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7a /5 A0 (EH),

B (fal),

Program O#iIfEE (A,

Semantical Notion (#£AR),

Operations (&),

Elaboration (W)
DIFICHBALTE . 2OHEEZIT, 4EEKE
&, ALGOL N O#:EH 2D 5. Dynamic be-
havior of programs, 6. Standard declarations %,

ZOEEFEREDLE UTHBAT 5. I
5. Program OWNER

[Z DETI3, 4. Operations TiR~}z operation %*
BT, legal program @ elaboration %25gHT 5.

gD program 3 elaborate XN BLIHIIC, cos-
mos EFFIND D create SNTNZHDET 5.
+, = X, /S &V
- 2 @E® D programming language TIi2EF D
operation LEZ LNTN3 formula IREDHEFD
DT ETHB. T L7 operation ELTHOHLUD
ABRLTEBLZENBILNBDIL DN TR, stan-
dard declaration » LT 6. T®R~3. 1

5.1 Normal Program

legal program P 33, D¥DOLBEEHITL X,
[normal] TH5EWNS.

(1) P i3 {mark) Z&FL.

(2) BILl-TEEXNI: variable DERITHL
Td, P D proper declaration (3.

(3) HILl-TEEINTRWVIL, ED variable
kKt LTd, P D proper declaration 3% bV

* ERAFLEBHRIFEH

osmosciy, if then else, :=,
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(4) X0 label THLTh, P D proper decla-
ration &L EHVEDLBIIN.

5.2 Creation
[extensible language T, {F&ED frame *»E#& L T
AWBTEMTES, EWV-Th program 2FHT D
LT BEAIC, realtype KT E+P-FTEHL
BINBRSRLNETEEREHTHS. £2T, —
Jo@E D programming language KAEIN T3
operation I, H oD UDEHRINTHEHEDEL
.

ALGOL 68 TiZ, 9 L7:#H#D operation {TD
WTh, ZOHEDHRT, program O—E LT B
TEREEZI TS, ZODEHIE, EZITEED
array-style \CB3 % operation pifiE&shn/zETh
1, FOEBAEED type ££IC body % elaborate L
THEOHIRINE ST, REQRBEELBNTNS.

ALGOL N T2, & 5h Lwh#EfF X iz operation
DEA% cosmos EFY, ThEABHIICERTS.
£r D frame Txtd B declaration IEHE, pro-
gram LRABOEARNTRERT S, Thd*k ea-
borate U7-$B, cosmos DMES N B D TiX K,
cosmos DEEBICONTOHE B3 —LERICT XV,
EVWIUBELSB. 1

5.2.1 ¥5ED program DOEIRWICEL>T, &
IT, BILl-> CEEIN/-EFR (variable, skeleton,
mark B XU mark DJAFR) LZOBHEOEEATH
% [cosmos| H3 [create| XNIZFHITIL STV,

{ cosmos DRI, UTIBRAFZENFLATH
5B cOEEARTRIEEINT, standard declara-
tion DEAELTEERENS.

standard declaration DHELSE L THMET 260D
i, $6 7 HmBSTHS. }

cosmos 3 |3, variable &% DEY: (type, projec-
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tion % XU value) & quantity DIEFMOKEA T,
skeleton &% DRBYE (type & body) DIEFROES
X, mark L2 OB (facing) DEFHOES O,

220 mark DJEFXS L ZDRBYE (priority) DIERF
WoES O, = U T label DES Lo »OEKRS.

{ a=T, 2, 0, I, L) }

5.2.2 #iLl-> CTHEE SN/ variable

I |2, variable & %D type, projection, value ¥
LU quantity DJAFHOELSTH 5.

I OBEZABRLTOBTXRTD variable DES
2 Vo &5, ViV DEFRETS. t(V), h(V),
w(V) & q(V) 2, #hhEh V O type, projection,
value & quantity &3 5.

{ r'={KV, «V), h(V), w(V), o(V)>|VeVq} }

coEx, (V)eT THb, h(V) & w(V) &id

type t(V) @ projection & value ThHs. &<IT,

t(V) #3 procedure-style 135 w(V) i3 normal pro-

gram TH5.

DA, VI3 type t(V) ( projection h(V),
value w(V)) LT, BIMl-TEEIh T3 LW
3.

{ —fgic, type (V) ODED value W i LTd
(h(V)YW)=w(V).

X5z, —fgic (V) I3 procedure-style TH 5. }
a(V) 13 quantity TH5. qV) 2 Q 95L&,
t(Q)=t(V),
h(@Q)=h(V),
w(@Q)=w(V) ZLT
a(V)=on

b3, fEED variable VeVo ITDOERIZT 5.

Q T, VeV 153 quantity o(V) TRTDES
*bHobd.

{ Q={a(V)IVeVi. }
Vo BEVICHENL 2 DDIAES Ve & Vo EH D

5. Vi DEFE% [hidden variable| L\>5.

{ Vo=VeUVs, VenVi=9¢. }

5.2.3 BLl-o TEE &N/ skeleton

X 3 skeleton X %D type & body DIEFHEDE
ATH5.

T OEHREHERT 5T T skeleton DEL%E Lo
ETB. Lo DEFEE Z ET5. t(Z), Y(Z) %JEic Z
D type & body L9 5.

{ T=Z, H2), YZ)»|ZeL} }

Z X compatible TH5B. Z % (G, O) £T5.
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1:12L, G 1T frame, O % type-list L35, X5

10O %2 (Th,...,Tw), n=0 &£§53.
t(2)eT, b(Z) it hidden variable TH D, t(b(Z))

13 procedure (Ti,..., T)t(Z)) TH53.

TOBE, Z 13 type t(Z) ( body B(Z) ) & LTIHT
L->TEEE] hTndEns.

5.2.4 FiLl-o TEEENI facing

O |3, mark > %D facing L DJHFENDEATH
5.
O DE#RABRT BT XTD mark DEA%EZ Mo &
T5%. Mo OBFE2 M &35 (M) 2 M O
facing L9 5.

{ 0={KM, f(M))|MecMo} }
M 13 mark THb, (M) i3, double-faced,

left-faced, right-faced %12\ non-faced TH5.

DA, M D facing H (M) E LT IHikl-»
TEEX ] LT BEEND.

5.2.5 BiLlo THEE &hic priority

A, 2OD mark OJEFREZD priority &
DIEFMOESTH 5.

IO DEFHZHRT 5 TTD mark DIAFHOH
A% No £33, (M, N) % No OEFEETS. p
(KM, NY) % (M, N> D priority £§5. 1L,
M, N i3 mark TH5.

{ O={M, Ny, p(M, N>)IKM, N>ENs} }
p({M, N>) i natural }» reverse TH 5.
DA, (M, N) @ priority %, p({M, N))

LT, Il TEEIR TS EWV .

X5, FED mark M & N Z200 T,

MeMo %/t NeMo

DEx, ZLTEZDELEICRD

(M, N)eN,

TH5.

5.2.6 Lo 37:7K50&DD label LK 5. T D
label % LO &9 5.

{ L0 BEEOEH LAEEKEL, program O ela-

boration DFER L0 BESNIEBDOTHNESLS

»iz, ALGOL N OfFHADC EHB5TH 5. }
5.3 Program @ hidden variable ¥R:1t%

P % ( straight language {85, semilegal,
legal %1213 normal ) program L9 3%. P, K
FOREXEI-T &%, [Thidden variable Y37 13 |
program THB LS.

V %, (identifier) D% Ltz P D direct con-
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stituent &4 5.

V iextd 2 declaration T 2L 51, P D
proper declaration D310,

V & Va.

5.4 Normalization & program () elabora-
tion

P % hidden variable $83715 legal program &
35%. Vi T, P D proper declaration iCk-»TE
EXNITNTD variable DESAEEDT. In T,
P @D proper labelling i« X label XN 1:3~TD
label DEEEHOLDT.

core

let V.« VoUVy;

(a(V) « off; ) for VeV-V,
let L « LoULs;

let Q « Qo;

(P)=>P;

n(P)=Pz;

e(P2)

end of core

KRS quantity Q THBE5E, HSLTPO
elabolation RT3 5. ¥R label L THH L X
D P D elabolation IREHTH 5.

5.5 Extended language |Z#517 % program

extended language (T B v} % <{expression) %
[extended language B3 program]| &i9.
extended language [TEF B XD program P Tt
LT#%, straight language (I3 3 program P’
BH-T, 1.3.1~1.3.22 DHAIDN L 2% IEICHE
ATaciicky, P md PHELIRE. COEA
P %, [P O straight form| Tk EWS.

extended language L33 program @D nor-
malization & elaboration L3, %D straight form
T B6DICL > TERT 3.

1.3.19 @A XN/ & 2iCid, extended language
CBIFB program D straight form |Z—&EHICTIT
BN, L LIEH S, parameter-meshanism i
X, TNoDNL DD straight form O elabo-
lation DFRIT, BELALEMETHB.

6. Standand declarations

COETI}, ALGOL N 2R T84, %Y

o i July 1972

T &1i3 standard declaration & U CTHE I 5 4
SD %2R 93. SD i3, ALGOL N O—g3i7afE
WHICHIET % cosmos DREEEHEL TS,

SD D#EFHI(I, (declaration) THby, FDEHIC
“k” ol EbHB. £LT (SDi.j.k) DET
SIRESBOToTNS.

3

, normal 13T »
FNEE 5. 975 bH 5, (variable declaration)
DEFAIIT “be” DA normal THRINITIE SIS
WL, <(formula declaration) DA IZiL “represent”
DAEDIT (dentifier) TILFHUTIT SISUO.

U LOHBKERICO OO ST, HHELTEHIC
ZCTOLERICIZE K D mark & formula &3
LNTWV3B. &X5IT, extended language DX Z
BAOonTnah, &ED normal I3FE~BHERT S
TERBEETHS.

¥z, (formula declaration)

“let (frame) G represent (expression) F” |3,
F 2% (identifier) TIEWOESICIE,

*x“let V be F” &

“let G represent V”

D 25D {declaration) it XM o5h5B. LV
12, H71-iC generate X1z variable Th 5.

SD OEFAS, (variable declaration)

“let (identifier) V be (expression) F”
THEBEEEERS.

F % elaborate LTHOND quantity % Q &
5.

D&%, Zd {declaration) |3,

V, (Q), h(Q), w(Q), @€l

* Dx135 VeVa

* 3LIES VeV,
{ £ D4, F i {procedure notation) TLET3
\» (procedure donor) & D. Lizd-T, t(Q),
h(Q), w(Q) 12, elaboration L THE F » 518
>h5. }

SD OE#AS, (formula declaration)

“let {frame) G represent (identifier) V> 7:7°

L, t(V) &
(procedure (T1,..., T.)T)
DEELTVEIEEEERS.

ZDE x, D {declaration) T
<<Gr (Tlr cees Tﬂ))n Ty V>EE %E%T%-
SD DZE#HAL, (mark declaration)



Vol. 13 No. 7 i

“let {mark) M operate
(left priorityd Z (right priority) Z'”
THLIBEEERD.

Z @D {declaration) i3,

(1) M O facing (f(M))

(2) fFEED (mark) N {20 T, Thd (M,
N> F7-12 N, M) itXd 3 reverse declara-
tion THHPEM

%, 2.4.1 ERBRICERT 3.

ZLT, TDLE

(M, {(M)e®
nA 1 AT > SR PN 1. -3 Z a.vi AT\ 1 del )
M £ IV 2 Amark) 9 . (i, V) Xy UC

reverse declaration 73 SD thicHhid,
KM, N>, reverseyell.

(M, N> i3 LT reverse declaration H5 SD th
ict5¢, M %1213 N @ facing 3 SD i T declare
INTVBEIED,

(M, N, naturalycll.

6.1 Basic formulas
(SD 1.0.1)

let dummy, nil operate before all left

after right
(SD 1.0.2)

let type, copy, new, enproc, enref operate

before all left after right

(SD 1.0.3)
let deref operate before all left
(SD 1.0.4)
let match, as operate after all right
(SD 1.0.5)
let else operate before then left after right
(SD 1.0.6)
let if operate before all left
(SD 1.0.7)
let then operate after right
(SD 1.0.8)
let «, := operate before then, else, , left

after right

(SD 1.0.9)
let =, #, =, # operate
before then, else ,, «, := left
after ! - right
(SD 1.1.1)

let dummy represent procedure( ): dummy
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(SD 1.1.2)
sklet dummy be effect
{ (SD 1.1.1) i3,

“let dummy represent

procedure () effect : () begin dummy end”

%, extended language TH\WI-HDTH 5.

effect & dummy & ORI, quantity 2 F1-iC
generate 5, Lidd, Kdbb. }
(SD 1.2.1)

let nil represent procedure()reference: nil

(SD 1.3.1) TeT &4 5.
let type()represent
procedure (7 name a)(7T): (T)
(SD 1.4.1) 7T &9 5.
let copy ()represent
procedure (7T quantity a)(7):
code (pl: a)(T):
core let Q « parameter;
gQ) = Q';
Q) « T;
h(Q)« WQLpl:]);
w(Q)e— w(Q[pl:]);
=Q’
end of core
(SD 1.5.1) TeT, T«T [array]UT [structure]
73,
let new() represent
procedure (7T name )(T): (copy a)
(SD 1.5.2) Te<T [array] &3 5.
let new ()represent
procedure (7" name a)(7):
begin let » be lower bound a;
let v be upper bound q;
let i be u—1;
array [u: v]
(begin i:=:+1; new a[7] end)

end
(SD 1.5.3) T % “structure (5171, S2T%,...,Sh
T.Y &945. Si, Sz...,8. 12 (sele-
cter), Th, T2,..., T.€T T 3.
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let new () reperesent
procedure (7 name a)(T):
structure (S, new a[S:],
S2 new a[S:],

S new a[S.])
{ type, copy, new ILDBD parameter LEF L
type D quantity * generate 3 5. ZFD®NZT, F
D type DIEHED quantity TH 5 D>, parameter
& surface value DR quantityTHEh, H B0
13 parameter & deep value D[R quantity T%
5, IKhH5. }
(SD 1.6.1) TeT, T’ % “procedure()(T)” &3

5.
let?enproc() represent
procedure (7 name a)(7"):
procedure()(T): () a

(SD;1.7.1) TeT &5 5.
let enref() represent
procedure (7T quantity a)reference:
code(pl: a)reference:
core let Q « parameter;
gQ) = @’;
t(Q’) « reference;
h(Q’) « HO [reference];
w(Q') « {QLpI:1};
=Q’
end of core
(SD 1.8.1) TeT &1 5.
let deref()match() represent
procedure(reference @, 7 name 4) Boolean :
code (pI: a)Boolean :
core let Q < parameter;
let w(Q[pI1: )={Q'};
if Q=T
then — next, else » LI;
let W « 1;
— L2;
Ll:let W « 0;
L2: gQ) = Q';
t(Q’) « bits;
h(Q’) « H2 [bits];
w(Q') « W;
= Q'

n i1

end of core
{ parameter a 73 refer LT\ 3 quantity 3, para-
meter b D type LA U type 35 L % true, %
S TRFhiT false. }
(SD 1.8.2) TeT &45.
let deref()as() represent
procedure (reference @, T name b)(T):
if deref z match &
then code(pl: a)(T):
core let Q <« parameter;
let w(Q[p1:1)=1{Q"};
= Q'
end of core
else type T
[enref(), deref()as() |3, reference-type IZH13
BIEAMIIS operation THB. D type, 7-& 217,
array-style ZIMO LWF TEZ TH B &, #hFh
array donor), (array element) {CJigid 3 & O T
H5.

[program D type \CEELTOHHISBREMSELIC
T&5C &) 2HEETHIE, reference-type (221
3 refer LT3 type IZISUTHID type & LIS
NEFRSI. COFEEEBE, list MEAELES
LI HAIC, fo& 2T linear list ST B type
T |3, T=structure(flag: string, chain:
reference T') & 103 5.5 IKERHIC U EZETE
WT LT 5.

ALGOL 68 i3, <5 LcEigficE#ahs b
Db type EUTERDTNS. DI, type Dik
B, Wi context free language DEEMEICH
TBBMEERTET BT LITIRD, ZORBIIERLEE5L
52 EICBVTH ALGOL 68 DH4 35248 TILL.

ALGOL N Ti3, reference-type THE—DHD &
LT, type OIYRYBEREZIY B fo. Wi,
reference % (3439 operation 2D\ i3, ZDFER
BONBTHAD type ZHNCHIELISWVIRY, type
DEIREIIRA L - /2.

UMD type (<Xt % operation &tk xR
’3%. % T reference-type (T3 % operation |3,
T standard declaration 1235 0TD S, EET
5T kizlLte. 1
(SD 1.9.1) TeT &3 5.

let ()else() represent

procedure(7 name a, T name b)



Vol. 13 No. 7 &

structure (then:enproc T, else:enproc T')
: structure (then:enproc a, else:enproc 5)
(SD 1.10.1) TeT t9 5.
let if ()then() represent
procedure (bits a, (T else T') 5)(T):
code(pl:a, p2:b)(enproc T):
core let Q « parameter;
let B « w(QLpIL:]);
let n « I(B);
if n#0 then — next, else — LI;
(if B[i]=1 then — L2,
else — next;)
for i1=1,2,...,n
Li: = Q[p2:] [else:]
L2: = Q[p2:] [then:]
end of core
)
(SD 1.10.2)
let if () then () represent
procedure (bits a, effect name b):
(if @ then b else dummy)
(SD 1.11.1) TeT &353.
let ()«() represent
procedure (7" quantity a, 7 quantity b):
begin code (pl:a, p2:5)(T):
core let ) « parameter;
let Qi « QLpI:];
let Qs < Q[p2:];
let H « h(Q.);
p(H, W)if W/ - next, L = L;
w(Q.) « W',
= Qs
end of core;
dummy
end
(SD 1.12.1) TeT, Te&T[arrayl &3 3.
let ( ):=( ) represent

procedure (7" quantity a, 7 quantity 5):

(a <« new b)
(SD 1.12.2) T<T([array] &3 2.
let ( ):=( ) represent

procedure (7T quantity a, T quantity 5):

begin let xa be lower bound a;
let u4 be lower bound 5 ;
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let va be upper bound a;
let w5 be upper bound &;
let «, v, i be Integer;
u:=if ua>ub then ua else ub;
v:=if va>vb then va else vb;
for i:=u step I until v do
al:]:=b[7]
end
{ O<(O) & ():=() LDBEHINZ, assign 3 d
D, surface value TH b, deep value TH5
», KHd. }
(SD 1.13.1) TeT &3 5.
let ( )=( ) represent
procedure ((T') a, (T) b) Boolean:
code (pl:a, p2:b)Boolean :
core let Q <« parameter;
if w(QLpI:1)=w(Q[p2:])
then — next, else —» L1;
let W« 1;
- L2;
Li:let W« 0;
L2: g@Q = Q';
t(Q’) « bits;
h(Q’) « H2 [bits];
w(Q') « W,
= Q'
end of core
(SD 1.13.3) TeT L9 5.
let ( )#( ) represent
procedure((7") a, (T) b) Boolean :
(— a=b)
(SD 1.14.1) TeT, T&T([array],
TeT([structure] &3 3.
let ( )=( ) represent
procedure ((T)a, (7)) Boolean: (a=b5)
(SD 1.14.2) TeT[array] >3 3.
let ( )=( ) represent
procedure ((T)a, (T)b) Boolean :
begin let z be true;
let ua be lower bound q;
let va be upper bound «;
if (va=lower bound b5) A
(va=upper bound b)
then begin let ; be Integer;
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for i:=ua step I until va do
t:=t A (ali]=0b[i])
end
else ::=false;
t
end

S T &35, S, Sz...,S8s 1T {sele-
ctor), T1, T2 ..., Ta€T ThH5.
let ( )=( ) represent
procedure ((T") a, (T) b)Boolean:
begin let ¢ be true;
t:=t A (a[Si]1=06[S1]);

n = July 1972
t:=t A (a[S2]1=5[Sz]);
ti=t A (a[S.1=0b[S.]);
t
end

(SD 1.14.4) TeT L35,
let ( )#( ) represent
procedure ((T') a, (T) 5)Boolean:
(= a=b)
{O=0), () & O)#E() &8, shZh sur-
face value HEL VDB, deep value BSELVP
EHIIGEUT, true /i3 false 155 }
(BMA4TES H24 B ZH)




