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Instructions: 

Indian Institute of Technology, Kharagpur 
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Embedded Systems (CS60087) 
Number of Students:78 Time: 3 hours 

• Answer all questions. All answers must be concise. Unnecessarily lengthy answers would be 
penalized. 

• No further clarifications to any of the questions shall be given. In case if you feel any part of a 
question is unclear, missing, etc. make your assumptions and write the answer. But, clearly 
mention the assumption and also why your assumption is necessary. 

I. Do Digital Signal Processor (DSP) chips normally have data and instruction caches? Explain your 
answer. (5] 

2. What do you understand by "irregular instruction set" of DSP? What is the advantage of having 
such instructions in DSP? [5] 

3. Assume that a certain embedded program spends 50% time in doing CPU computations and the 
rest 50% of time waiting for 110 to complete. A new version of the CPU that has become available 
increases CPU performance by 5 times, but costs 5 times as much compared to the older version of 
the CPU. Is using the new version of the CPU worthwhile from a cost/performance standpoint? 
Justify your answer. [5] 

4. Draw a schematic diagram to briefly explain why a microcontroller is required in the design of a 
USB memory stick. Identify the main activities performed by the microcontroller in a· USB 
memory stick. [2+3] 

5. Consider five periodic tasks that are to be run using a preemptive-priority scheduler. The priority 
assignments are made rate monotonically. For each task, the deadline is the same as its period. The 
utilization due to the five tasks is 0.9. Is it possible that for certain types of task sets the tasks can 
meet their respective deadlines? Briefly explain your answer. [5] 

6. Explain using a schematic diagram how cosimulation can be achieved using verilog. What is the 
main use of carrying out cosimulation using verilog? [3+2] 

7. ·What is GPIO? Identify and explain at least one example application of GPIO that can not be 
performed by using USB. [1 +4] 

8. What is the difference between a single stage and a multistage interconnection network? Compare 
the relative advantages of a multistage network and a single stage network in respect to realize an 
NOC topology. [1 +4] 
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9. Define two suitable metrics that can be used to compare two hardware software partitioning 
solutions to determine which among the two is better. [5] 

10. What is a watchdog timer? Illustrate its use through an example pseudo code. (2+3] 

11. Using one or two sentences explain what are AEPs (Application Environment Profiles) in RT
POSIX? Why was the concept of AEPs necessary for checking conformance of embedded 
operating systems to RT-POSIX. (3+2) 

12. Draw a block diagram of a canonical SoC design using both AHB and APB buses. Is the APB bus. 
a single master or multi-master bus? Explain your answer by identifying the master(s) for APB. 
[4+1+2) 

13. Between SRAM and DRAM based memory, which one is easier to provide on-chip in an SoC? 
Justify your answer. [1+4] 

14. Identify three advantages of a microkemel operating system over a monolithic kernel operating 
system for embedded application. Restrict your answer to three sentences. [ 6] 

15. Assume a preemptive priority-based scheduling of periodic tasks in an embedded application. 
Further assume that priority assignments are rate monotonic, and the set of tasks satisfy the Liu
Layland criterion. In this application, is it possible that a higher priority task misses its deadline 
whereas a lower priority task meets its deadline? If your answer is "yes", give an example to 
substantiate your answer. If your answer is "No", give the reasoning behind your answer. [5) 

16. What are the two main approaches (solutions) to make Linux suitable as an operating system for 
use in embedded applications. Identify the situation in which one solution is preferable over the 
other. Name some commercial (possibly open source) Linux-based embedded operating systems as 
representative examples ofthe two approaches. [2+4+2] 

17. Consider the following embedded system composed of 5 concurrent tasks that use 3 shared 
resources. The deadline for each task is the same as its period. The tasks are assigned priorities 
rate monotonically. The operating system supports static priority-based preemptive scheduling, 
and uses simple priority inheritance scheme to prevent priority inversion. 

Task Computation Time Period Resources 
(worst-case, msec) (msec) Used 

A 2 10 K1,K3 
B 3 20 K1, K2, K3 
c 5 65 -
D 8 80 K1 
E 20 100 K2 

For the system described above, answer the following, clearly showing all steps of your workout: 
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a. List the priority order of the tasks. [2] 

b. Compute the blocking times of each task. [4] 

c. Is the task set schedulable? [8] 

d. Suppose task context switch overhead of O.Smsec is to be taken into account, determine 
the schedulability of the task set. [5] 

e. Suppose out of the five tasks, B has been identified as the most critical task. How 
would the priority assignment be done in this case? What is the impact of your new 
priority assignment scheme on task blocking times? Would the task set be still 
schedulable? [1+2+7] 

14. Construct an EFSM (Extended Finite State Machine) model of a wash machine controller 
whose (partial) behavior is described below. 

Consider a washing machine for which a user of the wash machine need to first set the Hot Wash 
switch. The HotWash switch is used to indicate whether hot or cold wash is required. The wash

machine then waits for the start switch to be pressed. After the user presses the start switch, the 
machine starts to fill the wash tub with either hot or cold water depending upon the setting of the 

HotWash switch. The water filling continues until the high level is sensed. As soon as water 
filling stops, a b.-cping sound is produced to alert the user. The user at this time needs to set a 

preset timer and then press the startAgitating switch. The machine starts the agitation motor 
and continues agitating the wash tub until either the preset timer expires or the user presses the 

stop switch. After the agitation stops, the machine waits for the user to set the preset timer and 

press the startDrying switch. After this, the machine starts the hot air blower and continues 

blowing hot air into the drying chamber until either the user presses the stop switch or the preset 
timer expires. [10] 

---- The End---
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