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Feluri de a da semantica

@ Limbaj de programare: sintaxa si semantica

@ Feluri de semantica
e Limbaj natural — descriere textuala a efectelor

Operationala — asocierea unei demonstratii a executiei

e Axiomatica — Descrierea folosind logica a efectelor unei instructiuni

Denotationala — prin asocierea unui obiect matematic (denotatie)

Statica — Asocierea unui sistem de tipuri care exclude programe
eronate
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Limbajul IMP

IMP este un limbaj IMPerativ foarte simplu.

Ce contine
@ Expresii
e Aritmetice
e Booleene
@ Blocuri de instructiuni

e De atribuire
e Conditionale
e De ciclare

x = 10;

sum := 0;

while (0 <= x) do (
sum ;= sum + X;
X =X+ -1

)

Ce nu contine
@ Expresii cu efecte laterale
@ Proceduri si functii
@ Schimbari abrupte de control
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Sintaxa formala
Sintaxa BNF a limbajului IMP

E:=Z | L

| E+E| E-E| E*E
B ::= true | false

| EXE| E=E

| -B| BAB| BvB
C ::= skip

| C; C

| L:= E

| if B then Celse C

| while Bdo C

| CC)
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Semantica operationala

Plan

@ Instrumente de lucru

e Sintaxa, memorie, configuratii
o Reguli de deductie si arbori de derivare

@ Semantica evaluarii
e semantica naturald, intr-un pas mare (big-step)

@ Semantica tranzitionala
e Semantica operationala structurala, a pasilor mici (small-step)
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Starea executiei

Fie L multimea locatiilor de memorie. Starea executiei unui program IMP la
un moment dat este data de valorile detinute Tn acel moment de locatiile de
memorie. Matematic: o functie o : L — Int.

Notatii
@ Descrierea functiei prin enumerare: o = n+— 10,sum — 0
Conventie: toate valorile neenumerate sunt 0.

@ Functia nuld 0, va intoarce 0 pentru orice locatie.
@ Suprascrierea valorii unei variabile:

_ [ o(y),dacay # x
0‘x»—>v(}/)_{ Vv, dacész
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Semantica Evaluarii

Introdusa in 1987 de Gilles Kahn sub numele de ,semantica naturala”

Denumiri alternative: ,semantica relationald”, ,semantica big-step
Relationeaza fragmente de program intr-o stare cu valoarea
corespunzatoare evaluarii lor in acea stare

e Expresiile aritmetice se evalueaza la intregi: (a, o) || (i)

o Expresiile Booleene se evalueaza la true/false: (b,o) | (t)

e Instructiunile se evalueaza la stari: (s,o) || (o)

Valoarea este obtinuta intr-un singur pas (mare)

Reguli structurale, avand ca premize secventi corespunzatori
subtermenilor
Exemple

@ 3+ x,(x—>5y—7))(8)

@ (x:=3+y,(x=5y—=7)lx—10,y—7)
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Semantica Evaluarii a lui IMP

Expresii aritmetice

(Num) (i, o) U <i)
(o) {x,0) | (i) dacai= o(x)

(31 o) | (i) (@2,0) | (i2)

@ tao) () =k

(a1 o) | (i) (@2,0) | (i2)

<a1 — a2, O‘) U (I) dacai= i1 —Int i2

(31 o) | (i) (a2,0) | (i2)

dacai =iy %t i
(ar = a, oy I (D) 1 it 2
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Semantica Evaluarii a lui IMP

Operatori de comparare

(a1, 0) | (i) {(az,0) | (i)

(a1 < ap,0) | (true) daca iy <ipt iz

(Lea-TruE)

(a1,0) | i) (@,0) | (ip)

(a1 < ap,0) | (false) daca iy >ipt 2

(Lea-FaLsE)

(a1, 0) U () (az,0) U (i)

(a1 = ap, 0) | (true)

(Ea-TruE)

(a1, 0) U (i) (@, ) | (i)

(a1 = a», o) | (false)

(Eq-FaLsk) daca iy #nt Io
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Semantica Evaluarii a lui IMP

Operatori logici

(BooL) (t, 0') U <t>

(b, o) | (false) (b,o) | (true)
(NorTrue) (—|b,0'> 1 (true) (NorFaLsE) <_|b’0_> U (false)

(b1,0) | (true) (bs,o) J (t)
(b1 A b2, o) | (1)

(by,0) | (false)
(Ano-Fase) 75 A by, o) | (false)

(AND-TRUE)

(by,0) | (true)
) b1 V by, oy | (frue)

) (by,0) | (falsey (bs,o) | (t)
(by V bo, o) I (t)

(OR-True

(OR-FaLse

10/28



Semantica Evaluarii a lui IMP

Instructiuni simple

(S«ip) (skip, 0') U <0’>

(a,a0) i)
(x:=a,0) (")

(AseN) dacd o’ = O xi—i

) st o) U’y (s2,0") U (")

(s1; s2,0) I (o)

(s,0) U ()
(Broo) T8y, 0y U (o)
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Semantica Evaluarii a lui IMP

Blocuri si instructiuni de ciclare

ey o b:) L (true) (b U (ory)
(if b then bli else blo, o) | (o1)

ey D20 U (false) (blo.c) U (o)
(if b then bly else bly,0) || (02)

(b,o) || (true) (bl,o) | {(¢’) (while b do bl,c’) || (o)
(while b do bl,o) | (")

(WHILE-TRUE)

(b, o) | (false)
(WHiLE-FaLsE) (while b do bl,o) | (o)
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Semantica Evaluarii a lui IMP

Arbori de derivare

(Sea

) (@a:=3;a:=a+4,00) ("
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Semantica Evaluarii a lui IMP

Arbori de derivare

(Asen) @:=3.000) (AsaN) (a:=a+4,7 |

(Seq) (a:=3;a:=a+4,0)] (7
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Semantica Evaluarii a lui IMP

Arbori de derivare

(Nuw) (3,0) U (3)

(Sea) (hsan) 323,00 i@~ 3y ™™ ai=a+4.a . 3 (@am—77)
(a:=3;a:=a+4,0)](@a—77?)
(Aop) >
(Ason) (a+4,a-3) 77

(a:=a+4,a— 3) J(@amH??)
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Semantica Evaluarii a lui IMP

Arbori de derivare

(Asan) (Nuw) €3.0) U (3) (Asan)
(a :=3,0) ] (a+— 3) (a:=a+4,a>3)[J{a—7)

(a:=3;a:=a+4,0)a—7)

(Sea)

(Ao0) (b) {(a,ar> 3) | (3) (Num) (4,a+— 3) | (4)
(a+4,a-3) U7

(a:=a+4,a>3) a7

(AsaN)
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Semantica Tranzitionala

@ Introdusa de Gordon Plotkin (1981) ca Semantica Operationala

Structurala

@ Denumiri alternative: ,semantica prin tranzitii”, ,semantica prin
reducere”

@ Defineste cel mai mic pas de executie ca o relatie ,de tranzitie” intre
configuratii:

(Cod, Stare) — (Cod’, Stare’)

@ Fiecare pas de executie este concluzia unei demonstratii
@ Executia se obtine ca o succesiune de astfel de tranzitii:

(x:=0; x:=x+1,00—> (skip; x :i=x+1, x> 0)—>
Xi=x+1, x> 0>(x:=0+1,x—>0)—>
(x :=1,x > 0)— (skip,x — 1)
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Redex. Reguli structurale. Axiome

Expresie reductibila — redex

Reprezinta fragmentul de sintaxa care va fi modificat la urmatorul pas.
if0<5+7*xthenr:=1else r:=0

Reguli structurale — Folosesc la identificarea urmatorului redex
@ Definite recursiv pe structura termenilor

Axiome — Realizeaza pasul computational
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Redex. Reguli structurale. Axiome

Expresie reductibila — redex

Reprezinta fragmentul de sintaxa care va fi modificat la urmatorul pas.
if0<5+7*xthenr:=1else r:=0

Reguli structurale — Folosesc la identificarea urmatorului redex
@ Definite recursiv pe structura termenilor
(b,o)— (b’,0)
(if b then bly else bly,o)— (if b’ then bly else bls, o)

Axiome — Realizeaza pasul computational

(if true then bly else bls, o) — {(bly, o)
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Semantica SOS a lui IMP

Expresii aritmetice

@ Unintreg este valoare — nu poate fi redex, deci nu avem regula
(Ib) {X,0)— (i,o) dacdi= o(x)
@ Ordine nespecificata de evaluare a argumentelor la adunare:

(a,0) > (aj,0) (@, 0)— (@}, o)
(a1 + ap,0)— (@) + az,0) (a1 + ap, 0y — (a1 + a;,0)

(Aop) (it + io, o) > (i,o) dacdi= iy + o

@ Regulile pentru inmultire (Mut) sunt la fel
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Semantica SOS a lui IMP

Expresii Booleene. Constante si operatorii de comparatie.

@ Constantele Booleene sunt valori — nu pot fi redex

(a1, 0)— (aj, o) (a2, 0) — (ay,0)
(a1 < ap,0)— (a) < a,0) (a1 < ap,0)— (a1 < a;,0)

(Lea-rase) (i < o, 07y — (false,o) dacd iy > io

(Lea-true) (iq < ip,07) — (true, o) dacd iy < io

@ Regulile pentru egalitate (Ea) sunt la fel
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Semantica SOS a lui IMP

Expresii Booleene. Negatia logica

(b,o) > (b',0)
(=b, o) — (=b", o)

(Nee-true) (= true,o)— (false,o)

(NEQ-FALSE) (- false,o)— (true, o)
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Semantica SOS a lui IMP

Expresii Booleene. Si-ul logic

@ Observati ca evaluarea e scurtcircuitata

(b1,0) = (b, o)
(b1 A bo, o)y —> <b1, A bo, o)

(Ano-ruse) (false A bo,0) — (false, o)

(Ano-true) (true A bo, o) — (bo, o)
@ Regulile pentru disjunctie (Or) sunt asemanatoare
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Semantica SOS a lui IMP

Blocuri

@ Instructiunea skip este ,valoarea” blocurilor si instructiunilor

@ Blocurile evalueaza pas cu pas instructiunile ce le contin

(s,0)— (8',0")
((s),0)—=((s"),0")

(Brock) {(skip),o)— (skip, o)
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Semantica SOS a lui IMP

Compunerea secventiala

(sy,0)— (s}, 0")
(s1; S2,0)— (8] ; S2,07)

(Sea) (skip; Sp,0)— (S2,0)
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Semantica SOS a lui IMP

Atribuirea

(a,0)— (d',0)
(X:=a,oc)—> {(x:=a,0)

(Asen) (X :=i,0)— (skip,o”’) dacd o’ = oy;
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Semantica SOS a lui IMP

Conditional

(b,o)—> (b, o)

(if b then bl{ else bly,oY— (if b’ then bly else bls, o)

(lr-tue) (if true then bly else blo, o) — (bly, o)

(I-rase) (if false then bly else bls, o) — (bls, o)
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Semantica SOS a lui IMP

Instructiunea de ciclare

(Whie) (while b do bl,o0) —
(if b then( bl ; while b do bl )else skip, o)
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Semantica SOS a lui IMP

Demonstrarea unui pas. Executie.

@ Fiecare pas de deductie este 0 demonstratie liniara alcatuita din mai
multe reguli structurale si avand la véarf o axioma

@ Executia este o succesiune de astfel de stari
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Semantica SOS a lui IMP

Executie pas cu pas

Wi
(whileO<idoi:=i+—-4,i 3) e
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Semantica SOS a lui IMP

Executie pas cu pas

Wi
(while 0 <idoi:=i+—4,irs 3) e

(if0<ithen (i:=i+-4; i 3) >
whileO<idoi:=i+-4
) else skip
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Semantica SOS a lui IMP

Executie pas cu pas

(whileO<idoi:=i+-4,i— 3)

(ifO0<ithen (i:=i+-4; ,i—> 3)
whileO<idoij:=i+ -4
) else skip

(if0<3then (i:=i+-4; ,i— 3)

whileO<idoij:=i+ -4
) else skip

WHILE
—_—

LEQ-TRUE
_
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Semantica SOS a lui IMP

Executie pas cu pas

(whileO<idoi:=i+-4,i— 3)

(ifO0<ithen (i:=i+-4; ,i—>3)
whileO<idoij:=i+ -4
) else skip
(if0<3then (i:=i+-4; ,i— 3)
whileO<idoij:=i+ -4
) else skip
(if (true) (i:=i+ -4 i 3)

whileO<ijdoi:=i+—-4
) else skip

WHILE
—_—

LEQ-TRUE
_—

IF-TRUE
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Semantica SOS a lui IMP

Executie pas cu pas
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) else skip
(if0<3then (i:=i+-4; ,i— 3)
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) else skip
(if (true) (i:=i+ -4 i 3)
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) else skip
(Ci:=i+-4 ;whileO<idoi:=i+-4),i— 3)

WHILE
—_—

LEQ-TRUE
_

IF-TRUE
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Semantica SOS a lui IMP
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Al
(Ci:=3+-4;whileO<idoi:=i+—4),ir 3) e,

A
(Ci:=-1;whileO<idoi:=i+—-4),ir 3) =
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Semantica SOS a lui IMP

Executie pas cu pas

(Ci:=3+-4 ;whileO<idoj:=i+-4),i— 3)
(Ci:=-1;whileO0<idoi:=i+-4),i— 3)
((skip;whileO<idoi:=i+-4),i —1)

App
AsaN

SEa
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Semantica SOS a lui IMP

Executie pas cu pas

(Ci:=3+-4 ;whileO<idoj:=i+-4),i— 3)
(Ci:=-1;whileO0<idoi:=i+-4),i— 3)
((skip;whileO<idoi:=i+-4),i —1)
((whileO<idoi:=i+-4),i> —-1)

App

AsaN

SEa

WHILE
e
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Semantica SOS a lui IMP

Executie pas cu pas

(Ci:=3+-4 ;whileO<idoj:=i+-4),i— 3)

(Ci:=-1;whileO0<idoi:=i+-4),i— 3)

((skip;whileO<idoi:=i+-4),i —1)

((while O <idoi:=i+-4),i— —1)
(CifO0<ithen (i:=ji+-4;

whileO<idoi:=i+

) else skip)

—4

,i =1)

App

AsaN

SEa

WHILE
—_—
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Semantica SOS a lui IMP

Executie pas cu pas

(Ci:=3+-4 ;whileO<idoj:=i+-4),i— 3)

(Ci:=-1;whileO0<idoi:=i+-4),i— 3)
((skip;whileO<idoi:=i+-4),i —1)
((whileO<idoi:=i+-4),i> —-1)

((if0<ithen (i:=i+-4; i =1)

whileO0<ijdoi:=i+—-4
) else skip)
((if0<—1then (i:=i+-4;
whileO<idoi:=i+-4
) else skip)

i 1)

App
AsaN
SEa

WHILE
—_—

LEQ-FALSE
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Semantica SOS a lui IMP

Executie pas cu pas

I-
((if falsethen (i:=i+-4; i —1) F-FALSE

whileO<idoi:=i+—-4
) else skip)
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Semantica SOS a lui IMP

Executie pas cu pas

I-
((if falsethen (i:=i+-4; i —1) F-FALSE

whileO<idoi:=i+—-4
) else skip)

Brock
_—_

((skip),ir —1)
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Semantica SOS a lui IMP

Executie pas cu pas

I-
((if falsethen (i:=i+-4; i —1) F-FALSE

whileO<idoi:=i+—-4
) else skip)

Brock
_—_

((skip),i+ —1)
(skip,i+ —1)
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