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1.
Throughout the term we have looked at various ways to use p processors to quickly and efficiently find the largest element in a list A[0…N–1].  Regarding efficiency, we have sometimes focused on Cost Efficiency and other times on Work Efficiency.  One of the early algorithms we looked at was based on binary tree reduction. Eventually, we studied Brent’s Scheduling and determined the optimal number of processors to use in binary tree reduction.

1
a.)
What should p be according to Brent’s Scheduling?  




4
b.)
Present a detailed analysis that shows that Brent’s Scheduling provides us with the correct number of processors needed to be fast (O(lg N)) and cost efficient (O(1)). In other words, derive the time and cost for this value of p. Be sure to differentiate the time computing a local min from that for reduction in your analysis. (note: don't worry about work, just cost and time.)

4
c.)
What is the time and cost if p = N / (lg N)3 ?
8
2.
Consider the following “solution” to the creating water from hydrogen (2 parts) and oxygen (1 part): 

monitor MakeWater {

int hydrogenAvailable = 0, oxygenAvailable = 0 ;

cond needHydrogen, needOxygen;
procedure makeWater() {
if (hydrogenAvailable < 2) wait(needHydrogen);
hydrogenAvailable –= 2 ;  

if (oxygenAvailable == 0) wait(needOxygen);


           oxygenAvailable– –;

}

procedure addHydrogen() {


           hydrogenAvailable+ +;


           if (hydrogenAvailable >= 2) signal(needHydrogen);


    }

procedure addOxygen() {


          oxygenAvailable+ +;


          signal(needOxygen);


    }

}



Assuming “Signal and Continue (SC)” semantics, show how two processes wanting to make water could both be successful, even only two atoms of hydrogen and one of oxygen were added. By show, I mean present the primary steps of a trace sequence. Is this avoided with “Signal and Wait (SW)” semantics? Explain. What is we stayed with SC but changed the if statements to while statements in makeWater?
8
3.
Below is a “solution” to the readers/writers problem:

int nr = 0; // number of active readers

int nw = 0; // number of active writers
sem rw = 1; // semaphore for DB

sem mutexR = 1; // semaphore for nr & nw
process reader[i=1 to nReaders] {

while (true) {

// want to read

P(mutexR);

++nr; 

if (nw > 0) { V(mutexR); P(rw); }
else { V(mutexR); }
// read database

P(mutexR);

--nr;
if (nr == 0) V(rw);
V(mutexR);

}

}

process writer[i=1 to nWriters] {

while (true) {

// want to write

P(mutexR);

++nw; 

if ((nr > 0) || (nw > 1)) { V(mutexR); P(rw); }
else {V(mutexR); }
// write database

P(mutexR);

--nw;

V(rw);
V(mutexR);

}

}



Which of the following does this achieve? Answer Yes or No for each. Briefly justify each answer.
Mutual exclusion of readers and writers and of multiple simultaneous writers  


Absence of unnecessary delays 


