Floyd — Hoare logic (deterministic sequential programs)

The Assignment Axiom

|- {P[E/V]} V:=E {P}
V —any variable, E — any expression, P — any statement, P[E/V] — result of
substituting E for all occurrences of the variables V in the statement P

The derived Assignment Rule

|- P = Q[E/V]
- {P} V:=E {Q}
Precondition strengthening
|-P =P, |- {P} C {Q}
- {P} C{Q}
Postcondition weakening
l-{P} C{Q} -Q'=Q,
- {P} C{Q}
Specification conjunction
|- {P:} C {Q:}. |- {P2} C {Q>},
|- {P1A P2} C{Q2A Q2}
Specification disjunction
|-{P:} C {Q:}, |- {P2} C {Qo},
|- {P1v P2} C{Q:v Q2}
The sequencing rule
|- {P} C, {R}, |- {R} C, {Q},

- {P} C1; C2{Q}

The derived sequencing rule
|- P= Pl
- {P1} C1{Q1}, |- Q=P
- {P2} C2{Q2}, |- Q2= Ps

E{P.} Ca{O}. [ 0,=0
|- {P} Cs; ...; Co{Q},

The derived SKIP rule
- P=Q
|- {P} sk1P{Q}

The block rule
l-{P} C {Q}
|- {P} BEGIN VAR Vj;...;V,; CEND {Q}
where none of the variables Vy; ... ;V, occurin P or Q




The derived block rule
|- P= P]_
|- {P1} C1 {Qu}, l-Q1=P;
|- {P2} C2 {Q2}, |- Q2= Ps3

|- {PQ} Cg_{gn}, - Qn =0
|-{P} BEGIN VARVj;...;VAR V,;Cy;...; C,END {Q}

where none of the variables Vy; ... ;V, occurin P or Q

The conditional (IF) rules

l-{P A S} C {Q} - PA=S=0
|- {P} IFSTHIN C {Q}
|- {P A S} C; {Q}, |- {P A~ S} C, {O}

- {P} IFS THEN C, ELSE C,{Q}

The (simple) WHILE -rule
l-{R A S} C {R}
|-{R} WHIESD0 C{R A~ S}

The derived WHILE rule
- P=>R l-{R AS}C {R} FRA=S=0
|-{P}WHILE S D0C {Q}

The (simple) FOR -rule
-{P A (E1<V) A (VL<E)}C{P[V+1/V]}
|-{P[E1/V]} A (E1 <E2)} FORV := E; UNTIL E; DO C {P[E, +1/ V]}

The FOR -axiom
|-{P A (E2<E;) RV := E; UNTIL E, D0 C {P}

The extended FOR—rule (annotated case)
|- P = R[E1/V] |- R[E2+1/V] = Q - PA(E2<E1)=Q
F{RA(E1<V) A (VLE)} C{R[V+1/V]}

- {P} FORV := E, UNTIL E, D0 {R}C {Q}

The REPEAT rule (with derivation)
- R=inv__ |-{invAa=S}C{inv} |- invAS=0Q
|- {P}C {R} |- {R}WHIE-S DOC {Q}
|-{P} C; WHILE—-S DOC {Q}
|- {P} REPEAT C UNTLS {Q}




The array axioms
|- A{ E1 < Ez} (El) = E2

Eli E3 = |- A{ E1 «— Ez} (E3) = A(E3)

The array assignment axiom
|- {P[A{ E1 <~ E2}/A]} A(E1) := B2 {P}

A{ E; <« E,}- array identical to A , exept that A(E;) = E»}

The array assignment rule

|- P = {Q[A{ E; « E,¥/A]}
I-{P} A(Ey) :=E2 {Q}

A{ E1 « E,}- array identical to A , exept that A(E;) = E»}




Non-deterministic sequential programs

Non-deterministic choice
|- Vie{l.....n}: {P} Si{Q},
- {P}if 0" Si fi {Q}

Non-deterministic if
|- Vie{l,....n}: {P A bi}Si{Q}
|- {P}if O0"iz1 by = S; fi {Q}

Non-deterministic do-cycle with explicit exit-condition
|- {1} Sg{I}. |- {1}Se{Q}
|- {1}do Sg 1 Sg; exit od {Q}

I- invariant

Non-deterministic do-cycle

FP=1 | Vi=ln:{lA b}Sj{l} - (I Aiz1n—b) = Q
- {P}do {1} *[O"izbi > Si1{Q}

| -invariant




Paralle programs with shared variables

SVL parallel composition

A |-{P1}S1 {Q1} Ax|-{P2} S, {Q} |IP=P1AP; |FQ1AQ,=0Q IFPO(S,]|Sy)
|- {P}{P1} S1{Q1} I {P2} S2{Q2}] {Q}

Interference free proof outline (IFPO)

LetSy || Sz .

For each pair of annotated assignments {P1} Vi:=E; {Q1} and {P1} V2:=E, {Q2}
where {P1} V1:=E; {Q1} € A(S1) and {P2} V2:=E, {Q2}< A(S,), interference test
consists of 4 proof obligations (where A(S) denotes annotated program S):

1. S; does not violate the local precondition P, of S;:
{P1A P2} Vi:=E1 {P2}

2. S; does not violate the local postcondition Q; of S;:
{P1A Q2} V1= E1 {Q2}

3. S, does not violate the local precondition P; of S;:
{P2A P} Vii=Ei {P1}

4. S, does not violate the local postcondition Q; of S;:

{P2A Q1} Vi:=E; {Qu}




Parallel programs with message passing

DML parallel composition

Al |- {Pl}Sl{Ql} Ag |- {Pg} Sg {Qg} P= Pl AN Pg Ql A Qg =0 COOD(A; Ag)
|- {P}{P1} S1{Qu} Il {P2}S2{Q:}1{Q}

DML non-deterministic choice
vi=1 1. Ai|-{P}Si {Q},
Al-{P} [O'i1S] {Q} A=ger Uizt A

Cooperation test Coop(A; A): establishes the validity of sets of axioms A; and A;
about the communication correctness:
Assuming
- there is a matching pair of communication operations over channel C, i.e.
C! E and C?v where E is an expression and v is a variable,
- the matching pair has local pre- and post-conditions
Si: .. {P}CIE{Q}.... and
Sit ... {P"}Cv{Q"}...
respectively,
then the test Coop() for this pair means proving the validity of tripple
[-{P"AP"}vi=E{Q"AQ"}. *)
When the tripple (*) is proved correct then {P'} C!E {Q"} and {P"} C?v {Q"} are
treated respectively as axioms a'x € Aj and @ € A; in the local proofs of processes S;
and S; where these tripples occur.




