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Pamnas in a recent paper [1] proposes a solution
for Patil’s Cigarette Smokers’ Problem (CSP) without
using conditional branches. By using semaphore arrays
and performing arithmetic operations on the indices
of these arrays he obtains the effect of the generalized
primitives of Patil. (This method has been further gen-
eralized in [2] which gives procedures for realizing

conflict free Petri nets without conditional statements.)

In this paper we present two alternate solutions which
do not use conditional branches and are conéeptually
different from that of Parnas. The first solution (see
Appendix), uses a primitive called FORK which cre-
ates independent subprocesses whereas the second
employs primitive D which decreases its argument by
1 and hence is very similar to the conventional ¥
primitive. In the third solution (see Appendix), we
introduce a primitive which tests the value of a sema-
phore.

FORK is used as follows. Consider

A. FORK(41, 42)
: A2: ...,

gotoA

Process A4 creates independent subprocesses 41 and
A2. When a go to A4 statement is encountered in one
of the subprocesses, control of the whole process is
transferred to 4 regardless of the status of the other
subprocess. Implementation of FORK involves chang-
ing the instruction counters of the subprocesses ap-
propriately when go to statements are encountered.
Solution 1 is based on a Petri net representation of
the 2 out of 3 net (fig. 1). Counting each subprocess
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as a process we see Solution 1 has only five processes
whereas Parnas’s solution has six (not counting over-
flow preventing processes). :

Solution 2 (see Appendix), uses D(S) which de-
creases semaphore S by 1 and so is as simple to im-
plement as V. The solution works as follows. Let
semaphores  and b become 1. Then process AB pro-
ceeds and decrements semaphores y and z and incre-
ments x by 1. BC and CA are blocked at second and
first statements respectively. Once x becomes 1, PAB
starts and performs the required “smoking™ operation.
After the completion of the operation, cl and ¢2 are
incremented by 1 so that BC and CA can proceed.
Though BC and C4 increment y and z respectively
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Fig. 1. Petri net representation of a 2 out of 3 net on which
the first solution is based. Double circles represent shared
plces.
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they do not become 1 because AB decremented them
pefore. When ab, bc and ca are incremented to 1, x,
yand z will have values of —2, -1 and —1 respective-
ly. PAB increments and makes all of them zero* It
then signals to the agent completion of the “smoking”
operation by performing V(Z). Note y and z never
pecome 1 to enable PBC and PCA.

In the third solution we use the primitive
TR i) {S1:52; ...; Sn} which when executed has
the following effect. If the value of semaphore s and
integer i satisfy relation R, statement sequence S1,
§2, ..., Sn is executed; otherwise control is transferred
to the next statement which occurs after 7(s R i)
{$1;82;...; 8n }. To implement the primitive the val-
ue of the semaphore is transferred to a central register
and tested whether it satisfies the relation. If the rela-
tion holds all the statements within the braces are
executed. (Thus the value of the semaphore is irrele-
vant after it has been transferred to the central regis-
ter.) It is possible to eliminate processes 4, B and C
is Solution 3 by suitably modifying the agent.

Operation T can be used sometimes to eliminate
“busy waiting” (e.g., consider a processor executing
theﬂ?‘rogram:

A:Ts1=0) {go to B}
1)
V1)

B:T(s2=0) {go to C}
As2)

By using T one avoids the situation where a processor

is tied up waiting for s1 or 52 to become 1 and in-

Creases processor utilization). The operation of testing

the value of a semaphore for zero can also be used to

solve the synchronization problems posed by Kosaraju

3] who shows that they cannot be handled by P and
primitives.

It should be noted that Solutions 1 and 2 do not
Use conditional statements but Solution 3uses T
“{hiCh is essentially a conditional. Reduction of con-
ditionals in 5 program may be advantageous in a com-
Puter system with instruction look ahead circuitry.

. We conclude the paper by noting that D primitive
Indeed adds power to semaphores and semaphore ar-
13ys. Kosaraju [3] proves the following: Let there be
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two consumers C1, C2, two buffers B1, B2 and two
producers P1, P2. Pi produces an item and deposits

in Bi: Ci consumes items from Bi one at a time. It is
illegal to consume an empty buffer. Cl and C2 cannot
consume simultaneously and C1 has priority over C2.
(Thus C2 consumes only when B1 is empty.) Then

(1) It is not possible to solve the above synchroni-
zation problem using only semaphores and P and V'
primitives.

(2) It is not possible to solve the above problem
using only a finite, bounded number of semaphores
and semaphore arrays, P and V primitives and opera-
tions on array indices. It is assumed that a table speci-
fies the effect of each operation on the array indices.

Thus in both instances it is not permissible to use
integer variables and conditionals. Solution K shows
that using only P, ¥, D and semaphores the above
problem can be solved.
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Appendix

ry: P(s) ryt P(s) rp: P(s)
V(b) V() V()
V() Vi) Vib)
gotor, gotor, gotor,

By POX) By: P(Y) 8, P(Z)
V(s) Vis) V(s)
goto g, go to By gotog,

Initially s = 1 anda, b, ¢, X, Y and Z = 0.

Solution 1:

semaphore a1, a2, b1, b2, cl, c2, P» q, r (all initially 0) sema-
phore re (initially 0)
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a. P(a)
Vi@al)
V(a2)

FORK(al, a2)

al: P@al) a2: P(a2)

V(r)
P(c2)
P(r)
P(p)
Plcl)

762

gotoa

Solution 2:

semaphore al, a2, b1,b2,x, y, z, ab, be, ca (all initially 0)

A Pa)
V(al)
V(a2)
gotoAd

AB:  P(al)
P(b2)
D(y)
D(z)
Vi(x)
V(ab)
go to AB

PAB: P(x)

Vicl)
V(c2)
P(ab)
P(bc)
P(ca)
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B: P(b) v: Ple)

V1) Vicl)
V(b2) V(c2)
FORK(s1, 82)
B1: P(re) B2: P(b2)

Vi) : 40)]

Pb1) (z) P(cl)

Pp) gotog Plg)

P(r) P(b1)

Pq) P(c2)

Vire) .

gotoa Vx)

gotog

B:

BC:

PBC:

P(b)
Vb1)
Vb2)
goto B

P(b1)
P(c2)
D(x)
D(z)
V()
V(be)

go to BC

P(y)

V(al)
V(a2)
P(ab)
P(be)
P(ca)

C:

CA:

PCA:

gotoy

P(c)
V(cl1)
V(c2)
gotoC

Pcl)
P@2)
D(x)
D)
V()
V(ca)

go to CA4

P(z)

Vibl)
V(b2)
P(ab)
P(bc)
Plca)
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Vix) V()

V(x) V(y)

V() V(x)

V(z) V(z)

V(Z) 1 40.¢]

go to PAB go to PBC
Solution 3:

semaphore 21, b1, c1, S (all initially 0)

A P(a) B: P(b) C:
Vial) 4(2))
Ves) V(S)
goto A gotoB
ABC: P(S)
P(S)

Tl = 0) {..;Pb1); Ple1); V(X);
T(b1=0) {..;Pal); Pc1); V(1):
T(c1 = 0) {..; P@1); PB1); V(Z);

Solution K :

semaphore p1, p2, b1, b2 (all initially 0)
semaphore b, 7 (all initially 1)
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V(z)
Vz)
Vix)
Viy)
408
go to PCA

P(c)
Vicl)
¥(S)
gotoC

g0 to ABC}
go toABC}
go to ABC}

Pl APl P2 C:PpPp2)
D) V2)
Vibi) gotoC
gotoA

Cl B P1) C2 D Pb2)
P(r) P(b)
. P(r)
Vr) .
Vib) Vir)
goto B V)

gotoD



