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• All the questions from both the sections need to be answered.Do not mix up your answers 
to questions from the two sections. 

• All answers must be brief and concise. Irrelevant and lengthy answers will be penalized. 

• No further explanations on any of the questions will be provided. In case you 
have any doubts regarding any question, please make suitable assumptions on 
your own, but clearly write down your assumptions. 

Section A [12 x 3 = 36 Marks] 
Questions in this section carry 3 Marks each. Each question must be answered using no more 

than three or four bulletted short points. 

1. Explain three important features in which POSIX.4 real-time signals differ from POSIX.l 
signals. 

2. Identify three features in which Microsoft Windows mobile operating system differs from 
Windows CE operating system. 

3. Write two advantages and one disadvantage of using a microkernel-based real-time operating 
system as compared to a monolithic kernel real-time operating system for developing an 
embedded application. 

4. What aspect of a real-time operating system does the Bintime metric measure? Using one 
or two sentences explain how Bintime metric of an operating system can be measured. 

5. What is bit stuffing? Why is this technique used in a CAN bus? 

6. What are the difficulties of using the Android operating system for the development of 
embedded real-time applications? Is it possible to circumvent these difficulties? Explain 
your answer. 

7. Using two or three bulletted points describe an experiment that can be set up to measure 
the extent to which an operating system disables interrupts while executing kernel code. 
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8. Identify at least two factors that are major contributors to delay jitter in a packet-switched 
real-time communication network and explain how they cause jitter. 

9. Identify two factors which are major contributors to the completion time jitter of time-critical 
non-communicating tasks. ow can the completion time jitter be minimized? 

10. Can Microsoft Windows 2007 be deployed in a system in which certain tasks are known to 
be of hard real-time and periodic in nature? Justify your answer. 

11. If you are constrained to use an existing Ethernet LAN for a factory automation application, 
how can you support communication among real-time tasks in this situation? Very briefly 
explain your scheme. 

12. Assume that a certain real-time application needs to receive data at the rate of 10Mbps. 
The QoS guarantee to the application permits a delay jitter of 20mSec. Compute the buffer 
requirement at the receiver. 

Section B {79 Marks] 

1. Consider a real-time system whose task characteristics and dependencies are described in 
the following table. Assume that all tasks have zero phasing and their deadline is the same 
as the period. Determine a feasible schedule which could be used by a cyclic scheduler. [8 
Marks] 

II Task I Computation time( ei) mSec I Period (Pi) mSec I Dependency II 
T1 15 50 -

T2 25 150 -

T3 10 150 T2 
T4 20 150 T2,T3 

2. A set of periodic tasks need to be scheduled on a uniprocessor. The following table contains 
the details of these periodic tasks and their use of non-preemptible shared resources R1, R2, 
and R3. Can the task T3 meet its deadline when the tasks are scheduled under RMA and 
the priority ceiling protocol (PCP) is used for resource scheduling? [10 Marks] 

II Task I pi I ei I R1 I R2 I R3 I si II 
T1 400 30 15 20 10 
T2 200 25 - 20 10 20 
T3 300 40 - - - 10 
T4 250 35 10 10 10 40 
T5 450 50 - - 5 55 

Pi indicates the period of task Ti and ei indicates its computation time. The entries in 
the R1, R2, and R3 columns indicate the time duration for which a task needs the named 
resource in non-preemptive mode. Si is the self suspension time of task Ti. The context 
switch time can be ignored. All time units have been specified in milliSeconds. 
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3. Two otherwise identical token ring networks are used for transmitting real-time messages. 
For these networks, assume that the network bandwidth is lOOMbps and the propagation 
delay is 10milliSec. One of the network implements the IEEE 802.5 protocol and the other 
IEEE 802.4 protocol. Determine the maximum priority inversion that a packet can suffer 
in these two networks. For the bounded access protocol, assume that TTRT (Target Token 
Rotation Time) is 200mSec. For IEEE 802.5, assume that the frame size is 10kbps, and that 
the packet size is the same as the frame size. [5+2=7 Marks] 

4. The ( cr, p) traffic characterization of a certain packet switched real-time traffic is as follows: 
peak traffic ( cr) is 100 packets and average traffic rate is (p) of 10 packets per second. The 
packet size is 512 bytes. Assuming that the packets undergo a maximum queuing delay of 
50mSec at each of the switches, what would be the traffic characterization after the lOth 
switch on the route.[5 Marks] 

5. Consider the use of timed token protocol (IEEE 802.4) in the following situation. There are 
four nodes in the system. The real-time requirement is that node Ni be able to transmit 
upto bi bits over each period of duration Pi milliseconds, where bi and Pi are given in the 
table below. 

II Node / bi in KBytes / ~ in milli Seconds 1/ 

N1 4 10 
N2 10 50 
N3 10 90 
N4 20 100 

Choose suitable TTRT (target token rotation time) and obtain suitable values of fi (total 
number of bits that can be transmitted by node Ni over every cycle.) Assume that the 
propagation time is 1 milliSec and that the bandwidth of the network is 10Mbps. [5 Marks] 

6. In a distributed real-time system, 10 clocks need to be synchronized to a maximum difference 
of lOmSec between any two clocks. Assume that the individual clocks have a maximum drift 
of 2 x w-6 . Ignore clock set-up times and communication latencies. 

(a) What is the rate at which the clocks need to be synchronized using (i) a simple central 
time server method (ii) simple internal synchronization (averaging) method. [2+2] 

(b) What is the communication overhead in each of the two schemes? [2+2] 

(c) Assuming that at best one clock can be Byzantine, what would be the resynchronization 
interval? What would be the communication overhead in this case? [2+2] 

(d) Assuming the worst-case communication latency between any two nodes to be 0.1msec, 
what would be the resynchronization interval when exactly one clock is Byzantine? [2] 

7. What is the worst case bound for average processor utilization for an m-node multiprocessor 
running n real-time periodic tasks (n > m)? Give your answer for the following two situations 
and construct one example for each situation to show that it is indeed the case: 
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(a) Global scheduling [2+4 Marks} 

(b) Partitioned scheduling [2+4 Marks] 

8. Construct an example to show that a set of real-time periodic tasks that is schedulable on 
a two-processor multiprocessor using a global scheduling policy, ceases to be schedulable on 
a 3-node multiprocessor. Identify the reason(s) behind this anomaly. [3+2 Marks] 

9. While deciding the choice between use of Xenomai and Montavista Linux: 

(a) Give an example application system for which Montavista would be a better choice as 
compared to Xenomai.[3 Marks] 

(b) Give an example application for which Xenomai would be a better choice as compared 
to Montavista Linux. [3 Marks) 

10. Assume that the following task set is to be scheduled on a two node multiprocessor using a 
partitioned allocation scheme, such that rate monotonic scheduling would be deployed in the 
individual nodes. Develop a suitable partition of the task set. Check if the task partitions 
are actually schedulable at the individual nodes.[5+2 Marks] 

J Task I Start-time (mSec) I Processing-time (mSec) I Period (mSec) I Deadline(mSec) II 
T1 20 100 200 200 
T2 0 30 210 210 
T3 0 4 " 40 40 
T3 200 82 200 200 
T3 300 123 300 300 

==== The End ==== 
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