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Course Specification
CS-506 Embedded Systems

Course Description

Real Time Operating Systems —Part 2 :

RTOS Task scheduling models - Handling of task scheduling
and latency and deadlines as performance metrics — Co-
operative Round Robin Scheduling — Cyclic Scheduling with
Time Slicing (Rate Monotonics Co-operative Scheduling) —
Preemptive Scheduling Model strategy by a Scheduler —
Critical Section Service by a Preemptive Scheduler — Fixed

DATE TOPIC ] READING

Week 1-2 Introduction To Embedded Systems : Chapter 1
Definition and Classification — Overview of Processors and | Embedded
hardware units in an embedded system — Software embedded | System by Dr.
into the system — Exemplary Embedded Systems — Rajkamal
Embedded Systems on a Chip (SoC) and the use of VLSI
designed circuits.
Assignment Set 1

Week 3-4 Devices And Buses For Devices Network : Chapter 3
1/0 Devices - Device IO Types and Examples — Embedded
Synchronous - Iso-synchronous and Asynchronous System by Dr.
Communications from Serial Devices - Examples of Internal | Rajkamal
Serial-Communication Devices - UART and HDLC -
Parallel Port Devices - Sophisticated interfacing features in
Devices/Ports- Timer and Counting Devices - *1°C’, ‘USB’,
*CAN’ and advanced I/O Serial high speed buses- ISA, PCI,
PCI-X, ¢PCI and advanced buses.
Assignment Set 2

Week 5-6 Programming Concepts And Embedded Programming in | Chapter 3
C, C++ : Programming in assembly language (ALP) vs. Embedded
High Level Language - C Program Elements, Macros and System by Dr.
functions -Use of Pointers - NULL Pointers - Use of Rajkamal
Function Calls — Multiple function calls in a Cyclic Order in
the Main Function Pointers.

Week 7 Concepts of EMBEDDED PROGRAMMING in C++ - Chapter 5
Objected Oriented Programming — Embedded Programming | Embedded
in C++, *C’ Program compilers — Cross compiler — System by Dr.
Optimisation of memory codes. Rajkamal
Assignment Set 3

Week 8-9 Real Time Operating Systems — Part 1 Chapter 8,9
Definitions of process, tasks and threads — Clear cut Embedded
distinction between functions — ISRs and tasks by their System by Dr.
characteristics — Operating System Services- Goals — Rajkamal
Structures- Kernel - Process Management — Memory
Management — Device Management — File System
Organisation and Implementation — /O Subsystems —
Interrupt Routines Handling in RTOS.
Assignment Set 4

Week 9-10

Chapter 9
Embedded

System by Dr.

Rajkamal
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(Static) Real time scheduling of tasks - [nter Process
Communication And Synchronisation — Shared data problem
Use of Semaphore(s) —

Week 11 Priority Inversion Problem and Deadlock Situations — Inter Chapter 9
Process Communications using Signals — Semaphore Flag or Embedded
mutex as Resource key — Message Queues — Mailboxes — System by Dr.
Pipes — Virtual {Logical) Sockets — Remote Procedure Calls | Rajkamal
(RPCs).

Assignment Set 5

Week 12-13 Real Time Operating Systems — Part 3: Chapter 10

Study of Micro C/OS-1I and Vx Works or Any other popular Embedded

RTOS — RTOS System Level Functions — Task Service
Functions — Time Delay Functions — Memory Allocation
Related Functions — Semaphore Related Functions
Assignment Set 6

~ Mailbox Related Functions — Queue Related Functions —
Case Studies of Programming with RTOS — Understanding
Case Definition — Multiple Tasks and their functions —
Creating a list of tasks — Functions and 1PCs — Exemplary
Coding Steps.

System by Dr.
Rajkamal

Chapter 10
Embedded
System by Dr.
Rajkamal

Learning Resources
|. Required Text(s)

Text Books :
{. Embedded Systems — Architecture, Programming & Design by Dr. Rajkamal, First \

Edition, Third reprint 2004, TataMcGraw-Hill Publishing Companny Limited, New
Delhi.

2. Essential References:

1. An Embedded Software Primer by David E. Simon, Eleventh Indian Reprint 2004, Pearson
Education (Singapore) Pte. Ltd., Indian Branch, Delhi.

3_ Recommended Books and Reference Material (Journals, Reports, etc) (Attach List)

1. Fundamentals of Embedded Software — where C and assembly meet by Daniel W. Lewis,
Fifth Indian Reprint 2004, Pearson Education (Singapore) Pte. Ltd., Indian Branch, Delhi.

4- Electronic Materials, Web Sites etc

1. hitp://en.wiki edia.ore/wiki/Embedded _system

2. http://www.embeddcd.com/

3. hrug//w»\fw.freertos.orszjimplcmentation/

5_ Other learning material such as computer-based programs/CD, professional
standards/regulations
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Assignments:

Assignment Set 1:

1.

sl

Classify the embedded systems into small scale, medium scale and sophisticated systems.
Now reclassify the embedded systems with and without real-time (response time
constrained) systems. Give ten examples of each.

Search definitions of embedded systems in books and tabulate these with definitions n
column 1 and reference in column 2.

Why does a CMOS 10 circuit power dissipation reduces by compared to 5 V, factor of
half, ~ (3.3/5)", in 10 3.3 V operation ?

How small shall be reduction in power dissipation for a processor CMOS circuit
when V reduces from 5 Vto 1.8V operation?

Tabulate advantages and disadvantages of using coding language as following: a) Final
Machine Implementable b) Assembly language programming ¢) C d) Ct++e) Java.
Justify the importance of device drivers in an embedded system.

Cost of designing an embedded system may be thousands of times the cost of its
processor and hardware units. Explain this statement.

Assignment Set 2:

1.

2.

A generation automabile has about 100 embedded systems. How do the bus arbitration
bits, control bits for address and data length, data bits, CRC check bits, acknowledgement

bits and ending bits in CAN bus help the networking devices distributed in an automobile
embedded system.

How does USB protocol provide for a device attachment, configuration, reset
configuration, bandwidth sharing with other devices and device detachment (while others
are in operation) and reattachment.

. Design a table that compares the maximum operational speeds and bus lengths and give

two examples of uses of each of the following serial devices a) UART b) l-wire CAN ¢)
Industrial °C d) SM I°C bus ¢) SPI of 68 series Motorola microcontrollers f) fault tolerant
CAN g) Standard Serial port h) Micro wire 1) Pe j) High speed CAN k) [EEE 1284 1)
High speed I’C m) USB 1.1 low speed channel and High Speed channel n) SCSI parallel
o) Fast SCSI p) Ultra-SCSI-3 q) Firewire / 1EEE 1394 r) High speed USB 2.0.

. Design a table that compares the maximum operational speeds and bus lengths and give

two examples of uses of each of the following parallel devices: a) ISA b) EISA ¢) PCId)
PCI-X ¢) COMPACT PCI f) GMII(Gigabit Ethernet MAC Interchange Interface) g)
XGMI(10 Gigabit Ethernet MAC Interchange Interface) Rapid 0™ Interconnect
specification v1.1 at 8 Gbps with 500 Mbps performance or 250 MHz dual direction
registering performance using 8 bit LVDS (Low voltage data bus).

Assignment Set 3:

1.

2.

What are the criteria by which an appropriate programming language is choosen for
embedded software of a given system?

What is the most important feature in C that makes it a popular high-level language for an
embedded system ?




Assignment set 4 :

1.

19

11

12.
13.

14.
15.

What is the most important feature in Java that makes it a highly useful high level
language for an embedded system in many network related applications ?

Design a table to give the features of top-down and bottom-up design of a program.
Why do we need a cross compiler ?

Why do we use infinite loop in embedded system software ?

What are the advantages of reentrant functions in embedded system software ?
What are the advantages of multiple function calls in cyclic order in main ?

What are the advantages of building ISR queues ? “g
What are the advantages of having short [SRs that build function queues for processing at t

TR

a later time ?

. How are the queues used for a network ?

. What are the commonly used preprocessor directives? Give four examples of each.
. How does the use of a macro differ from a function ? Explain with codes. ‘
. How does combining two functions reduce the memory requirement? Explain with four i

examples.

How does a data output generated by a process transfer to another using an [PC(Inter
process Communication) ?

What are the parameters of TCB of a task ? Why should each task have distict TCB ?
What are the states of a task ? Which is the entity controlling (scheduling) the transitions
from one state to another in a task ?

Define critical section of a task.

How does use of a counting semaphore differs from a mutex ? How is a counting
semaphore used ?

Give an example of a deadlock situation during multiprocessing (multitasking) execution.

‘What are the advantages and disadvantages of disabling interrupts during the running of a

critical section of a process ?

Each process or task has an endless (infinite) loop in a preemptive scheduler. How does
the control of resources transfer from one task to another ?

How do the functions differ from ISRs, tasks, threads and processes?

. List the features of P and V Semaphores. How they are used as a resource key, counting

semaphore and as a mutex ?

What are the situations that lead to priority inversion problems? How does the OS solve
this problem by a priority inheritance mechanism?

What is meant by a pipe? How does a pipe may differ from a queue ?

What are the analologies between process, task and thread ? Also list differences among
them.

What is the advantage of using a signal as an IPC ?

Can different IPCs be used ? Given the choice, how will you select an IPC from signal,
semaphore, queue and mailbox ?

Assignment Set 5:

1.

List the layers between application and hardware.

Explain the term process descriptor and process control block(PCB). What are the
analogies between a PCB and TCB?

Define a network operating system. How does a netwrk OS differ from a conventional
08?
Give examples of 10 subsystems.




5- Other learning material such as computer-based programs/CD, professional
standards/regulations:

CS-512 Theory of Computation

CLASS SCHEDULE:

Machine as Language Accepters and Transducers.

DATE | TOPIC UNIT

Week | | The Theory Of Automata: String, Alphabets and Languages, Finite Chapter2
Automata, Finite State Machine, Basic Definition. Description of a
Finite Automaton,

Week 2 | Deterministic Finite Accepters- Transition Graphs, Languages, Non- | Chapter2
Deterministic Finite Acceptors- Definition, Finite Automata with ¢-
moves

Week 3 | Equivalence of Deterministic and Nondeterministic Finite Accepters, | Chapter2
Mealy and Moore models-Definitions, Transformation of Mealy
Machine into Moore Machine and vice-versa

Week 4 | Conversion of NDFA to DFA Removal of ¢ transition from e — Chapter2
NDFA.

Week 5 | The Myhill-Nerode theorem and Minimization of Finite Automata — | Chapter3

' Definition and Construction.

Week 6 | Properties of Regular Sets: Pumping lemma for regular set, Closure | Chapter3-4

properties of regular set.
MID TERM EXAM

Week 7 | Formal Language: Basic Definition, Chomsky Classification of Chapter3-4
languages, Initialization of Finite Automata Regular Expression and
Language Regular Expressions, Connection between Regular
Expressions and Regular Languages

Week 8 | Regular Grammars — Right and Left Linear Grammars, Equivalence | Chapter4
between Regular Languages and Regular Grammars

Week 9 | Context-Free Grammars: Leftmost and Rightmost Derivations, Chapter5
Derivation Trees, Parsing and Ambiguity, Simplification of CFGs

Week 10| Chomsky Normal Form, Greibach Normal Form, Cocke-Kasami- Chapter5
Younger Algorithm, Properties of Context-Free Languages

Week 11| Pushdown Automata: Definition, Non deterministic Pushdown Chapter6
Automata, Pushdown Automata for Context Free Languages.

MID TERM EXAM

Week 12| Context-Free Grammars for Pushdown Automata. Deterministic Chapter6
Pushdown Automata and Deterministic Context-Free Languages.

Week 13| Turing Machine: Definition of Standard Turing Machine, Turing Chapter?




7 Essential References

I RS
3. Electronic Materials, Web Sites etc: www.scs.dauniv.ac.in for

t2

4. Ot
standards/regulations

her learning material such as computer based programs/

3. Moll, Arbib and Kfoury, an Introduction to Formal Language Theory, Springer-
Verlag.

4. Martin, J.C.: Introduction to Languages and the Theory of Computation, McGraw-
Hill. Inc., 3rd ed., 2002. ISBN 0-072-32200-4.

5. Brookshear, 1.G.: Theory of Computation: Formal Languages, Automata, and
Complexity, The Benjamin/Cummings Publishing Company, Inc, Redwood City,
California, 1989. ISBN 0-805-30143-7

6. Peter Linz, An Introduction to Formal Languages and Automata, Narosa
Publishing House.

information about the course
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Assignments

What are various operations other than concatenation over string? Highlight your
ideas.
When will you say that the strings are ordered? What are the relationships for
ordering that may exist for string? Explain them with example.
Write a grammar that generates matched parenthesis 1.e. legally balanced strings
of left and right parenthesis.
What languages do the following grammars generate:
i) 5>()

8-> ) (

S-> 8§

§->(8)

S->)S(

i) S->0

S->1

S-> S0
iii)S->aSa|bSbla\bl5
iv) S-> 0B | 1A
















































































































