errors have been found on a single card; compilation has been
terminated.
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RUN ERRORS

During its execution, an ALGOL-20 program will call upon various
run-time subroutines., Since there are usually restrictions placed
upon the use of these routines, there is a mechanism provided to warn
the user when the restrictions have been violated. 1t is the violat-
ion of these restrictions which is referred to as "run error'.

The user may receive his warning in either of two ways: If he
takes no action otherwise, an error wmessage will be pnrinted out as part
of his output listing which will identify the error and the part of
the program in which theerror took place. The run will then be
terminated., On the other hand, however, the programmer may provide for
a "recovery procedure" by calling on 2 subroutine named RUN.ERROR. If
he does this, an occurrence of the error will cause a transfer to a
statement in his program which he has designated. The programmer may
then provide error recovery as he deems appropriate. If the programmer
has provided for error recovery frem a given error type, he has the
opticn of either getting or not getting the normal diagnostic printout.
See Chapter 5.RUNERROR for a description of the recovery procedure.

The normal error printout consists of the two lines

RUN ERROR - ceee
COMMAND IN ERROR - ccccce

followed by fourteen lines of diagnostic output. Here cccce is the (octal)
location of the command which caused the error (or the command which
called the subroutine in which the error was detected) and ecee is a
mnemonic error code. By comparing ccccce with the octal addresses printed
on the left side of the compilation listing, the programmer may determine
the particular statement or declaration whose execution caused the error.
Error codes for library procedures are given in the ALARMS section of the
procedure description in Chapter 5. All other error codes are listed on
the next page. The fourteen lines of diagnostic informaticn refer to the
seven commands before the fauity one, the faulty command, and the six
commands following. On each line, there are four fields: the location,
the command in octal, the command in semi-mnemonic form, and the contents
of the word whose address is in the command. This information is useful
to anyone familiar with G-20 machine coding in analyzing the error. It is

of interest to the average user only in that it may be shown to the User

Consultant.




. Error Code

ADRP
CFLG
EXP
EXFO
LN
RADIL

RAD?2
READ

SIN

SQRT
TIMR
X1A1
X1AZ2
X1TAa3
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Meaning
address--opcode fault
command flag error
EXP (X) called with X > 160.116998
exponent overflow
LN {X) called with X = O
upper < lower in a bound pair in an
array declaraticn
declared arrays exceed available space
An error has occurred in reading 4
data card. {(sec below)
The argument to SIN or COS exceeds
8121
SQRT (X) called with X<0.
monitor detected errors
X = 0 and A=0 in XMA
A¥ LN (X) > 1L60.116998 in X714

X = 0 and A not integer valued in XTA

When an error is detected by the read subroutine, the "RUN ERROR-READ"

message will be preceded by a printout of the data card containing the

error, an arrow (1) pointing to the erroneous column, the column number,

and one of the following auxiliary messages:

L)

2)

3)

4)

3% - CARD READ

NO CARD READ

IMPROPER NUMBER

ILLEGAL SYMBOL

An End-of-File mark has been reached: i.e.,
the program has attempted to read more data
cards than are in the "deck".

A read statement has attempted to scan
characters from a card image before an "E" or
"W'" primary has been executed to read a card.
An ill-formed number has been scanned; e.g.,
too many decimal points, + or - signs, or

mfs have been found.

A character which cannot be part of a number

n n !|+r| mn_n Tmon

(i.e., not a digit, , . , or ",

has been scanned by a numeric instruction.

This error message is suppressed by the suffix "N,
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CHAPTER 6c¢

Printing of the Compiled Program

Consistent indentation of each level of nesting of subordinate and
compound ALGOL constructions is useful in writing a clean, readable
program. Themximum possible indentation of the program as punched onto
cards is limited by the width of the card. However, the printed image
is 21 columns wider than the card, so the system statement INDENT has
been provided to let the programmer take advantage of the extra printer
width to get wmore indentation of the printed source program. Normally,

the compiled ALGOL code is printed in the format

PRINT columns |123}4567 |8....12]13,14]15...83{84. .104]105...120]
Contents l Iblank|address}blank] text } blank 1 commentsl
CARD columns IlZB] ]4....72i ]73 ..... 881

Using the system statements INDENT and RIGHT MARGIN (see Chapter 4), the
programmer may change the number of card columns scanned as text and

also may change the print columns in which this text appears. In general,
the compiled code is printed as follows, where K stands for the indent

constant and RM stands for the right margin:

PRINT columns |123|4567 18....12] 13 . 14+K| L5HK. . . T1+KARM| L24K+RM. . . 32+RM| 33+RM. . . 120
Contents ‘ ]blank address| blank | text | blank ] comments [

CARD columns [123] 4. oieiiinn. RM | |RM+1.....88]

The address printed is that of the first instruction generated by the line of

ALGOL text.
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CHAPTER 6d

Privileged Identifiers

In addition to the reserved identifiers, ALGOL-20 includes a set
of "privileged" identifiers which have built-in meanings. These
identifiers can be used with their built-in meanings without being
declared; they are, in effect, declared by the translator in a block
head outside the outer-most block of the program. Therefore, if the
programmer does not wish to use one of these identifiers in its
privileged meaning, he may simply ignore the fact that it is privi-
leged and declare and use it as he would any non-reserved identifier.
I{f a privileged identifier is redeclared within an inner block, it
resumes its privileged meaning as soon as the end of that inner block
is passed.

The currently available privileged identifiers in ALGOL-20 are
described below., As additional privileged identifiers become available,

they will be described on sheets which can be added to this chapter.

ACC
ACC is a symbol denoting the accumulator, which may appear on the

left side of an assignment statement. Thus
acc:- ali, i, k+3];

will fetch an array element to the accumulator. ACC is of particular use
in setting the accumulator before executing a piece of WHAT code. This
mechanism should always be used when accessing array elements or formal
parameters called by name for use in WHAT code. No error will be detected
if ACC appears other than on the left side of an assignment statement, but

such uses will usually cause spurious results.

CLOCK

CLOCK is an integer-valued function designator which is called with
a single parameter. The value of "CLOCK(O)" is the elapsed time in
seconds since the Name-Time card was read. 'CLOCK(V)" is the elapsed time
in seconds minus the integer value of the parameter V, also in seconds;

i.e.,

CLOCK(V) = CLOCK{(0) - V
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Example:

A:  STARTTIME « CLOCK{(0) ;

B: ELAPSE .~ CLOCK(STARTTIME)} ;

This will store in ELAPSE the elapsed time Ln seconds between passing

label A and passing label B.

DAY
MONTH
YEAR

DAY, MONTH, and YEAR are built-in variables of type logic which arec
set by the translator to the four-character alphanumeric string representa-
tions of the current day, wonth, and year, respectively. The format is
best defined by example: On the 9th of April, 19082, we have

DAY . L9l

MONTH = "APR.'
YEAR = '62|_:w_|‘

The statements:
NAME ( DAY, MONTIi, YEAR ) ; PRINT (<12A, E») ;
would print a line containing:

09 APR 62

DEBUGPRINT

DEBUGPRINT is a procedure with an arbitrary number of parameters which
prints the values of its parameters in a simple rigid format. Its para-
meters may be any arithmetic or Boolean expressions. Arithmetic values are
printed in the format <+.11Z1> ; i.e., in scientific floating peint nota-

tion with 11 significant figures. Boolean values are printed as:

TRUE for true
+,00000000000,+00 for false

Values are printed four petr line; the {irst value printed by cach call of

DEBUGPRINT starts on 4 new line.
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EPSTLON

EPSILON is a built-in real constant, whose value 1s the smallest
positive number which can be represented in the G-21.

EPSILON - & °°

o 1.274473528903,,-57

HALT

HALT is a parameterless procedure. Lxecucion of a HALT statement
terminates the run-Lime execution of the program and returns contrel to
the monitor. Thus, executing a HALT statement is equivalent to letting

control pass the final end of the program.

EXAMPLE: if X > 8 then HALT ;

INFINITY

INFINITY is a built-in real constant, whose value is the largest
positive number which can be represented in the G-21.

INFINITY = ( 814 - 1) * 863
~ 3.450873173389,69

PAGES

PAGES is an integer procedure with no parameters. Its value is the
total number of pages which have been completely printed since the job
card was printed. If the printer is positioned to the page which contains

the job card information, the value of PAGES 1s zero.

PAUSE
Executing this parameterless procedure invokes the monitor PAUSE
mechanism, |27, in the usual way. When the program is subsequently

restarted, PAUSE will return to its calling point. For further details,

see the description of |27 in the Monitor Description: THEM THINGS.
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PRINL

PRINT is a procedure with one parameter which controls the output
of printed information on a teletype. (Note Lhe spelling: the third
character is ¢ oune.) The compilation listing and execution-time output
are always printed on the on-line printer, if a positive number of pages
is requested on the Job Card, PRINT sets a monitor switch which deter-
pines whether execution-time cutput will also be typed on the teletype
which originated the program. If the program did not originate at a

teletype, Lhen PRINT will simply be ignored.

PRINT (1) : Sels switech so output will be on the teletype and printer.
PRINT (M) : Sets switch so output will not be on the teletype, only on

the printer.

The status of the switeh can be changed as often as desired; when an ALGOL
program begins execution, it is set to PRINT (0} unless zero pages have

been requested on the Job Card, in which case, it is set to PRINT (1.

TIME
TIME is a real procedure with no parameters, whose value is the time

of day in seconds, starting at midnight.
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CHAPTER be

Machine-Dependent Features

1. Octal Constants
An octal (base 8) constant may be used in any context in ALGOL-20
where a decimal number is allowed; i.e., as a primary in any arithmetic

or logic expression. Octal constants have the following syntax:

<octal digit> :: =0 | 1 |2 {3 |45 ]|6]7

<pctalian> = <octal digit> l <octalisn> <octal digit>

<signed octaliam> :: = <octalian> | + <octalian> | - <octalian>

<left-justified octal constant> :: = 8L <octalian>

<right-justified octal constant> :: = 8R <octalian~

<floctaliam> :: = <octalian> <octalian>.<octalian> <octalian>.
<octaliarm>

<power of 8> :: = <signed octaliam>

<floating octal constant> :: = 8F <floctalian> | 8F <power of 8> |

8F <floctalian> <power of &>
<logical octal constant> :: = <left-justified octal constant> l
<right-justified cctal constant>

<octal constant> :: = <floating octal constant: I <logic octal constant>

Despite this syntax, the translator does not treat the digits 8 and 9 in
octal constants as erroneous but will interpret them as 10)8 and 11)8,
respectively., Thus BR495 = BR515.

Local octal constants (8L and 8R) are considered to be of type logic
and so are always accessed in logic mode. Floating octal constants (8F)
are considered to be of arithmetic type, and are always accessed in
arithmetic mode.

The character-pairs 8L, 8R and 8F are treated by the translator as

single entities and must be punched in adjacent columns of the same card,

without intervening blanks.
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The value of a floating octal constant is determined by concatena- .
ting the floctalian as an octal number and multiplying it by the appro-
priate power of 8, treating the number which follows the ,, as an octal

integer. For example:

8F,10 = 818
8F11,-5 = 9%81-5

The value of a left (right) justified octal constant is determined
by prefixing (suffixing) to the octalian enough zeros to give eleven
octal digits. This number is then concatenated and stored as a 32-bit
logic word. Since eleven octal digits require thirty-three bits for
representation, the leftmost bit of the leftmost octal digit is lost.

Thus, 8L4 = O and 8L7 = 8L3, a "3-flag'".

2. String Constants
Alphanumeric strings of not more than four characters may be used
as constants in an ALGOL-20 program. Such a string, converted to a set
of G-20 internal characters and stored right-justified in a 32-bit logic .
word in the abcon region, is treated as a logic octal constant. Since the
G-20 internal character for a blank ('4') is zero, the following string

constants all have the same value:
'A' = L.!A' = ';_u_lA' = 'LauuA‘

String constants may be used in any context in which octal constants are

allowed.
Examples:
1. if nextchar = ':' then stringval = !

2. 'ABCD' A 8L377

{The value of the expression in example 2 is 'A.ud")

3. 1if (xA 8R377) = 'A' then

(This tests whether the right-most character of x is 'A'. Note

that the parentheses are needed, since without them, the meaning

is if xA (8R377 = 'A') then which is always false.)
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3. Bit-Manipulation Operations

In addition to arithmetic, Boolean, and designational expressions,
ALGOL,-20 snytax includes '"logic expressions' which perform bit-by-bit
logic operations on 32-bit G-20 logic words. A logic expression may

include any of the following operands:

1. Logic constant: octal constant or string constant

2 Variable, simple or subscripted, of type logic

3, Function designator of type logic

4. Boolean primary (and, therefore, any Boolean express-
ion in parentheses)

5. Arithmetic primary (and, therefore, any arithmetic

expression in parentheses)

A Boolean primary used as a logic operand is interpreted as one of

the two 32-bit logic words:

8R 37777777777 = 32 one bits for true, or
8R O

1

32 zero bits for false.

I

Each kind of logical operand (except number 5 above, arithmetic
primary) will always be fetched from memory with a "logic access', rather
than a "numeric access"; for example, a CAL command will be used to fetch
a logic variable into the accumulator. When a logic variable or function
designator forms the left-part of an assignment statement, then an STL
command will perform the assignment. Therefore, an assignment statement

of the form
<logic variable> « <arithmetic expressior>

will truncate the absolute value of the expression modulo 232. An STL

cormand is also used for any temporary store of a logical subexpression

(except an arithmetic primary) within a complete logical expression.
Any of the following three logical operators may appear in a logic

expression:

— (complement logic: unary)

A (extract logic: binary)

v (unite logic: binary)
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Each of these cperators periforms the same operation simultaneously
and independently in cach of the 32-bit positions of its operand(s). If
a bit = 1 represents the Boolean value true while a bit = O represents
false, then the logic operators —, A, and ¥V can be considered to perform
the Boolean operations —, A, and V, respectively, in each bit position.
The operators +, -, *, and f may also appear in a logic expression.
Each of these operates in the usual way, considering its logical operands
(except for arithmetic primaries) as 32-bit integers.

The ceomplete syntax for logic construccs is given below:

<logic constant> :: = <string constant> ‘ <logic octal constant>
<leogic primary> :: = <logic constcant> i <logic wvariablex <logic functiom>
<Boolean primary> | (<logic expressior>) l

<arithmetic primary>
<logic factor> .+ = <logic primary> } — <logic primary>
<logic term>» :: = <logic factor> | <leogic term> A <logic factor>
<simple legic expression> :: = <logic term> ] <gimple logic expressior> V

<logic term> .

<logic expressiom» :: = <simple logic expression> | <if clause>

<simple logic expression> else <logic expression>

4, Half Variables

A variable of type half behaves exactly as one of type real except that
it contains fewer digits (about 6 instead of about 12), Since half
variables take only one location in the machine and real variables take two,
it is possible to save storage space by declaring large arrays to be of

type half instead of real, if the loss of significance can be tolerated.

5. Index Variables

Simple variables of type index are stored in G-20 index registers.
Eventually, efficient code will be compiled for index wvariables, using the
G-20 index register commands. For the present, however, index is of
interest only in conmection with machine language assembly code ("WHAT")

within an ALGOL-20 program. Index variables behave exactly as do integer

variables. .




AL.6f.1
CHAPTER of

Segments

ALGOL programs which are too long to fit into core memory may be
divided into subportions, called segments. Each segment will be stored
on tape after it is compiled and may then be called into core memory
as 1t is needed,.

Each segment area on tape holds 10240, words. If a segment contains
more than this, it will be stored on successive segment arcas. {(The
nunber of such areas needed is the second parameter to the 5Y Segment
statement.)

A segment is an ALGOL-20 program which includes a SEGMENT system
statement. Each segment must be a complete ALGOL-20 program; that 1s,
it must have a set of matching begin's and end's and declarations of all
identifiers which are used in the segment.

After a segment has been compiled (i.e., after the end which matches
the first begin is found), the code which has been compiled and any
relocated subroutines will be written onto tape as the specified segment.
ALGOL will then continue reading cards, expecting to find ancother program;
this program may also be a segment. Compilation terminates after a program
which is not a segment is processed; control is then transferxred to the first
statement of this program.

If in a program (or seguwent) the statement LINK(i) appears, segment i
will be loaded and control will be transferred Lo its outermest bepgin.

It is convenient to be able to communicate data in core memory between
different segments. However, linking from one segment to another involves
exiting from the outermost block of the current segment, thus making all
variables declared in the segment undefined. To overcome this, the same
block of storage locaztions is used in all segments for own arrays and pwn
scalars. Thus, if identical declarations of own arrays and own scalars
are made in different segments, all these values may be transmitted from
one segment to another. All other scalars and arrays are undefined when a
new segment is loaded; these may be communicated by means of the procedures

DISC.WRITE and DISC.READ.




AL.éfOZ




ERRATA

Two minor features of the HOLLER,OUT and HOLLER,.OVER routines do
not yet function as described in Chapter 6g. These features are as

follows.

(1) HOLLER.OUT (and -- .OVER) do not yet use the complete AND
serial numbering system for serial numbers > 9999; instead,
these routines now supply purely numeric 4-digit serial
numbers, modulo 104. See Section I of Chapter 6g.

(2) Page headings, run error messages, and DEBUG.PRINT output
will appear in an open secondary output file as well as in

the primary output file. See Section V B of Chapter b6g.

Both these features will soon be corrected to correspond to Chapter 6g.
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CHAPTER 6g

ALGOL DISC/TAPE ROUTINES
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B. Addressing Disc/Tape Files via Logical File and Relative
Addresser Tables.
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T. TINTRODUCTION - FILES AND RECORDS,

ALGOL-20 includes a set of relocatable library subroutines for
storing binary and Hollerith data in the G-21's disc memory or on
magnetic tapes. This chapter explains these routines and their
relationship to the AND system and to certain parts of the Monitor,
A knowledge of AND is assumed, although no knowledge of the Monitor
is required to understand this chapter.

Disc and tape space is divided into segments of consecutive
storage called files. A file in turn is generally subdivided into
a number of sections with similar (or identical) format, called

logical records. The user may subdivide a file into logical reccrds

in any way he pleases; for example, the logical records could be of
varying lengths, or they could all have a fixed length (c.g., 237 words
each). Files are recorded on disc and tape in units of 320 words,

called physical records or blocks. If the length of the logical

records is mot a multiple of 320 words (the physical record size),
then transmission of logical records to and from disc and tape files
requires the use of buffer areas in core memory to pack and unpack
logical records into physical records.

The G-21 Monitor and the AND System use a standard format for
files of 80-character ''card images' of Hollerith information. A file

with this standard format is called a "Hollerith File', and always

consists of 21-word logical records. TFEach logical record contains 84
characters, packed four-characters-per-word; the last four characters
form a Hollerith serial number, the kth image in the file having serial
number k (excepl see the AND System description, page 4.407 of the User's
Manual, for the numbering system beyond card 9999).

The G-21 Monitor includes a “card read routine", |16, which can
unpack 2l-word logical records of a Hollerith input file from a 320-word

internal buffer area in core memory. The relation of I]6 to ALGOL pro-

grams is explained more fully in Section VB.
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Each file is assigned space on disc or tape in units of complete
blocks, i.e., in multiples of 320 words. The space allotted to a file
has a fixed length and therefore an end, called its physical (or binary)
End-of-File. ("End-of-File' will be abbreviated teo "EQF" in this chap-
ter.) Disc/Tape routines will detect an attempt to read or write beyond
the physical end of a file, and will notify the programmer of the End-of-
File condition, for example, by returning through a special exit. Thus,
a program which processes a file may use the EOF condition as a signal to
transfer out of the main processing loop.

The routines for reading and writing disc and tape may be divided

into two sets: the binary file routines, and the Hollerith file routines,

1) Binary File Routines: DISC,READ, and DISC,WRITE.

These routines are very efficient for moving large quantities of
data between ALGOL arrays in core memory and bulk storage (i.e., disc or
tape files). They assume no logical record structure for the file, but
read and write in units of complete 320-word physical records. Files
read with DISC,READ and written with DISC,WRITE will be referred to as
"binary files", since no logical record structure is assumed by these
routines; however, such binary files could contain any mixture of binary
numbers and Hollerith strings arranged by the programmer {see the examples
in Scction III). The programmer using the binary file routines may wish
to provide buffering in his ALGOL program to pack and unpack logical
records which are not a multiple of 320 words in length; see Section III

for 2 complete discussion.

2) Hollerith File Routines: HOLLER.IN, HOLLER,OUT, and HOLLER,OVER.

These routines allow ALGOL format READ, PRINT, and NAME statements to
be used to read and create Hollerith files., For example, the HOLLER.IN
("HOLLERith INput”) routine sets switches in the Moniter to cause "E'" and
"W' instructions in READ statements to take successive images from a

selected Hollerith File on disc or tape. Then the full machinery of NAME

and READ statements may be used to scan the images character-by-character
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for Hollerith strings and numbers, to convert them to binary, and to
store them into ALGOL variables. The HOLLER.OUT ('HOLLERith OUTput')
and HOLLER,OVER ("HOLLERith OVERwrite") routines provide the correspond-
ing ability for creating Hollerith files, image-by-image, using NAME

and PRINT statements. HOLLER.OUT appends images to the end of a file,
while HOLLER,OVER is used to alter images of an existing Hollerith file.
Since all Hollerith files have identical format, a file created by
HOLLER,OUT (or -.OVER) may subsequently be edited by the AND System.

See Section V for a complete explanation of these routines.

Since a Hollerith file is composed of 21-word logical records,

320
21
length of B blocks can contain at most }(

& 15.24 card images fit into each physical record; a file with binary
320%8B
21
a Hollerith file may contain fewer than this maximum number of images.

) - 1 card images. However,

The end of Hollerith information is indicated by a Hollerith End-of-File

image which normally appears immediately after the last image currently
in the file.

A Hollerith End-of-File image is distinguished by the presence in
columns 1 and 2 of two "lower-case dollar signs", G-20 character codegl65,
This code is the G-20 internal representation of the (+, -, 8, 9) punch
combination which always appears in columns 1 and 2 of a job card; thus,
each job card serves as an EOF card for the preceding job in the card
reader. The rest of the EOF image contains a message indicating which
routine wrote it there; for example, the EOF image: 135 ALGOL END COF
FILE" is written by HOLLER,OUT, An EOF image from the card reader is
blank except the two lower-case dollar signs.

Tt is usually important to have an EOF image in a Hollerith file
since, for example, the Monitor card read routine 16 checks for the
Hollerith EOF image but not for the physical EOF. Hence, if the program-
mer is using the EOF condition to terminate his program when it reaches

the end of reading a Hollerith file, he must have an EOF image in the

file. Hollerith files created by AND always contain EOF images; those
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created by HOLLER.OUT will have an EOF image if the programmer properly
"closes" the file - see Section V.

The disc/tape routines DISC.WRITE, HOLLER,OUT, and HOLLER,OVER
allow an ALGOL user to write directly onto any of his AND files -~ i.e.,
any files which are listed under his man number in the AND Directory.
However, these routines never change the dump count of the file being
written. Therefore, a user who writes files using these ALGOL subroutines
and saves the file for later runs must be aware of the possibility (against
which the dump count protects AND users) that all AND files may be set
back one or more days as a result of hardware failure. To protect himself
against this possibility, the programmer may want to keep his own dump
count somewhere in the file, increment the count when he writes on the
file, and check for the value he expects before reading or writing. If
the AND file is written only once and thereafter is only read, or is used
only as a temporary ("scratch") file during a run, then there is no need
for a dump count.

The user should also note that the AND files are stored not only on
the disc but also on two permanently-mounted magnetic tapes. It requires

approximately three minutes of computer time to traverse one of these

tapes end-to-end. An ALGOL user who attempts to access more than one
file on the same tape can easily waste huge amounts of computer time
moving ("slewing'") the tape back and forth between files. On the other

"randomly", i.e.,

hand, any number of files on disc can be accessed
without wasting time slewing. Note: a file is on disc if its First
Block Number in the Directory is less than 21000. A new AND imstruction
will shortly be available to force a file to be created or dumped onto
the disc rather than onto one of the AND tapes; the programmer will

therefore have a convenient way of avoiding severe tape slews due to

the ALGOL disc/tape routines.
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IT. LOGICAL FILE TYPES,

A. PREASSIGNED LOGICAL FILE TYPES,

The ALGOL disc/tape routines refer to particular files by an integer

value between 1 and 19 called the Logical File Type {("'LF Type'). Some

of the Logical File Types have been pre-assigned to certain fixed files
in the CIT system: e.g., the AND Scratch Area. However, any of the 19
Logical File Types may be assigned to any permanent AND file for the
duration of the run, either by the AND System or by the ALGOL library
procecdure AND,FILE. Normally, a usecr should use AND to set up all LF
Types for all files he will neea, before the ALGOL translator is called
te compile and cxecute his program. In some cases, the user will need to
assign AND files to LF Types during his ALGOL run; the library procedure
AND.FILE is provided for this purpose (see Section 1V),

The LF Types currently pre-assigned are as follows:

LF Type Meaning Length Length
{blocks) (card
) images)
1 Current effective begin- | (see below) (see below)
ning of AND Scratch
Area.
2 Physical beginning of 3072 46811
AND Scratch Area
3 Retap 1 Records 3072 46811
(same as AND Scratch
Area) .
4 Retan 2 Records 1536 23405

{the second half of
AND Scratch).

5 Retap 3 Records =1¢000 = 152381
(on a permanently
mounted system tape)

& Comp Center Records | -=--- | -=---=
(NOT available to
user, unless specifi-
cally allocated by CC
staff!). !
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in some circumstances (specifically, the execution of a "RUN,
AND, ..." instruction) the AND System moves the effective beginning
of the AND Scratch Area past the end of information already in Scratch.
AND defines Logical File Type 1 to be the effective beginning cof the
Scratch Area when AND loads and executes the ALGOL system. Logical File
Type 2, however, is always defined as the fixed physical beginning of
the Scratch Area. It is recommended that LF Type 1 rather than LF Type
2 be used to refer to AND Scratch so that 'recursive' AND runs can be

performed without changing the operation of the ALGOL program.

B, ADDRESSING DISC/TAPE FILES VIA THE LOGICAL FILE AND RELATIVE ADDRESSER
TABLES,

The correspondence between a particular LF Type and actual block
addresses on the physical input/output devices is established by two
tables in the Monitor: the Logical File table, and the Relative Addresser
table. The ALGOL programmer is thereby removed by two levels of general-
ized (or "symbolic'") addressing from the physical input /output devices.
The process of finding a block on the physical device can be visualized

by the following picture:

Logical File Table Relative Addresser Table
1 0
4 1
: E “){1;/0
RELATIVE . NIT
R.A. TYPE| FELATINE | UNI

e [Tt

19

L.F TYPE
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The LF Type is used to select an entry in the Logical File Table
which specifies: (1) a Relative Addresser Type ("RA Type') and (2)
the first block of the file, relative to the first block of the region
defined by the RA Type. This RA Type is used in turn to select an
entry in the Relative Addresser Table, which specifies: (1) the (logical)
number of an actual I/0 unit and (2) the first physical block number of
that RA Type region on that unit. This addressing process can be sum-
marized by the following ALGOL statements: to find block number B of
the file with Logical File Type LF,TYPE, the Monitor uses:

U « TO.UNIT [RA.TYPE [LF.TYPE)];

P . PHYSICAL,FTRST.BLOCK [RA.TYPE [LF,TYPE)]

+ RELATIVE.FIRST,BLOCK [LF,TYPE| + B
where U is the logical I1/0 Unit number, and P is the physical block
number on that unit. The logical unit number U is converted to a physical
IfO unit number through another Monitor Table to achieve flexibility in
the use of the physical tape drives; this last logical-physical corres-
pondence is irrelevant to the programmer, however.

The Relative Addresser Table (discussed on page 14 of the Monitor
"{routine" write-up "THEM THINGS'™) provides a global allocation of space
on tape and disc, generally the same for every program run. The Relative
Addresser Table is changed in two circumstances: (1) The Computer
Operations staff may change the global allocation of space on tapes and
disc, or may convert the entire operation to tapes when the disc is

' on his job card, replacing

"down"; and (2) a user may specify a "User Tape'
one {(or more) of the standard system Relative Addresser entries by
entries pointing to his own magnetic tape, only for the duration of his
run. TIf a User Tape replaces a Relative Addresser Type to which a
Logical File Type is assigned, then the meaning of the Logical File Type

and the length of the file change correspondingly, but only for the

duration of the run.
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IIE. THE RINARY FILE ROUTINES: DISC,READ AND DISC,WRITE.

A, PARAMETERS AND CALlL.

DISC.READ will read information from disc or tape into an array
in core memory; DISC,WRITE will write the contents of an array in core
memory out onto disc or tape, These routines allow the user to move
binary and Hollerith information in bulk between core memory and
disc/tape files., Their parameters are as follows:

DISC.READ(NWDS, FIRST.LOC, LF.TYPE, BLK.NO, EOF,EXIT);

DISC.WRITE (NWDS, FIRST.LOC, LF,TYPE, BLK.NO, EOF,EXIT);
Here:

NWDS = Number of machine words to read or write.

FIRST.LOC = An array element which is the ALGOL name of the

first word in core memory to read or write.
LF.TYPE = Logical File Type (explained in Section II).
BLK.NO = Number of the first 320-word block to be read or
written (the first block of the file has block
number 0).
EOF ,EXIT = Label through which the routine will exit if the
physical End-of-File is reached during the operation.
Starting at the block number BLK.NO of the tape/disc file with Logical
File Type LF,TYPE, the routines will read or write as many blocks as
are needed for the number of words NWDS, DISC,READ reads into core
memory exactly NWDS words, where NWDS is not necessarily a multiple of
320. DISC.WRITE will write enough extra words (generally "garbage™) to
complete the last 320-word physical record. These routines initiate
direct input/output transmission between core memory and the tape or
disc unit; there is no buffering,
Attempting to read or write beyond the physical End-of-File will

cause the routine to complete the operation up to the End-of-File, and
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then exit through the EOF,EXIT label.
If an AND file assigned to a Logical File Type (by AND,FILE, or
by the AND system) belongs to a programmer different from the man making
the run, then this LF Type will be marked 'read only". Calling
DISC,WRITE {or HOLLER.OUT, or HOLLER,OVER) to write on this file will
cause a run error; thus, a user can write only on his own files. Both
DISC.READ and DISC,WRITE print the same run-error messages, as follows:
RUN ERROR - BWRl: The specified Logical File Type has not been

pre-assigned or assigned by AND or by AND.FILE,

RUN ERROR RWR2: A negative number of words has been called for.
RUN ERROR - RWR3: The FIRST,LOC addrecss lies outside user's

Memory.
RUN ERROR - RWR%4: LF,TYPE is out of range: 1 £ LFTYPE = 19,
RUN ERROR - RWR5: DISC.WRITE has been asked to write on a file

which is marked "“read-only',

B, EXAMPLES OF USE,
Assume the following declarations:
veal array X[0:20, 1:100];
integer arrvay IEO:lOOQ]; logic array L[l:JOOJ;

Then the subroutine call:

DISC.READ (4200, x[0,1), 1, 23, EOF);
reads 4200 words into the X array in core memory from the file with Logical
File Type 1 (the AND Scratch Area), starting from block 23 of this file.
Fach element of the real array X occupies two machine locatjions and
x{0,1] is the first element of X; therefore, this call will exactly £ill
the X array. There is no check in DISC.READ {(or DISC,WRITE) for over-
flowing an array; if this call were changed to read more than 4200 words,
the extra werds would be stored into locations beyond the eand of the X

array, presumably clobbering another array.
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Similarly, the entire I array may be written on records 40 through

43 of AND Scratch by the procedure call

DISC.WRITE (1001, 1{0}, 1, 40, EOF);
Since ecach integer variable is stored in one G-21 memory location, 1001
words are needed for the 1001 elements of the array, A little more than
three blocks are needed for this WRITE operation; the fourth block will
be filled up with whatever happens to be in memory in the locations
following I[lOOd}.

These routines mav be used to read or write alphanumeric strings;
such strings should be stored in core in arrays of type logic. Each
word of the string contains four characters. Thus, the call:

DISC.WRITE (300, L[1), 1, O, EOF);

will write a string of 4 x 300 = 1200 characters from the array L.

C. AN ALGORITHM FOR BUFFERED READING.

In all the above examples, each logical record read or written was
assumed to start at the beginning of a physical record. If the logical
records contain significantly fewer than 320 words, however, this simple
assignment of logical to physical records is wasteful of both time and
space on tape or disc., 1If disc/tape space is important and if the
logical records are short, the user should include buffer routines in
his ALGOL program to pack and unpack logical records from each physical
record. The buffer area would be an ALGOL array whese length was a
suitable multiple of 320,

For example, the procedure declaration below describes the algorithm
for buffered reading from a binary file. The algorithm reads BUFF.SIZE
blocks at a time into a buffer array:

BUFF [1:320%BUFF.SIZE] .
Note that BUFF is a "dynamic own array" (see page AL.2.14 of ALGOL-20

Manual); if this algorithm is used in an ALGOL-20 program, a numerical
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value must be substituted for BUFF,SIZE before the program is compiled,
or else BUFF must be declared globally to the procedure. Although the
formal parameter A in BUFFERED,READ is a logic array, an array of any
type may be substituted as an actual parameter; however, if a real
array is substituted, then the actual parameter substituted for N must

be doubled.
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procedure BUFFERED.READ (N, A, LF.TYPE, EOF.EXIT);
value N, LF.TYPE;

integer N, LF,TYPE; logic array A; label EOF.EXIT;

comment Fach call of BUFFERED,READ moves the next logical record of N
logic words inte variables A[l], e A[ﬂ} of a logic array A. If this
process empties the internal buffer array BUFF, DISC.READ is called to
refill the buffer from the file with Logical File Type LF,TYPE. 1If the
physical EOF is encountered before the logical record is obtained,
BUFFERED.READ exits to the label ECF.EXIT.

Calling BUFFERED.READ with LF,TYPE < 0 initializes the record
number and buffer pointer to the beginning of block 0 of the Logical File

Type -LF,TYPE, and moves the first n-word logical record of the file;

begin
own logic array BUFF [I:SZO*BUFF.SIZQ];

own integer PT, BLK.KO; integer I, ULIM;
if LF.TYPE < 0 then
begin BLK.NO ¢~ 0 ; PT « 320%BUFF.3IZE end initialization;
I «1;
MORE:
ULIM ¢ min (N, 320%BUFF.SIZE - PT);

for I <1 step | wuntil ULIM do
A1) < BUFF(PT + 1J;
comment move words until N words moved or buffer empty;
if ULIM < N then
begin comment BUFF is empty and more words are needed;
DISC.READ (320%BUFF.SIZE, BUFF(1], abs (LF,TYPE), BLK.NO,EOF.EXIT);
BLK,NO « BLK.,NOG + BUFF,.SIZE;
PT « PT - 320%BUFF.SIZE;

g0 to MORE
end of refill;
PT « PT + max (N, 0);
end BUFFERED.READ ( );
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Iv, THE AND,FILE ROUTINE

The relocatable library procedure AND,FILE allows an ALGOL program
to define a Logical File Type as a particular AND file. AND,FILE is
called with the following parameters:

AND.FILE(USER, PROG, LF.TYPE, BUFF.LOC, ERR,.EXIT);
where:

USER = The AND "User" number for the file, an eight character

alphanumeric string; this string may appear either as
an 8 character string constant {e.g., 'PH33WWO1') or as
the name of the first of two successive elements of a
logic array which contains the string as value (see
example below).

PROG .- The AND "Program’ number of the file (not including the

dump-count) .

LF.TYPE _ The Logical File Type to be associated with this AND

LF,TYPE = 19,

1A

file; LF.TYPE must lie in the range: |1

BUFF,LOC = An array element which is the first element of a

vector of at least 320 words.

ERR.EXIT - A label to which AND,FILE will exit if any of the

parameters are improper or if the designated AND file
does not exist in the AND Directory.

The effect of calling AND.FILE is to look up the AND file under
(USER, PROG) in the AND Directory, and assign it to Logical File Type
LE,TYPE, The 320 locations starting at BUFF,LOC are used as a buffer
to read the AND Directory; after the call of AND,FILE, this space is
available for other uses.

It is important to observe that AND,FILE reads but never writes
on the AND Directory; thus, the AND Directory will never be changed as
a result of execution of AND,FILE. This implies that:

(1) the file being looked up must already exist; it will not be

created by AND,FILE if it does not exist;
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(2) operation of AND,FILE will never change either the physical
(i.e., binary) length of the AND file, or the most-recent-
access date in the Directory, or the Dump Count of the file.

In general, a run using the AND system will be required to create an
AND file or to increase its length. There is an AND instructien
"CREATE" for this purpose.

The user is warned that if he accesses an AND file only in his
ALGOL program via the AND.FILE procedure, never in AND itself, then
the latest-access-date for the file will never be updated. As a re-
sult, the file will eventually be "frozen'", i.e., moved to a history
tape and deleted from the current AND records. On the other hand,
setting up a Logical File Type during an AND run dees update the ac-
cess date of the file in the AND Directory; hence it is generally
preferable to set up L.F. Types during the AND run rather than to use

AND.FILE,

An example of a call of AND.FILE would be:

integer array BUFF [1:320] ;
label GLUG;

logic array USER[1:2] ; integer I, PROG,NO;

name (I — 2(USER[I]) , PROG.NO.) ;
read (<E, 8A, 8b>} ; comment read user number and program number

from a data card;

AND,FILE (USER[1] , PROG.NO, 12, BUFF[1] ,GLUG) ;

GLUG: PRINT (<'NO SUCH FILE EXISTS', 2E>) ; HALT ;

This program will read an 8 character user number string (e.g.,

'S236JP01") and an integer program number from a data card, and look
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up the corresponding file in the AND Dircctory. If the file exists,
it will become Logical File Type 12; if not, the statement labeled
"GLUG'" will be executed. The 320 words BUFF[1]...BUFF[320] will be
used to read the AND Directory.

If AND.FILE is called te look up an AND file under & man number
differing from the man number appearing on the Job Card, then the cor-
responding Logical File Type entry will be marked "read-only™. Call-
ing DISC.WRITE, HOLLER.OUT, or HOLLER,OVER to write on a read-only
AND file will cause & run error; thus, a user can use the ALGOL disc/
tape routines to write on his own AND files only.

AND.FTILE checks carefully the validity of its parameters. Any
of the fellowing errors will cause it to print an appropriate message
and exit to the label ERR.EXIT without defining the Logical File Type.
A subsequent attempt to operate on this Logical File Type with one of
the other disc/tape routines will cause a run error. The error con-
diticns detected by AND.FILE are:

1. Usage number is improperly formed or not in AND directory.

2. Program number is cut of range or not in the AND directory.

3. Designated file is empty (contains 0 words) and can there-

fore be neither read nor written.

4. Logical File Type does not satisfy 15 L.F. Type = 19.

2. Selected AND file is on a tape which is temporarily unavail-

able.

6. AND instruction DONT has not been executed, so the AND

Directory cannot now be read by this CP. See AND System
Write-up.
7. Attempt has been made to access another man's file which 1is

marked ''secret'". See AND System Write-up.
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V. THE HOLLERITH FILE ROUTINES

A, INTRODUCTION

The DISC.READ and DISC.WRITE routines move binary and Hollerith
information in bulk between core memory and disc/tape files. The
"HOLLER-'" routines, HOLLER,IN, HOLLER,OUT, and HOLLER.OVER, on the
other hand, provide buffered input and output of Hollerith files using
ALGOL format READ, PRINT, and NAME statements.

Calling HOLLER.IN selects a Hollerith file as the source of card
images for READ statements; each subsequent execution of an YE"™ or "W"
instruction will read the next image from the selected file into the
format read buffer, where it can be scanned character-by-character.
Similarly, HOLLER,OUT (or HOLLER,OVER) will cause each "E" or yn
format instruction in a PRINT statement to output columns 1 through
80 of the 120-column print buffer plus a sequence number in columns
81 to 84, as the next image of a selected Hollerith output file.
HOLLER.OUT {and - .OVER) supply consecutive integer serial numbers,
equal to the ordinal numbers of the images in the file. HOLLER, OUT
appends images to a file, while HOLLER, OVER may be used tc alter

images in the middle of an existing Hollerith file.

B. PRIMARY vs. SECONDARY FILES

When an ALGOL program begins execution under the G-21 Monitor,
there is always one Hollerith input file and one Hollerith output
file; these are referred to as the "primary'" input and output files,
respectively. The primary input file may be a teletype input file,
an AND file, the AND Scratch Area, or a physical deck in the card
reader, for example. The primary output file may be the LP12 printer,
a teletype output file, or both. The HOLLER- routines designate
auxiliary input and output files, referred to as ''secondary files'".

When an "E" or "W" format instruction is executed in a READ

statement, the ALGOL format routine calls the Monitor card read
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routine ("|16”) to supply a Hollerith card image. {16 has implicit
parameters which indicate whether the image is to come from the next
physical card in the card reader, or from the next 2l-word logical
record in a particular Hollerith file on disc or tape. In the latter
case, |16 transmits to the (84-character) ALGOL READ buffer® the card
image which is the next 2l-word logical record in a 320-word input buffer
area in core memory. If this image was the last complete image In the
320-word buffer, then %16 automatically reads the next 320-word block
from disc or tape into its buffer area, in anticipation of supplying

the next image. (Note: this description has omitted some details which
are unnecessary to an understanding of the HOLLER- routines; further
information on Moniter routines may be found in Section 2.3 of the CIT
User's Manual.)

The function of HOLLER.IN is to set the source parameters of ‘16
to take Hollerith images from a particular file. Calling L16 either
implicitly with "E" or "W" format READ instructions, or explicitly in
machine language with WHAT code will read successive images from the
file selected by HOLLER.IN. It should be remembered that any routine
in the user's program whose effect is to read "cards" will ultimately
call 216, and will therefore get images from a secondary file if
HOLLER. IN has been called,

Similarly, when the ALGOL format routine executes an "E' or "W"
instruction in a PRINT statement, or a "W' instruction in a READ
statement, it calls the Monitor Hollerith output routine ("|11") to
transmit the print line to the primary andfor a sccondary output file.
The functicn of HOLLER,.OQUT (and -.0OVER) is to set the secondary des-

tination parameter in ]11 to a particular secondary output file. The

*Note: the "ALGOL READ buffer', part of the format READ mechanism
of ALGOL, contains exactly one 84-character card image to be scanned
by format instructions; it should not be confused with the 320-word
input buffer area used by 116 to unpack 2l-word legical records from

320-word disc/tape blocks.
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images sent to a sccondary file are collected in a 320-word buffer in
core memory; when this buffer is filled, its contents are automatically
written onto the next physical bleck on tape/disc. Even if the pro-
grammer calls |11 direcctly in WHAT code, |11 will transmit the print
line to the primary and/or sccondary cutput files as determined by
HOLLER.OQUT (or -.0OVER). On the other hand, ALGOL run-error messugos,
page headings, and output from DEBUG,PRINT are transmitted only to the

primary output file, never to a secondary output file.

C. OPENING AND CLOSING HOLLERITH FTILES
The process of selecting a Hollerith file with HOLLER.IN, HOLLER.OUT,
or HOLLER,OVER will be referred to as "opening' the file; the "de-

selection" of a file will be referred to as "closing'" that file. Cles-
ing a secondary output file writes the last 320-word block froem the
core buffer onto the file on disc or tape. The user cf HOLLER.OUT or
HOLLER,COVER is cautioned that the system does not automatically close

a secondary output file when the ALGOL program terminates. The user
must call HOLLER,QUT(0) or HOLLER,OVER{0), as appropriate, to close

the file and write out the last block, or he will lose up to 16 card
images.

Because input can be read from only one source at a time, there
can be only one open input file at once: either the primary input
file, or a secondary file selected by HOLLER.IN, On the other hand,
the same output line may be transmitted simultaneously to more than
one output file, so one sccondary output file (selected by HOLLER,OUT
or HOLLER.OVER) may be open simultancously with the primary output

file, if the user so chooses.

D. CARD IMAGE POINTER

The Hollerith card read routine }16 has an input card image

pointer which contains the serial number of the next card image to be

read from the current file (unless the input file is a physiecal card

deck, in which casc the card image pointer is undecfined); cach call
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of }16 increments this pointer automatically. The Hollerith print

routine i1T has a corresponding output card image pointer which con-

tains the serial number of the next card image to be output to a
secondary output file, but is undefined if no secondary cutput file

is open. Note that the output card image pointer is associated only
with a secondary file, and has no necessary connection with the serial
number of the primary output file. If a secondary output file is
open, then each call of [11 converts the value of the image pointer

to & Hollerith characters and stores it as the serial number in col-
umns 81-84 of the image (note: this serial number is also stored into
columns 81-84 of the print line sent to the primary file); then the
image pointer is incremented by 1.

HOLLER.IN sets the input card image pointer when it selects a
new input file; first, however, the previously selected file is
closed, and the previocus value of the card image pointer is saved in
a pointer temporary associated with the previous LF Type. Similarly,
when HOLLER.OUT or HOLLER.OVER selects a new secondary output file,
it closes the previous file and saves the previous value (if any) of
the output card image pointer in the peinter temporary associated
with the LF Type of the previously selected secondary file, before
setting the output card image pointer to a new valuc. The programmer
can reselect (“"reopen") any secondary file which was selected earlier
in the run, either for reading or writing, in such a way as to restore
the card image pointer to the value saved in the peointer temporary for
that LF Type. It is important to note, however, that there is only
one peinter temporary for each LF Type, used for saving both input
and output card image pointers. This makes it convenient to read
through a file until a certain image is found and then start rewriting
the file from that image on,

In addition to the internal pointer temporary mechanism just

described, there is provision in the call of the HOLLER- routines for
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storing and setting the input and output card image pointers using
ALCOL variables designated by the programmer.

When an ALGOL program begins execution, the pointer temporaries
for all LF Types (except perhaps 0 and 1) are initialized to 1.
Calling AND,.FILE to assign a particular LF Type to an AND file
initializes the pointer temporary of that LF Type to 1.

It is possible to have the same file, with the same LF Type, open
for both Hollerith input and Hellerith output, simultaneously. Fur-
thermore, the same file can be assigned (by the AND system or by AND.=
FILE) to more than one Logical File Type. This gives the user great
flexibility in processing several different parts of the same file at
once. However, the user should avoid doing such an operation on a
file which is on a tape rather than on the disc, or machine time may
be wasted on long tape slews.

Tt is convenient to think of the primary input file as Logical
File Type = 0. For example, when the primary input file is closed by
HOLLER.IN and a secondary input file becomes the card image scurce, the
input image pointer for the primary file is saved in the internal
pointer temporary associated with LF Type = 0. Calling HOLLER.IN to
open LF Type = 0 will reselect the primary input file, after closing
the previously selected secondary input file. LF Type = 0 has no
relation to the primary output file, which cannot be cpened or closed

by the HOLLER- routines.

E. PARAMETERS AND CALL OF HOLLER- ROUTINES

The HOLLER- routines may have one or two parameters, as follows:

HOLLER.IN(LFT) ; or HOLLER.IN(LFT, POINTER) ;
HOLLER,QUT{(LFT) ; or HOLLER.OQUT (LET, POINTER) ;
HOLLER. OVER (LFT} ; or HOLLER.OVER(LFT, POINTER) ;

In each case, the formal parameters could be specified by:

value LFT ; integer L¥FT, POINTER ;
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LFT is generally the Logical File Type of the file to be opened for in-
put (HOLLER,IN) or output (IIOLLER.OUT or HOLLER.CVER); see the detailed
description of each routine below. Any arithmetic expression may be
substituted for the LFT parameter.

The meaning of the paramcter POINTER depends upon the value of

LET:

-
HA

LFT = 19: Pointer = the serial number teo which the card image
peinter will be initialized in the secondary file with
LF Type = LFT. In this case, any arithmectic express-
ion may be substituted for the parameter POINTER., If
the POINTER parameter is omitted, then the card image
peinter will be initialized instead to the value of the

internal pointer temporary associated with LFT.

LFT = 0: POINTER is a variable which will be set equalpto the
previcus input or cutput card image pointer, i.e.,
the peinter in the f£ile which is being closed; this
same pointer value is also stored in the internal
pointer tempcrary associated with the LF Type being
closed. 1In this case, only a variable, either simple
or subscripted, may be substituted for POINTER. If
POINTER is omitted, then the card image pointer will be

stored only in the internal peinter temporary.

The programmer may wish to find out the serial number of the next
image to be output to, or read from, an open secondary file; notice
that closing and immediately reopening the same Logical File Type will
have no effect other than saving the current image pcinter in POINTER,
if the parameter is present in the statement which closes the file.
The user may also wish to skip about in one file, which means that the
internal image pointer from a preceding file closure will be lost on
a following closure; if the user saves his own copy of the pointer in

POINTER when he closes the file, he may reopen the file later at this

serial number by using POINTER as parameter.
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¥. THE OPERATION OF HOLLER.IN
A call of the following form:
HOLLER.IN(LFT); or HOLLER,IN(LFT, POINTER};
opens for Hollerith input the file with LF Type = LFT, after closing
for input the file which was previously open. The following steps arc

performed:

(1) The previous value o¢f the input card image pointer is
assigned to the internal pointer temporary for the
LT Tvpe of the file previously open for input.

(2) 1If LFT = 0, (i.c., the primary input file is being
selected) then the previous card image pointer is also
assigned to the variable POINTER (if the POTNTER para-
meter is present).

(3) The card image source is set to the file with LF Type = LFT:

1= ILFT = 19: opens a seccondary input file, and
LFT = 0 : recpens the primary file.

(4) The input card image vointer (i.e., the scrial number of
the first image to be read from the newly opened file) is
sct equal to the value of the pointer temporary for file
LET, unless LFT is > 0 (i.e., a secondary file is being
sclected) and the paramcter POINTER is present; in the
tatter case, the input card image pointer is set to the

value of POINTER.

Thus, the ALGOL programmer can always "get hold of" of the input card
image pointer of a sccondary file by cxccuting: HOLLER.IN(O, HIS.POINTER)
te close the sccondary input file and store the pointer in the ALGOL
variable HIS.POINTER. The user cannot "get hold of'" the card image
pointer for the primary file, since this file may be a physical card

deck for which the pointer 1is undefined. On the other hand, if the

user has arranged it so that the primary file is a particular AND

file or one of the files which have preassigned LF Types, then the uscr
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can assign the same file a LF Type and select it as a secondary file
with HOLLER,IN; he can then effectively "backspace' and reread such
a primary input file.

Whenever the Moniteor card read routine [16 transmits a Hollerith
EOF image to the ALGOL READ routine or directly to the user, a switch
is set in the Monitor; Lf !16 is called to provide another card image
after this EOF switch is set, the Monitor will terminate the program.
However, calling HOLLER,IN with L.F. Type = 0 not only closes the
secondary file, but also clears this WIb EQF switch. Therefore, the
user can read and detect the Hollerith EOF image in a secondary file
(by testing for the first two characters being 8R165), close the file,
and continue reading images from the primary file or open another
secondary file.

HOLLER. IN may produce any of the following run-error messages:
RUN ERROR - HINI LFT < 0 or LFT > 19
RUN ERROR - HIN2 Attempt to close a secondary input file when

there was no secondary file open for input.
RUN ERROR - HIN3 Attempt to read from a file which was not
predefined or defined by AND or AND,FILE.

RUN ERROR - HIN4 Attempt to set the image pointer to a negative

card number or beyond the physical End-of-File.

G. THE OPERATION OF HOLLER,OUT AND HOLLER. OVER
A call of the form:
HOLLER,OUT (LFT) ; or HOLLER.OUT(LFT, POINTER) ;
will close the secondary file (if any) which was previously open for
Hollerith output; if LFT > 0, it will then open the secondary file
number LFT for Hollerith input.
If 1 = LFT = 19, then.the following steps are performed:
(1) 1If there was previously a secondary output file

open for Hollerith output, then it is closed in

the following manner:
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(a) The output card image pointer is assigned
to the internal pointer temporary of the
LF Type previously open.

{(b) A Hollerith EOF image is placed after the
last image appended to the file (but the card
image pointer is not incremented, so if the
file is later reopened at this point then the
EOF image will automatically be overwritten by
the next image) .

(¢) The last 320-word block is written from the
secondary output buffer in core onto the disc/
tape file,

(2) The secondary output destination is set to the file
with LF Type = LFT,

(3) The output card image pointer is set equal to the
serial number in the pointer temporary associated
with LFT, unless the parameter POINTER is present,
in which case, the pointer is set equal to the value
of POINTER, The physical block containing this
image is read into the secondary output buffer.

If LFT = 0, then the following steps are performed instead:

(1) The secondary output file which was previously open is
closed, as described above for the case: 1 = LFT = i9;
if none was previously open, a run error - HOTZ will occur.

(2) 1f the parameter POINTER is present, then the same pointer
value which has been stored in the internal pointer
temporary for the previously open file will also be
assigned to POINTER.

If HOLLER.OUT is used, the user must declare the Boolean variable
PRINT.OR.NOT in his outermost block. If PRINT,OR,NOT = true when lll
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ig called by an "E" or "W" in a PRINT statement, a "W'" in a READ
statement, or directly in WHAT code, then the print line will be
transmitted to the primary output device as well as to the secondary
output file. T1f no secondary output file is open, PRINT,OR,NOT has
ne effect. WNote that the Boolean value of PRINT.OR,NOT may be set at
any Lime without calling HOLLER,OUT again. When a secondary output
file is closed by HOLLER.OUT, a Hollerith EOF image is appended to
the file, as described above. The serial number of this EOF image
is the pointer to the "next" image which is saved in the pointer
temporary and perhaps passed to the user via the POINTER parameter,
If the file is subsequently reopened for output with this pointer
restored, the End-of-File image will be written over.

Each time a file is opened by HOLLER,OUT, the disc (or tape) block
containing the card image at which the file is opened is read into
core. However, on succeeding blocks, a read does not precede the
write. Thus, HOLLER,OUT may be used to append images to the end of
a Hollerith file but not to alter images in the middle of an existing

file; the routine HOLLER,OVER should be used for the latter purpose.

WARNING: If an ALGOL program terminates before the secondary output
file is closed by a call: HOLLER,OUT(0), as many as the last 16 card

images outputted to that file may be lost

If an attempt is made to "HOLLER.OUT" (or "-.OVER') the last
card image of the entire physical file, an End-of-File image will be
written instead but no error indication will be given; an attempt to
write another image, beyond the physical end of the file, will re-
sult in an error "HOT3". There should always be an EOF image as the
last card image of the physical file; however, closing a file with

HOLLER,OUT(0) may write another EOF image earlier.
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A page heading or page number which is output to the primary file
under control of the |212 and !213 switches (see Chapter 3d) will not
appear in the secondary output file, Similarly, run error messages
produced by the ALGOL errcr diagnostic routine as well as output £rom
DEBUG,PRINT will appear only in the primary output file. Thus,

DEBUG, PRINT statements can be inserted inte a program without chafging

the number of images sent to the sccondary file.

The operation of HOLLER.OVER is similar tc HOLLER,OUT with two
differences:

(1) HOLLER.OVER docs not output an End-of-File image
when it closes a secondary file;

(2) HOLLER,OVER reads each block inte core before it
is altered and written out, Thus, HOLLER.OVER may
be used to alter images in the middle of an already
existing Hollerith file.

If an error is detected in the HOLLER.OUT or HOLLER.OVER routine,
the secondary file will be closed if it was open, and no new secondary
file will be opened; however, the last block (up to 16 card images)
may be lost.

Both HOLLER,.OUT and HOLLER,OVER produce the foilowing run error

messages:

RUN ERROR - HOTI LFT < 0 or LFT > 19

RUN ERROR - HOT2Z Attempt to close a secondary file when
there was no secondary output file open.

RUN ERROR - HOT3 Attempt to open a LF Type which was not
predefined or defined by AND.FILE or AND.

RUN ERROR - HOT4 Attempt to write outside the bounds of
the physical file.

RUN ERROR - HOTS Attempt to write on file marked read-only

(i.e., another user's file).
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CHAPTER 6h

Storage Allocation

Algol programs go through 3 phases: compilation of the program,
loading and relocation of all relocatable subroutines, and rumning of
the program. The same area of memory may be used for different pur-
poses at the three different times. It is necessary to have some
understanding of this storage allocation to understand how much space
is available for program and for data, and to understand how this
space can be expanded. On page AL.bh.2 is a memory map showing storage
allocation at the three times. A vertical arrow (1 or i) indicates an
area of storage which may expand to the next horizontal line. Opposing
vertical arrows (i) indicates areas of storage which may expand until
they meet. A vertical arrow terminated by a horizontal line indicates
that the exact upper (or lower) bound of the area is different for each
program.

At the end of each Algol program the "words" printed is the total
number of words which would be dumped if the program were dumped as a
segment - the space from A to B on the memory map. Call this number NWRDS .

Since the total space available for this information and for data is
C - A = /56720 = 24016,, locations

the total space available for data (scalars, arrays, own scalars, own
arrays) is 24016, - NWRDS. Let the space required for WHAT labels be
NWHAT. Then the space originally available for a program and for WHAT

labels 1is
E -D= /27630 = 12384, locations

The total space permitted the program is thus 12384, - NWHAT. Doing
"Release WHAT" and "Release Symbolic library" increases the program space

to
F - D = /32030 = 13336, locations.

Changing the number of abcons and adcons changes the location of D
and so changes the amount of space available for the program. The system
statement '"n ABCONS'", which is described in detail in Chapter 4, causes

D to be set to G + 2n. Since n is initially 200,, D is G + 400,.
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COMPILE RELOCATE RUN
77777
MONITOR
73000
SUBROUT INE
RELOCATOR TEMPS
FIXED SUBROUTINES
OWN SCALARS
RELOCATOR
H500() v mm o —— e ——— OWN ARRAYS
TRANSLATOR
l ARRAYS
SCALARS AND
43200 (::) STATEMENT
SYMBOLIC LIBRARY RELOCATABLE TEMPS
DIRECTORY
42400 SUBROUTINES ‘
PROGRAM
WHAT AND
41000 (::) RELOCATABLE
WHAT'S LABEL SUBROUTINES
TABLE PROGRAM
/
Altered by PROGRAM
8Y abcon
(|115o)®
ABCONS AND ADCONS
10330 (::)
SYSTEM CONSTANTS

MONITOR
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(a1l addresses are octal)




