
1. (a) The Unibus in the PDP 11 could transfer 16 bits every 750 nanosec-
onds. A PCI bus in a modern workstation is a 33MHz bus which
transfers 4 bytes every cycle. Calculate the bandwidth of both.
The virtual address space 1 on a PDP 11 was about 64kB, and on
a modern PC would be about 4GB. Which could transfer an entire
address space faster?

(b) Modern processors make great use of pipelining. Explain what pipelin-
ing is and what a pipeline stall is. Give examples of what might cause
a pipeline stall and some of the optimisations used in processors to
avoid them.

(c) What does O(f(n)) mean? Give a rough indication of why multiply-
ing matrices is O(n3).

2. (a) Briefly describe what is commonly referred to as the Memory Hier-
archy. Why are varying speeds of memory used?

(b) When a certain processor asks for data, requests are made to the L1
cache and L2 cache immediately. After data is requested it takes 2ns
to get data from the L1 cache and 5ns to get data from the L2 cache.
If data is not available in either cache data is requested from RAM,
taking a further 50ns to arrive. If 90% of requests fall into the L1
cache and 98% are in the L2 cache what is the average access time?

(c) Figure 1 shows the graph of the performance of a 4 processor SMP
machine, calculating large dot products of various sizes. The tests
were done first running one process at a time and then running 4 pro-
cesses at a time and plotting the performance of one of them. What
can you say about the caches and memory system of the computer
in question?

3. (a) Comment briefly on what tools like make and RCS can do to make a
programmers life easier.

(b) You undertook a project using the Unix fork() system call. Say
what fork() does, providing pseudo code to illustrate it’s effect.
What use was made of fork() in your project?

(c) Explain the terms preemptive multitasking and cooperative multi-
tasking. Why is one necessary for a interactive multiuser system?

4. (a) Your program spends 2000n nanoseconds reading in data and then
12n2 nanoseconds doing a parallelisable calculation. Suppose you
have 4 processors. Using Amdahl’s Law how large must n before you
can hope to get a speedup of 2.

(b) Contrast a shared memory multiprocessor and a distributed memory
multiprocessor. Give an example of both. Say how a vector super
computer differs from these systems.

1The PDP had a larger physical address space than virtual address space!
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Figure 1: Performance on Large Dot Products
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(c) Explain the difference between running several threads in one process
and running several processes.

5. (a) Figure 2 shows some rather dubious C code. List 3 improvements
which could be made to this code.

(b) Figure 3 shows an input file for this program. Show how memory
allocation might occur when this data file is inputted.

(c) A user enters the file name:

veryveryveryvery. . . veryveryveryverylongfilename

and the program runs normally but crashes when it finishes. The
debugger shows it crashed trying to run nonexistent code at address
0x76657279. Can you explain what happened? (Hint: Look at the
ASCII table I gave out in class).

6. (a) Why would someone want to profile code? Describe some tools avail-
able for profiling.

(b) Describe three optimisations performed by compilers. Give before
and after pseudo code for each optimisation.

(c) What are the tradeoffs between using float, double and long double?
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#define DIM 3

struct particle {
double q[DIM]; /∗ positions ∗/
double p[DIM]; /∗ momentums ∗/
double mass;

};

FILE ∗fp;

int main() {
char filename[100];

int i, number;

struct particles parts;

printf("Enter file name: ");

gets(filename);

fp = fopen(filename, "r");

fscanf("%d", &number);

parts = malloc(sizeof(struct particle)∗number);

for( i = 0; i ≤ number; i++ )

read particle(&(part[i]));

free(parts);

return 0;

}

void read particle(struct particle ∗r) {
int i;

for( i = 0; i < DIM; i++ )

fscanf(fp, "%lf", &(r→q[i]));

for( i = 0; i < DIM; i++ )

fscanf(fp, "%lf", &(r→p[i]));

fscanf("%lf", &(r→mass));

}

Figure 2: Dubious C code
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Figure 3: Data File
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