Homework 1: CS 423, Fall 2007

Klara Nahrstedt/Sam King
Posted: September 28, 2007 

Deadline: October 5, Midnight, 

Delivery: Upload the HW1 to the Compass
Important: The homework effort is an Individual Effort. Any detected group effort will be punished according the class cheating policies.
Problem 1 (15 Points) : Threads

A./ Why would a thread ever voluntarily give up the CPU by calling thread_yield? After all, since there is no periodic clock interrupt, it may never get the CPU back. 

B./ Can a thread ever be preempted by a timer interrupt? If so, under what circumstances? If not, why not? 

C./ Consider comparing a single-threaded non-event-driven file server and a multi-threaded server when reading a file. For example, it takes 15 msec to get a request for work, dispatch it, and do the rest of the necessary processing, assuming that the data needed are in the block cache. If a disk operation is needed, as is the case one-third of time, an additional 75 msec is required, during which time the thread sleeps. How many requests/sec can the server handle if it is single threaded? If it is multi-threaded? 
Problem 2 (15 Points):  Synchronization 

A./ Consider synchronization within monitors using condition variables and two special operations, wait and signal. A more general form of synchronization would be to have a single primitive, waituntil that had an arbitrary Boolean predicate as parameter. For example, 

waituntil x<0 
The signal primitive would no longer be needed. This scheme is more general than the Mesa (or Hoare) monitor, but it is not used. Why not? 

B./ Consider a computer that does not have TSL (Test-and-Set) instruction, but does have an instruction to swap the contents of a register and a memory word in a single atomic (indivisible action). Can the swap instruction be used to implement a lock (i.e., lock instructions EnterLock() and ExitLock())?

Problem 3 (20 Points): Reader-Writer Problem

Consider the modification of the Reader/Writer Problem by considering the following scenario:  let us assume a single changing room in a department store. The changing room can be used by men or women. However, if a woman is inside of the changing room, only another woman can enter the changing room, and any man must wait for the changing room until no woman is inside of the changing room. The same applies for men. It means, if a man is inside of the changing room, only another man can enter the changing room, and women have to wait until all men leave the changing room. 

Write the pseudocode for the “woman” process and for the “man” process.  You can use monitors, semaphores, locks or any other synchronization primitives that we have covered in the class
Problem 4 (20 Points): CPU Scheduling 
A./ Can a measure of whether a process is likely to be CPU bound or I/O bound be determined by analyzing source code? How can this be determined at run time? 

B./ The aging algorithm with a = ½ is being used to predict run times. The previous runs, from the oldest to most recent, are 40, 20, 40, and 15 msec. What is the prediction of the next time? 

C./ A soft-real-time system has four periodic events with periods of 50, 100, 200 and 250 msec each. Assume that the four events require 35, 20, 10 and x msec of CPU time, respectively. What is the largest value of x for which the system is schedulable? 

Problem 5 (30 Points): Deadlock 
A./ Can a system be in a state that is neither deadlocked nor safe? If so, give an example. If not, prove that all states are either deadlocked or safe. 

B./ Consider a system that has p processes, each needing a maximum of m resources and a total of r resources available. What condition must hold to make the system deadlock free? 

C./ A computer has six tapes drivers, with n processes competing for them. Each process may need up to two tape drivers. For which values of n is the system deadlock free? 

D./  Consider the following way to handle deadlocks: When a process requests a resource, it specifies a time limit. If the process blocks because the resource is not available, a timer is started. If the time limit is exceeded, the process is released and allowed to run again. Does this approach eliminate deadlocks? Specify if yes or no and explain clearly your answer why ‘yes’ or ‘no’. 
