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P(sem)  
sem.value--; 
if  (sem.value >= 0) continue; else wait 

V(sem);  
sem.value++ 
if  (sem.value <= 0) wake waiting 

T
im

e
 

P(sem): sem--; if  (sem < 0)  wait; 
V(sem): sem++; if  (sem <= 0) wake; 

How to initialize sem? 
Value of  1 
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Private semaphores: no other process performs P() 

How to initialize private? 
Value of  0 

How to initialize private? 
Value of  0 

P(sem): sem--; if  (sem < 0)  wait 
V(sem): sem++; if  (sem <= 0) wake; 

T
im

e
 

Scenario: Producer ran in past and placed element on queue 
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How to initialize private? 
Value of  0 

P(sem): sem--; if  (sem < 0)  wait 
V(sem): sem++; if  (sem <= 0) wake; 

T
im

e
 

Level Component Resulting Abstraction 

0 clock interrupt Virtualized CPUs 

1 segment controller Virtualized Memory 

2 msg interpreter Virtualized Console 

3 buffering of  I/O Virtualized I/O Devices 

4 apps 

5 operator 

Pros? 
 Ease of  construction (layer i  can use all abstractions < i) 
 Simplifies testing (ensure layer i is correct, then test i+1) 
 Simplifies reasoning (with ordering, no cycles and no deadlock) 

Cons? 
 Can add overhead 
 Cannot use layers above (e.g., segment controller and I/O buffering 
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B A 
send 

receive 

D 

A 
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A 

D 

A client 

server 

Replace with: 

FS client 
server 
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Why is this better than “read(local_buffer)”? 

Why is the buf_id known for responses?  Why is this useful? (Two reasons) 
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Why is it useful to have a separate “result” from “answer”? 

S 

A B 

W X Y Z 

B can swap Y and Z: 
stop(Y); 
output(Y); 
input(C); 
start(C); 

Drawbacks to using this approach? 
 Many context switches required across/down tree 
 IPC can be expensive 
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A B 

W X Y Z 
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How are Unix shells implemented? 

while (1) {!
!Char *cmd = getcmd();!
!Int retval = fork();!
!If (retval == 0) {!
! !// This is the child process!
! !// Setup the child’s process environment here!
! !// E.g., where is standard I/O, how to handle signals?!
! !exec(cmd);!
! !// exec does not return if it succeeds!
! !printf(“ERROR: Could not execute %s\n”, cmd);!
! !exit(1);!
!} else {!

  // This is the parent process; Wait for child to finish!
! !int pid = retval;!
! !wait(pid);!
!}!

}!


