The Drei Programming Language:
Big step semantics

LAMP
EPFL
Name a,b
Integer n
Unary operator unop ::= — | !
Binary operator binop =+ | — | x | /| %
=1 <[<I>[]=]A
Term t,t' u=n integer literal
| a variable, current instance
| wunopt unary operation
| tbinopt’ binary operation
| readInt read integer
| readChar read character
| {St} block
| empty unit
Statement S, S whilet S loop
if ¢ then S else S’ conditional

Values

Frame

Stack

|

| vara:T =t
| seta=t

| dot

| printInt(t)

| printChar(t)
|

{S}

local variable
variable assignment
instruction

print integer

print character
sequence

integers
unit

empty frame

empty stack

Fig. 1. Imperative fragment of DREI




[-I(n) & —n

[=N
9]
2

[+1(n1,n2) = n1 +n2
i 2 1 if n =0 [=](n1,n2) j:f ni — ns
0 otherwise [¥](n1,n2) = n1 *xno
[Ny 22 {1 iEmena 200 [/)mna) = /o
0 otherwise [%](n1, n2) = n1 mod na

Fig. 2. Arithmetic and logical operations on integers

det J1 ifni <n2
<[(n1,n2) =
[<D(n1, ma) 0 otherwise L it
o ifni =n
1 if n1 S n2 H::]] (774,712) d:f 1 . 2
[<](n1,n2) = 0 otherwi 0 otherwise
otherwise

) [! =)(n1,n2) = [([==](n1, n2))

Fig. 3. Comparisons of integer values

;2 Fa=vw
(FIND-HD) 7

(FIND-TL)

y b#a
a—v,0;X Fa=wv b—v,0;Y Fa=wv

Y Fa=v
(FIND-NXT) ————
X Fa=wv

Getting a value

o X Fa—v=0%

(ADD-HD) b#a

b—v,0; X Fa—v=>b—o, 0 X

(ADD-TL)

X Fa—v=a—uv el

Adding a binding

(UPD-HD)

! !
a—v,0X Faft =a~v,0;%

X Foa/lv=dX

UPD-TL
( )bHv,a;El—a/v/ébHv,a';E'

b#a

T koal=Y
X Falv =X

(UPD-NXT)

Updating a binding

Fig. 4. Operations on stacks




(EVAL-INT)

(EVAL-UNIT)

2+ nlI(n), () Yk empty | 0, (X)

YFa=v (EVAL-UNOP) X F t1(n), (2
Y Falv (X : X F unop t | I(Junop](n)), (X"

(EVAL-VAR)

Xkt dI(n1), () binop # A X' ot I(n2), (27)

EVAL-BINOP-INT
( ) Xty binop t2 | I([binop](n1,n2)), (X

Y Ft U]I(O),<El>
YFEti A t2U«H(O),<2/>

(EVAL-AND-FALSE)

Y F t1 U ]I(nl), <2/> ni ;ﬁ 0 2/ [ t2 U H(TLQ), <E”>

(EVAL-AND-TRUE) S F At SN e, ()

an integer n is read on standard input
Y F readInt | I(n), (%)

(EVAL-READINT)

a character of unicode n is read on standard input

(EVAL-READCHAR-SOME)
Y F readChar | I(n), (X)

standard input is closed
Y F readChar || I(—1),(X)

(EVAL-READCHAR-NONE)

Yo=Y VI<i<k:Zi1F Si=% Sk tlv{eX)
(EVAL-BLOCK)

2k {Si;.. ;8 t} Lo, (X

Fig. 5. Evaluation of expressions




Y FtIn),(Z)Y n#£0
Y r Ss=x" YY" b whilet S = %"

(EVAL-WHILE-TRUE) =
Y F whilet S = X

X+t 1(0), (%)
Y b whilet S =%’

(EVAL-WHILE-FALSE)

Y FtlIn),(EY n#A0 X F S =%
Y b if tthen S; else S = X"

(EVAL-IF-THEN)

X ty10),(2)y Xk Sy= 5

(EVAL-IF-ELSE) -
Y F if ¢t then S| else S = X

2 F tdv () Xk a—ov= 5"
YrFvara:T=t=2%"

(EVAL-VAR)

X Ftlu () ¥k oafv= X"
Y F seta=t=2%"

Xt (%)
Y F dot= %'

(EVAL-SET) (EVAL-DO)
X F tyI(n),(X) print n on standard output

(EVAL-PRINTINT) ;
Y b printInt(t) = X

Xty 1(n), (2
print character of unicode n on standard output

(EVAL-PRINTCHAR) ;
Y F printChar(t) = X

So=¢X% Vi<i<k:Xi1 F S =5%; 0, X =Xy
2 E S 5=

(EVAL-SEQ)

Fig. 6. Evaluation of statements




Class declaration D ::= class a extends s {d}
Super class s u=a |none
Member declaration d :=vala:T field declaration
| defa(@:T):T =t method definition
Term t,u ::= new a(t) instance creation
| t.a field selection
| t.a(t) method call
| ... as before
Values v = 0(id, o, m) object of identity id € N
(o represents the fields)
| ... as before
Methods m u=defa(@:T):T=t

Fig. 7. Adding Object layer to DREI

e 1 ifidy =1id
[==1(0(id1, 01,71), O(idz, 02, 72)) = H vy = 1tz
0 otherwise

[==1(n1),I(n2)) dof [==](n1,n2) (see before)
[ =[(v1, 02) < [([==](v1,v2))

Fig. 8. Comparison of values

Y F t0@d,o,m), (2 oje F a=v

EVAL-SELECT
( ) 2 F talv (X

X F tJ0(d,o,m), (Xo) def a(ar : T1,...,an :Tn): T=ueEm
Vlgi§n22i71 [ tillvi7<2i>
this — O(id, 0, ), a1 — V1,...,0n — Un;€e F ul v, (2

EVAL-CALL
( ) Xk talty,... te) v, (Zn)

2022 Vlgign:&,lktiUw,(Z‘i)
v = createObj(a){v1, ..., vn)

EVAL-NEW
( ) Y F newa(ti,...,tn) 4 v,(X0)

Y+ tl U Vi1, <2/> 2, [ tz U V2, <2N>
binop € {==,!=} n = [binop](v1,v2)

EVAL-EQNE
( QNEQ) X F t1 binop t2 | I(n), (27

Fig. 9. Evaluation of object layer




class a extends none {d} € D _id is a “fresh” integer
o = nitObj (0(id, €, €), {d), (v1,...vs))

createObj(a)(vi, ..., vn) ECIP)

CREATE-ROOT

class a extends b {d} € D

d contains exactly k field declarations k<n
= initObj teObj(b)(v1, ..., Vn_i), (d), (Vn_kt1,---,0n
crEATE.CHILD " j (createObj(b)(vs Un—k) <de>f (Vn—k+1 Un))

createObj(a)(vy,...,vn) = 0

Fig. 10. Creation of objects (with D as list of class declarations)

INIT-DONE

initObj (0(id, o, ), (€), (€)) = O(id, o, )

gie Fa—v=0'e o = initObj(0(id, o', m), (d), (T))

initObj(0(id, o,m), (val a : T;d), (v,7)) € o

INIT-FIELD

defa(@ :T): T =t ¢m
m =defa(@:T):T=tm = initObj (0(id, o, '), {d), (T
INIT-METHOD - ° a(@:T) m_ o= nitObj(0(id, o,m), (d), (v))

initObj(0(id, o, m), (def a(@: T): T = t;d), (1)) = o
m =, def a(@ : T') :
m =1, def a(@: T) : , 2
o = initObj(0(id, o,m"), (d), (D))
initObj (0(id, o, m), (def a(@: T) : T = t;d), (T)) = o

INIT-OVERRIDE

Fig. 11. Initialisation of objects




