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The Algol 60 Report.,

Throughout the present Manual reference is made to the Algol 60 Re-
port or the Revised Algol 60 Report, The differences between these two
documents are slight and do not influence the numbering of sections., The
full references of these reports are as follows:

J. W. Backus, et, al.,, Report on the Algorithmic Language Algol 60 (ed.
P, Naur), Numerische Mathematik 2 (1960), pp. 106-136; Acta Polytechnica
Scandinavica: Math, And Comp. Mach. Ser, no. 5 (1960); Comm. ACM 3 no. 5
(1960), pp. 299-314.

J. W, Backus, et. al., Revised Report on the Algorithmic Langusge Algol
60 (ed, P. Naur), Regnecentralen, Copenhegen (1962); Comm. ACM 6 no. 1
(1963), pp 1-17; Computer Journal 5 (1963), pp. 349-36T; Numerische Ma-
thematik 4 (1963), U20-b53,

Other reports relevant to Gler Algol.

(1) P, Naur: The Design of the Gier Algol Compiler, BIT 3 (1963) 124-140
and 145-166; also in Ammual Review in Automstic Programming 4 (ed. R.
Goodman), Pergamon Press 1964,

(2) Pé Nemr: Checking of Operand Types in Algol Compilers, BIT 5 (1965)
151-163,

(3) J. Jensen: Generation of Machine Code in Algol Compilers, BIT 5
(1965) 235-245,

(4) P, Naur: The Performance of a System for Automatic Segmentation of
grogmms Within an Algol Compiler (Gier Algol). Comm. ACM 8 (1965), 6T1
T

(5) P. Naur: Program Translation Viewed as a General Data Processing Pro-
blem, Comm. ACM 9 (1966), 176-179.




INTRODUCTICN, 5

INTRODUCTI(N,

The present book 18 the users’ manual of the Algol 60 compller sy-
stem for the Gier computer known as Gler Algol 4. This system was deve=
loped during 1965 - 67 and is a further development end revision of the
system described in a Manual of Gler Algol III, distributed in 1964,

Like the previous versions, Gier Algol 4 is based directly on Algol
60, &and the Revised Report on the Algorithmic Language Algol 650 mst be
regarded as the primary definition of the programming lsnguage, For this
reason the numbering of sections in the present manual continue those of
the Algol 60 Report.

The differences between the present new system and the previous ver-
sion are so numerous and extensive that the manual has had to be rewrit-
ten in all of its parts. Very briefly the more important changes are: (1)
Integer variables are represented as 40-bit fixed point numbers, with a
corresponding gain in renge and speed of operation. (2) Patterns of ko
bits may be manipulated freely and at high speed, by special operators.
(3) Case expressions and statements, first suggested by C.A.R. Hoare in
Algol Bulletin 18, 1964, are sdmitted. (4) The selection of input for in-
put and output has been made more flexible., (5) A means of ascertaining
the available machine configuration is included. (6) The standard output
procedures have been revised and a simple, fast procedure added to the
set, (7) The input procedures have been overhanled for greater speed and
flexibility, (8) It has been made possible to store elements of arrays in
the buffer store, thereby increasing the capacity for varisbles by a fac-
tor of about 6. (9) Subscription has been revised, for higher speed, (10)
Means for communicating with semi-permsnent data areas on a backing disk
storage unit are included. (11) Machine language may be written within a
program. (12) The check during trsnslation has been extended to include
actual persmeters, in most ceses. (13) The source program may be formed
by combining texts from seversl places esnd medie during trenslation. (1k)
Both the translator and the translated program mey be stored on any of
severel media,

In writing the present manual an attempt was made to follow the de-
finitions of IFIP-ICC Vocsbulary of Information Processing, first English
language edition, 1966. This, in several cases, proved to be a definite
helip.

The manual was ‘typed by Kirsten Andersen, who also contributed ex.
cellent quality punching of the programs of the system itself, Her help
is gratefully acknowledged,




6 6., 8-CHANNEL PUNCH TAPE CODE AND FLEXOWRITER KEYBCARD.

6.1, PRINTING GRAPHIC CHARACTERS.,

Lower Upper Code Lower Upper Code

case case , case case
a A y 00 o O, w W , O 400,
b B s 00 o+ O, X X 3 00 000,
e C y 000 . 00, y Y s 000.
d D s 00 4O , Z Z s, O O O,
e E 5 000 40 O, 2 E , 000 &,
f F 5 000 ,00 , % %] s O 00, 00,
g G ;3 OO0 4000, 0 A y O s
h H sy 00 O. R 1 V » « O,
i I , 0000, O, 2 X s .« O,
J J 3 00 .« O, 5 / 3y O « 00,
k K , 00 ¢« O, b = s 0,
1 L s © . 0O, p) 3 3 O .0 0,
m M , 00 40 6 [ ; O .00,
n N , O 40 0, 7 ] R +000,
o 0 , O 400 , 8 ( , Ou
P P , O O ,000, 9 ) , ©O0. O,
q Q y O 00, , ) » s ©000. 00,
r R 3 O Os 0O, . : s 00 Q. 00,
s S , 00 . 0, - + s O .
t T s, O « 00, < > ; 00 « O,
u U , 00 40 , | s 0400 ,
v v , O .00, The key for _|dogs not advence the carriage.

6.2, BLANK.
BLANK s O e

6.3, CONTROL CHARACTERS.

LOWER CASE , oooo,., o , UPPER CASE , ocoo.,0 ,

CAR RET 30 « , TAB s 000,00 ,
STOP CODE , 0. 00, TAPE FEED , oooo,000, PUNCH ADRES ,o e
PUNCH OFF , o o.000, PUNCHON , o 0.0 , AUX CODE » 0.0 ,

PUNCH ADRES and AUX CODE insert their respective codes when depressed
simltanecusly with any other key.

6.4, FLEXOWRITER KEYBOARD,

START STOP PUNCH AUX STOP TAPE

READ READ AIRES CODE CODE FEED
T™MB PUNCH x / = ; [ 1 () A VvV | PUNCH

oFF 2 3 4 5 6 789 01 oW

Q WEZRTJYUTIOZP > CAR

g w e r ty uil o p < RET
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6.5. NUMERICAL REPRESENTATICNS.

In the following table the characters have been arranged according
to the numerical equivalent of the hole combination according to the rule
of section 10.3., The first columm gives the decimal velue of the charac-
ter, +the second and third columns give the lower and upper case charac-
ter, respectively, and the fourth column contains a G in the cases where

the character 1s available

LOWER  UPPER

0 SPACE
1 1 \Y
2 2 X
3 3 /
L L =
5 5 3
6 6 {
T T 1
8 8 (
9 9 )

10 (NOT USED)

11 STOP CODE

12 END CODE

13 g 2

14 |

15 (ROT USED)

16 0 A

17 < >

18 s S

19 t T

20 u U

21 v v

22 W W

23 X X

ol y Y

25 z Z

26 (NOT USED)

27 ’ n

28 CLEAR CODE

29 RED RIBBON

30 TAB

31 PUNCH OFF

G

only in Gier,

but not on the flexowriter.

ILOWER  UPPER

(SN X

Ko IQopgH

(NOT USED
g

Q-wo "WoEE R4S+

PUNCH N
iND’I‘ USED)
NOT USED)
(NOT USED)

nc‘m-ﬁ

H Q=g Qb

S RO

B

5
3
-

UPPER CASE
SUM CODE

BLACK RIBBON G
TAPE FEED

CAR RET
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7. THE RELATION BETWEEN GIER ALGOL AND ALGOL 60.
T.1. CHARACTER REPRESENTATION OF PROGRAMS,

The basic symbols of Algol 60 are represented with the aild of the
character set given 1in section 6, Sequences of characters which do not
represent Algol symbols according to the rules below will produce an
alarm during translation.

There 1s a choice of input medium and the possibility to let the
program text consist of pleces taken from several media, This is further
explained in section 13,2.1.

Telele Single character symbols.
Telelele Letters and digits. Gler Algol adds the letters

2 Eg g
to the reference alphabet. The appearance of all letters and digits may
be seen from section 6,
Te141.2, Delimiters, As apparent from section & the following simple re-
ference languesge symbols are directly aveilable in Gier Algol:
teX/<=>VA, . .p:;3()I[]

Tele2s Compound symbols.

Compound symbols must asppear exactly as shown in this section, with-
out additional characters such as BLANK or CARRET.
Tele2e1s Underlined words. Underlined words are produced in Gier Algol by
depressing the underline ( ) key immediately preceding each letter of the
word, The symbols are the Tollowing:

true - false go to 1f then else for 4o step until while comment begin end
own Boolean IntegeT real erray switch procedure string label velue

Boolean and boolean may be used interchangeably., Also go to, goto, and
g0 TO.

T.1.2.2, Compound symbols similar to reference language, The following
compound symbols, most of which are produced by combining the underline
( ) or stroke (|5 with other characters, are similar to those of the re-
ference language:

< > $ = =

T.1.2.3, Compound symbols differing from reference language. The follow=-
ing compound symbols show a noticable deviation from the reference lan-

guage:
Reference langusge 1\ - - d A - o
Gler Algol A - 2 < 3 : >

Tele2,4. Extensions of Algol 60. Add the following:




7.1, CHARACTER REPRESENTATI(N OF PROGRAMS,

Basic symbol

abs
entier
round
mod
shift
cese
'6?"""
core

code

message

Reference

AN =30 =3 [0 1O =3 = ~J 1~ ]

Class

arithmetic operator

pattern operator

’ 7'15 - -
escepe symbol
separator
layout bracket
separator

o1 medium selector
o1 - -

Tele3. Other characters in input.
Telse3s1s CAR RET cannot be used between the charscters of an identifier

or a munber,
7.1 05.2.

ready covered is given in the table below,

shed: (1) Before first begin., (2) Within a string,
gram context. In addition the possible copying done as message

sequential operator

The resction of the translator to the input characters not al-

Three contexts are distingut.

(3) In eny other pro-

(section

Te1.7) and as prelude and line output (sectiom 13,2,5) is indicated. The

reaction denoted char is an erro

(appendix 3).
Character

10 (not used)
11 STOP CODE

12 END CODE
1358 8%

15 zno'b used)
26 (not used)
28 CLEAR CODE
29 RED RIBBON
30 TAB

51 PURCH OFF
42 (not used)
L PUNCH N

45, 46,47(not used)
61 SUM CODE

62 BLACK RIBBON
63 'TAPE FEED
65=126

127

Parity error

Before begin | In string
char char
ignored ignored

see section T.1.5
letter letter
char char
cher char

see section T.1.4
char char
ignored ignored

see section T.1.6
char | char

see section T.1.6
char ! char

see section T.l.4
char ;char
ignored y 1gnored
char . char
ignored ' 1ignored

r reaction giving‘the text:

In program
char
ignored
char

char

char

char

ignored
| char

| char

char
lgnored
char
ignored

char or stop depending on machine

character

. Message, pre-
- lude, line

| ignored

copled
ignored
copied

ignored
ignored
copiled

ignored
1gnored
copled

ignored
copled

ignored
copled

ignored
ignored
ignored
ignored
ignored
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7.1.4, Character check sum

During input of the program to the translator, a check sum of all
charscters is formed, This may be used to check the currect transcription
and reading of characters, The check is performed every time the charac-
ter 61, SUM CODE, is encountered. This character causes the next follow-
ing character in the input to be compared with a check character, formed
as follows:

1) The input sum is put to zero each time CLEAR CODE 1is met in the
input, and at the end of the SUM CODE action.

2) Each character in the input csuses the input sum to be increased:

input sum := input sum + 1 + character

3) To form the check character, use the value of the input sum which

excludes the SUM CODE itself and compute:

check character := (input sum + input sum : 32) mod 32 + 31
If the check character formed in thils way differs from the one found in
the Input, the error messsge
sum
is given.

Tele5. END CODE and pause,
In any context the END CODE charascter will cause the message
line <line number> pause
to be output on the operator typewriter, whereafter the machine will
stop, To continue the translation, the operator mst type BLANK on the
typevwriter.

71,6, PUNCE OFF and PUNCH ON.

With respect to the treatment of these characters the translator may
operate in two modes, selected when the translation 1is initlated, see
section 13.,2.6. In one  mode the two characters cause output on the
error output medium of the messages

line <line number> off
and

line <dine number> on
respectively, and the program text following any PUNCH OFF character, up
to the first following PUNCH ON character, i1s ignored by the translator.
In the include-off-on mode PUNCH OFF and PUNCH ON are ignored,

Te1.T. Messages to the operator,

To ensble the programmer +to glve guldance to the operator during
program translation, the following faeility for output of messages is in-
cluded, Wherever the delimiter comment is permitted in the program it mey
be replaced by message, During the Tirst phase of the translation this
will cause the ¥oITowIng characters, up to the first semicolon, to be
output on the alarm message medium (cf. section 13.2.6). Otherwise the
action will be as though comment had been written,
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7.1.8. The end of a program.

The program extends from the first begin found in the input to the
end which syntactically matches that begin. No further characters are
input by the translator.

T.2, USE OF comment.

Following the delimiter comment not only any sequence of basic sym-
bols, but any sequence of chaTacters specified in section 6.5 is admit-
ted up +to the first following semicolon (3;). For a special use of com-
ments following end, see section 11.k,

Te3. ARITHMETIC VALUES AND CPERATICNS,

Integers are held in fixed-point form. This gives the range:
-2A39 = -549 755 813 888 < integer < 549 755 B13 887 = 2439 - 1

Reals eare held as Tloating~-point numbers. This gives the range of
non-zero real values:

2A(~512) = T.458,-155 < abs(real) < 1.341,154 = 24512
The precision of real values corresponds to 29 significant binary digits.
Thus one unit in the last binary place will correspond to a relative
change of the number of between 2,-9 and 4y-9.

As described below, the transletor will sometimes insert an opera-
tion for converting arithmetic values from integer to real form, l.e. the
float operation, This conversion is done by the instruction nkf39, This
implies +that integers larger than 2429 in absolute value will have their
rightmost digits set to zero,

When the result of an operation exceeds the number range, the system
will sometimes call an alarm. This causes a print out of a message and a
termination of the execution of the program.

In the following explanations of the arithmetic operations, the
identifiers 1 and r stand for operands of types integer and real, respec-
tively. Mixed type indicates one integer and one real operand.

The action of all arithmetic operators is given in +the following
table:



12 T.5. ARITHMETIC VALUES AND OPERATICNS.

Operand Machine instructions Reaction on range
types exceeded
Addition, subtraction + -
Integer Fixed point Incorrect result
Mixed Float the integer, then as real
Real Floating Spill alarm
Multipliecation X
Integer Fixed point Milt alarm
Mixed Float the integer, then as real
Real Floating Spill alarm
Division /

Integer Float both, then as real
Mixed Float the integer, then as real
Real Floating Spill alarm

Integer divide, modulo
Integer Special fixed point routines

s mod

Incorrect result

Power A, yielding always a real result

i A1  Float left operand, then as r A i

rAil Successive floating point multiplications See note below
1A r  Float left operand, then as r A r

rAT Calculated as 2 A (r X log2r) Spill alarm

The power operator with an integer exponent calls the spill alarm on

renge exceeded. This happens already when the result of the operation

sbs(left operand A (nearest greater power of two(sbs{right operand))))
exceeds 24512,

In the evaluation of expressions involving seversl operations any
necessary floating operations are done as late as possible consistent
with the evaluation rules of Algol 60. For exsmple, in the expression
r+ 1 X1 the miltiplication is done in integer form and only +the result
of 1t 1s floated before the addition., If it 1s desired to operate on in-
tegers in real mode arithmetics, one of the operands mst be assigned to
& real variables before the operation.

Round=off from type real to type integer is performed by means of
the machine instruction tkf <29, This implles that real results of abso=-
lute velue in the range from O to 2429 will yield correct integers on
rounding, while reals with absolute value in the range from 2429 to 2A%0
will be rounded to an integer having too few significant figures., Real
results larger than 2A39 or smaller than -2439 will yield completely er-
roneous results if rounded.

7.4. RESERVED IDENTIFIERS,

A reserved 1dentifier is one which may be used in a program for a
standard purpose without having been declared in the program., If the
standard meaning 18 not needed in a program the identifier may freely be
declared to have other meanings.

The complete list of reserved identifiers arranged alphabeticelly 1s
a8 follows:











































































































































































































































