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AB5STRACT

This paper describes the programming language ALGOL 60
(omitting own declarations) by using the Scott-Strachey mathematical
semantics, A separate commentary cn this description is provided, in-
¢luding an indication of the correspondence between the semantic

description language and the A-calculus.
Familiarity with previous publications on mathematical

semantics, ¢.g. [%,8,10,13], and with the x-calculus, is assumed.
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INTRODUCTION

This paper presents the 'semantic clauses' of ALGOL 60, using
the mcthods developed at Oxford by Professor C. ftrachey and others,
The language described is that specified in the Pevised Report on ALGOL
60 [5] (referred to helow as "the Report"), cxcept that 'own' declara-

tions have hecen omitted - this will be discusscd below,

The dividing lincs hetwecen syntax and semantics, and semantics
and implementation, arte rather hazy - especially those betwecn the
latter two. The policy taken here has heen tc define primitive opera-
tions, such as 4ppiy7» and Jurp, in a minimal! fashion, and tec give only
axioms about the storc-management functions, An implementation of this
semantics cculd stipulate new definitions of these operations, but
should preserve any theorems deducible frem the original definitions
and axioms {i.e. under some suitable formalism, e.g. that of the
language LAMBDA [7]).

The mathemat ics and the comments upon it are presented
separately, with the aim of exhibiting the structure of the serantic
functions more clearly., 1n the commentary, T... recfers to a section
of the Report. The commentary on a function is headed by the name of
that {function, and an index is given to all functions, together with
an indication of their types.

As in any large program before 'debugging', there will pro-
bably be several syntactical and sewmantical errors in this description,
However, the author hopes soon to have a 'compiler' for semantic des-
criptions, the use of which should increase one's degree of belief
in theit correctness - this project is to form part of the author's

thesis, to he submitted in supplication for the degree of D.Phil.

For the mathematical justification of the anproach used here,
sce [6, 8, 9, 1n, 11]. Also of interest as tutorial papers, in using

and understanding semantic clauses, arc [12, 13].

In connection with the omission of 'own' declarations, see
[2, 14]. The decuhts expressed in [14], about the lack of initialisation
of 'own' identifiers, sccm well-founded, as the scmantics of the ALGOL
60 construction is very untidy. A more natural construction wight be

to allow initialised definitions in proccdure headings, so that the scope



of the definition is the bodv of the procedure, whilst its extent
is the came as that of the procedure identifier. This supgestion
was made hy Landin in [3], and can be incorperated inte the given syn-

tax and semantics at almost no cost.

This report is here put feorward less as 'the last word' on
ALGOL 60 semantics, than as an experiment in using the Scott-
Strachey semantic method to describe practical programming languages.

Any comments on the report, or suggestions for its improvement,

will be very welcome.
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SYNTAX

Prog

Sta

Stal

Decl

IdeL

BdsL

Bds

DefL

Nef

>

-+

Sta

begin Decl DefL Stal ernd
begin Stal end

if Exp then Sta1 else Sta,
Ide : Sta

goto LExp

Var := AsslL

for Var := Forl do Sta

Ide (I'xpl)

I8

Sta ; Stal
Sta

Nec {; Decl*| A

Type Tdel
Type Idel{EdsL]

Ide {, Idel~*
Bds {, Bdsl*

Exp Exp2

1

Def {; Defl* | A

switch Tde := Expl
Type Ide(ParL); Sta

Par {,Parl* | &

Type Tde name
I'ype Ide value



Type

AssL

Forl

For

ExpL

Exp

Var

Op

real | integer | boolean
array | Type array
procedure | Type procedure
Tabel | string | switch

Var := AsslL
Exp

For {, For}*

Exp
Exp, while Exp,
Exp1 step Exp, until Exp,

Exp {, Expl* | A

if Exp, then Exp, else Exp,
Exp1 Oop Exp,

Op Exp

Ide{ExpL)

Ide[ExpL]

Ide

Const

Str

(Exp)

Ide(ExpL}
Tde

LogOp
RelOp
NumOp



Lagln

RelOp

NumOp

Const

Str

I1de

¥

-

true | false

p
p

INT
REAL

STRING

IDE



NOMAINS
(i) Standard Domains:

(identifiers)
(intcpgers)
{empty domain)
(strings)
{true,falsel

— o O = e

{ii) Syntactic Domains:

AssL

Bds

BdsL

Const

Dec

Dect

Def

Lefl

E1 = Bds + Dec + Def + Exp + Ide + Par
Exp

ExplL

For

ForlL

[DE (undefined)
[de

Idel

INT (undefined)
List = §dsL + DeclL + DefL + ExpL + IdelL + ParlL
LogOp

Num(p

Op

Par

ParL

Prog



REAL (undefined)
Rellp

Sta

Stal

Str

STRING (undefined)
Type

Var

(1ii) Semantic Domains:

ActiveFn = MgkedctiveFn(PesLoen:Locn, FriFn)
Area (indicating locations imn use)

Array = Mgkedrray(Bdel:Bds*, LoanL:Locn?®)
Bds = MakeBde(LEF:N, pEI:N)

C =5 +5

D = Locn + Array + Switch + Fn + ActiveFn + Rt + Label + String
Den =0, Tym

E =0 + ¥ + Bds

Fn = Param* - W

[ =L +C

K =F +C

Label = MakeLabel( Properdrea:Area, Code:C)
Lacn (addresses of real,integer and boolean values)
M = {Mev", "jv"', "lv", "rv"}

Map {associating locations with values)
Name =M U

Param =Tyn = M > Y

R (real numbers)

Rt = Param* - G

S = MakeS (Fireaz:Area, CHapiMap)

String = {ALCOL 6D strinrs)

Switch =N~V
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Typ

TyD1
Typ,
Typ,
Typ,
Typ,
TYpP,

n

L

"

Typ1 + Typ2 L Tyn?
¥akeTyp{Main:h fualiln
Yake Typ (Main:X GuaZ:Typl)
¥akeTypiMain:iX,_, Gual:(
YakeTyp(Main:X OuaZ:Typi)
HakeTyp(Main:X,, Quai:0)

MakeTyp(Main:XE, Quaz:Typ1+Typ2+Typ3+Typu+Typ5)
HakeTyp(Main:X7. Qual:Typ“)

I + Den

N+R+T

K+

X, 4+ X2 + ... t X

1 7

{"real", "integer", "boolean”, "num"}
{"array")

{"label”}

{"fn"}

{"rt", "string", "switch"}

{"name"}

{"active")



(iv) Denotation Domains of Bound VYariahles:

Locn

H)

4

[y}

Basic

- untyped

Area

[

I

K+ [E* -~ (]

[=- B e L =]

—-

e
~—

N
N+ R

Q
—

Param

u

S

: Typ
MM
untyped
X

Bds

H

E = = = ¢ A4 Q9 ®wm 4 ~m < = o~ R

t denotes a 'deduction tree' belonging to a syntactic dorain,

11
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SEMANTIC FUNCTIONS

compiler Mt:Prog, Apy. AP,
Tet 1 = rabelyp("fn", MaleTyp("real™, 23) in
let 1, = MakeTypi"fn", Makerup(“inteaer*, ?33 in

let Py, T oo[ﬁbs/Tllid"ahs"W

[5ign/v,/id"sign"]
LGgrt/Tifid"sqrt"]
[in/r,/1d"sin"]
[Fos/r;/id"cos"]

Larctan/ v, / id"arctan"]
[Ln/Tilid"ln"]
[Fep/t,/id"exn”]
fEntiq!/Tz/id"entier"W

in

switch Tahelof t in
g
case"Sta":jD[StaﬂoleO
§

def @[ t:3tajpe =
Tet (¥ 1% = (5%abﬂt]],j?abl[t]|) in
frag |l
An.ERtlpl (fix &%, SLtlals*/t*/1*Ind) Jr¥/1*) || @

def ©*[ t:5tallp® = switch Yahelof t in

§
case"Sta ; Stal": B[ Stalp I E*[Stallp I 8
case"Sta": [ Stalpe

:



def €lt:Staled = switch labelof t in

case"begin TeclL Defl Stal. end":

Tet (i*,o% = (§* IDecly, T4 Ihecld in
Tet G1%,c% = (g;g_‘.!‘Defl,},”J;.e:..!ll)e{'Ll‘) in
let (1§,r3) = (5{cb[StHL],'j?aEﬂStaLﬂ) in
Ina’ietincthz cat 1; cat 1!,’\ - ?,
trga |
Anl.ﬂ*[[peculo[?/ 7/ u¥cat o} cat a1
\6;. Srea h
1”2' let Py o= 0[63/r2/1;] in

let 5, = SetArea(ni){ﬂ] in
\‘:*E[StaLnol[(fix §%. let p, = p I5%/Thcatcy/vicatey)
Ir‘C*[HchLup2 cat ¥*Istallc,n,6,)
Ed ¥ *
/ T cat T4 / 15 cat 13W i F)l

case"begin Stal end": ¥*[StalL]ps

case"i° Txp then Sta, else Sta ":
R[Explp"boolean" {23, B +'E[[Stallla9, L‘l[[Stazllpa}

case"Ide: Sta": let (4,1 = pfldel in Hop(8)
case"goto Bxp": }IIExpNQ"labeP' A&, Jump(8)

case"Var := AsslL":
let x = waim(T [Varlp) inATtlpxd 1 @

case"for Var := ForL do Sta":

let < :T/MPIIVar]Io in Yaint = "boolean" + ?
FriFerlloCainT) VI Varbot) (Pl Stalp) I 8

case"lde(Exply":
Coerce (ol Tdel ) (MakeTu("rt", 7)) ev" |l
16, ApplyRt(8)MUM ExpLicyie?

case"A": B

¢
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def D+ t:Decllpx = THa IO . DIt 100 0 «

defH(t:Decjpr = switch labelof t in
§
case'"Type Idel”:
Tet t = TMType) inTICE [Tdel) at, . Fewt)) ¥ x
case"Type IdeL[BdsL]":
let 1 = JITypel in
Bl Bdsllp | aww. TT(%iﬂIdeLl(Ati. NewdrrayTy*)) | Kk

defF*Tc:Defllp = F Il Gt Rt o)

def F[ t:Peflp =~ switch labelof t in
§
case"switeh [de := ExplL":
Tet w* = % [ExpLl(At,. fIt,1p"label") in Av. w4y
case”Type Ide(Parl); Sta":
switch labelof "Type"of t in
§
case"procedure”;
Am*, A6,
Area I
an, G ¥fParl]nw* It
AS*, 9!Sta]o[6*/75arHParL]/ 1;ar|[l’aTLH Il
Setdreai{n) ¥ ¥
case"Type procedure":
let ¢§,13 = p[ide] in

At¥. k.
Area |
A, New(Quait) |
‘o, let (61,T1) = {HakedetiveFn(a,8), YakeTup(“active®, T in
A*{ParLlx* |
NEX. PIStalols pres+/ Tipre“f;m,nparhn/ gV Idelpred* yparLiny

Tontentsfal |l

AB. Setdreafny I k(B)



def @*ft:Parllvte =TT ItIr*ic@)) 1 &

def@It:Parlme = switch labelof t in
g
case"Type Ide name": wk(m(J7Typel))
case"Type Ide value":

let 1 = T[Typel in

vgint = "label" » w{T)"iv" I « ,
#aint = "arrvav" -+ a{1)"rv" I X8, Carudrraydi i o<,
()" rv" l xe. JenT Il Adm, Sefqf || x{a)

def §*] t:5talLlT pnod = switch labelof t in

5

case"Sta 3 Stal": Y{Stalen(¥*Stallpf) cat G*[Stallend
case"Sta": %[ Stalpns

:

def §ft:Stalem®d = switch labelof t in

§

case"begin Decl Defl Stal end": (

case"beqin Stal end": Y*[Stallen®

case"if Exp then Sta, else Sta,": §|[Stalllon8 cat §lSta,lene
case"Ide: Sta": MakeLabel(n, CI3talod) pre Gl Stalons
case"gota Exp":

case"Var := AsslL":

case"for Var := ForlL do Sta":
case"Ide{ExpL)":

case"A": )

§

def Al t:AssL] pya*d = switch labelof t in

§

case"Var := AssL": ZIVarlay I da.AJAssLlny(a pre a*) Il ¢
case"Exp": RUExplox I e, Saertamy (a)(e) 10

§
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def F*It:Forlloxuve = F Il e, . Fle,dexuy) I e

def FLt:Forlpxuy6 = switch labelof t in
§
case"Exp": o"1v" |

o, REExplpy |

XE. Setof i B

case"Exp1 while Exp, "
fix g, p"Iv" |
An. R Exp,Yox |
2. Setaf |l
R0 Exp211 py
AB. B » yigr}, 9
case"E;t:p:L step Epr until Exps":

u"Tv' b
Xu.RlExpllnx I
)\Ei. s@mgi I

fix 8% TTw"rv", ROExp,Jox, KRIExp I ox) |
MELF, B Finishedf5,€2,ﬁs) + 8,
Y{Uu‘lvu ”.
xu'.ﬁcu"rv",ﬂnﬁxpzupx) I
WE'ED L Set(a’)(Plus{L',E)) | o'}

def Jlt:ldef = IdeVal("1DE"of t)
def §* lTt:Dect§ = % Ith(f,
def §, It:Deck = % [Tdell(3)
def §§e+jt:nefLﬁ =‘E1It](§éef)
def jde:fﬂt:nef]l = 4f 1del '
def 5;arlt:ParL] = xlelg, 0
def 5Parﬂt:Par]I = i rdel

def ﬂ;ab[t:stau = switch labelof t in

5

case"Sta ; Stal": 4, ,[Stal cat 'j*zfa}l.‘%taLlI
case"Sta": jlab!Sta‘l

:



def §. _ft:Stal = switch labelof t in
Lar

5

case"begin Decl Defl Stal end": &

case"begin Stal end": .4'Zfab11$raL]I

case"if Exp then Sta, else Sta,": 7, ,15ta ] cat 5zab[St32]
case"Ide: Sta": 41 idel pre EvabE[StaE

case"goto Exp":

case"Var := Assl":

case"for Var := Forl do Sta":
case"Ide{ FxplL)
case"A": ()

f

def Jlt:Typel = switeh labelof ¢ in
g

case'real":

case'integqer":

case"boolean": MakeTypi(labelof t, 7}

case"array": MakeTup(Marray", MakePup("real",?:)
case"Type array": MakeTyp("array", TITypel)
case"procedure”: MakeTyp("rt", 1)

case"Type procedure”: MakeTup('"fn", TITypel)
case"lahel™:

case"string":

case'switch": Makeryp (labelnf t, I}

}

* . -

def'jéecﬂt.DecL] = ﬁéltltjkee)
def 'jdecﬂt:ﬂecﬂ = let 1 ="JiTypel in "IIII]deI.]I( AT, D
d * : =

ef'Jdefllt.DefL]l ‘ﬁlﬂtﬂ(jdef)
def"]def.lt:l]ef] = Tl iypel
def J* "fr: =

e 7par!t.ParLE ﬁlhn(tfpar_]

defjnaﬂ[t:Parn = switch labelof t in

\ par

case"Tyne Ide name": MakeTyp(“"name", JlTypel)
case’lype 1de volue™. TlType)

$



18
def’jgabit:StaL]] = switch lahelof t in
3

" Ceearm. .
case"Sta ; stal": "JlabnStaJ! catjgab[btal,l

;ase"Sta": 7,5k Stal
defJ. .[t:Sta] = switch Tabelof t in
§
case"begin lDeclL Defl Stal end": ()
case"begin Stal end": Ffﬁal.JStaH]
nz LI I~
case"if Exp then Sta, else S‘ca2 ‘72ab[5ta‘1] cat ‘jlabﬂ..tagl
case"Ide: Sta": MakeTyp("label", ?) pre "Jlab[ISta]]
case"goto Exp*:
case"Var := AssL":
case”for Var := ForL do Sta":
case" Tde(FxpL)":
case"A": O
b

def ’]mn_ut:varnp = let(§,v = plldel in BasieTyp(t)

def jresn::om = switch Tabelof t in
§

case"Loglp”:

case"RelOp": MakeTyp("boolean", 7)
case"NumOp": MakePyp(“num", ?)

§

def ’jarg[[t:ﬂpﬂ = switch labelof t in
§

case"LogOp": MakeTyp!"boolean", 7}
case"Rellp":

case"Numlp": HakeTyp("num", ?)

]



def 7

§

lTet Xy < Matn 1,in

case'

case"

case'

Jt:Const] = switch labelof t in

aonst

case"P QFEAL": wmakeTup("real", 7)
case"P INT": MakeTypt"integer", 73
case"true"

case"false": MareTyp(“boolean", )

def'\/ﬂt:ExpﬂDtluK =

1

switch u in

heys

switch laheloaf t in
g
case"Ide": {‘oez’ceiﬂ"lde?‘.rlux

k(8T strl )

2

case"Str": x ®"string" - ?

}

'j\""

switch labelof t in
§
case"if I:'xp1 then Exr\? else Iixpa":
RUEXP, Jo"baolean" (A0, 8 >V Txpylot e, ¥IExp It ux}
case'TdelExpL1™:
‘(1#“Tahel" + 7, Coerce(plIde] ) (MakeTyp("switch",2)3"ev" |
28 MTExpLlp I dv. sk}
case” Ide": {,‘n:?!'ce(pﬂldeﬁ)'rlur:

}

Tyt

switch labelof t in

§

case"TdelExpL1™: Coerce(ol Tde) )(MakeTyp("arrav",r ) "ev" |
VELNMExpLYp | 3u*, x(dcsessziux)

case" Ide": C'oerce(o[Ide])Tiunc

§
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case'ry";
Tet K, = (X1="rea1“v x1="1'nteger") - nceTransf'erxl, K in
switch labelopf t in
§
case"if Exp1 then Exp2 else Expa":
1 Expllp"boo‘lean"HB. g8 +¥1 Exp,zllprlmc, A1 Expe]l ijur:}
case“Expl 0p Expz":
Tet (y,x" = f?da?‘.n(‘:fpesgﬂp]), Hain(':{nlaﬂ(]p] » in
-vGac’dxxlu + 7, )
Tr RUExp Fox ', RIExp,lox ) 1« Wi 0pl
case"Op Exp":
tet (x,x " = (.’-fain('—.trresl opli, ““i”(‘qp-g! opl) ¥inm
~Goodkx b v 7,
RI Explex ! 0 Kl°‘\-f1( 0pl
case"Ide(ExpL)":
Coerce(olllde]l)(Make&"‘yp("fn",rlJ)u P
6. applyFa(8) W Expl)o)lx, )
case"Ide[Expl]":
Coerce(pl Ide] y{MakeTyp("array" pT 30
16 N *Expllo I Av*, Contente(Acceszsu*) I x
case"Ide"
CoercelpfIde] JT uey
case"Const":
~Goac!’(ﬂfain(700nsf[ Const]))xlu + 7, Kl(Kﬂ Const])
case" (Exp)":
A1 EXpEpTlun‘



defgﬂt:[xpﬂp\x =W?tycf”ﬂ“»1 AR LY RVAL
def LI t:Varipyn = ¥Ttlot “abe
def BRIt Explaywr =¥ tlp are™upliy,?2) " rv"x

def B*f:Bdsllpk = TT (R It1 it Bl lc) o «
def8lt:0dslpr = ﬁ(}(ﬂfxpj!pMExprﬂc\ I kottakapds
def NeltrExplione < T EIT1 Ot . NIt 00) U &
def AT t:Expl pr =ﬂ_ﬂtli0"int"»<

def A t:Explice = dimof t # © + 2 411 of Hox
def U*t:Expllc =°_Ii|]tﬂ()t].‘v1]t1]!n'l

def AT t:Strl = Stringlal(“STRING"of t)

il PN v

defKlt:Constl = switch lahelof t in
g

case"P REAL": ZegilVal("REAL"0f t)
case"P INT": Fnt¥al("INT"of t)
case"true - true

case'false": false

§

i}

def"Win t:0ple
§

case*™: Mot ¢

switch lahelcf(1 of t) in

case"+": €
case"-": QNegate e

§

defﬂd;ﬂtzopﬂfe,913 = switch labelofr1 of t) in
‘ 1

case"z": EqU{E,El)
case">": Inp(c,el)
case"v Onle,e )
case"a": Awd(c,zl}
case"<": Lt(e,al)
case"<": Le(e,ei)

cagp"=": E‘q([,gl)
case"#": f-"G(F,E.l)
case"=": Ge(e,cl)

case">": ot (e 3

::".1

Z]



22

case"+''; P?usl’E,El)
case"-": :ﬁnus(e,el)
case"x": 'u!;(e,el}
case" /" *Jiv(e.ai)
case":": TeTvfz a fsfﬁfel -
T

Tet ¢t = Poduie,e. ) in

1
Mult(Figng', Intier(Abse ™)),

case"+": reTnre, -+

1
Ec(Zero,glﬁ >
FelZero,e) + One, ? 1,
flet ef = Tten(Intl(dkse, ) de.. ¥pitle,_ ,e))(Tne) in
L < -
Gt(Zero,El) + ', P¥ue(dne,e’)},
JePegic . =~
e 1
Fal(Zero,e) +
{St(Zer9,€1) + PegliZerc),?},

St(Zero,e) -+

Erp(VuZz(CI,LnLJ),

def":’E:L[[t:Listw a0 KPS TR K B

def‘:\‘.?! tilist] ¢ = catMonidimof tve Ay, ¢by of th

defﬂfsﬂt:FarLUﬂ*¢ = dimof t # dimof % : ?
CatMantdimaf )y, (alu of tleaxew 1))

defffgﬂt:quLﬂmn = Cormpoundtdimof i, dlv of + e
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AUXTLIARY FUNCTIOHS

(i} Defined:

def ifppiyFris:Fn)r*e = §m*c

def ApplyPtiG:RYIm*B = §m*e

def Areako = k{&Areala))(3)

def ZasioTypit) = switch Yaint in
§

case"name":

case"active":

case"fn":

casearray": Basielyp(gualt)
case"real":

case"integer":

case”"hboolean": 1

default: ?

i

def L‘oerce(@,fhlim =
et (¥, = {(MainT, QualT in
lett ):1,‘[]'.) = {-ML'H:T!‘EI. QMCIET.]_) in

switch ¥ 1in
§
case'name": S{(pi{rd’, rggpce(ézr')tlpx
case'active": p="ev" V p=lry"' -+ Coercg(?rﬁ.T')Tli.
u="1y" - C‘oerce(Locnﬁ,auaﬁ‘,T')TlK.?
case"fn": u="ay" A x1="fn" A Gﬂ;d(MainT')(MainTi}(h) + k(d),
H="py" A sz"rt“ s klim* xa. &n*{ie.Bly,
p="rv" A Good(MaerzT')(Xj)U > ApplyFn (s} {x}, 7
case"array": fustey" v pu="rv")a X="array" 4 Gcod(Maitf‘)fMainfi)(u)
+ k(5), 7
case"real™:
case"integer":
case"boolean": pu="1v" A figodyxyn > x(d),

u="rv"' & oo Igk e > “ententad (<}, ?
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case"label™: u="jv" & x1="7are1" - {8y, 7

case"rt":

case"string":

caseswitch": wu="ev" & y sx v k(8), ?

b
def =inighes (B eEyaBq) = LetMulzfminus (E,,8, ), Figr(f,)), lere)
def Goodyx.w = switch u in
‘ :
case'ev’:
case"Tv": y=y,
case"rv": y="boolean" ~+ ¥, =x.

x="integer® v x="real”" = (x1="inteqer“vx1="rea]"vx1="num"),
false

default: false

4

def Hop(d:lLabel) = fode(d)

def Int(f) = Frtier(Plus(i,%al®))

def Jump(é:Label) = ZetAreal{Proversreald) | Codelé)

def SetArcanfc = B{¥gkeS(n,SMapc))

def SetManyn*ed = Compcund(dimof a*Vidv, Cfet{a™v)ie}) (0)
def Transferyf =

¥="real" + realf

¥="integer" + Imfi, ?

(ii) Informally defined:

def CatMapiuli(&) = ¢01) cat #02) cat ... cat &fv)
def Compoundiu}(d)(6) = ¢(1) | 4f2) I oo | $lu) 10"
def Indistinat 1%y = Yet v = dimof v* in
(1*+1=1%43y v (v*d1=1*%43) v L. v TRl iviy)

v (axyZaywl 3 Vv YR ga gy}



def Tusideu*v* = let v'= dimof u* in
{ KAy - \}*¢1 - 3;_)-;&[,}‘*.'1)
LEA(4*42) £ v¥b7 2 UEI(0*42)

LEGCp*vurt) € wrgur o R Ry )

def Tter(v)i(s:Basic+Basicite) = d(d(...pfe)...))

v occurrences of ¢.

deffTwre = let v = dimof w* in
let p = SemePermofite(v) in

wEtp (1) | wrdp 2y 1 wEip(v). 1 ar

‘Div)*®
K(ui.c?.-..,cv)

Moy Mpeaye

def?jbm*n = let v = dimof w* in

wr ALl ARG, w2 b AT, . @RV D OAD L K(T LG ag )

(iii} Pestricting axioms:
¥e abbreviate as follows,

(a} % eq E asserts that the arpument of ¢ 1s true, i.e. that
axiom LIT/¢1= EX/0]

where

T = g B~1, 7
K= g, 1T

L = k. o

(b) axiom E «E, denotes

axiamTT(Ei,E ) = T%(EI,E2> (i.e. E, and E, commte),

2 1

(c) Free variables are universally quantified over their domains.



$-eq Newt || dg, [ndreac I AR. $(E}
$-eq Newt | Au. Cowntentsa Il he. ®le=?)

d-eq TIniAregn | AB., ¥ewt N da, . 408 3 aza )

¢-eq InAreas | 25, fgire i Contewtsa | \.él. ‘i’(t=€1)

$eoen  ImArean | AD. Tontentsu | Az, Tontenten I Aal. :(E:Ej)

P-eq InAvega | AB., Newdrraytié* [ A&, (B > (Irsidep™s* = Mcecradutrza))

$~eq  NewdrrayTy* | 38, $(RJel(8)=y*)

¢~eq  Newdrraytd* | Ad. #((Insidep*v¥ a Insicfe‘u*vz A Accassivrzlocese J‘J'{)
ERRUE D

P-eq NVewdrrayty* I AS, InAr'.;a(Acce.;‘si‘J*) I AR, d(insiday*u* » B)

P-eq NewdArrayTy* [ A8. CTentenisl{Accessdv*) || le. d(Imsddet®u* 5 2=7)

P-eq Indrequn I MB, NewdrrapTtv* § A&, $(R > {(JTraided*v* 5 Accecadu*=a))

t-eq Copyﬁrrayéit r as. ¢-(F§s£(t‘-}:5ffsf,(51))

d-pq L’-'op_y,-’,ﬂrayél‘r I 38, Indrealdcceasdu*) | AP, SiInmaideu*u® 5 [

t-eq Ccpb-.nlr'r'a_1_461‘t I A, Comtents(ilcocssfu®) Il Ao, Contente(dceoessd v*) |

Ael. P Insida(PdeL(F11{u*) > E:Tr-awﬁ-f':r(Brrsi'-f”yprjfel))
9-eq  Indveas | MG, Coppfrrapd T 1 Ad. (B - (Inside{Fdel(d))(v*1 -

Aoaeagsdu¥zal)

o]
Py

axiom wxg, - Contentsa = Ak, Jgtn, clk(?)}

axiom oaw=n, > Contentsa o Jnd

r
axiom LA fortentea + Tonteni
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fjconst
jd’ecﬁ t:Dec)
}ecﬂ t:Decl)
7def{ t:Def}
j}efﬂ t:Defl)
j}:aba t:Stal
‘j’fab[ t:%tal)
J (t:Pan

pazr
T* [ t:Parl]

‘jz'esn t:0p)
T [t:Varlo

Tt :ExplL]s
VT t:Exploruk
—hqﬁt:op]e
WEt:0plceed
FEhtilisthy
°§2[[‘t:'|_1'5t]ld:
a‘_dl[ t:ParLis*¢
X, Et:Forllgse

Abe £ =z
Access Svr = o

And (H.Bl)= g

AppiyFr (5:Fn)n¥*e
AppiyPt (4Rt m*0

Arctant = g
Arear = f
Bagielyp: = 1
BdeL (4 1 Arrav)
CatlMap vg

Code (& :Label)

[t:Const]

Coerce (S,T)lec

Cormmoundypd =
Contentsak = A
Copylrra;fte =

Cog ¥t =17

A ¢

1

21,

C1§
Cl5
Cls
C15
15
15
15
C15
18
Cls
Cc1s§
c17
C1s
17
C17
C17
C17
C17
C17

czo

18
Clg

C18
C18

Cls

c2n
czn
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1
\erl

B |

kqe(B,B,) = B
Fapk =K
3j B
Fa(d:ActiveFn) =
Gelf, 6] =
Gcodxxlu =
Gt(E.El) =
Kalf =
Hop(&:Label) =
IdeVal(t ;1DE)} =
Imp(ﬁ.ﬂl) =
Indreaax =

Finfsherffil,ggsi

Indigtinct{1*) =
ITngideyky* =
Inte =
Intval(t:INT) =
TaTntg =
fsFeall =
Itervde =
Jump(&:Labe 1) =
LES({) =
Le(E,El) =
Lntg =
LoenL{&;Array) =
Li(E,Ell =
Maint =
MakedcotiveFn(l:Fn,a)
MakeArray (P*,a*) =
MakeBdﬁ(v,\)l)
MakeLabal{n,y} =
MakeS(n,¢:Map) =
MakeTyply,T) =

.‘-.‘T":'us(ﬁ,_El) =
MULECELE ) -

—_

< W™ D

O T

*

Th £ 0 o o= R

s

Er

=)

D W Y W O D D

c20

Cczo
C19
C3
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Fel(L,E ) =B - -
Negatef = g’ - -
Newtk = 8 - 20
NewdArrayTi*c = B - (20
NotR = g* - -
One =y - R
01"(8,81} = g’ - -
Plus(g,E ) = g’ -
ProperAdrea(d:Label)= n 9 -
RQualt =T 10 -
HDiv(E.El) = &' - -
Realkg = £ . .
RealVal(t:REAL) = - 3
FesLoen{d:ActivefFn)= o 9 -
SomePermoflto{v) = £:M+N - -
SAread = n 9 -
Setaed = 9! - -
SetAreanst = a! 24, C19
SetManya*cd = e’ z4, C19
Signt =y - -
Sink = g - -
SMapao = ¢:Map 9 -
Sqrtg =g’ - -
Stringval(t:STRINR)= ¢ - 3
Trans feryl = £! 24, C19
UBdy = v 2 -
Zero =V - -
TTuw*x =8 28, €19

TTu*x = B 28, C19




