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PRELIMINARY REPORT—[—INTERNATIONAL ALGEBRAIC LANGUAGE]
Note: ' -
o N =2Al J[8F A0

In the interest of immediate circulation of the ;ee work on an
algebraic programming language, this preliminary report is presented. The language described naturally
enough represents a compromise, but one based more upon differences of taste than on content or funda-
mental ideas. Even so, it provides a natural and simple medium for the expression of a large class of
algorithms. This report has not been thoroughly examined for errors and inconsistencies. It is antici-
pated that the committee will prepare a more complete description of the language for publication.

For all scientific purposes, reproduction of this report is explicitly permitted without any charge.

Acknowledgements:

The members of the conference wish to express their appreciation to the Association for Computing
Machinery, the “Deutsche Forschungsgemeinshaft” and tt = 2| A} 1 96 6 of Technology for
substantial help in making this conference and resultant rey TI © O}

A, J. PERLIS
K. SAMELSON
for the ACM-GAMM Committee
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ALGOL 60

Report on the[Algorithmic Language ALGOL 60]

PrTER NAUR (Editor)

J. W. Backus C. Katz H. RUTISHAUSER J. H. WEGSTEIN
F. L. BaAuEr J. McCaRTHY K. SaMELSON A. vAN WIINGAARDEN
J. GREEN A. J. Peruis B. Vauquois M. WOODGER

ZEX4: https://dl.acm.org/doi/pdf/10.1145/800025.1198354
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FORTRAN (1956~)
« John Backus (52l4, 1977) S0| 7H&t

* Formula Translator

LISP (1958~)
« John McCarthy (§2l4t, 1971) S0] JH4
» List Processor

COBOL (1960~)
« Grace Hopper 50| 71t
« Common Business-Oriented Language
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FORTRAN (1956~)
« John Backus (52l4, 1977) S0| 74

* Formula Translator

LISP (1958~)

« John McCarthy (§2l4, 1971) S0| 7Hg
» List Processor

COBOL (1960~)
« Grace Hopper 50| 71t
« Common Business-Oriented Language
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SAl 02| EAF

COBOL

IDENTIFICATION DIVISION.
PROGRAM-ID. FACT-PROG.

DATA DIVISION.
WORKING-STORAGE SECTION.
01 N PIC 99.

01 I PIC 99.

@1 RESULT PIC 9(7).

PROCEDURE DIVISION.
MAIN.
ACCEPT N.
GO TO FACT.
MAIN-RETURN.
DISPLAY RESULT.
STOP RUN.

[ FacT.
MOVE 1 to RESULT.
MOVE N to I.
FACT—LOOP.

MULTIPLY I BY RESULT
SUBTRACT 1 FROM I
A GO TO FACT-LOOP.

IF I =0 GO TO MAIN-RETURN.
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SAl 02| EAF

COBOL

IDENTIFICATION DIVISION. SR Al o
PROGRAM-ID. FACT-PROG. - =& 0|5l of2{2
DATA DIVISION. e AX: HHIIX
WORKING—STORAGE SECTION.

= =<
01 N PIC 99, e SE: GO TOO| g=
01 I PIC 99, . N
01 RESULT PIC 9(7). e St XD |2 = X

PROCEDURE DIVISION.
MAIN.
ACCEPT N.
— GO TO FACT.
MAIN-RETURN.
DISPLAY RESULT.
STOP RUN.

FACT.
MOVE 1 to RESULT.
MOVE N to I.

FACT-LOOP.
IF I =0 GO TO MAIN-RETURN.
MULTIPLY I BY RESULT
SUBTRACT 1 FROM I

~— GO TO FACT-LOOP.
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COBOL FORTRAN
IDENTIFICATION DIVISION. READ 10, N Ol Al o
PROGRAM—ID. FACT—PROG. 10 FORMAT(I3) - =8 O[5l Ol E
IRESULT = FACT(N) L=
DATA DIVISION. PRINT 20, IRESULT e X ®WH X
WORKING-STORAGE SECTION. 20 FORMAT(I8) .
01 N PIC 99, STOP e« SE: GOTOO o=
01 I PIC 99, END A N
01 RESULT PIC 9(7). L J o e XPPI=2EX
FUNCTION FACT(N)
PROCEDURE DIVISION. FACT = 1
MAIN. I =N
ACCEPT N. 100 IF (I - 1) 110, 110, 120
GO TO FACT. 110 RETURN
MAIN—RETURN. 120 FACT = FACT * I
DISPLAY RESULT. I=1-1
STOP RUN. GO TO 100
END
FACT. L -
MOVE 1 to RESULT.
MOVE N to I.
FACT-LOOP.
IF T = @ GO TO MAIN-RETURN.
MULTIPLY I BY RESULT
SUBTRACT 1 FROM I
GO TO FACT-LOOP.




SAl 02| EAF

COBOL

IDENTIFICATION DIVISION.
PROGRAM-ID. FACT-PROG.

DATA DIVISION.
WORKING-STORAGE SECTION.
01 N PIC 99.

01 I PIC 99.

@1 RESULT PIC 9(7).

PROCEDURE DIVISION.
MAIN.
ACCEPT N.
GO TO FACT.
MAIN-RETURN.
DISPLAY RESULT.
STOP RUN.

FACT.
MOVE 1 to RESULT.
MOVE N to I.

FACT-LOOP.
IF I =0 GO TO MAIN-RETURN.
MULTIPLY I BY RESULT
SUBTRACT 1 FROM I
GO TO FACT-LOOP.

EX: https://en.wikipedia.org/wiki/Punched_card

FORTRAN
[ Yreao 10, n EH o
’ [ | o =i
10| FORMAT (13) - =8 Ololl 05 F
TIRESULT = FACT(N) L=
PRINT 20, IRESULT o LA ‘gﬁ <=
20 |FORMAT(IS8) —_
STOP « SE: GOTOM| g=
END
- . )\. [ .
e St~ X7 |2 X
FUNCTION FACT(N)
FACT = 1
I =N
1004IF (I - 1) 110, 110, 120
110 JRETURN
120 FACT = FACT *x I (1) = ¥ + U1
I=1-1 T —
GO TO 100 T:S?E 2 ' FORTRAN STATEMENT
L JEND 900000000000 000 0000000000000 7000000000
I'}ll)i"llmﬂ'..")!iv"‘u.li..J.‘-'Z..;,-,\ ANXE | 2
lrllllllllllllllllllllllsl!;!7tA SRR REEEERENERREER R
N2 22202222222222222222222222222222
M33330303333322333333333333333333
_
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Go To Statement Considered Harmful

Key Words and Phrases: go to statement, jump inst
branch instruction, conditional clause, alternative clause
itive clause, program intelligibility, program sequencin

CR Categories: 4.22, 5.23, 5.24

‘GOTO #E2 ol =Lt

How do we tell truths that might hurt?

Prof. Dr. Edsger W. Dijkstra
Burroughs Research Fellow
18th June 1975

“COBOL2 H4l= HIEEEICE
Ct

o
O|& 7I=X|= Y2 HE[HRICL
Edsger Dijkstra (&4, 1972)

27



ALGOL 602| &4l

COBOL FORTRAN ALGOL 60
IDENTIFICATION DIVISION. READ 10, N begin
PROGRAM-ID. FACT-PROG. 10 FORMAT(I3) integer procedure fact(n);
IRESULT = FACT(N) integer n;
DATA DIVISION. PRINT 20, IRESULT begin
WORKING-STORAGE SECTION. 20 FORMAT(I8) if n = @ then
01 N PIC 99. STOP fact := 1
01 I PIC 99, END else
@1 RESULT PIC 9(7). fact 1= n x fact(n - 1)
FUNCTION FACT(N) end;
PROCEDURE DIVISION. FACT = 1
MAIN. I =N integer n, result;
ACCEPT N. 100 IF (I - 1) 110, 110, 120 ininteger(@, n);
GO TO FACT. 110 RETURN result := fact(n);
MAIN-RETURN., 120 FACT = FACT % I outinteger(1l, result)
DISPLAY RESULT. I =1-1 end
STOP RUN. GO TO 100
END
FACT.
MOVE 1 to RESULT.
MOVE N to I.
FACT-LOOP.

IF I =0 GO TO MAIN-RETURN.
MULTIPLY I BY RESULT
SUBTRACT 1 FROM I

GO TO FACT-LOOP.
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COBOL FORTRAN ALGOL 60
IDENTIFICATION DIVISION. READ 10, N begin
PROGRAM-ID. FACT-PROG. 10 FORMAT(I3) integer procedure fact(n);
IRESULT = FACT(N) integer n;
DATA DIVISION. PRINT 20, IRESULT begin
WORKING-STORAGE SECTION. 20 FORMAT(I8) if n = @ then
01 N PIC 99. STOP fact := 1
01 I PIC 99, END else
@1 RESULT PIC 9(7). fact 1= n x fact(n - 1)
FUNCTION FACT(N) end;
PROCEDURE DIVISION. FACT = 1
MAIN. I =N integer n, result;
ACCEPT N. 100 IF (I - 1) 110, 110, 120 ininteger(@, n);
GO TO FACT. 110 RETURN result := fact(n);
MAIN-RETURN., 120 FACT = FACT % I outinteger(1l, result)
DISPLAY RESULT. I =1I-1 end
STOP RUN. GO TO 100
END N
FACT. « ZH: 0[5 7|2
MOVE 1 to RESULT. o -
MOVE N to I. ° X = —
FACT-LOOP. TESESFTE

IF I =0 GO TO MAIN-RETURN.
MULTIPLY I BY RESULT
SUBTRACT 1 FROM I

GO TO FACT-LOOP.
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COBOL FORTRAN ALGOL 60
IDENTIFICATION DIVISION. READ 10, N begin
PROGRAM-ID. FACT-PROG. 10 FORMAT(I3) integer procedure fact(n);
IRESULT = FACT(N) integer n;
DATA DIVISION. PRINT 20, IRESULT begin
WORKING-STORAGE SECTION. 20 FORMAT(IS8) if n = @ then
01 N PIC 99, STOP fact := 1
01 I PIC 99. END else
@1 RESULT PIC 9(7). fact := n x fact(n - 1)
FUNCTION FACT(N) end;
PROCEDURE DIVISION. FACT = 1
MAIN. I =N integer n, result;
ACCEPT N. 100 IF (I - 1) 110, 110, 120 ininteger(@, n);
GO TO FACT. 110 RETURN result := fact(n);
MAIN-RETURN. 120 FACT = FACT * I outinteger(1l, result)
DISPLAY RESULT. I =1-1 end
STOP RUN. GO TO 100
END o
FACT. . O|5H ¢| 2
MOVE 1 to RESULT. O ——
MOVE N to I.
FACT-LOOP. BH== 1=

MULTIPLY I BY RESULT
SUBTRACT 1 FROM I
GO TO FACT-LOOP.

IF I = 0 GO TO MAIN-RETURN.

if ...then ..else &
:XPP2|2= 0

oot fof -4 MO
4> Ou I o
oA
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Pascal, C, C++, Java & —»

* Niklaus Wirth (52l4F, 1984)
 Dennis Ritchie (524 1983)

ALGOL 60

begin
integer procedure fact(n);
integer n;
begin
if n = @ then
fact := 1
else

fact 1= n % fact(n - 1)
end;

integer n, result;

ininteger(@, n);

result := fact(n);

outinteger(1l, result)
end

def fact(n: int) —> int:
if n == 0:
return 1
else:

return n x fact(n - 1)

n = int(input())
result = fact(n)
print(result)

Python &

31
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ALGOL 60

)
\.

EX: https://en.wikipedia.org/wiki/Alan_Turing | https://en.wikipedia.org/wiki/Alonzo_Church

S
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C, C++, Java, ...

32



e
_ \
o 9|:1-|"'-|"-E'| ='I$I'Eo| J 71” é bs | by |bi|bo| a|co|ci|cafes] -
. MEIS HER 2101 At = B B4 210
[ ALGOL 60 —»[ C C++ Java
E A (A2 f(z2) (A2 f (2 2))

LEZ MK
(S2ol Rz n)

EX: https://en.wikipedia.org/wiki/Alan_Turing | https://en.wikipedia.org/wiki/Alonzo_Church




34



'

o 22l g2l

ALGOL 60

begin
integer procedure fact(n);
integer n;
begin
if n = @ then
fact (=1
else

fact 1= n x fact(n - 1)
end;

integer n, result;

ininteger(@, n);

result := fact(n);

outinteger(1l, result)
end

== g2
o5t A2
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l COMPREHENSIVE RULES FOR FORMING ALGEBRAIC EXPRESSIONS I

Arithmetic expressions may contain field names, constants, and literals joined by
arithmetic operators. Subexpressions may be contained in parentheses as required.
The rules for forming arithmetic expressions are as follows:

2. The ways in which symbol pairs may be formed are summarized in the follow-
ing table:

Second Symbol

Variable 4ok K Negation ( )

8 Variable - P - - P

g kK P B - P -

3} Negation P - - P -
E

% ( P - P P -

) - P i will I

Where "P" indicates a permissible symbol pair, and "-" indicates a pair which
is not permitted. Thus, '"*(" is permissible, while "(*" is not.

3. When the hierarchy of operations in an expression is not completely specified by
parentheses, the order of operations (working from inside to outside) is as-
sumed to be exponentiation, then multiplication and division and finally, addition
and subtraction. Thus, the expression A +B/C+D**E*F -~ G will be taken to
mean A +(B/C) + (DE-F) - G.

XH 2 RS 5HAH HO
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9| o|o| 4

o <x=XI>7} 7}

or -

0| = Hief
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(28] HrR Fol = HIEHRE] WOES 2|7, (44 — Xigd

o <x=X}>

. <Kf>

=

:@|1|2|3|4|5|6|7|8|9
:::[<—;;Xf>]

2l Jolo] sl
o <=X>IL 0SSt ERE: 0,1, 2, ..., 9
« <XfH>It ks ExE:(0, 1, 2, .., 9)

— =XY)
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[6HZ#] 7/t FO| = HIEHRE] WOEB2|7]. (44 — Xied
o <x=X}> ":@|1|2|3|4|5|6|7|8|9
o <XfHZL> = <==X}> |[<Xf <—-—X|->]

— =XY)

2x%: 0, 1, 2, ... 9,(03, 037,

28, 285, ...]
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[CHEM] e Fel = HIERE F0I22|7|. (4] «— XA — =X}

H /7 o— L o
e <X> =0 |1]12|3|4]5|6]17]18]9
o <KfHp> = <zXp> | <KfHP><=X>
o <pAl> :::[<Xf§¢->]

2l Zelo| off 4.

o <=XPILISSHERE: 0,1, 2, .., 9
« <XHL>ILFsSStERIE: 0, 1, 2, .., 9, 03, 037, ..., 28, 285, ..
. <$A>0| JH5SHERIE: (0, 1, 2, .., 9, 03, 037, .., 28, 285, ...
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[BHEH] X Fol = HHRE Foa2[7]. (4 «— XA — =X

e<zxX> =0[1]2]|3|4|5]|6]7]8]9

o <KfHp> = <zXp> | <KfHP><=X>

o <pAl> = <XJAHE> |[<¢-él>+<¢-él> | <_’,\_J:l>x<_’,*_él>]

2l Zelo| off 4.

o <=XPILISSHERE: 0,1, 2, .., 9
« <XKtHp>THIMSSEXIE: 0, 1, 2, ..., 9, 03, 037, ..., 28, 285, ...
o <AISO|IISSHEXE: 0,1, 2, .., 9, 03, 037, ..., 28, 285, ..,

(03+285, 03+285x2, .., 28x9, 28x9x037, ..}
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HI|H

[GHZH] 'eH He| = HIHRE Aot=2[7]. (4] — XtHp — =XY)

o(<£X}> :::0|1|2|3|4|5|6|7|8|9 A

o| <XpHZE> = <2Xp> | <KPHSE><2Xp> <€— Backus-Naur £7|% (BNF)
o|<pAl> u= <KpAS> | <>l | <pllsxcpd]s) = =8 Yol Falsh= HEFA0

9| &o|o| e
Sxpe:
5 B
_
L

Xt

« <ZAt>Jt ISt
o <XIH2=>7} I}

. <2450 THs

ﬁ_

=3
o
ot

L

0,1,2 ..9
© 0, 1,2, .,9 03, 037, .., 28, 285,..
0,1,2,m,9,03,037,m,28,285“w
03+285, 03+285x2, .., 28x9, 28x9x037, ..
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Backus-Naur 7|

[SHZA] 7 ROl = HIEHRE] WoFZ2|]. (34 — Xied
<%Xp> =0]1]2[3[4]5]6]7]18]9
<KfHp> = <x2Xp> | <KfHE><=X>
6_¢_J;l> = <KfHp> | <pAl>4<pils | <*J~|>x<_/,*_él>J

=X})

# goiol

£X>0F NSt BRGS0 1, 2, . 9 A
<xr >t Itset2X1E8: 0, 1, 2, .., 9, 03, 037, .., 28, 285, ...
AAIS0| JbsBEEXIE: 0 1, 2, .. 9, 03, 037, ., 28,285, ...
. 03+285, 03+285x2, ..., 28x9, 28x9x037, o
\¢§+ Moz ous| Fo| It

[%] 4~ 157 (least fixed point) AFE]
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Backus-Naur 7|

(digit) ::= O[1|2|3|4|5[6]7|8|9

(unsigned integer) ::= (digit)|(unsigned integer)(digit)
(integer) ::= (unsigned integer)|+(unsigned integer)]
—(unsigned integer)

(adding operator) ::= +|—
(multiplying operator) ::= X|/|+
(primary) ::= (unsigned number)|(variable)|
(function designator)|((arithmetic expression))
(factor) ::= (primary)|(factor)](primary)
(term) ::= (factor)|(term)(multiplying opreator){factor)
(simple arithmetic expression) ::= (term)]
(adding operator)(term)|(simple arithmetic expression)
(adding operator)(term)

Lf olosacal o £ /Do looa oo toxndal oo

{conartionar statément,)

(compound tail) ::= (statement) end [(statement) ;
(compound tail)

(block head) ::= begin(declaration)|(block head) ;
(declaration)

(unlabelled compound) ::= begin (compound tail)

(unlabelled block) ::= (block head) ; (compound tail)

(compound statement) ::= (unlabelled compound)|
(label): (compound statement)

abelled block)|(label): (block)

BNFZ X o|st
ALGOL 609| 2t
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(digit) ::= O[1|2|3|4|5[6]7|8|9

(unsigned integer) ::= (digit)|(unsigned integer)(digit)
(integer) ::= (unsigned integer)|+(unsigned integer)]
—(unsigned integer)

(adding operator) ::= +|—
(multiplying operator) ::= X|/|+
(primary) ::= (unsigned number)|(variable)|
(function designator)|((arithmetic expression))
(factor) ::= (primary)|(factor)](primary)
(term) ::= (factor)|(term)(multiplying opreator){factor)
(simple arithmetic expression) ::= (term)]
(adding operator)(term)|(simple arithmetic expression)
(adding operator)(term)

Lf olosacal o s /Do loc oo toxndal oo

_mvmmm'stanemenn)
(compound tail) ::= (statement) end [(statement) ;

(compound tail)
(block head) ::= begin(declaration)|(block head) ;
(declaration)
(unlabelled compound) ::= begin (compound tail)
(unlabelled block) ::= (block head) ; (compound tail)
(compound statement) ::= (unlabelled compound)|
(label): (compound statement)
abelled block)|(label): (block)

statements: statement+
statement: compound_stmt | simple_stmts

statement_newline:
| compound_stmt NEWLINE
| simple_stmts
| NEWLINE
| ENDMARKER

simple_stmts:
| simple_stmt !';' NEWLINE # Not needed, there for speedup
| ';'.simple_stmt+ [';'] NEWLINE

# NOTE: assignment MUST precede expression, else parsing a simple assignment
# will throw a SyntaxError.
simple_stmt:

| assignment

| type_alias

| star_expressions

g % | flEzn:nE)
2= true | EXE | BAB | —-B

B
String expressions S = a | ¢(S,...,S,E,...,E)

C == skip | x:=E | C;C | if B{C}else {C} | while B{C}
(S,E,E) | scorenorm(E,E, E)

Real expressions E ::=
Boolean expressions

Commands

| x :=sample,,

BNFZ X o|st
ALGOL 609| 2t

BNFZ Ho|st
Python / ZEXJ} Aot A10{2] 24
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A ] » 2HZU (invariant)S |2t
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* Leslie Lamport (5§24, 2013) &
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U= N8 uxyg
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Al cos(4.8...e+9) = -0.3
M Z3: cos(4.8...e+9) = +0.
=ZAH1b acos(7.4...e-1) = +0.
M| Z3}: acos(7.4...e-1) = +1.4
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