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if fork [(i-1) mod 5] = 2 ->
_signal (ok_to_eat [(i-1) mod 5] )

fi
_proc_end

_monitor_end

resource main ( )
import fork_monitor

process philosopher (i:= 1 to 5)
do true ->

Think ( )
fork_monitor.take_fork (i)
Eat ( )
fork_monitor.release_fork (i)

od
end

end

Theorem Solution doesn’ t deadlock.

Proof: Let #E be the number of philosophers who are
eating, and have therefore taken both forks. Then the
following invariants are true from the program.
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Deadlock implies #E=0 and all philosophers are
enqueued on ok_to_eat. If they are all enqueued then
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the first equation implies [ ]fork i∑ ≤ 5 and if no

philosopher is eating, then the second equation implies
[ ]fork i∑ = 10. The contradiction implies that the

solution does not deadlock.

However, individual starvation can occur. How?
What is the solution?

The Sleeping Barber Problem

This is a generalisation of rendezvous
synchronisation in client/server architectures.

Problem A small barber shop has two doors, an
entrance and an exit. Inside is a barber who spends all his
life serving customers, one at a time. When there are
none in the shop, he sleeps in his chair. If a customer
arrives and finds the barber asleep he awakens the
barber, sits in the customer’s chair and sleeps while his
hair is being cut. If a customer arrives and the barber is
busy cutting hair, the customer goes asleep in one of the
two waiting chairs. When the barber finishes cutting a
customer’s hair, he awakens the customer and holds the
exit door open for him. If there are any waiting
customers, he awakens one and waits for the customer to
sit in the customer chair, otherwise he goes to sleep.
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The barber and customers are interacting processes,
and the barber shop is the monitor in which they react.

_monitor (barber_shop)
op get_haircut ( ), get_next_customer ( )
op finish_cut ( )

_body (barber_shop)
var barber:int := 0, chair:int := 0, open:int := 0
_condvar (barber_available) # when barber > 0
_condvar (chair_occupied) # when chair > 0
_condvar (door_open) # when open > 0
_condvar (customer_left) # when open = 0

# called by customer
_proc (get_haircut ( ))

do barber = 0 -> _wait (barber_available) od
barber := barber -1
chair := chair + 1
_signal (chair_occupied)
do open = 0 -> _wait (door_open) od

waiting
customer

waiting
customer

customer

barber

entrance

exit
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open := open - 1
_signal (customer_left)

_proc_end

# called by barber
_proc (get_next_customer ( ))

barber : barber + 1
_signal (barber_available)
do chair = 0 -> _wait (chair_occupied) od
chair := chair - 1

_proc_end

#called by barber
_proc (finished_cut ( ))

open := open + 1
_signal (door_open)
do open > 0 -> _wait (customer_left) od

_proc_end

_monitor_end

In general, when many different processes have to
rendezvous, the solution technique is to use a monitor to
create an “environment”  in which the processes can
rendezvous.




