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T'heorem:. Conslider an arbitrary number of concurrent processes, each consisting

for what concerns synchronization in a strict alternation of P and V operations,

- starting with a P and ending with a V, on any of the n (n>0) semaphores

5,2 0Zi<n. If np is the number of processes having completed a P and not yet
completed the following V, then np<Y s0;, where sO, is the initial value of s;.

~ Corollary. If Y 50,=1, there is at most one process at a time inside the program

- part enclosed by a P and the following V.
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Theorem. Given an arbitrary number of concurrent processes of the “producer”
type defined by the program text: '
«[...P(s); PUT; V(r);...]
and an arbitrary number of concurrent processés of the “consumer” type defined
" by the program text: :
«[...P(); GET; V(s); ...,
where PUT and GET are arbitrary atomic actions, then:

—roécPUTY—GGETgso

holds, where sy and ry are the initial values of s and r, respectively.

O(-eaubllo-c-gg " P’E\ 33 r’f‘,ﬁ

Theorem. Given n proces&es def inezlv by the‘ prc;;gram text:

P(a); P(b); V(a); V(b) ,
and m processes defined by the program text: |

P(b); P(a); V(b); V(a)

with m+n>0, the computation is deadlock-free if the following. relation holds on
the initial values ay and by of a and b:

ay>0Abe>0nA(ay>nvby>m).

o H#L P, VAR (RBA/ AT BEABRA 4
EELE/ REART R s> nF e 22 fin s s
£+ cPUT - c GET +x,
Pleys Peess GET V(s

Vierr Py s PUTs Vi
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Theorem. If P’(t) and V'(t) are considered as indivisible actions, the following
relations are invariantly true:

CO: 0=t s+

Cl: cP+t=cV'+r,
C2: qP'=0vt=0

C3: qV'=0vt=s,+r1,.
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- P(s): P(m);
[s>0-s, p:=s—1,p+1
Os=0-gq:=q+1; V(m); P(2)
;-
V(m).
V(s): P(m);
[q=0-s, ri=s+1,r+1
0q>0-gq, p.r:=q—1,p+1,r+1; V(z); P(m)
1 -
V(m).
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