The LANG’24 Language Specification

1 Lexical structure

Programs in the LANG’24 programming language are written in ASCII character set, e.g., no additional
characters denoting post-alveolar consonants are allowed.

Programs in the LANG’24 programming language consist of the following lexical elements:

e Literals:

— numerical literals:
A nonempty finite string of decimal digits (0. ..9) optionally preceded by a sign (+ or -).
— character literals:

A character enclosed in single quotes (). A character in a string literal can be specified by (a)
any printable ASCII character, i.e., with ASCII code in range {32...126} but the single quote
and the backslash must be preceded by the backslash (\), (b) a control sequence \n denoting
the end of line or (c) an ASCII code represented as \XX where X stands for any uppercase
hexadecimal digit (0...9 or A...F).
— string literals:
A possibly empty string of characters enclosed in double quotes ("). A character in a string
literal can be specified by (a) any printable ASCII character, i.e., with ASCII code in range
{32...126} but the double quote and the backslash must be preceded by the backslash (\), (b) a
control sequence \n denoting the end of line or (c) an ASCII code represented as \XX where X
stands for any uppercase hexadecimal digit (0...9 or A...F).
e Symbols:

O{Y[].,:;==1=<><=>=x%x/Y+-"=

o Identifiers:
A nonempty finite string of letters (A...Z and a.. . z), decimal digits (0...9), and underscores (_) that
(a) starts with either a letter or an underscore and (b) is not a keyword or a constant.

* Built-in data types:

* Keywords:

— literals: true false nil none

— built-in data types: bool char int void

— operators: and not or sizeof

— statements: return if then else while
e Comments:

A string of characters starting with a hash (#) and extending to the end of line.

* White space:

Space, horizontal tab (HT), line feed (LF) and carriage return (CR). Line feed alone denotes the end
of line within a source file. Horizontal tabs are considered to be 8 spaces wide.

Lexical elements are recognized from left to right using the longest match approach.



2 Syntax structure

The concrete syntax of the LANG’24 programming language is defined by a context free grammar with
the start symbol definitions and the following productions:

definitions
— ( type-definition | variable-definition | function-definition )™

type-definition
— identifier = type

variable-definition
— identifier : type

function-definition
— identifier ( ( parameters )7 ) : type ( = statement ( { definitions } )? )?

parameters
— (~)" identifier : rype (, (

)? identifier : type )*

statement
— expression ;
— expression = expression ;
— if expression then statement ( else ststement)
— while expression : statement
— return expression ;
— { ( Statement )Jr }

?

type
— void ’ bool ‘ char | int
— [intconst ] type
— " type
— (components )
— { components }
— identifier

components
— identifier : type ( identifier : rype )*

expression
— voidconst | boolconst | charconst ] intconst ] strconst | ptrconst
— identifier ( ( ( expression (, expression )* )7 ) )7
— prefix-operator expression
— expression binary-operator expression
— < type > expression
— expression [ expression ]
—> expression . identifier
— expression ~
— sizeof (type)
— (expression )



Symbols voidconst, boolconst, charconst, intconst, strconst, and ptrconst denote void constant none,
boolean constants true and false, character literals, integer literals, string literals, and pointer constant
nil, respectively.

The precedence of the operators is as follows:

postfix operators  [-]1 ~ . THE HIGHEST PRECEDENCE
prefix operators not + - " <>
multiplicative operators — * [ %
additive operators  + -

relational operators == 1=<><=>=
conjunctive operator — and
disjunctive operator  or THE LOWEST PRECEDENCE

Binary operators are left associative.

The else part of the conditional statement binds to the nearest preceding if part.

3 Semantic structure

3.1 Name binding

Let function [-]pnp bind a name to its declaration according to the rules of namespaces and scopes de-
scribed below. Hence, the value of function [-]ginp depends on the context of its argument.

Namespaces. There are two kinds of a namespaces:

1. Names of types, functions, variables and parameters belong to one single global namespace.

2. Names of components belong to structure- or union-specific namespaces, i.e., each structure or union
defines its own namespace containing names of its components.

Scopes. Two new scopes are created in every function definition
identifier ( parameters ) : type = statement { definitions }
as follows:

1. The name, the parameter types and the result type belong to the scope in which the function is
defined.

2. The parameter names belong to the scope nested within the scope in which the function is defined.

3. Statements and definitions belong to the scope nested within the scope in which parameter names
are defined.
If there are no parameters, statements or definitions, the scopes are created nevertheless.

All names declared within a given scope are visible in the entire scope unless hidden by a definition in the
nested inner scope. A name can be declared within the same scope at most once.



3.2 Type system

The set
Ta = {void, char, int, bool} (atomic types)
U{arr(n x 1) |[n>0AT € Tg} (arrays)
U {structq, .. ia, (T1,.-.,70) [ n>0AT,...,7 € Ta} (structs)
U {union;q,, id, (T1,..., ™) | n>0AT,....,7 € Ta} (unions)
U {ptr(r) |7 € Ta} (pointers)

denotes the set of all data types of LANG’24. The set

T="Ta (data types)
U{(m1y.smn) =27 n>0AT, ... Ty T € Tg} (functions)

denotes the set of all types of LANG’24.

Structural equivalence of types: Types 7 and 7o are equivalent if (a) 4 = 79 or (b) if they are type

synonyms (introduced by chains of type declarations) of types 71 and 75 where 7{ = 75.

Semantic functions
I'listype: P =T and [Jorrype:P — T

map syntactic phrases of LANG’24 to types. Function [-]JisTypr denotes the type described by a phrase,

function [-JorTypEr denotes the type of a value described by a phrase.

The following assumptions are made in the rules below:

 Function val maps lexemes to data of the specified type.

e 7 € T4 unless specified otherwise.

Type expressions.

[[VOidHISTYPE = void [[bool]]ISTypE = bool [[char]]ISTypE = char [[int]]ISTYPE = int

[typelistype = 7 val(int) =n
0<n<208 -1 7€7,\{void}

[ Cint] type]isTypr = arr(n x 7)

n>0 Vie {1 .. n} [[typei]]ISTYPE =7 T €Ty \ {VOid}

[Cidy s typey, . .. idy  type, ) Jistypr = structiq, . ia, (T1,-- -, Tn)

n>0 Vie{l...n}k[type;listyre =7 Ti € Tq\ {void}

[{idy : typeq, . . ., idy : type, YisTyPE = union;q, . i, (71,...,7n)

[typelistypE =T T € Tg
[~ typelisTyrr = ptr(r)

Value expressions.

ﬂnone]OFTypE = void Hnil]]OFTYPE = ptI‘(VOid) ﬂstring]opTypE = ptr(char)

[[bOOZHOFTYPE = bool [[Cha'r]]OFTYPE = char [[int]]OFTYPE = int

4

(T1)

(12)

(13)

(T4)

(15)

(v1)

(v2)



[ezpr]orrypr = bool [ezpr]orrype = int  op € {+,-}
[not expr]orTyPE = bool [op exprlorTypr = int

[expri]orTyPE = bool [ezprs]orryPe = bool op € {and, or}

lexpr, op expry]orrypE = bool

lezprilorryre = int  [ezpry]orrypr =int  op € {+,-,%,/,%}

[ezpr, op exprs]orrypE = int

[ezpri]orryre =7 [expri]orryrE =T
7 € {bool,char,int} U {ptr(7) | 7 € Ta} op € {==,!=}

[expr, op expry]orryPe = bool

[[exp""1]]OFTYPE =T [[C«Tprz]]OFTYPE =T
7 € {char,int} U {ptr(r) | 7 € Tq} op € {<=,>=,<,>}

[expr, op expr;]orTyrPE = bool

[ezpr]orryre =T [ezprlisivar, = true  [ezpr]orTyPE = pPtr(7)
[~ expr]orryPE = Ptr(r) lezpr “JorTyPE =T

lexpri]orTyPE = arr(n x 7)  [expry]orrypr = int  [expr;]isLvaL = true

[expry Lexprol]orryrPE = T

lexpr]orTyrE = structiq, .. i, (T1,...,7n) identifier = id;
[expr . identifier|orTyPE = Ti

[ezpr]orrype = union,q, 4, (71,...,7,) identifier = id;

[expr . identifier|orTyPE = Ti

[[identiﬁer]]opTypE = (Tl, A 7’7'") — T
Vi e {1...n}:[expr;JorryPE = i A 7; € {bool, char,int} U {ptr(r) |7 € T4}
7 € {void, bool, char,int} U {ptr(7) | 7 € T4}
Vi € {1...n}: (the i-th parameter is a call-by-reference) = [expr;]isLvar, = true

[identifier Cexpry, . ..,expr,)]JoFTYPE = T

[typelisTyre = 71 [ezpr]orrypr = 72 71,72 € {char,int} U {ptr(r) | 7 € T4}

[<type>expr)|orTyPE = T1

[[expr]]OFTYPE =T thp@HISTYPE =T
[Cezpr)]orTyre =T  [sizeof (type) JorTyrE = int

Statements.

[[€IPT1]]OFTYPE =T [[EIPTQ]]OFTYPE =T
7 € {bool, char,int} U {ptr(7) | 7 € T4}
[expr;istvarL = true

lexpr, = expry ;JorTyPE = void

(v3)

(v4)

(v5)

(Vo)

(v7)

(v8)

(v9)

(v10)

(v11)

(v12)

(v13)

(vi4)

(s1)



[ezpr]orTyPE = Vvoid

- (s2)
lexpr ;]JorryPe = void
HGIPTHOFTYPE = bOOl [[stmts]]OFTypE =T (53)
[if expr then stmis]orTypr = void
lezpr]orTypE = bool  [stmtsi]JorryrPe =71 [stmtsz]orTyPE = T2 (s4)
[if expr then stmis, else stmiss]orTyPr = void
[[e:npr]]OFTypE = bOOl [[stmts]]OFTypE =T (SS)
[while expr : stmts]orrypr = void
[expr]orrype = 7 (the result type of the innermost function is 7) (s6)
S
[return expr ;]JorTypE = void
n>0 Vie{l...n}:[stmt;]orryre =T 7)
S
[[{stmtl N Stmtn}]]OFTYPE = void
Declarations.
[identifier]ginp = identifier=type [type]isTyPE = T 1)
D
[[identiﬁer]]ISTypE =T
[identifier]pinp = identifier:type [typelistypr =7 7 € T\ {void} ©2)
[[identiﬁer]] OFTYPE = T
[identifier]sinp = identifier Cidentifery : typey, . . . identifer,, : type,,) : type
Vi e {1...n}: [type,Jistyre = 7 A T; € {bool, char,int} U {ptr(r) | 7 € T4}
[typelisType =7 7 € {void, bool, char,int} U {ptr(7) | 7 € T4} ©3)

[identifier[orryre = (T1,.. ., T0) = T

[identifier]pinp = identifier Cidentifery : typey, . . . identifer,, : type,,) : type = stmt
Vi e {1...n}:[type;isTyre = 7 A 7; € {bool, char,int} U {ptr(7) | 7 € T4}
[typelistyre = 7 [stmt]orrype = void 7 € {void, bool, char,int} U {ptr(r) | 7 € T4}

[identifier[orryre = (T1,.. ., T0) = T

(D4)

3.3 Lvalues

The semantic function
[lisLvaL: P — {true, false}

denotes which phrases represent lvalues.

[identifier]ginp = variable declaration  [identifier]ginp = parameter declaration

[[identiﬁer]] ISLVAL — true Hid@ntiﬁer}]ISL\/AL = true



lezpr]orryrr = ptr(7) lezpr]isivar = true [expr]isivar = true

[expr-]isLvar = true [expr Lexpr'1]istvarL = true  [expr.identifier]isiyar, = true

In all other cases the value of [-]ispvar equals false.

3.4 Linkage

A variable or a function has external linkage if it is not declared inside a function.

3.5 Operational semantics

Operational semantics is described by semantic functions

[[-]]ADDRZ,PXM%IXM
[H]EXPRZ'PXM%IXM
H‘HSTMT:’PXMHM

where P denotes the set of phrases of PREV’23, I denotes the set of 64-bit integers, and M denotes possible
states of the memory. Unary operators and binary operators perform 64-bit signed operations (except for

type char where operations are performed on the lower 8 bits only).

Auxilary function addr returns either an absolute address for a static variable or a string constant or an

offset for a local variable, parameter or record component. Auxilary function sizeof returns the size

of a

type. Auxilary function val returns the value of an integer constant or an ASCII code of a char constant.

Addresses.
Al
[string]Nppr = (addr(string), M) (D)
addr(identifier) = a (A2)
A
[identifier|Nppr = (@, M)
Hewprl]]lz\&/[DDR = (n1, M') HexPTQ]]l]E/I)/(PR = (n2, M")  [expriJorryPE = arr(n x 7) (A3)
expry Lexprs = (N1 + ng * sizeof(7),
[ 11¥bor izeof(7), M"
[[expr]]%DDR = (n1, M) (Ad)
lezpr . identifier]Xypr = (n1 + addr(identifier), M)
[[@IPT]]%IXPR = (n, M) (A5)
[ezpr~]Xbpr = (n, M)
Expressions.
- (Ex1)
[none]ypr = (undef, M)  [nil]fkpg = (0,M)
(Ex2)

[true]¥xpr = (1,M)  [false]ixpr = (0, M)



[char]S o = (val(char), M) [int]Mapq = (val(int), M) (=x3)

[[expr]]%/[XPR = (n,M’) op € {not,+,-}

EX4
[op ezpr]ixpr = (op 1, M') ()
[expr Jpxpr = (n1, M) [[expTQ]]I]:D/I)I(PR = (n2,M"”) op € {or,and, ==, !=,<,> <=>=+ - * / %}
[ezpr, op GQTPTQ]]%/IXPR = (n1 op n2, M")
(EX5)
Hempr]]%DDR = (n,M’) [[exprﬂ%AXPR = (n,M’) (EX6)
[[Aempr]]II}]/IXPR = (n,M') [[exprA]]lE\)/IXPR = (M'[n], M)
addr(identifier) = a (Ex7)
EX
[identifier]¥ypr = (M[a], M)
[ewprs Lexpre1]Xppr = {a, M) (EX8)
[exprs Leapra]Jixpr = (M'[a], M)
lexpr . identifier]Xspr = (a, M') (£x9)
EX
lexpr.identifier]¥xpr = (M'[a], M)
My
[[exprlﬂ%/[)gPR = <n1’ M1> [[EIme]]EXpﬁ = <nm7Mm> (EXIO)
[identifier Cexpry, . . .,exprm)]]%%PR = (identifier(ni, ..., Nm), Mp,)
[[expr]]ll}l/[XPR = (n, M)
~ ; (Ex11)
[Cexpr)]gxpr = (n, M)
lezpr]¥pr = (n,M’)  [typelisTypr # char (Ex12)
[<type>expr]¥ypr = (n, M)
[[e:cpr]]g[XPR = (n,M’) [type]isTypE = char (Ex13)
[<type>ezpr]Mypr = (nmod 256, M)
Statements.
[[expr]]gXpR = (n,M’) (s11)
[[avpr]]g/[TMT =M
[[emprl]]lz\x/IDDR = (n1, M') [[emp@]]lﬁd)/(PR = (ng, M")
. " _ no a = nq
Va: M"[a] = M"[a] otherwise 512)
ST
[ezpry=expry]§rym = M
[expr]ixpr = (true, M) [stmt1]¥ iy = M” (s13)

[if ezpr then stmt;y JsTmT = M”



[expr] %AXPR = (false,M’)

ST4
[if expr then stmty JsTmT = M/ (s74)
[ezpr]¥xpr = (true,M’) [stmt1]§yp = M” (sT5)
[if expr then stmt, else stmis]sTmT = M”
[expr]¥xpr = (false, M')  [stmita]§ryp = M” (ST6)
[if expr then stmt, else stmis]sTmT = M”
[ezpr]ixpr = (true, M) [stmt]§yr = M” (sT7)
while expr : stmt M = |while expr : stmit M
STMT STMT
[eapr]ixpr = (false, M) (sT8)
[while ezpr : stmt]§pyr = M
M My, —
[stmt1]gpyr = M1 ... [stmtm]start = Mm (s19)
[{stmty ... stmt,, 3 = M
Mor = (n, M’
[expr]gxpr = (n, M') (sT10)

[return ezpr [Ny = M’ A function terminates returning n



