Computer Science Department

Dummy Cover Sheet

B.Sc. Degree; B. Eng. Degree 1997

B229 Real Time Systems 1996-97

2 hours 30 minutes

Part A of this paper is compulsory . You should attempt all of question 1 in part A and any

THREE questions from part B. All questions carry equal credit.

The use of electronic calculators is permitted.

Part A

Compulsory question

Question 1

A prestigious universitywishes to installa state ofthe art virtualrealitysystem in which high resolution, fullcolour computer generated images are to be projected at 25 Hz onto each ofthe six faces ofa cube comprising a virtualreality^cave~ inside which the users ofthe systemstand.

In order to present a compelling percept of the computer generated environment:

(i) the images are to be displayed in stereo and viewed bythe users through electronically shuttered glasses switched in synchrony with the projection system,

(ii) the images projected onto each ofthe walls, floor and ceiling ofthe cube are those that would be seen fromthe viewpoint ofone ofthe users known as the master viewer who wears a specialpair ofstereo glasses equipped with magnetic sensors that enable the position and orientation of his or her head to be tracked at 50 Hz.

(a) Describe what is meant bya real-time computing systemand explain whythe virtual environment system described above should be regarded as such a system.

[8 marks]

(b) Ifeach ofthe stereo pairs ofimages projected on each face ofthe cube are displayed in

RGB format (ie: red, green and blue colour channels) encoded at 8 bits per colour channelat a resolution of1024 x 1024 pixels, estimate: (i) the amount ofdata for each image frame in

MBytes, (ii) the data rate in Mbytes/sec to render one image sequence, (iii) the bandwidth ofthe bus required in the computer system, in GBytes/sec and (iv) the bandwidth ofthe cables linking the projection systemto the computer, in Ghz., ifthe data is transmitted seriallyon a single line.

Explain your working.

[8 marks]

[Question 1 cont. over page]

[TURN OVER]

[Question 1 cont.]

(c) The magnetic sensors enable the position ofthe master viewer´s head to be tracked to an accuracyof1 mmanywhere within the cube ofside 2.5mand the head´s orientation to within 0.02 degrees. Comment on whether you consider these accuracies to be sufficient and estimate the bandwidth of the data to be input to the computer system from these magnetic sensors.

[9 marks]

Part B Attempt THREE questions from this section.

Question 2

(a) Define the z-transformand show how it maybe used to represent the transfer function of a linear system. Discuss the similarities and differences in this use ofthe z-transformfor discrete systems with that of the Laplace and Fourier transforms for continuous systems.

[7marks]

(b) Show how the transfer function G(z) for linear processing systems combined (i) in series,

(ii) in parallel, and (iii) in a negative feedback control loop, maybe derived. Define carefullywhat is meant by each of these combinations for discrete, digital systems.

[8 marks]

(c) Explain the significance ofthe variable z -1 in the z-transformand describe what constraints are placed on the formofthe transfer function G(z). Calculate G(z) for a decaying average filter defined by the equation y[n] = (1- a )x[n] + a y[n-1] with a in the interval[0,1]. Describe the properties ofthe resulting systemas a is varied when such a filter is incorporated in a negative feedback loop and fed back on itselfwith unit gain in series with a delayofone sampling interval. Illustrate your answer byreference to the output you would expect to see if the input were a unit pulse at t=0.

[10 marks]

[CONTINUED]

(a) Give three reasons whyseveralprocessors are o ften used in building real-time computing systems and describe a multiprocessor architecture wellsuited to meeting each ofthe requirements you give.

[9 marks]

(b) A certain high bandwidth digitalsignal maycontain up to four different characteristic signature patterns, detectable byuse of four different processing algorithms. Describe what kind ofmultiprocessor architecture you would use in order to process this data ifit is important to discover as quicklyas possible which, ifany, ofthe four patterns is present in the data. Explain your reasoning.

[6 marks]

(c) The complexityofthe processing required to detect each ofthe characteristic signature patterns described above varies in the ratio of1:2:4:5. Describe how you would modifythe architecture described in (b) above in order (i) to maximise the throughput, and (ii) also to minimise the latencyofthe system. Be as quantitative as you can in your description and comment on anyspecialcondition or conditions necessaryin order for your solutions to (i) and (ii) to work.

[10 marks]

[TURN OVER]

(a) Define what is meant bya semaphore and describe how it is manipulated. Show, by writing appropriate pieces ofpseudo-code, how you would use a semaphore to ensure that two processes P and C can only gain mutually exclusive access to a buffer B.

[9marks]

(b) Describe, with the aid ofappropriate pseudo-code, an alternative method ofensuring that

P and C onlygain mutuallyexclusive access to the buffer B and indicate anyadvantages and disadvatages this method has in comparison to the semaphore you have described in (a) above.

[9 marks]

(c) Show how two further semaphores maybe introduced in order to ensure that, ifP is a process that produces data to be deposited in a buffer B ofsize N whilst C consumes it by extracting data fromB, then P and C synchronise whenever the buffer is fullor empty. Indicate how use of these semaphores differs from the use of that in (a) above

[7 marks]

Question 5

(a) Describe what is meant by(i) the interrupt prioritylevel, (ii) the real-time clock priority level, and (iii) the base or user prioritylevel in a real-time computer system, and explain what types of process or task you would expect to see implemented at each level.

[9 marks]

(b) Two types ofprocess or task: cyclic tasks and delaytasks, are often implemented at the real-time clock level. Explain what is meant bythese processes and describe for what kinds of operations you would expect to see them used.

[6 marks]

[Question 5 cont. over page]

[CONTINUED]

[Question 5 cont.]

(c) The diagram in figure 1 below illustrates the priorityat which a particular single processor real-time computing system is operating over the given time interval. Describe the sequence of events depicted and explain whythe behaviour ofthe systemwill, in generalbe aperiodic.

Comment on what factors might further complicate the behaviour of such a system in practice.

priority interrupt clock user or base time

Figure 1.

[10 marks]

[TURN OVER ]

(a) Define what is meant bythe reliabilityofa real-time computing systemand describe what steps you would take in order to improve the reliabilityofa real-time computing systemwith respect to the potentialfailure ofits hardware components. Show how large gains in reliabilitycan often be obtained at modest cost without any improvement in the technology employed.

[9 marks]

(b) Expl ain whya similar technique cannot be used to improve the reliabilityofthe software in a real-time computing system and indicate what alternative methods might be used.

[6 marks]

(c) Describe the aim in testing a computer systemand explain whyit maybe impossible in practice to fulfillthis aimwhen a real-time computing systemhas to be tested. Describe the various methods that you would employin order to test the software in a real-time computing system.

[10 marks]

[End of paper]