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1 Introduction

2 Overview

2.1 Syntax

Remark: For the user language we proposed two approaches:

1. A syntax in which exceptions and gates are unified. However, to avoid some confusions, and to
preserve the user sense about exception, we give them to different notation for their identifiers
in syntax: X for exceptions and G for gates. We mention that this identifiers belong over the
same domain. The same remark is true for exceptions and gate type identifiers.

2. A syntax in which exceptions and gates are differentiated. This syntax is boxed.

A discussion about each of these approaches should be provided.

The terminals of the abstract syntax are:

| tdentifier domain || meaning | abbreviations
SCon special constants K
Var variable identifiers 1%
Typ type identifiers S
Con constructor identifiers C
Proc process identifiers 11
Fun function identifiers F
Gat gate and/or exception identifiers G, X
Exc ‘exception identifiers ‘
ChName channels (gate type) identifiers T, =
ExcName ‘ exception type identifiers ‘ =
The non-terminals are:
| symbol domain || meaning | abbreviations |

Decl declaration D

RTyp record type RT

RGat record typed-gate RGE

| RExc | record typed-exceptions RX

Pat pattern P

RPat record pattern RP

EMatch match expression EM

Exp expression E

RExp record expression RE

IOPar in/out parameters 0P

GPar gate parameters GP

XPar ‘ exception parameters ‘ \ﬂ‘

Behav behavior expression B

In the grammars, non-primitive constructs (which are defined by translation into terms of primitive
constructs) are marked with a “x”.




2.2 Static semantics

The static semantics is given by a series of judgments, such as “C + D = C'” meaning “in the context
C, the declaration d gives the context C'”. The context gives the bindings for any free identifiers, and
is given by the grammar:

C = S—95 type
| V= (54d variable
|  Cw— {profile,, ..., profile,} constructor
|  F— {profile,,...,profile,} function
| I +— profile process
| Tt channel
| Tt
| G+ gatet gate
|
| {} emply context
| C+C disjoint union

profile = 1y, rt, — exitt — wuid profiles

d == def | undef variable initialization

t = S type expression
| none
o

rt = () empty list of typed variable
| V= (Sd),rt list construction

rg == () empty list of typed gates
| G — gate t,rg list construction

re = () empty list of typed exceptions

X —exnt,re

list construction

Contexts for types, variables, channels, gates, and process are finite maps. Contexts for constructors
and functions are set finite maps.

Note that the grammar of record types overlaps with that of contexts. Whenever “rt” belongs over

contexts, ¢,” (composition of records) is ‘+’ (composition of contexts); in(rt) def {V—(54d) ert]

d = def}, and out(r?) det {V—(S,d) € rt |d= undef}.
Similar for the grammar of list of gate and exception parameters. Whenever “rg” (resp. “rz”) belongs
over contexts, ‘,’ (composition of records) is ‘4’ (composition of contexts).

We give below the definitions of the operations we will used over contexts. When A and B are sets,

Fin(A) denotes the set of finite subsets of A, and A @ B denotes the set of finite maps (partial functions
with finite domain) from A to B. The domain and range of a finite map, f, are denoted Dom(f) and Ran(f).
A finite map will often be written explicitly in the form {a1 + b1,---,ar + bx}, & > 0; in particular, the
empty map is {}.

When f and ¢ are finite maps we define:



f + g with domain Dom(f)U Dom(g) and values:

f(a)  if a ¢ Dom(g)
(f + 9)(a) ={ gla)  if a & Dom(f)

error otherwise

This operator is called disjunct composition of f and g¢.

f @® g with domain Dom(f)U Dom(g) and values:
(f @ g)(a) = { f(a) if a & Dom(g)

g(a) otherwise

This operator is called f modified by (or overridden) g.

f ® g with domain Dom(f)U Dom(g) and values:

f(a) ifa & Domf(g)
oa) ifa g Dom(f)
fla) ifgla) = f(a)

rror otherwise

(f©g)(a) =

@
Q

This operator is therefore called match composition of f and g.

fef{a,...,an} where {a1,...,an} C Dom(f), is a map with domain Dom(f) \ {a1,...,an} and values:
(fela,..,an})(a) = fla)ifa & {a1,...,an}

This operator is usually called restriction of domain of f.

When the range of a partial map is a finite set of subsets, A sin Fin(B) denotes finite set-maps from A

to B. If f and ¢ are set finite maps, the set finite map f + ¢, called disjoint composition, has domain
Dom(f) U Dom(g) and values:

f((a)) ifad Domgg))

) (e if « € Dom(f

FEND =9 F4) U gla) ifgla) N fla) =&
error otherwise

Notes:

e All semantics objects in the static semantics are built from identifiers. With each special
constant K we associate a type name type(K) which is either integer, bool, real, time, iff we
suppose that this will be the built-in types.

e To solve overloading of constructors and functions, we attach at each profile definition an integer
number, #id €UIDs (unique identifier). We use the function newid to generate a new (unused)
identifier at each call.

e In the abstract grammar used for semantics we use some simplifications. For instance, we have
not given the “end” keyword for each construct. Also, phrases within single brackets () are
called first options. To reduce the number of rules, we have adopted the following convention:

In each instance of a rule, the options must be either all present or all absent.

e The relation between static semantics of user language and static semantics of core language is
summarized below:



user language

core language

CED=C CED=C

CFS=Y5 CHT = type + subtyping
CHRT =t CF RT = record + subtyping
CHRG=ry

CHFRX = rz

CH(P=t)=>rt CH(P=T)=(RT)
CH(RP=rty=rt! CF(RP= RT)= (RT)
CHFEM=rt

CF (RV = RT) = (RT")
CHE=exitt CF FE = exit(RT)
CkH RE = exit (1t) CF RE = exit(RT)
CH{OP=rt)=C CF(RE,RP = RT) = exit(RT"), RT"
CHGP =g
CFXP=nm

CHB=exitt CF B = exit(RT)

2.3 Translation to the core language

The translation of the user language in the core language follows the following steps:

Step 1 : makes a syntactical translation of all operators marked with x. These operators are syn-
tactic sugar of a set of reduced operators.

Step 2 : does static semantics checks and solves overloading.

Step 3 : does a contertual translation. “...” notation and user convenient notations are expanded

into the core language.

The translation is given in terms of morphisms for each non-terminal of the abstract grammar. We
synthesize below the profiles of this functions, where index u denotes a user language non-terminal
domain, and index ¢ denotes a core language non-terminal domain.

[, .]]: Context x Decl, — Decl,

[, .]]: Context x RTyExp, — RTyExp, x RTyExp,

]: Context x Pat,, — Pat,

]: Context x RPat, x RTypExp, — RPat,

]: Context x Exp, — Behav,

]: Context x RExp, x RTypExp, — Behav,

]: Context x IOPar, x RTypExp, — RExp. x RPat,
]: Context x Behav, — Behav.

[
[
([ ]
([ ]
([ ]
([ ]
[ ]
[ ]

3 Declarations

3.1 Overview

Syntax
D = type Sis S endtype type synonym (Dy1)
| type S is type (Du2)
Ci [RT1] 1 ... | Cp [RT,]
endtype [5]



% | channel T' is S endch channel (Dy3)

% | channel T' is RT endch channel (D,4)
* | exception = is S endch ‘ type of exceptz'on‘ (D.5)
* | exception = is RT endexc ‘ type of exceptz'on‘ (D.6)

| process IT [RG] [([in] V1:54,...,[in] V,:5,)] :noexit (no-exiting) process (D7)

[raises RX]|is
B

endproc [1I]

| process IT [RG] (in | out Vi: 54, ...,in | out V,,:5,) (exiting) process (Du8)
[raises RX]|is
B
endproc [1I]

* | function F [([in] Vi:51,...,[in] Vo:5.)] :+ S function declaration (D,9)

[raises | RX] is
I
endfunc [F]

* | function F (in|out Vi:51,...,in | out V,,:5,) procedure declaration (D,,10)

[xaises | [RX] is
E

endfunc [F]

Remarks:

1. In (Dy2), p > 0; if p = 0 then S could be considered as an external type.

2. In (Dy2), (D,9) and (D,10), as in LoTos, constructors and functions can be declared to be
infixed.

3. In (D,7) and (D,9), the attribute of the formal parameter is by default “in”.

Static semantics

The static semantics 1s given by assertions of form:
CrD=(

meaning “In the context C, the declaration D is well formed and gives context C'.”



Translation to the core language

The translation function is defined by:
[[.,.]] : Context x Decl, — Decl,

Fach declaration of the user language is translated in a declaration of the core language (see [JL96]).

3.2 Type synonym
Syntax

type S is S’ endtype

Static semantics

C F S=9"
C F (typeSis S )= (55— 5")

Translation to the core language

Identity.

3.3 Type declaration

Syntax

type Sis Ci [RTh] | ... | Cp [RT,] endtype [S]

The default parameter for a constructor 1s “()”, i.e. the empty record.

Static semantics

C+(S—S) v Rhv=rty -+ C+(S—S)FRI, =i,
(rh®... ©rty) # error
Co=(+:21 Ci— (), rti,() — exit S — newuid;)
CCD(0, rt1, 0)(S) = - = C(Cp)(0), rtp, O)S) = &
C + (typeSisCy RTy ... C, RT, )= (S— S)+C.

Translation to the core language

The constructor declaration C' RT is translated into C'_uid RT;, 1.e.,

[[C, type Sis C'[RT] | ... endtype]] det type S is C_uid [RT] | ... endtype
where uid = C(C)((), rt, ))(S).



3.4 Channel declaration

Syntax

channel T is S endch

channel I' is RT endchan

Static semantics

C F S=¢

C + (channellis S )=T+— 5

C v RT=rt

C + (channelTis RT )= (I — rt)

Translation to the core language

[[C, channel T is S endchan]] det type I' is S endtype

[[C, channel T' is RT endchan]] det type I' is RT endtype

3.5 Exception declaration

Similar to channel declaration.

3.6 Process declaration

Syntax

process II [RG] [([in] V1 : 57, ..., [in] V},:S,)] :noexit [ is B endproc [[I]

The default list of gates is [1, the default list of parameters is (), the default attribute for parameters
is “in”, and the default list of exceptions is [].

Static semantics

C F RG=rg CFRT=rt CFHFRX=>rz
Chdrgdrtdre)+
(Il — rg,rt, 7z — exit none — newid) F B = exit none

C F (process II RG RT :noexitiraises RX |is B )

= (P —rg,rt,rz — exit none — newid)

Translation to the core language

The “noexit” keyword is translated into “exit (none)”.

process Il RG RT :noexit process IRG RT :exit none
. . X
' B - [, B]]
endproc [II] endproc

10



3.7 Process declaration with in/out parameters

Syntax

process II [RG] [(in | out V1:51,...;in | out V},:5,)] [ is B endproc [[I]

The default list of gates is [1, the default list of parameters is (), and the default list of exceptions
is [J.

Static semantics

C v RG=rg CFRT=rt CHRX =>rz
rt' = def(out(rt))
(CHrg®rtdrr)+
(Il — rg,rt,rz — exit (rt') — newid) B = exit (rt')

'_
C + (process Il RG RT |raises RX |is B )

= (Il — rg,rt, 72 — exit (rt) — newid)

Translation to the core language

process II RG in(RT):exit out(RT)
raises XTI is
local var out(RT)
init [[ C, B]]
in exit vars(out(RT))
endloc
endproc

where vars(V : S :d ...) = (V=>V,...).

process Il RG RT
raises X is def
B =
endproc [II]

c,

3.8 Function declaration
Syntax

function F' [([in] V1:S51, ..., [in] V,:5)0] : T [ RX]is F endfunc [F]

Static semantics

C v RX=>rm CHFRT=r CFHS=Y
C(PY(), 11, 12)(") = ¢
Cr=Fw—(),rt,re — exit S — newuid
Cortdr)+Cr F E=exit s

C + (function F' RT :S |raises| RX is I ) = Cp

Translation to the core language

The function declaration with “Iin” parameters is syntactic sugar of process declaration (below, RT
has only “in” attributes):

11



function F [RT] : S process F'_uid [RT] : exit(S)

[ RX]is def [raises RX]is
E [c, £7]
endfunc [F] endproc

where uid 1s the unique identifier which allows overloading solving.

3.9 Procedure declaration
Syntax

function F' (in | out V1 :51,...,in | out V,:5,) [ RX]is F endfunc [F]

Static semantics

C v RX=rzt CFHRT=rt
Crp=Fr(),rt,rz — exit rt’ — newuid
rt’ = def(out(rt))

C(F)Q), rt, rz)(rt’) = @
Coredrt)+Cp F E = exit (rt)
C + (function F' RT |raises| RX is I ) = Cp

Translation to the core language

Procedure declaration is syntactic sugar for process declaration.

process I _uid in(RT):exit out(RT)
£ tion F' RT raises RX 1s
tnehion local var out(RT)

N [raises| RX is | | def | ey

E in exit vars(out(RT))

o

endfunc [F]

endloc
endproc
where uid is the unique identifier which allows overloading solving, and vars(V : S : d ...) =
(V=>V,...).
4 Record type
4.1 Overview
Syntax
RT = O empty recordRT,1)
|  ([in]Vi:51,...,[in]V,:S.) in record typéRT,2)
| (n|out Vi:51,..,in|out V,:5,) in/out record typéRT,3)

These lists appear in the declaration of types, constructors, channels, gates, functions and processes,
and 1n local variable declarations.

12



Static semantics

The static semantics 1s given by assertions of form:
CHRT =1t
meaning “In the context C, the variable list RT is well formed and has the type rt”.

Translation to the core language

This syntactic domain corresponds to the product of two syntactic domain of the core language, i.e.
[[., .]] : Context x RTyExp, — RTyExp, x RTyExp,

where the first result domain correspond to the “in” parameters, and the second to the “out”
parameters.

bl

4.2 Empty record

Syntax

O

Static semantics

C F O=(

Translation to the core language

e, On% 0, O

4.3 1In record type
Syntax

([in]Vy: Sy, ..., [in]V, : Sp)
The default attribute 1s “In”.

Static semantics

C F Si=S8 - CkS,=5,
(C' = (4127 Vi — (5], def)) # error)
C F (nVi:S),.,inVp:8,) = (Vi : 1] : def, ..., Vy : T}, : def)

Translation to the core language

€, (An]Vi:St, ..., [V : S]] 8 (ViiS, ., VaiSe), O

13



4.4 1In/out record type
Syntax

(in | out V1:5,...,in| out V,,: S,,)

Static semantics

C F 51:>Si e CES, =S
C'=(+HZ! Vi— (5], di)) # error

C F ((njout Vi:5, .. in|out V,:5,) = (V1 : S :dy,...,Vp: S) i dy)

where

4 _{ undef 1if out V;:S;

def otherwise

Translation to the core language

[C, Gn|out Vi:Sy,....in | out V,:5)]) =5 (Vi = S [in Vi : S5, (Vi = Si | out Vi : S))

5 Record of typed gates/exceptions

Syntax

RG == [ empty record
| [G1:Ty,..,Gp:T,] union

These lists appear in the declaration of (functions and) processes, and in ‘hide” operator.

Similar for the record of typed exception, RX.

RX = 0O empty record
| [X1:Z1,..., X, E,] union
Static semantics

The static semantics 1s given by assertions of form:

CHRG=ry
CHFRX =z

Translation to the core language

There is no direct correspondent in the core language.
Each record of typed gates is translated into a list of type Gat x RTyExp.
Each record of typed exceptions is translated into a list of type Exc x RTyExp.

14



5.1 Empty record
Syntax

l

Static semantics

C F O=90

Translation to the core language

def

[lc, ] =" 0O
5.2 Union
Syntax

[Gl:Fl, ceey GnFn]

[X1 :El, ,XnEn]

Static semantics

C' = (+iZ7 G; — gate t;) # error
c + [Gl:Fl,...,Gn:Fn]
= (Gy :gate ty,..., G, : gatet,)

C' = (+IZ% X; — exn t;) # error
c + [Xligl,...,Xn:En]
= (X1:exnty,..., X,:exnty,)

Translation to the core language

[[c, G :T]) “&F { G:($1=S) iffc(l)=S

G:(rt) iff C(T) = (rt)
6 Patterns
Syntax
P u= anyS
| 7V [as P]
| 1B

wildcard

variable

expression

(P.1)
(P.2)

(Pu3)



| C[RP] constructor application (P,4)

| PofT typed pattern (P,5)

Static semantics

The static semantics 1s given by assertions of form:
CH(P=t)=>rt

meaning “In the context C, matching pattern P to type ¢ gives the context rt.”

Translation to the core language

The translation function has the following profile [[., .]] : Context x Pat, — Pat,

6.1 Wildcard
Syntax

any S

Static semantics

C F (any S=1)={} [t = 5]

Translation to the core language

[[C, any S]] det any : S

6.2 Variable pattern
Syntax

? V [as P]

Static semantics
C F V=(54d

€ F (P=>S)=rt)
C F (V {(as P) = 5) = (V— (S, def)) (+rt')

Translation to the core language

vy

16



6.3 Expression pattern
Syntax

)

Static semantics

C F E=exitt
C - (VE=t)={}

Translation to the core language
def
(e, v Bl ="+ [lc, £l

6.4 Constructor application

Syntax

C [RP]
The default record pattern is T().

Static semantics

C(CY), rt, () (exit t) = {uid}
C F (RP=rt)=rt
C F (CRP=t)=1rt

Note: The first clause imposes that only one constructor profile match.

Translation to the core language

¢, ¢ RP]) %% ¢wid [[rt, RP]]
where C(C)((), 1, ())(exit t) = {uid}.

6.5 Explicit typing

Syntax

Pof S

Static semantics

C F S=¢
C +F (P=9)=rt
C F (PofT=S5)=rt

17



Translation to the core language

def
] =

[[C, P of S] e, P : S

7 Record pattern

Syntax

RP = O
| (Vi=>P1, .. Vio=>Pyl ees])

| (Pr,..,Py)

Static semantics

CH(RP = rt)=rt

Translation to the core language

The profile of the function 1s

[, ., ]] : Context x RPat, x RTyExp — Pat,

7.1 Empty record

Syntax

O

Static semantics

C F (O=0)=1}

Translation to the core language

Identity.

7.2 Attributed pattern list
Syntax

(V1=>P1, ceey Vn=>Pn|:a ooo])

18
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Static semantics

(F3pe P(n)) (Viel.n) V;= V[:(i)
C + (P1 = Sp(l)) =C - Chk (Pn = Sp(n)) =C,

C' = (+Z7 C;) # error
C F (=P, Vo=>P) = (V[ :S1:dy,..., V]S, :dy))=>C

where P(n) is the set of permutations of 1..n.

(FJpe P(im)) (Viel.n) V= Vp/(i))

C F (P1 :>Sp(1)) =C - CF (Pn :>Sp(n)) =C,
C'=(HZ1 C) + (50 Vo = (Seqiy, dpi))) # error

C F ((Vi=>P1, . Vi=>Py, ees) = (V] 51 i dy, ..V S i dp) ) = C

Translation to the core language

[[C, (V1=>P1, ey V=> Py, cee) = (Vll 257 dl, -

V5 S s )] O

(Vi=>[[C, Py, Vi=>lICs Pl Var1=>Vaiy, -, Vi =>7V0)

7.3 Tuple pattern
Syntax

(Pr, ..., Pn)

Static semantics

C F (AA=S5)=C - CH(P,=5)=C,

C' = (+Z7 C;) # error

c + ( (Pl,...,Pn) = (V1 251 Zdl,.

Translation to the core language

Vi8S, dy))=C

[C, (P, P = (Vi:Syidi,.. Vi S d)]] S5 (vi=[[C, i), ..., Ve=>[[C, Pa]D)

8 Match expressions

Syntax
EM = F:: P
| EMi: when F
| EMi: and EM,
| EMior EM,

simple matdfEM,, 1)

guarded matdfEM.,2)

conjuncti¢iiM,3)

disjuncti¢ii M, 4)

19



Static semantics

The static semantics 1s given by assertions of form:
CtEM = rt’

meaning “In the context C, the match expression EM gives the context rt’.”

Translation to the core language

There is no direct translation to the core language. The translation will be given at the “case”
behaviour/value expressions.

8.1 Simple match

Syntax

E .. P

Static semantics

C v E=S
C F (P=>S=
C F (E::P)y=rt

8.2 Guarded match
Syntax

EM, when E

Static semantics

C v EM,= rt’
C+C F E = exit bool
C + (EM,; when F)= rt’

8.3 And match
Syntax

EM1 and EM2

Static semantics

C F EMi=rt;
C F EMs=rty
C + (EM, and EM2) = 1ty + riy
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8.4 Or match
Syntax

EM1 or EM2

Static semantics

c + EM1:>7”t/
c + EM2:>7”t/
CH(EM, or EM») = rt’

9 Value expressions

9.1 Overview

Syntax
EF = K
| V
| any S

| C[(Vi=>]E1, .., [Va=>]En [, e o]

| [raise] x &
| [raise| X ((Vi=>]Ey, .., [Va=>]En [, ooa])

| P:=F
| Ey; Ep
| trap
X1 [0 :81, ..,V 25, 0] — B

X, [(VF:S7, VD 2S00 — E,
[exit [(V{":57,.. Vi :SE )] — Epyi]
in Eo

endtrap

| case
EM, — Ey

EM, — E,
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constant denotation (E,1)

value variable (E,2)

nondeterministic termination (E,3)

constructor application (E,4)

raising exception (E,5)

raising exception (E.6)

variable assignment (E,7)

expression continuation (E,8)

trap exceptions (E.9)

general case expression (E,10)



[otherwise Fpy1]

endcase

case F’ is
PP, .., Py, [when Ey] — Ej

PY,.., P} [when E,] — E,
[otherwise F,,]

endcase

F match P

if Fy then E}

elsif F; then E{

elsif E, then E,

[else E} 1]

endif

Fo andthen £,

Fo orelse F;

Eo = E1

Fo <> F1

E.V

EAVi=>Eq, .. Vo=>E,}

local var V;1:51,...,V,: 5,

[init Eo]
in ©

endloc

renaitmie

Xo [(V:5Y, ..., Vi :Sp D] is X[ (V/O=>]EY, . ..

X, [(VP2S7, .. VP 2ST )] is XL(VP=>]EF, ...

in F

endren

F [(Vi=>]Er, o, [Va=>]En [, oo D)]
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usual case expression (E,11)

match expression (E,12)

conditional expression (E,13)

logical expression (E,14)
logical expression (E,15)
equality expression (E,16)
non-equality expression (E,17)
select expression (E,18)
update expression (E,19)

variable declaration (E,20)

renaming (E,21)
0 0
[Vine=>1Emy)]

0=

) )
[V =1E57,)]

function call (E,22)



[[[X1=>]X1, ..., [Xp=>] X, [, eve]]]

x| F [(Vi=>]E1 | Py ooy [Va=>]Ep | Po [, eee])]
[[[X0i=>]X1, .., [Xp=>] X0 oo ]1]

* | loop forever
var V1:51,...,Vh:5, in
init £y
in F
endloop

x| loop X[(V1:51,...,Vn:50)]
init £y
in F
endloop

x| break [X][(Vi=>Ey, ..., Va=>Ey)]

| EofsS

Static semantics

The static semantics 1s given by assertions of form:
CHFE = exitt
meaning “In the context C, the expression E has the type ¢.”

Translation to the core language

[, .]] : Context, Exp, — Behav,

9.2 Primitive constants
Syntax

K

Static semantics

(7 -
C + K=exits [ 5]

Translation to the core language

e, K] % exit (K)
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procedure call (E,23)

iteration (E,24)

breakable iteration (E,25)

break loop (E.26)

explicit typing (E,27)



9.3 Variable
Syntax

v

Static semantics

C F V=(5 def)
C F V=oexits

Translation to the core language

c, v % exit (v)

9.4 Nondeterministic termination
Syntax

any S

Static semantics

C +F S=9
C F any S = exit S

Translation to the core language

[[C, any S]] et oxit (any S)

9.5 Constructor application
Syntax

C [RE]

Static semantics

C(CYO), rt, () (exit S) = {uid}
C F RE = exit (r1)
C v CRE=S

Translation to the core language

des [ €3%€ [[C, RE = rt]] is
[[c, C RE]] & 72 — exit C_uid

endcase

where (), 71, () — exit S — wid € C(C).
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9.6 Raising exception

Syntax

raise X F

raise X RE

Static semantics

F X=exnS
E = exit S
raise X F = exit ()

X = exn (1)
RE = exit (1)
raise X RF = exit ()

QA O QN
TIT T T|T

Translation to the core language

[[C, raise X EI] det signal X [[C, E]] ; block

[[C, raise X RFE]] det signal X [[C, RE = rt]] ; block

In the last case, C F X = exn (rt).

9.7 Assignment

Syntax

P .=F

Static semantics

C F E=exits
C F (P=>5S =t
C F (P:=F)= exit (1)

Translation to the core language

e, P := B € (1e, PY):=[lc, B

9.8 Sequential composition
Syntax

By 5 B

25



Static semantics

C F F)=exit (1)
Corty F FEy= exit (rta)
C F (F1; E2)= exit (rt1 & ria)

Translation to the core language

e, Br 5 Bo]) EF (e, Blslie, B

9.9 Trap

Syntax

trap
X1 RT1 — E1

X, RT, — E,

[exit RTp+1 — Ep+1]
in Fy endtrap

Static semantics

C + RTi=rh CHRT,=rt,
Chrty F Fp=exitt Chri, - E, > exit t
Co (—I—Zz}{ X; —exn (rl;)) F Ey=exitt
trap
X1 RT1 — E1
C F o = exit ¢
X, RT, — E,
in Eo
C + RTi=rh CHRT,=rt,
Chrty F Fp=exitt Chri, - E, > exit t
c + RTp_H = Ttp_|_1
Chripy1 F Epp = exitl
Co (—I—Zz}{ X; —exn (rt;)) F Ey= exit (rtp41)
trap
X1 RT1 — E1
C F X, RT, — E, = exit t

exit RTp+1 — Ep+1

in Eo

9.10 General case

Syntax

case EFMy — FEy ... EM, — FE, endcase



Static semantics

C v EMy=Cq C"EMp:>7”tp
CoCy F Eg=exitt - COHCFE, > exitl
C + (case EMy — Ey ... EM, — E, )= exitt

Translation to the core language

The general case is a syntactic sugar for the simple case of the core language. Below we should show
that the translation process terminates. The complexity of the translation process shows that the
general case is more convenient for specification purposes.

case 17 T case 17
EM, — Eq EMy — By
def otherwise (case
C’ = C’ EM, — B,
Ay — otherwise
[otherwise E, ] e
endcase endcase)
- L endcase 1]
case 17 case [[C, F]] in
% E::P — E, def [c, Pl — [C, Eol]
; [otherwise F1] - [otherwise — [[C, F1]]]
endcase 1] endcase
T case 17
case 77 EM — case
FEMy, when F — Fy def L :true- — Iy
¢, [otherwise F] - C, [otherwise 1]
endcase ' endcase
- [otherwise E/]
L endcase 1]
case T [T case
C EM,or EMy — Ej def c g%l : go
’ [otherwise E] = ) 2 = o
endcase [otherwise E/]
- L endcase
T case 17
case 7 EM, — (case
EM, and FMs — E, def EM, —> Ey
¢, i = C, otherwise £}
[otherwise E/]
endcase endcase)
. [otherwise E/]
L endcase 1]
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9.11 Usual case

Syntax

case I in
P .., P [when Ey] — Ef

Pr. PP [when E,] — E]j

[otherwise £ ]
endcase

Translation to the core language

The usual case is syntactic sugar of the general case.

case I in
P .., P? [when Ey)) — Ej

C, Pf,...,P}L’p[when 1 e

[otherwise £, ]
endcase

9.12 Match expression
Syntax

F match P

Translation to the core language

def

The match expression is syntactic sugar of general case.

case
[[C, E match P]] C,

endcase

We suppose that the declaration of type “bool” is:

type bool is true | false endtype

def E.:P — true
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otherwise — false

case

E:

: !
otherwise — F
endcase

::Pl0 and ... and E::PT?D

PP and ... and E:: P}

[when E;] — Fj

[when FE)] — FE,




9.13 If-then-else
Syntax

if £y then Ef
elsif F; then E

elsif £, then F/,

else E;H_l
endif

Translation to the core language

case [[C, Fyl]] in

if Fy then F} true — [[C, F|]]
elsif F; then Fj false —
co def case [[C, F4]]lin
' elsif F,, then F, - true — [[C, F{]]
else I} )
endif endcase
endcase

9.14 Conjunction
Syntax

Fy andthen F;

Translation to the core language

case [[E¢]] in

def true — [[C, F4]]
[[C, Fo andthen £4]] "= false — false

endcase
9.15 Disjunction
Syntax

FEy orelse F;

Translation to the core language

case [[C, Fyl]] in

def true — true
[[C, Eo orelse Ey]] "= false — [[C, E1]]
endcase
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9.16 Equality
Syntax

E1=E2

Translation to the core language

case (Fq, E5) is
vy, ?Ve) —
case Vi 1s
C, B, = B5]) %F 'V, — true
otherwise — false
endcase
endcase

9.17 Inequality

Syntax

Ei <> Es

Translation to the core language

case F'1=F> 1s

def true — false
[[C, By <> Es]] = C, false — true

endcase

9.18 Select field
Syntax

£V

Static semantics

C F E=exits

C F C=0,r,() — exit S — wuid
rt B V= (S def)

C F (E.V)=exit s
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Translation to the core language

local var V:5,

it V:=E,
in
def case V:5p in
[[C; EOVO]] - Ca CZ (VO:z?VOa ...) . VO
endcase
endlet

where C F Ey = exit Sy, and C; are constructors of type Sy such that they have as field V5 (they
exist from the static semantics checking).

9.19 Field updating
Syntax

E.{V1=>E1, cey Vn=>En}

Static semantics

C F E=exits

C F C=0,r,() — exit S — wuid

rt B Vi=(Sy:def) - rtEV, = (S, def)
C F Ei=zexitsS, - CHE,=exits,

c + (E.{V1=>E1,...,Vn=>En}) = exit S

Translation to the core language

local var V4 : Sp
init ?V0:=E0
in case 1; in
_ _ def Ciutd; (eue) —
[[Ca EO'{V1_>E1a"'aVn_>En}]] - Ca CZ (V1=>E1,...,Vn=>En,ooo)

endcase

endloc

where C; are the constructors of the sort Sy such that Vi, ..., V, are fields of their record types (they
exists by the static semantic).

9.20 Variable declaration

Syntax

local var V1:51,...,V,: 5, [init Ey] in E endloc
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Static semantics

C +F S =5 CkS,=5)
(Cd (27 Vi (S!, undef)) + Ey= exit (rtp))
Co(+Z0 V; — (S, undef)){@®rty) F E = exit rt
local V| : Sy, ..., V, : S,
C + init Fy = exit (rto{V1,...,V,})
in F/

Translation to the core language

local var Vi:51,...,V,:5,
C, init E,
in

9.21 Rename

Syntax

rename

Xo [RTO] 1s X(/)[RE()]
X, [RT,] is X;/;[REP]
in b
endren
Static semantics

C - RTy =
C@Tto l_

raise X\ RFy = exit ()

def local var V; = V1: V) = 51,
£ | init [[C, Eo]

in [[C, F]]

rtg -+ CFHRT,=rt,

C @ riy F raise le7 RE, = exit ()

Co (+§§’5 X; —exn (r;)) F E=exitt
rename
Xo [RTO] 1s X(/)[RE()]
c + - = exit ¢
X, [RT,] is X,[RE,]
in

Translation to the core language

rename

Xo [RTO] 1s X(/)[RE()]

€ X, [RT,)is X![RE,)]
in
endren

where for all i € 1..p C(X]) = exn (rt;).

rename

Xo [[C, RTW]is X7 [[C, REo = rio]]
X, [, RT,)]is X! [[C, RE, = rt,]
in [[C, ]

endren
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9.22 Function call
Syntax

' RE XP

Static semantics

C(F)(),rt,rz) = {exit t — wid}
C F RE=(n)
C F XP=>rm
C F FREXP = exitt

Translation to the core language

[, F RE XP) €% Fuid 11 [[C, RE = (] [[C, XP = 2]

where C(F)((), rt,rz) = {exit t — wuid} (a single element set!).

9.23 Procedure call
Syntax

F IOP XP

Static semantics

C(F)(),rt,rz) = {exit t — wid}
C F IOP=rt
C F XP=>rm
C F FIOP XP = exitt

Translation to the core language

def trap
[[c, F 10P XP]] “€ exit(?7z) — (out(/OP,rt)):=x
in F_uid [ [[C, in(JOP, rt)]] [[C, XP = rz]]

where C(F)((), rt,rz) = {exit t — wuid} (a single element set!).

9.24 TIteration

Syntax

loop forever

[var out V1 : Sy,...,out V, : S;]
[1n1t Eo]

in F

endloop

The default values are “var ()” and “init exit”.
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Static semantics

C F RT =1t
Cort F FEy= exit (rp) (Dom(rtg) C Dom(rt))
Certdrty F E=exit(rt) Dom(rt') = Dom(rt))
loop forever
c + :’r?ft };1(; = exit none
in F/

Translation to the core language

loop forever loop forever

var Vi:51,...,Va:5, def var Vi = Vi: Vi = 5q,...
init Eo init [[C, Eo]]

in £ in [[C, F]]

9.25 Breakable iteration
Syntax

loop X[RT]
[1n1t Eo]
in I/
endloop
The default type for exception is () (the empty record); the default initialization is “init exit”.

Static semantics

C F out RT = rt
Cort b Fy= exit (1) Dom(rtg) C Dom(rt)

CP®rtd rigd
(X —exn (rt)) F F=exit(rt) Dom(rt") = Dom(rt)
loop X RT
c + init I = exit none
in

Translation to the core language

loop X[(
c,



