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typedef int semaphore; typedef int semaphore;
semaphore resource31; semaphore resource31;

semaphore resource32;

void process3A(void) { void process3A(void) {
down(&resource 31); down(&resource 31);
use3resource31( ); down(&resource 32);
up(&resource31); use3both3resources( );

} up(&resource32);
up(&resource31);

}
(a) (b)

Fig. 3-1. Using a semaphore to protect resources. (a) One resource.
(b) Two resources.



typedef int semaphore;
semaphore resource31; semaphore resource31;
semaphore resource32; semaphore resource32;

void process3A(void) { void process3A(void) {
down(&resource 31); down(&resource 31);
down(&resource 32); down(&resource 32);
use3both3resources( ); use3both3resources( );
up(&resource32); up(&resource32);
up(&resource31); up(&resource31);

} }

void process3B(void) { void process3B(void) {
down(&resource 31); down(&resource 32);
down(&resource 32); down(&resource 31);
use3both3resources( ); use3both3resources( );
up(&resource32); up(&resource31);
up(&resource31); up(&resource32);

} }

(a) (b)

Fig. 3-2. (a) Deadlock-free code. (b) Code with a potential
deadlock.
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Fig. 3-3. Resource allocation graphs. (a) Holding a resource.
(b) Requesting a resource. (c) Deadlock.
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Fig. 3-4. An example of how deadlock occurs and how it can be
avoided.
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Fig. 3-5. (a) A resource graph. (b) A cycle extracted from (a).
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Fig. 3-6. The four data structures needed by the deadlock detection
algorithm.
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Fig. 3-7. An example for the deadlock detection algorithm.
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Fig. 3-8. Two process resource trajectories.
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Fig. 3-9. Demonstration that the state in (a) is safe.
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Fig. 3-10. Demonstration that the state in (b) is not safe.
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Fig. 3-11. Three resource allocation states: (a) Safe. (b) Safe.
(c) Unsafe.
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Fig. 3-12. The banker’s algorithm with multiple resources.
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Fig. 3-13. (a) Numerically ordered resources. (b) A resource
graph.
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Fig. 3-14. Summary of approaches to deadlock prevention.


