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Part 1 —Short Answer Question:

Please provide short answers to each ques

(a) Provide adefinition of hard real time syste.

Systems where it is absolutely imperative that resps occur within the requirdeadline

(b) What is the main difference between the typoperating systeroonfiguration of a re-time
system and an embedded sys configuration?

The OS components airgegrated with thuser progranin an embedded systeconfiguration,

whereas they are separate ity@ical OS configuratiol

(c) Draw the composition diagram for a I-time system (involving the operatc
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(d) What is the difference between a soft real timéesysand a firm real time system? Give
example to show the differenc

Firm real-time systems asystems which are soft r-time but in which there is no benefit frc
late delivery of servicelypical example is the forecast system.

(e) Explain the following statementThe error detection/correction in hard real timstesn
should be autonomous”.

Since the system does not have enough time forniggvention the user delay i
indeterminate andhould be avoide).

(f) What is a failsafe real time system? Give an example of suclesy

A system is fail-safé a safe state can be quickly reached after oecwe of a failur.
An example is the real-timgervice level agreement (SLA) verificat.



(g) What is signal conditioning used for? Give an exkmp the context of real time
systems.

Signal conditioning is used to adapt the raw ingghal to suit the computer world
(filters and amplifiers are examples of signal abading).
(h)What is the main difference — from the real-timesteyns design perspective —

between UML and SDL?

SDL is a formal language, UML is not!

(i) Explain the concept of exception propagation is kbsin three lines.

It is performed by looking up the chain of invokéss handlers.

() Provide two advantages for using a centrally cdietlo clock (for clock
synchronization) over using a distributed clockisys

1. No need to implement synchronization of distributed clocks.
2. Highly precise.

(k) Explain the concept of “busy waiting” for procesgnchronization in a real-time
system. What is the main limitation of this methd®f®pose a solution to overcome
this limitation.

Busy waiting means that a process sets a shar@blathat is acting as a flag. Another
process is waiting for the flag and will proceedewbver the flag is set.

Limitation: low efficiency

Proposed solution: suspend and resume the waitotegs.



Part 2 — Analysis Questions (40 points)

1. Explain the parameters that describe the terhpbeacteristics of a real-time system

(parameters of the control loop)?

Symbol | Parameter | Sphere of Control Description
dObjeC'[
drise
dmple
dcomputer
Adcomputer
gleadtime
Answer:
Symbol | Parameter | Sphere of| Description
Control
d°bje°t Controlled object| Controlled Delay after which the measured varialjle
delay object begins to rise
d”se Rise time of step| Controlled Time until the new equilibrium has beeln
response object reached
gsample Sampling period | Computer length of time between sample points
gcomputer Computer delay Computer length of time between rapé& being taker
and the computer generating the control output
for the actuator T
Adcomputef Jitter of the| Computer difference between maximum and minimim
computer delay computer delay
(Jdeadtime Dead time Computer angl time interval between the observation of the
Controlled RT entity and the start of a reaction of the
object controlled object




2. Consider the following diagram. Show on the diagrhaow to compute thobject
delay @°”*) and theRise time (d"*):
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Please check the lecture notes for the solutidhisfproblernr

3. Consider a system with two lamps. This system Wasinputs (from the user), one for ec
lamp. Each input is meant to turn on the correspamnidmp. When the user turns on a lamp,
other one is turned off automatically. If the us@rs to turn on a lamp which is already turi
on, then the input isiply ignored

Initially, one of the lamps is turned on and thieestlamp is turned o

(HINT: Think first how you would design this syste

Now we take into account an additional constraititen the user turns on a lamp, it must !
turned on fo at least 10 seconds. If the user requests toolmthe other lamp before tf
timeout, then the user’s request is delayed umtitimeout expires and then perforn

immediately.

Design this system using SDL.
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Part 3 — Design Questions

We are planning to design a new light-voice cofitrglsystem. The voices will basically
coordinate the crossing of a road by blind peoflgpose the crossing will be operated by two
coordinated systems: a light system and a voicégesysThe light controlling system is an
ordinary set of traffic lights intended for vehis|ebut with the amber light flashing before the
lights change over to green. These lights operateycles and display the colors in the order:
green, continuous amber, red, flashing amber, gréba set of voices is intended for blind
people and makes alternately the voices ‘You casstrand ‘Stop’. Making the voice ‘You can
cross' goes through two phases; a first voice phéme can cross’ followed by a second voice
phase ‘Prepare to stop’ before the sound changletdStop’ voice. The voice ‘Stop’ lasts
through exactly the period from the onset of theegrlight in traffic lights to the end of the
continuous display of the amber light. The periofiplaying the voice ‘Prepare to stop’ and the
flashing amber traffic light are also the same.tiNo lights or two voices are to be displayed or
played together at any time in either set whennakasolation. To simplify the design, we will
assume the crossing is not controlled by blind peagnd that the lights are operated
continuously in approximately fixed cycles. Timipgrameters of the display of lights or playing
of voices are as follows.

Phase Delay of phase
Green light dl
Red light d2
Continuous amber light d3
Flashing amber light d4
Voice 'You can cross' d5
Voice 'Prepare to stop' dé
Voice 'Stop’ d7

1) Identify all the components of this new crossingteyn;

1) System Components:
2) Voice controller

3) traffic light

4) lights controller

5) timer



2) Give a global state transition diagram for thistegs

Global state transition diagram:
V: Voice sounds;

T: traffic light; ’ @
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V: ‘Prepare to stop’, T: Flashing amber

[ V: ‘You can cross’, T: Red }

d7=d1+d3
d4 = d6
d2=d5



3) Considering the functionality of each part of tlgstem give also the hierarchical ROOM

state charts.
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