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UNIT-I  

INTRODUCTION TO EMBEDDED SYSTEMS  
Part - A (2 MARKS)  

1.  Define a System.  
A way of doing one or more tasks according to a program.  

 
2.  What is an embedded system?  

An embedded system employs a combination of hardware & software (a "computational 
engine") to perform a specific function; is part of a larger system that may not be a 
"computer"; works in a reactive and time-constrained environment  

3.  What are the typical characteristics of an embedded system?  
 Typical characteristics:  

Perform a single or tightly knit set of functions;  
Increasingly high-performance & real-time constrained; 
Power, cost and reliability are often important attributes 
That influence design;  

Application specific processor design can be a significant component of some embedded  
systems.  
Other characteristics:  

• Application specific  
• Digital signal processing in ECS  
• Reactive  
• Real-time  
• Distributed  

 
4. What are the advantages of embedded system?  
 Advantages:  

Customization yields lower area, power, cost, etc.,  
 
5.  What are the disadvantages of embedded system?  
 Disadvantages:  

Higher HW/software development overhead design, compilers, debuggers, etc., may result in 
delayed time to market!  
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6.  What are the applications of an embedded system?  
 Embedded Systems: Applications:  

• Consumer electronics, e.g., cameras, camcorders, etc.,  
• Consumer products, e.g., washers, microwave ovens, etc.,  
• Automobiles (anti-lock braking, engine control, etc.,)  
• Industrial process controllers & avionics/defense applications  
• Computer/Communication products, e.g., printers, FAX machines, etc.,  
• Emerging multimedia applications & consumer electronics  

 

7.  What are the various embedded system designs Modeling Refining (or "partitioning")  
 HW-SW partitioning  
 

8.  What are the complicating factors in embedded design?  
 Complicating factors in the design of embedded systems  

• Many of the subtasks in design are intertwined.  
• Allocation depends on the partitioning, and scheduling presumes a certain allocation.  
• Predicting the time for implementing the modules in hardware or software is not very 
easy, particularly for tasks that have not been performed before.  

 

9.  What are the real-time requirements of an embedded system?  
Hard-real time systems: where there is a high penalty for missing a deadline e.g., control 

systems for aircraft/space probes/nuclear reactors; refresh rates for video, or DRAM. Soft realtime 
systems: where there is a steadily increasing penalty if a deadline is missed.  

e.g., laser printer: rated by pages-per-minute, but can take differing times to print a page  
(depending on the \"complexity\" of the page) without harming the machine or the customer.  
 
10. What are the functional requirements of embedded system?  

Data Collection  
• Sensor requirements  
• Signal conditioning  
• Alarm monitoring  
 

Direct Digital Control  
• Actuators  
Man-Machine Interaction  
• informs the operator of the current state of the controlled object  
• assists the operator in controlling the system.  

 

11. What are the main components of an embedded system?  
 Three main components of embedded systems:  

1.  The Hardware  
2.  Application Software  
3.  RTOS  

 
12. Define embedded microcontroller.  

An embedded microcontroller is particularly suited for embedded applications to perform 
dedicated task or operation.  

Example: 68HC11xx, 8051, PIC, 16F877, etc.,  
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13. Explain digital signal processing in embedded system continued digitization of signals  
 increasing the role of DSP in ES.  

• Signals are represented digitally as sequence of "samples"  
• ADC’s are moving closer to signals  

 

14. What are the various classifications of embedded systems?  
1.  Small scale embedded systems  
2.  Medium scale embedded systems  
3.  Sophisticated embedded systems  

 

15. What are the two essential units of a processor on an embedded system?  
1.  Program flow control unit (CU)  
2.  Execution unit (EU)  

 

16. What does the execution unit of a processor in an embedded system do?  
The execution unit implements data transfer and data conversion. It includes  ALU and  
circuits that execute instruction for jump, interrupt, etc.,  

 

17. Give examples for general purpose processor.  
1.  Microprocessor  
2.  Microcontroller  
3.  Embedded processor  
4.  Digital Signal Processor  
5.  Media Processor  
 

18. Define microprocessor.  
A microprocessor fetches and processes the set of general-purpose instructions such as data  
transfer, ALU operations, stack operations,  I/O operations and other program control  
operations.  

19. When is Application Specific System processors (ASSPs) used in an embedded system?  
 An ASSP is dedicated to real-time video processing applications such as video conferencing,  
 video compression and decompression systems. It is used as an additional processing unit for  
 running application specific tasks in the place of processing using embeddedsoftware.  
 

20. What is the need for LCD and LED displays?  
Uses of LCD and LED display:  

1.  It is used for displaying and messaging.  
2.  Example: Traffic light status indicator, remote controls,signals, etc.,  
3.  The system must provide necessary circuit and software for the output to LCD  
 controller.  

 
21. Define ROM image.  

ROM image in a system memory consists of:  
Boot-up program, stack address pointer, program counter address pointer, application 

tasks, ISRs, input data, RTOS and vector addresses.  
Bytes at each address must be defined to create ROM image.  
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22. Define device driver.  
A device driver is software for controlling, reading, sending a byte of stream of bytes from/to the 
device.  

 

23. Give some examples for small scale embedded systems.  
 68HC05, PIC 16F8x, 8051, etc.,  
 

24. Give some examples for medium scale embedded systems  
 8051, 80251, 80x86, 80196,68HC11xx  
 

25. Give some examples for sophisticated embedded systems  
 ARM7, Power PC, Intel 80960, etc.,  
 
 

Other Important Questions  
26. Give the reactivity in embedded system.  
 Closed systems  

• Execution indeterminacy confined to one source  
• Causal relations are easily established.  

 

Open systems  
• Indeterminacy from multiple sources, not controllable or observable by the programmer not 
possible to infer causal relations  

 
27. Explain distributed systems.  

• Consist of components that may necessarily be physically distributed.  
• Consist of communicating processes on multiple processors and/or dedicated hardware 
connected by Communication links.  
• Motivation:  

economical  
multiple processors to handle multiple time-critical tasks 
physically distributed  
Devices under control may be physically distributed.  

 

28. What are the various embedded system requirements  
 Types of requirements imposed by embedded applications:  

• R1 Functional requirements  
• R2 Temporal requirements  
• R3 Dependability requirements  

29. What are the temporal requirements?  

 Tasks may have deadlines  
• Minimal latency jitter  
• Minimal error detection latency  
• Timing requirements due to tight software control loops  
• Human interface requirements.  

 
30. Give the classification of embedded system.  

• Multi-dimensional classifications  
• Hard versus software systems  
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• Fail-safe versus fail-operational systems  
• Guaranteed-response versus best-effort  
• Resource-adequate versus resource-inadequate  
• Event-triggered versus time-triggered.  

 

31. What are the types of programmable logic?  
 PLDs,CPLDs,FPGAs  
 

32. Explain the VLSI design Flow.  
The design process, at various levels, is usually evolutionary in nature. It starts with a  

given set of requirements. Initial design is developed and tested against the requirements.  
When requirements are not met, the design has to be improved. If such improvement is either  
not possible or too costly, then the revision of requirements and its impact analysis must be  
considered. The Y-chart (first introduced by D.Gajski) shown in Fig. 1.4 illustrates a design  
flow for most logic chips, using design activities on three different axes (domains) which  
resemble the letter Y.  

 
33. Give the VLSI design hierarchy  

The use of hierarchy or "divide and conquer" technique involves dividing a module into  
sub- modules and then repeating this operation on the sub-modules until the complexity of  
the smaller parts becomes manageable. This approach is very similar to the software case  
where large programs are split into smaller and smaller sections until simple subroutines,  

 
34. What are embedded cores?  

More and more vendors are selling or giving away their processors and peripherals in a  
form that is ready to be integrated into a programmable logic-based design. They both  
recognize the potential for growth in the system-on-a-chip area and want a piece of the  
royalties or want to promote the use of their particular FPGA or CPLD by providing libraries  
of ready-to-use building blocks. Either way, you will gain with lower system costs and faster  
time-to-market.  

 
35. What are hybrid chips?  

The vendors of hybrid chips are betting that a processor core embedded within a 
programmable logic device will require far too many gates for typical applications. So 
they\'ve created hybrid chips that are part fixed logic and part programmable logic. The fixed 
logic contains a fully functional processor and perhaps even some on-chip memory. This part of 
the chip also interfaces to dedicated address and data bus pins on the outside of the chip. 
Application-specific peripherals can be inserted into the programmable logic portion of the 
chip, either from a library of IP cores or the customer\'s own designs.  

36. What do you meant by gatecounts?  
The gate count by itself is almost useless. Different vendors use different measures: 

number of available gates, equivalent number of NAND gates, equivalent number of gates in a 
PLD, equivalent number of gates in an ASIC, etc. You simply can\'t compare these 
numbers across vendors. A better comparison can be made in terms of numbers of registers (flip-
flops) and I/O pins.  

 
37. What is prototyping?  

Many times a CPLD or FPGA will be used in a prototype system. A small device may be  
present to allow the designers to change a board\'s glue logic more easily during product
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development and testing. Or a large device may be included to allow prototyping of a 
system-on-a-chip design that will eventually find its way into an ASIC. Either way, the basic 
idea is the same: allow the hardware to be flexible during product development. When the 
product is ready to ship in large quantities, the programmable device will be replaced with a less 
expensive, though functionally equivalent, hard-wired alternative  

 

38. Give the internal structure of FPGA  
The  development  of  the  FPGA  was  distinct  from  the  PLD/CPLD  evolution  just 

described. This is apparent when you look at the structures inside. Figure 2 illustrates a 
typical  FPGA  architecture.  There  are  three  key  parts  of  its  structure:  logic  blocks, 
interconnect, and I/O blocks. The I/O blocks form a ring around the outer edge of the part. 
Each of these provides individually selectable input, output, or bi-directional access to one of the 
general-purpose I/O pins on the exterior of the FPGA package. Inside the ring of I/O blocks 
lies a rectangular array of logic blocks. And connecting logic blocks to logic blocks and I/O 
blocks to logic blocks is the programmable interconnect wiring.  

 
39. Define FPGAs  

Field Programmable Gate Arrays (FPGAs) can be used to implement just about any 
hardware design. One common use is to prototype a lump of hardware that will eventually 
find its way into an ASIC.  

 
40. Define PLDs  

At the low end of the spectrum are the original Programmable Logic Devices (PLDs).  
These were the first chips that could be used to implement a flexible digital logic design in  
hardware. In other words, you could remove a couple of the 7400-series TTL parts (ANDs,  
ORs, and NOTs) from your board and replace them with a single PLD. Other names you
might  encounter  for  this  class  of  device  are  Programmable  
Programmable Array Logic (PAL), and Generic Array Logic (GAL). 

41. What are dependability requirements of an embedded system? 

•   Safety 

•   Critical failure modes 

•   Certification 

•   Maintainability 

•   MTTR in terms of repairs per hour 

•   Availability 

•   A = MTTF / (MTTF + MTTR) 

•   Security 
 
42. Give the diversity of embedded computing  
 Diversity in Embedded Computing 

Pocket remote control RF transmitter 100 
KIPS, crush-proof, long battery life 
Software optimized for size 
Industrial equipment controller 
1 MIPS, safety-critical, 1 MB memory 
Software control loops 
Military signal processing 
1 GFLOPS, 1 GB/sec IO, 32 MB 

 
 

Logic Array (PLA),
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                                                         Part – B (16 Marks) 

 
1. What is the need for IDE in an Embedded Architecture? Discuss.  
2. Explain the various forms of memory and the functions assigned to them.  
3. Explain the software embedded systems  
4. Explain the components of exemplary embedded systems  
5. Describe the architecture of a typical micro controller with a neat diagram.  
6. Explain the basic processors and hardware units in the embedded system  
7. Explain how software is embedded into a system  
8. Explain the methods used in the embedded system on a chip  
9.  List the hard ware units that must be present in the embedded systems.  

10. i) Explain the Exemplary applications of each type of embedded system.      
ii) Explain the different program layers in the embedded software and also the process of 
converting a "C" program into the file for ROM image with suitable block diagrams.      

11.  Explain the Embedded System on Chip (SoC) & in VLSI circuit. 
12.  i) Explain the various form of memories present in a system      

ii) Explain the software tools in designing of an embedded system.       
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UNIT-II  

DEVICES AND BUSES FOR DEVICES NETWORK  
Part - A (2 MARKS)  

 
1.  Give the summary of I/O devices used in embedded system  

Program, data and stack memories occupy the same memory space. The total addressable 
memory size is 64 KB.  
Program memory - program can be located anywhere in memory. Jump, branch and call 
instructions use 16-bit addresses, i.e. they can be used to jump/branch anywhere within 64 KB. 
All jump/branch instructions use absolute addressing.  
Data memory - the processor always uses 16-bit addresses so that data can be placed  
anywhere. Stack memory is limited only by the size of memory. Stack grows downward.  
First 64 bytes in a zero memory page should be reserved for vectors used by RST  
instructions.  

I/O ports  
256 Input ports  
256 Output ports  
Registers  
Accumulator or A register is an 8-bit register used for arithmetic, logic, I/O and 
load/store operations. 

2. Define bus.  
Buses: The exchange of information.  
Information is transferred between units of the microcomputer by collections of conductors 
called buses.  
There will be one conductor for each bit of information to be passed, e.g., 16 lines for a 16 bit 
address bus. There will be address, control, and data buses  

 
3. What are the classifications of I/O devices?  

i. Synchronous serial input and output 
ii. Asynchronous serial UART input and output 
iii. Parallel one bit input and output 
iv. Parallel port input and output 
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4.  Give some examples for serial input I/O devices.  
Audio input, video input, dial tone, transceiver input, scanner, serial IO bus input, etc.,  

 

5. Give the steps for accomplishing input output data transfer  
Accomplishing input/output data transfer  
There are three main methods used to perform/control input/output data transfers. They are,  
• Software programming (scanning or polling)  
• interrupt controlled  
• Direct memory access (DMA)  

 

6. Give the limitations of polling technique.  
The polling technique, however, has limitations.  
• It is wasteful of the processors time, as it needlessly checks the status of all devices all the  
time.  
• It is inherently slow, as it checks the status of all I/O devices before it comes back to check any 
given one again.  
• When fast devices are connected to a system, polling may simply not be fast enough to 
satisfy the minimum service requirements. Priority of the device is determined  

 
7. What do you meant by bus arbitration?  

Bus Arbitration  
Most processors use special control lines for bus arbitration, ie, controlling the use of the 

address and data bus,  
• An input which the DMAC uses to request the bus  
• An output(s) indicating the bus status  
• An output indicating acceptance of the DMAC\'s bus request  

 
8.  What are the two characteristics of synchronous communication?  

•   Bytes/frames maintain constant phase difference and should not be sent at random  
 time intervals. No handshaking signals are provided during the communication.  

•   Clock pulse is required to transmit a byte or frame serially. Clock rate information is  
 transmitted by the transmitter.  

 
9.  What do you mean by asynchronous communication?  

The most basic way of sharing data is by copying the data in question to each server. This will  
only  work  if  the  data  is  changed  infrequently  and  always  by  someone  with 
administrative access to all the servers in the cluster.  

 
10. What are the characteristics of asynchronous communication?  

•   Variable bit rate - need not maintain constant phase difference  
•   Handshaking method is used  

•   Transmitter need not transmit clock information along with data bit stream  
 
11. What are the three ways of communication for a device?  

i. Separate clock pulse along with data bits  
ii. Data bits modulated with clock information  

iii. Embedded clock information with data bits before transmitting  
 
12. Expand a) SPI b) SCI  

SPI - SERIAL PERIPHERAL INTERFACE  
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SCI - SERIAL COMMUNICATION INTERFACE  
 

13. What are the features of SPI?  
•   SPI has programmable clock rates  

•   Full-duplex mode  

•   Crystal clock frequency is 8MHz  

•   Open drain or totempole output from master to slave  
 
14. Define software timer.  

A software timer is software that executes the increase/decrease count value on an interrupt from 
timer or RTC. Software timer is used as virtual timing device.  

 
15. What are the forms of timer?  

•   Hardware interrupt timer  
•   Software timer  

•   User software controlled hardware timer  

•   RTOS controlled hardware timer  

•   UP/DOWN count action timer  

•   One-shot timer (No reload after overflow and finished states)  
 
16. Define RTC  

                                                RTC Stands for Real Time Systems. Once the system starts, do not stop/reset and the count 

                                        value cannot be reloaded.  
 

17. What is I2C?  
Inter- Integrated Circuit (2-wire/line protocol) which offers synchronous communication. 
Standard speed: 100Kbps and High speed: 400 Kbps  

 
18. What are the bits in I2C corresponding to?  

SDA - Serial Data Line and SCL - Serial Clock line  
 

19. What is a CAN bus? Where is it used?  
CAN stands for Controller Area Network. Serial line, bi-directional bus used in automobiles. 
Operates at the rate of 1Mbps.  

 

20. What is USB? Where is it used?  
 USB - Universal Serial Bus  

Operating speed - upto 12 Mbps in fast mode and 1.5Mbps in low-speed mode.  
 

21. What are the features of the USB protocol?  
A device can be attached, configured and used, reset, reconfigured and used, detached and 
reattached, share the bandwidth with other devices.  

22. What are the four types of data transfer used in USB?  

•   Controlled transfer  

•   Bulk transfer  

•   Interrupt driven data transfer  

•   Iso-synchronous transfer  
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23. Explain briefly about PCI and PCI/X buses.  
•   Used for most PC based interfacing  

•   Provides superior throughput than EISA  

•   Platform-independent  

•   Clock rate is nearest to sub-multiples of system clock  
 
24. Mention some advanced bus standard protocols;  

1.  GMII (Gigabit Ethernet MAC Interchange Interface)  
2.  XGMI (10 Gigabit Ethernet MAC Interchange Interface)  
3.  CSIX-1 6.6 Gbps  
4.  Rapid IO interconnect specification v1.1 at 8 Gbps  

 
25. What do you meant by high speed device interfaces?  

Fail-over clustering would not be practical without some way for the redundant servers to 
access remote storage devices without taking a large performance hit, as would occur if these devices 
were simply living on the local network. Two common solutions to this problem are double-ended 
SCSI and fibre-channel.  

 
26. Mention some I/O standard interfaces.  

HSTL - High Speed Transceiver Logic (Used in high speed operations)  
SSTL - Stub Series Terminated Logic (Used when the buses are needed to isolate from the 
large no. of stubs)  

 
 
                                                    Part – B (16 Marks) 

  
1. Describe the functions of a typical parallel I/O interface with a neat diagram  

2. Explain high speed I/O interfacing in detail   
3. Write short notes on  

(i) Analog to digital converter  

(ii) UART  
4. Explain the functions of various buses used during transfer  
5. Explain the synchronous and asynchronous communications from serial devices  
6. Explain the various timer and counting devices  
7. Explain the various bus structures used in embedded systems  
8. Explain the sophisticated interfacing features in devices /ports  
9. Explain the classification of IO devices.  
10. Explain the working of timers and counters in detail.  
11. Explain the serial communication using I2C, CAN, USB in detail.  
12. i) Explain the parallel port devices.  

ii) Explain the sophisticated interfacing features in device ports.  
13.  i) Explain the signal using a transfer of byte when using the I2C bus and also the format  
          of bits at the I2C bus with diagram.                                                          

ii)Explain the internal serial communication devices. 
14. Explain the following parallel communication devices: 

i) ISA bus 
ii) PCI and PCI/X 
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UNIT-III  
PROGRAMMING CONCEPTS  
 Part - A (2 MARKS)  

 
1. What are the advantages of Assembly language?  

•   It gives the precise control of the processor internal devices and full use of processor  
 specific features in its instruction sets and addressing modes.  

•   The machine codes are compact, which requires only small memory.  

•   Device drivers need only few assembly instructions.  
 
2. What are advantages of high level languages?  

•  Data type declaration  
•  Type checking  

•  Control structures  

•  Probability of non-processor specific codes  
 
3. Define In -line assembly  

Inserting an assembly code in between is said to be in-line assembly.  
 
4. Mention the elements of C program.  

1.  Files:  
1.  Header files  
2.  Source files  
3.  Configuration files  
4.  Preprocessor directives  

2.  Functions:  
1.  Macro function  
2.  Main function  
3.  Interrupt service routines or device drivers  

3.  Others:  
1.  Data types  
2.  Data structures  
3.  Modifiers  
4.  Statements  
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5.  Loops and pointers  
 

5. What is the use of MACRO function?  
•   A macro function executes a named small collection of codes, with the values passed  
 by the calling function through its arguments.  

•   It has constant saving and retrieving overheads.  
 
6. What is the use of interrupt service routines or device drivers?  

•   It is used for the declaration of functions and datatypes, typedef and executes named  
 set of codes.  

•   ISR must be small (short), reentrant or must have solution for shared data problem.  
 
7. What are the datatypes available in C language?  

Char - 8 bit; byte - 8 bit; short - 16 bit; unsigned short - 16 bit; unsigned int - 32 bit; int 
- 32 bit; long double - 64 bit; float - 32 bit; double - 64  

 
8. Mention the data structures available in C language.  

1. Queue  
2. Stack  
3. Array (1-dimentional and multi-dimentional)  
4. List  
5. Tree  
6. Binary-tree  

 

9.  Write the syntax for declaration of pointer and Null-pointer.  
 Syntax for pointer:  

void *portAdata  

Syntax for Null-pointer:  

#define NULL (void*) 0x0000  
 
10. Explain pass by values.  

•   The values are copied into the arguments of the function.  

•   Called programs does not change the values of the variables  
 
11. What are the three conditions that must be satisfied by the re-entrant function?  

1. All the arguments pass the values and none of the argument is a pointer.  
2. When a non-atomic operation, that function should not operate on the function 
declared outside.  
3. A function does does not call a function by itself when it is not reentrant.  

 
12. Explain pass by reference.  

•   When an argument value to a function is passed through a pointer, then the value can  
 be changed.  

•   New value in the calling function will be returned from the called function.  
 
 

13. Write the syntax for function pointer.  
Syntax:  

void *<function_name> (function arguments)  
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14.  Define queue.  
•   A structure with a series of elements.  

•   Uses FIFO mode.  

•   It is used when an element is not directly accessed using pointer and index but  
 only through FIFO.  

•   Two pointers are used for insertion and deletion.  
 
15.  Define stack.  

•  A structure with a series of elements which uses LIFO mode.  
•  An element can be pushed only at the top and only one pointer is used for POP.  

•  Used when an element is not accessible through pointer and index, but only  
 through LIFO.  

 
16.  Define List.  

• Each element has a pointer to its next element.  

• Only the first element is identifiable and it is done using list-top pointer (header).  

• Other element has no direct access and is accessed through the first element.  
 
17.  What is Object oriented programming?  

An object-oriented programming language is used when there is a need for re-usability of 

defined objects or a set of objects that are common for many applications.  

18.  What are the advantages of OOPs?  
•  Data encapsulation  

•  Reusable software components  

•  inheritance  
 
19.  What are the characteristics of OOPs?  

•   An identity - reference to a memory block  
•   A state - data, field and attributes  

•   A behavior - methods to manipulate the state of the object  
 

20.  Define Class.  
A class declaration defines a new type that links code and data. It is then used to declare  
objects of that class. Thus a class is an logical abstraction but an object has physical  
existence.  

21.  Define NULL function  
NULL defines empty stack or no content in the stack/queue/list.  

 
22.  What is Multiple Inheritance?  

Inheritance is the process by which objects of one class acquire the properties of objects of 
another class. In OOP, the concept of inheritance provides the idea of reusability.  

 
23.  Define Exception handling  

Exceptions are used to report error conditions. Exception handling is built upon three 
keywords:  

1.  try  
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2.  catch  
3.  throw  

 

24. What is a Preprocessor Directive?  
A preprocessor directive starts with ‘#’ sign. The following are the types of preprocessor 
directives:  

1. Preprocessor global variables  
2. Preprocessor constants  

 

25. Mention the flags available for queue.  
1.   QerrrorFlag  
2.   HeaderFlag  
3.   TrailingFlag  
4.   cirQuFlag  
5.   PolyQuFlag  

 
 
 

                                          Part – B (16 Marks)  

 

1.  i) Tabulate program elements: Macros and Functions and their uses. (8) 
ii) Explain the use of pointers, NULL pointers (8) 

2.  i) Explain the multiple function calls in the cyclic order in the main. Also write the 
advantages of building ISR queues. Explain (8) 
ii) Explain the ‘C’ program compiler and cross compiler. (8) 

3.  i) Explain the optimization of memory codes. (8) 
ii) Explain the Embedded programming in C++. (8) 

4. Explain the function pointers, function queues and ISR queues. (16) 
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UNIT-IV  

REAL TIME OPERATING SYSTEMS - PART I  
 Part - A (2 MARKS)  

 
1. Define process.  

A process is a program that performs a specific function.  
 

2. Define task and Task state.  
A task is a program that is within a process. It has the following states:  

1.  Ready  
2.  Running  
3.  Blocked  
4.  Idle  

 

3. Define (TCB)  
The TCB stands for Task Control Block which holds the control of all the tasks within the 
block. It has separate stack and program counter for each task.  

 
4. What is a thread?  

A thread otherwise called a lightweight process (LWP) is a basic unit of CPU utilization, it  
comprises of a thread id, a program counter, a register set and a stack. It shares with other  
threads belonging to the same process its code section, data section, and operating system 
resources such as open files and signals.  

 
5. What are the benefits of multithreaded programming?  

The benefits of multithreaded programming can be broken down into four major categories: 

 ¬ Responsiveness  

¬ Resource sharing  

¬ Economy  
¬ Utilization of multiprocessor architectures  

 
6. Compare user threads and kernel threads.  
 User threads Kernel threads  
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User threads are supported above the kernel and are implemented by a thread library at the user level 
Kernel threads are supported directly by the operating system  
Thread creation & scheduling are done in the user space, without kernel intervention.  
Therefore they are fast to create and manage Thread creation, scheduling and management  
are done by the operating system. Therefore they are slower to create & manage compared to user 
threads Blocking system call will cause the entire process to block If the thread performs a 
blocking system call, the kernel can schedule another thread in the application for execution  

 

7. Define RTOS.  
A real-time operating system (RTOS) is an operating system that has been developed for real-
time applications. It is typically used for embedded applications, such as mobile 
telephones, industrial robots, or scientific research equipment.  

 
8. Define task and task rates.  

An RTOS facilitates the creation of real-time systems, but does not guarantee that they are  
real-time; this requires correct development of the system level software. Nor does an RTOS  
necessarily have high throughput — rather they allow, through specialized scheduling 
algorithms and deterministic behavior, the guarantee that system deadlines can be met. That is, 
an RTOS is valued more for how quickly it can respond to an event than for the total amount 
of work it can do. Key factors in evaluating an RTOS are therefore maximal interrupt and thread 
latency  

 
9. Define CPU scheduling.  

CPU scheduling is the process of switching the CPU among various processes. CPU 
scheduling is the basis of multi-programmed operating systems. By switching the CPU 
among processes, the operating system can make the computer more productive.  

 
10. Define Synchronization.  

Message passing can be either blocking or non-blocking. Blocking is considered to be 
synchronous and non-blocking is considered to be asynchronous.  

 
11. Define Inter process communication.  

Inter-process communication (IPC) is a set of techniques for the exchange of data among 
multiple threads in one or more processes. Processes may be running on one or more 
computers connected by a network. IPC techniques are divided into methods for message 
passing, synchronization, shared memory, and remote procedure calls (RPC). The method of IPC 
used may vary based on the bandwidth and latency of communication between the threads, 
and the type of data being communicated.  

12. Define Semaphore.  
A semaphore ‘S’ is a synchronization tool which is an integer value that, apart from 

initialization, is accessed only through two standard atomic operations; wait and signal. 
Semaphores can be used to deal with the n-process critical section problem. It can be also used 
to solve various synchronization problems.  

The classic definition of ‘wait’  
wait (S){  
while (S<=0)  
;  
S--;  
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}  
The classic definition of ‘signal’ 
signal (S){  
S++;  
}  

 

13. What is a semaphore?  
Semaphores -- software, blocking, OS assistance solution to the mutual exclusion 

problem basically a non-negative integer variable that saves the number of wakeup signals sent 
so they are not lost if the process is not sleeping another interpretation we will see is that the 
semaphore value represents the number of resources available  

 
15. Give the semaphore related functions.  

A semaphore enforces mutual exclusion and controls access to the process critical sections. Only 
one process at a time can call the function fn.  
SR Program: A Semaphore Prevents the Race Condition.  
SR Program: A Semaphore Prevents Another Race Condition.  

 

16.  When the error will occur when we use the semaphore?  
i. When the process interchanges the order in which the wait and signal operations on the 
semaphore mutex.  
ii. When a process replaces a signal (mutex) with wait (mutex).  
iii. When a process omits the wait (mutex), or the signal (mutex), or both.  

 

17. Differentiate counting semaphore and binary semaphore.  
Binary Semaphore:  

The general-purpose binary semaphore is capable of addressing the requirements of both 
forms of task coordination: mutual exclusion and synchronization.  

A binary semaphore can be viewed as a flag that is available (full) or unavailable (empty).  
Counting semaphores are another means to implement task synchronization and mutual exclusion.  

Counting Semaphore:  
The counting semaphore works like the binary semaphore except that it keeps track of the  

number of times a semaphore is given. Every time a semaphore is given, the count is  
incremented; every time a semaphore is taken, the count is decremented. When the count  
reaches zero, a task that tries to take the semaphore is blocked. As with the binary semaphore,  
if a semaphore is given and a task is blocked, it becomes unblocked. However, unlike the  
binary semaphore, if a semaphore is given and no tasks are blocked, then the count is  
incremented. This means that a semaphore that is given twice can be taken twice without  
blocking.  

 

18. What is priority inheritance?  
Priority inheritance is a method for eliminating priority inversion problems. Using this  
programming method, a process scheduling algorithm will increase the priority of a process  
to the maximum priority of any process waiting for any resource on which the process has a  
resource lock.  

 
19. Define Message Queue.  

A message queue is a buffer managed by the operating system. Message queues allow a  
variable number of messages, each of variable length, to be queued. Tasks and ISRs can  
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send messages to a message queue, and tasks can receive messages from a message queue (if  
it is nonempty). Queues can use a  FIFO (First In, First Out) policy or it can be based on  
priorities.  

Message queues provide an asynchronous communications protocol.  
 

20. Define Mailbox and Pipe.  
A mailboxes are software-engineering components used for interprocess communication, or 

for inter-thread communication within the same process. A mailbox is a combination of a 
semaphore and a message queue (or pipe).  

Message queue is same as pipe with the only difference that pipe is byte oriented while 
queue can be of any size.  

 
21. Define Socket.  

A socket is an endpoint for communications between tasks; data is sent from one socket to 
another.  

 
22. Define Remote Procedure Call.  

Remote Procedure Calls (RPC) is a facility that allows a process on one machine to call a 
procedure that is executed by another process on either the same machine or a remote 
machine. Internally, RPC uses sockets as the underlying communication mechanism.  

 
 

Other Important Questions  
 
23. . Define thread cancellation & target thread.  

The thread cancellation is the task of terminating a thread before it has completed. A thread that 
is to be cancelled is often referred to as the target thread. For example, if multiple threads are 
concurrently searching through a database and one thread returns the result, the remaining threads 
might be cancelled.  

27. What are the different ways in which a thread can be cancelled?  

Cancellation of a target thread may occur in two different scenarios:  
¬ Asynchronous cancellation: One thread immediately terminates the target thread is called 
asynchronous cancellation.  

¬ Deferred cancellation: The target thread can periodically check if it should terminate, 
allowing the target thread an opportunity to terminate itself in an orderly fashion.  

 
28. What is preemptive and non-preemptive scheduling?  

• Under non-preemptive scheduling once the CPU has been allocated to a process, the process  
keeps the CPU until it releases the CPU either by terminating or switching to the waiting  
state.  

• Preemptive scheduling can preempt a process which is utilizing the CPU in between its 
execution and give the CPU to another process.  

 

29. What is a Dispatcher?  

The dispatcher is the module that gives control of the CPU to the process selected by the 

short-term scheduler. This function involves:  
¬ Switching context  

¬ Switching to user mode  

¬ Jumping to the proper location in the user program to restart that program.  
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30. What is dispatch latency?  
The time taken by the dispatcher to stop one process and start another running is known as 
dispatch latency.  

 
31. What are the various scheduling criteria for CPU scheduling?  
 The various scheduling criteria are  

¬ CPU utilization  

¬ Throughput  

¬ Turnaround time  

¬ Waiting time  

¬ Response time  
 
32. Define throughput?  

Throughput in CPU scheduling is the number of processes that are completed per unit time. For 
long processes, this rate may be one process per hour; for short transactions, throughput might be 
10 processes per second.  

 
33. What is turnaround time?  

Turnaround time is the interval from the time of submission to the time of completion of a 
process. It is the sum of the periods spent waiting to get into memory, waiting in the ready 
queue, executing on the CPU, and doing I/O.  

 
34. Define race condition.  

When several process access and manipulate same data concurrently, then the outcome of the  
execution depends on particular order in which the access takes place is called race  
condition. To avoid race condition, only one process at a time can manipulate the shared  
variable.  

 

35. What is critical section problem?  
Consider a system consists of ‘n‘ processes. Each process has segment of code called a critical 
section, in which the process may be changing common variables, updating a table, writing a 
file. When one process is executing in its critical section, no other process can allowed 
executing in its critical section.  

 

36. What are the requirements that a solution to the critical section problem must satisfy?  
 The three requirements are  

¬ Mutual exclusion  

¬ Progress  

¬ Bounded waiting  
 
37. Define deadlock.  

A process requests resources; if the resources are not available at that time, the process enters  
a wait state. Waiting processes may never again change state, because the resources they  
have requested are held by other waiting processes. This situation is called a deadlock.  

 
38. What are conditions under which a deadlock situation may arise?  

A deadlock situation can arise if the following four conditions hold simultaneously in a  
 system:  

1. Mutual exclusion  
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2. Hold and wait  
3. No pre-emption  
4. Circular wait  

 

39. What are the various shared data operating system services?  
• explain how operating systems provide abstraction from the computer hardware.  
• describe the meaning of processes, threads and scheduling in a multitasking operating  
system.  
• describe the role of memory management explaining the terms memory swapping, memory 
paging, and virtual memory.  
• contrast the way that MS-DOS and unix implement file systems compare the design of 
some real operating systems.  

 
 
                                                  Part – B (16 Marks) 

 
1. Explain how thread and process are used in embedded system.  
2. Explain process management and memory management in embedded system  
3. Explain file system organization and implementation  
4. Explain how interrupt routines handled in embedded system  
6. Explain the real time operating systems  
7. Explain cyclic scheduling with time slicing  
8. Explain how critical section in handled by a pre-emptive scheduler  
9. Explain interprocess communication and synchronization  
10. Explain interprocess communications using signals  
11. Explain remote procedure call with an example  
12. Write about IPC in detail.  
13.  a) Write about Interrupt Service Handling in RTOS.  

b) Write about Semaphores with types in detail.  
14. Explain state transition diagram of RTOS.  
15. What are the rules to decide reentrancy of a function? Explain due to which rule the 
following function is not reentrant?  

int cErrors;  
void vcountErrors(int cNewError) { 
cErrors += cNewError;  
}  

Can this function be made reentrant by using semaphore? Justify.  
16. i) Explain the goals of operating system services.  
     ii) Explain the three alternative systems in three RTOS for responding a hardware source call  
      with the diagram.  
17. i) Explain the scheduler in which RTOS insert into the list and the ready task for sequential        
       execution in a co-operative round robin model.  

ii) Explain the fifteen point strategy for synchronization between the processes, ISRs, OS 
        functions and tasks for resource management.  
18. i) Explain the critical section service by a preemptive scheduler.  
      ii) Explain the Rate Monotonic Co-operative scheduling.  
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                                                                     UNIT-V 

Real Time Operating Systems - Part II 
Part - A (2 MARKS) 

1. Name any two important RTOS. 
1.  MicroC/OS II 
2.  VxWorks 

2. What is sophisticated multitasking embedded system? 
Multitasking provides the fundamental mechanism for an application to control and react to 
multiple, discrete real-world events. Multitasking creates the appearance of many threads of 
execution running concurrently when, in fact, the kernel interleaves their execution on the 
basis of a scheduling algorithm.  

 
3. Explain multi task and their functions in embedded system.  

This system implements cooperative and time-sliced multitasking, provides resource locking  
and mailbox services, implements an efficient paged memory manager, traps and reports  
errors, handles interrupts, and auto starts your application at system startup. By following some 
simple coding practices as shown in the documented coding examples, you can take  
advantage of these sophisticated features without having to worry about the implementation  
details.  

4. Name any two queue related functions for the inter task communications.  
 Queue related functions includes  

5. Creating a queue for an IPC, 
6. Waiting for an IPC messagea t a queue, 
7. Emptying the Queue and Eliminating All the Message pointers, 
8. Sendinga message-pointetor the Queue, 
9. Sending a message pointer and inserting at the Queue Front and 

10.   Querying to Find the Message and Enor Information for the Queue ECB.  

To connect a message queue, or create it if it doesn\'t exist. The call to accomplish this is the 
msgget() system call:  
int msgget(key_t key, int msgflg);  
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msgget(): returns the message queue ID on success, or -1 on failure (and it sets errno, of  
course.) The first, key is a system-wide unique identifier describing the queue you want to  
connect to (or create). Every other process that wants to connect to this queue will have to  
use the same key.  

 

5. Name any two mailbox related functions.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

6. Give the function for sending a queue.  
Each message is made up of two parts, which are defined in the template structure struct 
msgbuf, as defined in sys/msg.h:  

struct msgbuf {  
long mtype;  
char mtext[1];  
};  

The field mtype is used later when retrieving messages from the queue, and can be set to any 
positive number. mtext is the data this will be added to the queue  

 
7. Give a function for receiving a message from a queue  

A call to msgrcv() that would do it looks something like this:  
 #include  

key_t key;  
int msqid;  
struct pirate_msgbuf pmb; /* where L\'Olonais is to be kept */  
 
key = ftok(\"/home/beej/somefile\", \'b\');  
msqid = msgget(key, 0666 | IPC_CREAT);  
 
msgrcv(msqid, &pmb, sizeof(pmb), 2, 0); /* get him off the queue! */  

 
8. Give the steps to destroy a message queue.  

There are two ways:  
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1. Use the Unix command ipcs to get a list of defined message queues, then use the command  
 ipcrm to delete the queue.  
2. Write a program to do it for you  

 

9. Give the needs for memory management.  
Each new model of computer seems to come with more main memory than the last, but, since the 
memory requirements of the software rise just as fast, memory is always a precious 
commodity, hence the need for memory management .  

• Memory is allocated to a process when needed  
• Memory is deallocated when no longer in use  
• Swapping allows the total memory used by all the running processes to exceed main  
memory  
• Virtual memory makes it possible to run a single program that uses more memory than the 
main memory (normally RAM) available on the system. Virtual memory is normally 
divided into pages.  
• Programs refer to parts of memory using addresses. In a virtual memory system, these are 
virtual addresses  

The virtual address is mapped onto physical addresses by a memory management unit 
(MMU) 

10. Name some application for the VxWorks RTOS. 
1.  Automobiles 
2.  Avionics  
3.  Consumer electronics  
4.  Medical devices  
5.  Military  
6.  Aerospace  
7.  Networking  

 

11. What are the various features of VxWorks? 
1.  High performance 
2.  Host and target based development approach 
3.  Supports advanced processor architecture 
4.  Hard real-time applications 

 
12. What are the basic functions of VxWorks? 

1.  System level functions 
2.  Task service functions  
3.  Task control functions  
4.  IPCs  
5.  Network and IO functions  

 
13.  What are the task service functions supported by VxWorks?  

1.  Task creation and activation distinct states.  
2.  Functions for the task creating, running, waiting, suspending and resuming, task 

pending cum suspending with and without timeouts. 
 
14.  What are  the different types of semaphores in  vxworks? Which is  the fastest?  

VxWorks supports three types of semaphores. Binary, mutual exclusion, and counting 
semaphores. Binary is the fastest semaphore.  
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15. Name any four interrupt service functions supported by VxWorks?  
VxWorks runs interrupt service routines (ISRs) in a special context outside of any 

task's context. Thus, interrupt handling involves no task context switch.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

16. What are VxWorks pipes?  
Pipes provide an alternative interface to the message queue facility that goes through the  

VxWorks I/O system. Pipes are virtual I/O devices managed by the driver pipeDrv. The  
routine  pipeDevCreate( )  creates  a  pipe  device  and  the  underlying  message  queue  
associated with that pipe.  

The call specifies the name of the created pipe, the maximum number of messages that  
can be queued to it, and the maximum length of each message: status = pipeDevCreate  
("/pipe/name", max_msgs, max_length); The created pipe is a normally named I/O device.  
Tasks can use the standard I/O routines to open, read, and write pipes, and invoke ioctl  
routines.  

 

17. What is signal servicing function?  
VxWorks supports a software signal facility. Signals asynchronously alter the control 

flow of a task. Any task or ISR can raise a signal for a particular task. The task being 
signaled immediately suspends its current thread of execution and executes the 
taskspecified signal handler routine the next time it is scheduled to run. The signal handler 
executes in the receiving task's context and makes use of that task's stack. The signal handler is 
invoked even if the task is blocked.  

 
18. Define Micro C/OSII.  

Micro C/OSII (commonly termed uC/OSII or mC/OS-Il),i s a low-cost priorty-based 
preemptive real time multitasking operating system kemel for microprocessors, mainly in the C 
programming language. It is mainly intended for use in embedded systems.  
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19. What are the task states in MICRO C/OS-II?  
 Task states:  

mC/OS-[ is a multitasking operating system. Each task is an infinite loop and can be 
in any one of the following 5 states:  

1.  Dormant  
2.  Ready  
3.  Running  
4.  Waiting  

5.  ISR  
 

20. What are the 2 source files in Micro C/OS-II?  
1. Preprocessor dependent source file  
2. Preprocessor independent source file  

 
21. What are the basic functions of MUCOS?  

•   System level: OS initiate, start, system timer set, ISR enter and exit  

•   Task service function: create, run, suspend, resume  

•   Task delay  

•   Memory allocation and partitioning  

•   IPCs, mailbox and queues  
 
 

                                                   Part – B (16 Marks) 

 
1. Explain detail about Memory allocation related functions  
2. Explain briefly about mailbox related functions  
3. Explain Queue related functions  
4. Explain multiple tasks and their functions  
5. Give the steps for creating list of tasks  

6. Give the exemplary coding techniques  
7. List and explain the various task service functions in VxWorks/MUCOS-II.  
8. Explain how IPCs are used in embedded system.  

9. Explain the various multiple function calls in Embedded C  
10. Write in detail about MUCOS and it’s features with a suitable example.  
11. Write in detail about VxWorks and it’s features with a suitable example.  
12. How will you design a application for Automatic Chocolate Vending Machine in detail. 

(Write with design and code.)  
13. How will you design a application for sending Application Layer Byte Stream on a TCP/IP 
Network in detail. (Write with design and code.)  
14. How will you design a application for Adaptive Cruise Control System in Car in detail. 
(Write with design and code.)  
15. How will you design a application to create a Smart Card in detail. 

(Write with design and code.)  
16. Explain about the same case study but more stress on the functions for semaphores and the code 
for it.  
17. How does an RTOS semaphore protect data? Explain by giving example.  
18. Draw and explain basic system of an Automatic chocolate vending system  
19. Discuss with the diagram task synchronization model for a specific application  

20. i) Explain the case study of an embedded system for a smart card.  
ii) Explain the features of VxWorks.  

21. Explain the RTOS programming tool MicroC/OS-II.  
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UNIT-1

INTRODUCTION TO EMBEDDED SYSTEMS

TWO MARKS

1. Define Embedded System. What are the components of embedded system?

An Embedded system is one that has computer hardware with software embedded in it as

one of its most important component.

The three main components of an embedded system are

1. Hardware

2. Main application software

3. RTOS

2.  In what ways CISC and RISC processors differ?

CISC RISC

It provides number of addressing

modes

It provides very few

addressing modes

It has a micro programmed unit with a

control memory

It has a hardwired unit

without a control memory

An easy compiler design Complex compiler design

Provide precise and intensive

calculations slower than a RISC

Provide precise and

intensive calculations faster

than a CISC

3. Define system on chip (SOC) with an example

Embedded systems are being designed on a single silicon chip called system on chip.

SOC is a new design innovation for embedded system

Ex. Mobile phone.

4. Give any two uses of VLSI designed circuits

A VLSI chip can embed IPs for the specific application besides the ASIP or a GPP core. A

system on a VLSI chip that has all of needed analog as well as digital circuits.

Eg. Mobile phone.
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5.   List the important considerations when selecting a processor.

Instruction set

Maximum bits in an operand

Clock frequency

Processor ability

6. What are the types of embedded system?

Small scale embedded systems

Medium scale embedded systems

Sophisticated embedded systems

7. Classify the processors in embedded system?

1. General purpose processor

Microprocessor

Microcontroller

Embedded processor

Digital signal processor

Media processor

2. Application specific system processor

3. Multiprocessor system using GPP and ASSP GPP core or ASIP core

integrated into either an ASIC or a VLSI circuit or an FPGA core integrated with processor unit

in a VLSI chip.

8. What are the important embedded processor chips?

ARM 7 and ARM 9

i 960

AMD 29050

9. Name some DSP used in embedded systems?

TMS320Cxx

SHARC

5600xx

10. Name some of the hardware parts of embedded systems?

Power source

Clock oscillator circuit

Timers

Memory units

DAC and ADC
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LCD and LED displays

Keyboard/Keypad

11.  What are the various types of memory in embedded systems?

RAM (internal External)

ROM/PROM/EEPROM/Flash

Cache memory

12. What are the points to be considered while connecting power supply rails with embedded

system?

A processor may have more than two pins of Vdd and Vss

Supply should separately power the external I/O driving ports, timers, and clock

and

From the supply there should be separate interconnections for pairs of Vdd and

Vss pins analog ground analog reference and analog input voltage lines.

13. What is watch dog timer?

Watch dog timer is a timing device that resets after a predefined timeout.

14.   What are the two essential units of a processor on a embedded system?

Program Flow control Unit

Execution Unit
15. What does the execution unit of a processor in an embedded system do?

The EU includes the ALU and also the circuits that execute instructions for a program
control task. The EU has circuits that implement the instructions pertaining to data transfer
operations and data conversion from one form to another.

16.  Give examples for general purpose processor.

Microcontroller
Microprocessor

17.  Define microprocessor.

A microprocessor is a single VLSI chip that has a CPU and may also have some other
units for example floating point processing arithmetic unit pipelining and super scaling units for
faster processing of instruction.

18. When is Application Specific System processors (ASSPs) used in an embedded system?

An ASSP is used as an additional processing unit for running the application specific
tasks in place of processing using embedded software.
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19. Define ROM image.

Final stage software is also called as ROM image .The final implement able software for a
product embeds in the ROM as an image at a frame. Bytes at each address must be defined for
creating the image.

20. Define device driver.

A device driver is software for controlling, receiving and sending byte or a stream of bytes from
or to a device.

21. Name some of the software’s used for the detailed designing of an embedded system.

Final machine implement able software for a product
Assembly language
High level language
Machine codes
Software for device drivers and device management.

22. What are the various models used in the design of an embedded system?

Finite state machine
Petri net
Control and dataflow graph
Activity diagram based UML model
Synchronous data flow graph
Timed Petri net and extended predicate/transition net
Multithreaded graph

22. Give some examples for small scale embedded systems.

ACVM
Stepper motor controllers for a robotic system
Washing or cooking system
Multitasking toys

23. Give some examples for medium scale embedded systems

Router, a hub and a gateway
Entertainment systems
Banking systems
Signal tracking systems

24. Give some examples for sophisticated embedded systems

Embedded system for wireless LAN
Embedded systems for real time video
Security products
ES for space lifeboat.
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25. What are the requirements of embedded system?

Reliability
Low power consumption
Cost effectiveness
Efficient use of processing power

26. Give the characteristics of embedded system?

a) Single-functioned

b) Tightly constrained

c) Reactive and real time

27. What are the design metrics?

Power
Size
NRE cost
Performance

28. What are the challenges of embedded systems?

Hardware needed
Meeting the deadlines
Minimizing the power consumption
Design for upgradeability

29. Give the steps in embedded system design?

Requirements
Specifications
Architecture
Components
System integration

30. What are the requirements?

Before designing a system, it must to understand what has to be designed. This can be
known from the starting steps of a design process.

31. Give the types of requirements?

Functional requirements
Non functional requirements
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32. Define functional requirements?

It says the fundamental functions of an embedded system.

33. Give some examples of functional requirements?

1. Performance
2. Cost
3. physical size and weight
4. power

34. What is the use of requirements form?

It is used as a checklist in the requirements analysis. From this the fundamental properties
of a system came to be known.

35. What are the entries of a requirement form?

Name
Purpose
Inputs and outputs
Functions
Performance
Manufacturing cost
Power
Physical size and weight

36. What is meant by specification?

This is a bridge between Customer and Architect.It conveys the customer’s needs. These
needs are properly used in the design process.

37. What is architecture design?

It says the way of implementing functions by a system. Actually architecture is a plan   for
whole structure of a system. While will bring the design of components later.

38. Define system integration?

It is a processor of combining the components into one system.

39. What are the functions of memory?

The memory functions are
To provide storage for the software that it will run.
To store program variables and the intermediate results
Used for storage of information
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40. Define RAM?

RAM refers Random Access Memory. It is a memory location that can be accessed

without touching the other locations.

41. What is data memory?

When the program is executing, to save the variable and program stack, this type of

memory is used

42. What is code memory?

The program code can be stored by using this area. The ROM is used for  this purpose.

43. What are the uses of timers?

The time intervals can be completed

Precise hardware delays can be calculated

The timeout facilities are generated

44. Give short notes on RAM processor?

It is said to be the family of RISC architecture. The ARM instructions are written one

per line, starting after the first column.

45. What are the data types supported by RAM?

Standard ARM word is 32 bit long

Word is splitted into 4 8 bit bytes

46. What are the 3 types of operating modes?

Normal mode

Idle mode

Power down mode

16 MARKS
1. List the hardware units that must be present in the embedded systems.

Power Source and managing the power
Most systems have a power supply of own. The supply has a specific operation range or a

range of voltages. Various units in unzip for place of Infatuation to Embedded System in one of
the following four accelerator are examples of embedded systems that do not have their own
power supply v and connect to pi power-supply lines. 1Z; A charge pump consists of a diode in
the series followed by a charging capacitor. The diode gets forward bias input from an external
signal.
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Real Time Clock (RTC) and Timers for Various
Timing and Counting Needs of the System a timer circuit suitably configured is the

system-clock, also called real-time clock (RTC). It is used by the schedulers and for real-time
programming. More than one timer using the system clock (RTC) may be needed for the various
timing and counting needs in a system.

Clock Oscillator Circuit and Clocking Unit(s)
The Clock is an important unit of a system. A processor needs a clock oscillator circuit.

The clock controls the various clocking requirements of the CPU, of the system timers and the
CPU machine cycles

Memories
In a system, there are various types of memories. They are as follows:

Internal RAI\4 of 256 or 5lZ bytes in a microcontroller for registers,
temporary data

stack
Internal ROM/PROMIEPROM for about 4 KB to 16 KB of program
External RAM for the temporary data and stack
Internal caches
EEPROM or flash
External ROM or PROM for embedding software
RAM Memory buffers
Caches (in superscalar microprocessors)

Pulse Dialer, Modem and Transceiver
For user connectivity through the telephone line, wireless, or a system provides

the necessary interfacing circuit.
It also provides the software for pulse dialing through the telephone line, for

modem interconnection for fax, for Internet packets routing, and for transmitting and connecting
a WAG (Wireless Gateway) or cellular system.

A transceiver is a circuit that can transmit as well as receive byte streams

Linking and Interfacing Buses and Units of the Embedded System Hardware
The buses and units in the embedded system hardware are needed to be linked and

interfaced.
One way to do this is to incorporate a glue logic circuit.

LCD and LED Displays

System requires an interfacing circuit and software to display the status or
message for a fine, for multi-line displays, or flashing displays

An LCD screen may show up a multilane display of characters or also show a
graph or icon

An LCD needs little power. It is powered by a supply or battery (a solar panel in
the calculator). LCD is a diode that absorbs or emits right on appreciation of 3 V to 4 V and 50
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or 60 Hz voltage pulses with currents less than 50 pA. An LSI (Lower Scale Integrated circuit)
display controller is often used in the cise of matrix displays.

2. Explain the Exemplary applications of each type of embedded system.

Small Scale Embedded system

A long needle rotates elderly minute such that it 'returns to same position after an hour. A
short needle rotates every hour. Such that it returns to same position after twelve hours

ACVM
Stepper motor controllers for a robotic system
Washing or cooking system
Multitasking toys

Medium scale embedded systems

Router, a hub and a gateway
Entertainment systems
Banking systems
Signal tracking systems

Sophisticated embedded systems

Embedded system for wireless LAN
Embedded systems for real time video
Security products
ES for space lifeboat.

3. Explain the various form of memories present in a system

Various forms of memories are

RAM(internal External)
ROM
PROM
EEPROM
Flash
Cache memory
EEPROM or flash
Extemal ROM or PROM for embedding software
RAM Memory buffers
Caches (in superscalar microprocessors)
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4. Explain the software tools in designing of an embedded system.

Tools

Editor
Interpreter
Compiler
Assembler
Cross assembler
Simulator
Source code engg software
RTOS
Stethoscope
Trace Scope
IDE
Prototype
Locator

5. Explain the processors in an Embedded System

Processors in an ES
General purpose processor

Microprocessor
Microcontroller
Embedded processor
Digital signal processor
Media processor

Application specific system processor
Multiprocessor system using GPP and ASSP
GPP core or ASIP core integrated into either an ASIC or a VLSI circuit or an

FPGA core integrated with processor unit in a VLSI chip.

Explanation

A processor has two essential units
Program Flow Control Unit (CU)
Execution Unit (EU)

An embedded system processor chip or core can be one of the following.

a. Microprocessor.
b. Microcontroller.
c. Embedded Processor.
d. Digital Signal Processor (DSP).
e. Media Processor.
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6. What are the Challenges in Embedded systems?

How much hardware do we need?

For the great deal of control over the amount of computing power ,we cannot only select
microprocessor used but also the amount of memory and peripheral device etc.
The choice of hardware must meet both performance deadlines and manufacturing cost
constraints.

How do we meet deadlines?

Brute-force way to meet deadline by speedup the hardware so that the program runs
faster.
Increase in speed makes the system more expensive and also increasing the CPU clock
rate.

How do we minimize power consumption?

In battery powered applications, power consumption is very important.
In non battery powered applications, excessive power consumption can increase heat.
One way to consume less power is to run the system more slowly.

But slow down the system can obviously lead to missed deadlines.
Careful design is required to slow down the non critical parts of the machine.

How do we design for upgradeability?

Hardware platform may be used over several product generations or for several different
versions of a product in the same generation with few or no changes.
Hardware is designed such that the features are added by changing software.

Does it really work?

Reliability is very important when selling products.

Reliability is important because running system and try to eliminate bugs will too late and
fixing bugs will more expensive.

7. Embedded system design process?
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Requirements:

We must know what we are designing, the initial state of the design process
capture this information for use in creating the architecture and components.
We gather an informal description from the customer known as requirements
and we refine the requirement into specification that contain enough
information to design the system architecture.

Requirement may be functional or non functional requirements include

Performance:

The speed of the system is major consideration for the usability of the system
and for its ultimate cost.

Performance may be a combination of soft performance metric and deadline
by which a particular operation must be completed.

Cost:
Manufacturing cost
Non-Recurring Engineering

Physical size and Weight:
An industrial control system for an assembly line may be designed to fit into
a standard size with no limitation and weight.

A handheld device typically has tight requirement on both size and weight
that can move to the entire system design.

Power consumption:
Power can be specified in requirement states in terms of
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Battery Life
Describe the allowable voltage

Validating Requirements:

Checking that a system meets specifications and fulfill its purpose.

One good way to refine the user interface portion of a system requirement
is to get a mock-up.

Simple Requirement Form:

Specification:

It serves as the contract between the customer and the architecture.
These specifications must be carefully written so that it reflects the customer’s

requirements and it helps during design.
Designers who lack a clear idea what to build undergo a faculty assumption early in
the process.

Specification must be understandable
Unclear specification will cause different types of problems.

Example for specification: GPS system

Architecture Design:

The architecture is a plan for the overall structure of the system.
It will be used later to design the component that makeup the architecture.
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System Integration:

Once the components are build up then they are integrated together and see the
working system.
Bugs are determi

ned during integration.
Careful attention to inserting appropriate debugging facilities during design can help
ease system integration.

8. Embedded system for digital camera?

Embedded system:

An embedded system is a computer system design to perform a particular task or
few dedicated functions.            Eg: digital camera, calculator, cell phone
It may be either an independent system or a part of a large system.
Embedded system are controlled by one or more processing coder typically either
microcontroller or DSP.
It has application software and real time operating system (RTOS) in program
memory and may perform series of task or multiple tasks.

Digital Camera:

The charge couple Device (CCD) contains an array of light sensitive photocells
that capture an image.
The memory controller controls access to a memory chip also found in the
camera, while the DMA controller enables direct memory access by other devices
while the microcontroller is performing other functions.
The LCD control and Display control circuits control the display of images on the
camera’s liquid crystal display device.
The system always acts as a digital camera wherein it captures, compresses, and
stores frames, decompresses and displays frames and upload frames.
It is tightly constrained. The system must be lower cost so that the consumers able
to afford such camera.
It must be small so that it fits into within a standard sized camera.
It must be fast so that it can process numerous images in milliseconds.
It must consume less power sothat the camera’s battery will last long time.
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UNIT-II

EMBEDDED SYSTEM ORGANIZATION

TWO MARKS

1. Differentiate synchronous communication and iso-synchronous communication.

Synchronous communication

When a byte or a frame of the data is received or transmitted at constant time intervals
with uniform phase difference, the communication is called synchronous communication.

Iso-synchronous communication

Iso-synchronous communication is a special case when the maximum time interval can
be varied.

2. What are the two characteristics of synchronous communication?

Bytes maintain a constant phase difference

The clock is not always implicit to the synchronous data receiver.

3. What are the three ways of communication for a device?

Iso-synchronous communication
synchronous communication
Asynchronous communication

4. Expand a) SPI b) SCI

SPI—serial Peripheral Interface

SCI—Serial Communication Interface

5. Define software timer.

This is software that executes and increases or decreases a count variable on an interrupt
from a timer output or form a real time clock interrupt. A software timer can also generate
interrupt on overflow of count value or on finishing value of the count variable.
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3. What is I2C?

I2C is a serial bus for interconnecting ICs .It has a start bit and a stop bit like an UART. It
has seven fields for start,7 bit address, defining a read or a write, defining byte as acknowledging
byte,  data byte, NACK and end.

4. What are the bits in I2C corresponding to?

It has seven fields for start,7 bit address, defining a read or a write, defining byte as
acknowledging byte,  data byte, NACK and end

5. What is a CAN bus? Where is it used?

CAN is a serial bus for interconnecting a central Control network. It is mostly used in

automobiles. It has fields for bus arbitration bits, control bits for address and data length data

bits, CRC check bits, acknowledgement bits and ending bits.

6. What is USB? Where is it used?

USB is a serial bus for interconnecting a system. It attaches and detaches a device from
the network. It uses a root hub. Nodes containing the devices can be organized like a tree
structure. It is mostly used in networking the IO devices like scanner in a computer system.

7. What are the features of the USB protocol?

A device can be attached, configured and used, reset, reconfigured and used, share the
bandwidth with other devices, detached and reattached.

8. Explain briefly about PCI and PCI/X buses.

PCI and PCI/X buses are independent from the IBM architecture .PCI/X is an extension
of PCI and support 64/100 MHZ transfers. Lately, new versions have been introduced for the
PCI bus architecture.

9. Why are SPCI parallel buses important?

SPCI serial buses are important for distributed devices. The latest high speed
sophisticated systems use new sophisticated buses.

10. What is meant by UART?

UART stands for universal Asynchronous Receiver/Transmitter.

UART is a hardware component for translating the data between parallel and
serial interfaces.
UART does convert bytes of data to and from asynchronous start stop bit.
UART is normally used in MODEM.
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11. What does UART contain?

A clock generator.
Input and Output start Registers
Buffers.
Transmitter/Receiver control.

12. What is meant by HDLC?

HDLC stands for “High Level Data Link Control”.

HDLC is a bit oriented protocol.
HDLC is a synchronous data Link layer.

13. Name the HDLC’s frame structure?

Flag Address Control Data FCS Flag

14. List out the states of timer?

There are eleven states as follows

Reset state
Idle state
Present state
Over flow state
Over run state
Running state
Reset enabled state / disabled
Finished state
Load enabled / disabled
Auto reload enabled / disabled
Service routine execution enabled / disabled

15. Name some control bit of timer?

Timer Enable
Timer start
Up count Enable
Timer Interrupt Enable
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16. What is meant by status flag?

Status flag is the hardware signal to be set when the timer reaches zeros.

17. List out some applications of timer devices?

Real Time clock
Watchdog timer
Input pulse counting
TDM
Scheduling of various tasks

18. State the special features on I2C?

Low cost
Easy implementation
Moderate speed (upto 100 kbps).

19. What are disadvantages of I2C?

Slave hardware does not provide much support
Open collector drivers at the master leads to be confused

20. What are the two standards of USB?

USB 1.1
USB 2.0

21. Draw the data frame format of CAN?

Start Arbitration
field

Control
field

Data field CRC field Acknowledgement
field

End of
frame

1 12 6 0-64 16 2 7

22. What is the need of Advanced Serial High Speed Buses?

If the speed in the rate of ‘Gigabits per second’ then there is a need of Advanced Serial

High Speed Buses.

23. What is meant by ISA?

ISA stands for Industry standard Architecture.
Used for connecting devices following IO addresses and interrupts vectors as per
IBM pc architecture.
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24. What is meant by PCI-X?

PCI X offers more speed over PCI.
30 times more speed than PCI.

25. Define CPCI?

CPCI stands for Compact peripheral component Interfaces.
CPCI is to be connected via a PCI.
CPCI is used in the areas of Telecommunication Instrumentation abd data
communication applications.

26. Define half-duplex communication.

Transmission occurs in both the direction, but not simultaneously.

27. Define full duplex communication.

Transmission occurs in both the direction, simultaneously

28. Define Real Time Clock (RTC)?

Real time clock is a clock which once the system stats does not stop and cant be reset and
its count value cant be reloaded.

29. Define Time-out or Time Overflow?

A state in which the number of count inputs exceeded the last acquirable value and on
reaching that state, an interrupt can be generated.

30. Why do we need at least one timer in an ES?

The embedded system needs at least on timer device. It is used as a system clock.

16 MARKS

1. Explain the parallel port devices.

Parallel Port I/O devices

In this communication any number of ports could be connected with the device and the
data communication is bidirectional in nature.

1. Single Bit Input and Output

Parallel Port Single Bit Input
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Parallel Port Single Bit Output
2. Parallel Port input and Output

Parallel Port Input
Parallel Port Output

Diagrams:

i) Parallel input port, output port and a bidirectional port for connecting the device

ii) The handshaking signals when used by the I/O ports.

Characteristics taken into consideration when interfacing a device port.

Synchronous Serial I/O devices

Synchronous Serial communication is defined as a Byte or a Frame of data is transmitted
or received at constant time intervals with uniform phase differences.

Synchronous Serial Input Devices
.Synchronous Serial Output Devices

2. Explain the sophisticated interfacing features in device ports.

Schmitt trigger
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Data Gate
HSTL,SSTL
XCITE
Multigigabyte Transceivers
SerDes
Multiple I/O standards
PCS
PMA

3. Explain the types of UART

UART - Universal Asynchronous Receiver Transmitter
USART Universal Synchronous Asynchronous Receiver Transmitter

Synchronous Serial Transmission

Synchronous serial transmission requires that the sender and receiver share a clock with
one another, or that the sender provides a strobe or other timing signal so that the receiver knows
when to "read the next bit of the data. A form of synchronous transmission is used with printers
and fixed disk devices in that the data is sent on one set of wires while a clock or strobe is sent
on a different wire. Printers and fixed disk devices are not normally serial devices because most
fixed disk interface standards send an entire word of data for each clock or strobe signal by using
a separate wire for each bit of the word.

Asynchronous Serial Transmission

Asynchronous transmission allows data to be transmitted without the sender having to
send a clock signal to the receiver. Instead the sender and receiver must agree on timing
parameters in advance and special bits are added to each word which is used to synchronize the
sending and receiving units.

When a word is given to the UART for Asynchronous transmissions, a bit called the
"Start Bit" is added to the beginning of each word that is to be transmitted.
After the Start Bit, the individual bits of the word of data are sent, with the Least
Significant Bit (LSB) being sent first.
Each bit in the transmission is transmitted for exactly the same amount of time as all of
the other bits and the receiver look at the wire at approximately through the assigned to
each bit to determine if the bit  is a 0 or 1.
The sender does not know when the receiver has "looked" at the value of the bit. The
sender only knows when the clock says to begin transmitting the next bit of the word.
When the entire data word has been sent, the transmitter may add a Parity Bit that the
transmitter generates.
The Parity Bit may be used by the receiver to perform simple error checking. Then at
least one Stop Bit is sent by the transmitter.
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When the receiver has received all of the bits in the data word. It may check for the Parity
Bits (both sender and receiver must agree on whether a Parity Bit is to be used) and then the
receiver looks for a Stop Bit. If the Stop Bit does not appear when it is supposed to the UART
considers the entire word to be garbled and will report a Framing Error to the host processor
when the data word is read. The usual cause of a Framing Error is that the sender and receiver
clocks were not running at the same speed, or that the signal was interrupted.

Regardless of whether that data was received correctly or not, the UART automatically
discards the Start, Parity and Stop bits. If the sender and receiver are configured identically, these
bits are not passed to the host.

4. Describe in detail about Synchronous, ISO-Synchronous and Asynchronous
communication for serial device.

Synchronous

In this means of communication, byte or frame of data received and transmitted at
constant time intervals with uniform phase differences. Bits of a data frame are sent in a fixed
maximum time intervals. Handshaking between sender and receiver is not provided during
communication.

Example

Frames sent over LAN.

Characteristics

The main features of the synchronous communication are

Bytes maintain a constant phase difference. No sending of bytes at random time
intervals.

A clock must be present at transmitter to send the data Moreover, the clock information is
sent to the receiver (i.e.) it is not always implicit to the receiver.

Communication Protocols used

Most often synchronous serial communication is useil for
Data is transmission between physical devices.
It can be complex and has to be as per the communication
Protocol followed.
Example., HDLC (High Level Data Link Control)

Synchronization ways

Ten ways by which the synchronous signals with the clocking info transmitted from
transmitter to the receiver are as shown below.
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Iso-Synchronous

Iso-synchronous communication is a special case of synchronous communication. In
contrast with the synchronous communication where bits of data frame are sent in a fixed
maximum time interval, the iso=synchronous communication may have varied maximum time
intervals.

Asynchronous

In the asynchronous communication a Byte or a Frame of data is received or sent at
variable time intervals with phase difference.

The data is sent as a series of bits. A shift register (in either hardware or software) is used
to serialize each information byte into the series of bits which are then sent on the wire using an
I/O port and a bus driver to connect to the cable

Characteristics

Bytes or Frames of data is sent or received at variable time intervals.
Handshaking between sender and receiver is provided during communication.
A clock is needed at the transmitter to send the data'
The clock data is not sent to the receiver (i.e) it is always ' implicit to the receiver.
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5. Give some Examples of Internal Serial Communication

a. Common USART like Device in 8051

There will be a common USART like hardware device in 805 1.
USART - Universal Synchronous and Asynchronous.
Receiver and Transmitter
It is also called as SI (Serial Interface)

Features

i. SCON - Saves Control and status flags in SI
ii. SFR - Special Function Register
iii. SBUF - Serial Buffer

SI Operates in two modes
i. Half Duplex Synchronous mode of operation
ii. Full Duplex Asynchronous mode of operation

b. SPI and SCI: Serial Peripheral Interface (SPl)

It has full duplex feature for asynchronous communication
It has a feature of programmable rates for clock bits.
It is also programmable for defining the–instance of the occurrence to negative and
positive edges within intervals of bits. Devices selection is also programmable

Serial Communication Interfaces (SC I)

UART asynchronous (SCD baud rates are same as SPI but not programmable.
Communication is in full duplex

Characteristics

A port device may have multi byte data input buffer and output buffer
A port may have a DDR.
Port may have LSTTL driving capability and port loading capability
Multiple functionality in ports

Iso-synchronous communication is a special case of synchronous communication. In
contrast with the synchronous communication where bits of data frame are sent in a fixed
maximum time interval, the iso-synchronous communication may have varied maximum time
intervals.

Protocol

Most often synchronous serial communication is used for
Data is transmission between physical devices.
It can be complex and has to be as per the communication
Protocol followed.
Example., HDLC (High Level Data Link Control)
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6. Explain Memory & IO Devices Interfacing (Memory Mapped I/O)

I/O operations are interpreted differently depending on the viewpoint taken and place
different requirements on the level of understanding of the hardware details.
From the perspective of a system software developer, I/O operations imply
communicating with the device, programming the device to initiate an I/O request,
performing actual data transfer between the device and the system, and notifying the
requestor when the operation completes. The system software engineer must understand
the physical properties, such as the register definitions, and access methods of the device.
Locating the correct instance of the device is part of the device communications when
multiple instances of the same device are present.
The system engineer is also concerned with how the device is integrated with rest of the
system. The system engineer is likely a device driver developer because the system
engineer must know to handle any errors that can occur during the I/O operations.
From the perspective of the RTOS, I/O operations imply locating the right device for the
I/O request, locating the right device driver for the device, and issuing the request to the
device driver. Sometimes the RTOS is required to ensure synchronized access to the
device.
The RTOS must facilitate an abstraction that hides both the device characteristics and
specifics from the application developers. From the perspective of an application
developer, the goal is to find a simple, uniform, and elegant way to communicate with all
types of devices present in the system. The application developer is most concerned with
presenting the data to the end user in a useful way.
The combination of I/O devices, associated device drivers, and the I/O subsystem
comprises the overall I/O system in an embedded environment.
The purpose of the I/O subsystem is to hide the device-specific information from the
kernel as well as from the application developer and to provide a uniform access method
to the peripheral I/O devices of the system.
This section discusses some fundamental concepts from the Perspective of the device
driver developer. Figure 12.1 illustrates the I/O subsystem in relation to the rest of the
system in a layered software model. As Shown, each descending layer adds additional
detailed information to the architecture needed to manage a given device. Figure 12.1:
I/O subsystem and the layered model.

In memory-mapped I/O, the device address is part of the system memory address space.
Any machine instruction that is encoded to transfer data between a memory location and
the processor or between two memory locations can potentially be used to access the I/O
device.
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The I/O device is treated as if it were another memory location. Because the I/O address
space occupies a range in the system memory address space, this region of the memory
address space is not available for an application to use.
Figure 12.3: Memory-mapped I/O. The memory-mapped I/O space does not necessarily
begin at offset0 in the system address space, as illustrated in Figure

UNIT-III

EMBEDDED SYSTEM ORGANIZATION

TWO MARKS

1. What are the states of a process?
a. Running
b. Ready
c. Waiting

2. What is the function in steady state?
Processes which are ready to run but are not currently using the processor are in the 'ready'

state.

3. Define scheduling.
This is defined as a process of selection which says that a process has the right to use the

processor at given time.

4. What is scheduling policy?
It says the way in which processes are chosen to get promotion from ready state to

running state.

5. Define hyper period?
It refers the duration of time considered and also it is the least common multiple of all the

processes.
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6. What is schedulability?
It indicates any execution schedule is there for a collection of process in the system's

functionality.

7. What are the types of scheduling?
1. Time division multiple access scheduling.
2. Round robin scheduling.

8. What is cyclostatic scheduling?
In this type of scheduling, interval is the length of hyper period 'H'. For this interval, a

cyclostatic schedule is separated into equal sized time slots.

9. Define round robin scheduling?
This type of scheduling also employs the hyperperiod as an interval. The processes are run

in the given order.

10. What is scheduling overhead?
It is defined as time of execution needed to select the next execution process.

11. What is meant by context switching?
The actual process of changing from one task to another is called a context switch.

12. Define priority scheduling?
A simple scheduler maintains a priority queue of processes that are in the runnable state.

13. What is rate monotonic scheduling?
Rate monotonic scheduling is an approach that is used to assign task priority for a

preemptive system.

14. What is critical instant?
It is the situation in which the process   or   task posses’ highest response time.

15. What is critical instant analysis?
It is used to know about the schedule of a system. Its says that based on the periods given,

the priorities to the processes has to be assigned.

16. Define earliest deadline first scheduling?
This type of scheduling is another task priority policy that uses the nearest deadline as the

criterion for assigning the task priority.

17. What is IDC mechanism?
It is necessary for a 'process to get communicate with other process' in order to attain a

specific application in an operating system.

18. What are the two types of communication?
1. Blocking communication      2. Non blocking communication
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19. Give the different styles of inter process communication?
1. Shared memory.
2. Message passing.

16-MARKS

1. Explain Multiple Tasks and Multiple Processes?

Many embedded computing systems do more than one thing that is, the environment can
cause mode changes that in turn cause the embedded system to behave quit differently.
The text compression box provides a simple example of rate control problems. A control
panel on a machine provides an example of a different type of rate control problem, the
asynchronous input.
Multirate embedded computing systems are very common, including automobile engines,
printers, and telephone PBXs.
The co-routine was a programming technique commonly used in the early days of
embedded computing to handle multiple processes.
The ARM code in the co-routines is not intended to represent meaningful computations.
The co-routine structure lets us implement more general kinds of flow of control than is
possible with only subroutines; the identification of co-routine entry points provides us
with some hooks for nonhierarchical calls and returns within the program.
However, the co-routine does not do nearly enough to help us construct  complex
programs with significant timing properties.
The co-routine in general does very little to simplify the design of code that satisfies
timing requirements.

2. Explain Context Switching?

The context switch is the mechanism for moving the CPU from one executing process to
another.

Clearly, the context switch must be bug-free-a process that does not look at a real-time
clock should not be able to tell that it was stopped and then restarted.
Cooperative multitasking-the most general form of context switching, preemptive
multitasking.
Preemptive Multitasking-the interrupt is an ideal mechanism on which to build context
switching for preemptive multitasking.
A timer generates periodic interrupts to the CPU.
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The interrupt handler for the timer calls the operating system, which saves the previous
process’s state in an activation record, selects the next process to execute, and switches

the context to that process.
Processes and Object-Oriented Design-UML often refers to processes as active objects,
that is, objects that have independent threads of control.
We can implement the preemptive context switches using the same basic techniques.
The only difference between the two is the triggering event, voluntary release of the CPU
in the case of cooperative and timer interrupt in the case of preemptive.

3. Explain Scheduling policies?

A scheduling policy defines how processes are selected for promotion from the ready
state to the running state.
Utilization is one of the key metrics in evaluating a scheduling policy.
Rate-monotonic scheduling (RMS), introduced by Liu and Layland  [Liu73], was one of
the first scheduling policies developed for real-time systems and is still very widely used.
The theory underlying RMS is known as rate-monotonic analysis(RMA).
Earliest deadline first (EDF) is another well-known scheduling policy. It is a dynamic
priority scheme-it changes process priorities during execution based on initiation times.
RMS VERSUS EDF-EDF can extract higher utilization out of the CPU, but it may be
difficult to diagnose the possibility of an imminent overload.
A Closer Look at Our Modeling Assumptions-Our analyses of RMS and EDF have made
some strong assumptions.
Other POSIX Scheduling Policies-In addition of SCHED_FIFO,POSIX supports two
other real-time scheduling policies:SCHED_RR and SCHED_OTHER.
The SCHED_OTHER is defined to allow non-real-time processes to intermix with real-
time processes.

4. Explain Inter process Communication Mechanism?

Signals-Unix supports another, very simple communication mechanism-the signal.
A signal is simple because it does not pass data beyond the existence of the signal itself.
Signals in UML-A UML signal is actually a generalization of the Unix signal. While a
Unix signal carries no parameters other than a condition code,a UML signal is an object.
Shared Memory Communication-Conceptually, semaphores are the mechanism we use to
make shared memory safe.
POSIX supports semaphores, but it also supports a direct shared memory mechanism.
POSIX supports counting semaphores in the _POSIX_SEMAPHORES option. A
counting semaphore allows than one process access to a resource at a time.
Message-Based Communication:-The shell syntax of the pipe is very familiar to Unix
users. An example appears below.

%  foo file1| baz > file2
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A parent process use the pipe() function to create a pipe to talk to a child. It must do so
before the child itself is created or it won’t have any way to pass a pointer to the pipe to

the child.
The pipe () function returns an array of file descriptors, the first for the write end and the
second for the read end.

5. Explain Shared Memory Communication and Message-Based Communication?

Shared Memory Communication:-Conceptually, semaphores are the mechanism we use
to make shared memory safe.
POSIX supports semaphores, but it also supports a direct shared memory mechanism.
POSIX supports counting semaphores in the _POSIX_SEMAPHORES option.
A counting semaphore allows more than one process to a resourse at a time.
If the semaphore allows up to N resources, then it will not block until N processes have
simultaneously passed the semaphore.
Message-Based Communication:-

o The shell syntax of the pipe is very familiar to Unix users. An example appears
below

% foo file1 | baz > file2
o POSIX also supports message queues under the _POSIX_MESSAGE_PASSING

facility.
o The advantage of a queue over a pipe is that, since queues have names, we don’t

have to create the pipe descriptor before creating the other process using it, as
with pipes.

UNIT 1V

REAL TIME OPERATING SYSTEMS

2 MARKS

1. Name the important terms of RTOS?
Task
State
Scheduler
Shared data
Reentrancy

2. Define process.
Process is a computational unit that processes on a CPU under the control of a scheduling

kernel of an OS. It has a process structure, called Process control block. A process defines a
sequentially executing program and its state.
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3. What is meant by PCB?

Process Control Block’ is abbreviated as PCB.PCB is a data structure which contains all

the information and components regarding with the process.

4. Draw the process state transitions?

T i m e  t u r n o u t

W a k e u p

R e a d y B l o c k e d

R u n n i n gA w a k e

A s l e e p

B l o c k
D i s p a t c h

5. Define task and Task state.

A task is a set of computations or actions that processes on a CPU under the control of a
scheduling kernel. It also has a process control structure called a task control block that saves at
the memory. It has a unique ID. It has states in the system as follows: idle, ready, running,
blocked and finished

6. Define Task Control Block (TCB)

A memory block that holds information of program counter, memory map, the signal
dispatch table, signal mask, task ID, CPU state and a kernel stack.

7. What is a thread?

Thread is a concept in Java and UNIX and it is a light weight sub process or process in an
application program. It is controlled by the OS kernel. It has a process structure, called thread
stack, at the memory. It has a unique ID .It have states in the system as follows: stating, running,
blocked and finished.

8. Define Inter process communication.

An output from one task passed to another task through the scheduler and use of signals,
exception, semaphore, queues, mailbox, pipes, sockets, and RPC.
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9. What is shared data problem?

If a variable is used in two different processes and another task if interrupts before the
operation on that data is completed then the value of the variable may differ from the one
expected if the earlier operation had been completed .This ids known as shared data problem.

10. Define Semaphore.

Semaphore provides a mechanism to let a task wait till another finishes. It is a way of
synchronizing concurrent processing operations. When a semaphore is taken by a task then that
task has access to the necessary resources. When given the resources unlock. Semaphore can be
used as an event flag or as a resource key.

11. Define Mutex.

A phenomenon for solving the shared data problem is known as semaphore. Mutex is a
semaphore that gives at an instance two tasks mutually exclusive access to resources.

12. Differentiate counting semaphore and binary semaphore.

Binary semaphore

When the value of binary semaphore is one it is assumed that no task has taken it and that
it has been released. When the value is 0 it is assumed that it has been taken.

Counting semaphore

Counting semaphore is a semaphore which can be taken and given number of times.
Counting semaphores are unsigned integers.

13. What is Priority inversion?

A problem in which a low priority task inadvertently does  not release the process for a
higher priority task.

14. What is Deadlock situation?

A set of processes or threads is deadlocked when each process or thread is waiting for a
resource to be freed which is controlled by another process.

15. Define Message Queue.

A task sending the multiple FIFO or priority messages into a queue for use by another
task using queue messages as an input.
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16. Define Mailbox and Pipe.
A message or message pointer from a task that is addressed to another task.

17. Define Socket.
It provides the logical link using a protocol between the tasks in a client server or peer to

peer environment.

18. Define Remote Procedure Call.
A method used for connecting two remotely placed methods by using a protocol. Both

systems work in the peer to peer communication mode and not in the client server mode.

19. What are the goals of RTOS?

Facilitating easy sharing of resources
Facilitating easy implantation of the application software
Maximizing system performance
Providing management functions for the processes, memory, and I/Os and for other
functions for which it is designed.
Providing management and organization functions for the devices and files and file like
devices.
Portability
Interoperability
Providing common set of interfaces.

20. What is RTOS?

An RTOS is an OS for response time controlled and event controlled processes. RTOS is
an OS for embedded systems, as these have real time programming issues to solve.

21. List the functions of a kernel.

Process management
Process creation to deletion
Processing resource requests
Scheduling
IPC
Memory management
I/O management
Device management

22. What are the two methods by which a running requests resources?

Message
System call
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23. What are the functions of device manager?

Device detection and addition
Device deletion
Device allocation and registration
Detaching and deregistration
Device sharing

24. List the set of OS command functions for a device

Create and open
Write
Read
Close and delete

25. List the set of command functions of POSIX file system

Open
Write
Read
Seek
Close

26. What are the three methods by which an RTOS responds to a hardware source call on
interrupt?

Direct call to ISR by an interrupt source
Direct call to RTOS by an interrupt source and temporary suspension of a
scheduled task.
Direct call to RTOS by an interrupt source and scheduling of tasks as well as ISRs
by the RTOS.

27. Name any two important RTOS.

MUCOS
VxWorks

28. Write short notes on Vxworks?

Vxworks is a popular Real-time multi-tasking operating system for embedded
microprocessors and systems.

Vxworks can run on many target processors.
It is a UNIX like Real time operating system.
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More Reliable
More faster

29. What is meant by well tested and debugged RTOS?

An RTOS which is thoroughly tested and debugged in a number of situations.

30. What is sophisticated multitasking embedded system?

A system that has multitasking needs with multiple features and in which the
tasks have deadlines that must be adhered to.

31. What are the features of UC/OS II?

Preemptive
Portable
Scalable
Multitasking

32. What is MICRO C/OS II?

It stands for micro-controller operating system(UC/OS II).
It is a real time kernel
The other names of MICROC/OS II are MUCOS and UCOS.
The codes are in ‘C’ and Assembly language.

33. What are the real time system level functions in UC/OS II? State some?

1 Initiating the OS before starting the use of the RTOS fuctions.
2 Starting the use of RTOS multi-tasking functions and running the states.
3 Starting the use of RTOS system clock.

34. Write the interrupt handling functions?

int connect ( ) is the function for handling the Interrupt.
int Lock ( ) -> Disable Interrupts.
int unlock( ) -> Enable functions.

35. Write down the seven task priorities in embedded 'C++'?.
define Task _Read ports priority
define Task _Excess Refund priority
define Task _Deliver priority
define Task _Refund priority
define Task _Collect priority
define Task _Display priority
define Task _Time Date Display priority
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36. Name any two mailbox related functions.

OS_Event *OSMboxCreate(void *mboxMsg)
Void *OSMboxAccept(OS_EVENT *mboxMsg)

37. Name any two queue related functions for the inter task communications.

OS_Event  OSQCreate(void **QTop,unsigned byte qSize)
Unsigned byte OSQPostFront(OS_EVENT *QMsgPointer,void *qmsg)

38. How is Vx Works TCB helpful for tasks?

Provide control information for the OS that includes priority, stack size, state and
options.

CPU context of the task that includes PC, SP, CPU registers and task variables.
39. What are the various features of Vx Works?

VxWorks is a scalable OS
RTOS hierarchy includes timers, signals, TCP/IP sockets, queuing functions

library, Berkeley ports and sockets, pipes, UNIX compatible loader, language interpreter, shell,
debugging tools, linking loader for UNIX.

40. What is an active task in the context of Vx Works?

Active task means that it is in one of the three states, ready, running, or waiting.

41. What are the task service functions supported by Vx Works?

taskSpawn()
taskResume()
taskSuspand()
taskDelay()
taskSuspand()
taskInit()
exit()
taskDelete()

42. Name any four interrupt service functions supported by Vx Works?

intLock()
intVectSet()
intVectGet()
intContext()
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43. Name some of the inter process communication function.

semBCreate()
semMCreate()
semCCreate()
semTake()
semDelete()

44. Name some of the inter process communication function used for messaging.

msgQCreate()
msgQDelete()
msgQSend()
msgQReceive()

45. What are Vx Works pipes?

VxWorks pipes are thec queues that can be opened and closed like a pipe.pipes
are like virtual IO devices that store the messages as FIFO.

46. What are the different types of scheduling supported by Vx Works?

Preemptive priority
Time slicing

47. What are the task service functions supported by MUCOS?

Void OSInit (void)
Void OSStart(void)
voidOSTickInit(void)
void OSIntEnter(void)
void OSIntExit(void)

48. What are the semaphores related functions supported by MUCOS?

OS_Event OSSemCreate(unsigned short sem val)
Void OSSemPend(OS_Event *eventPointer,unsigned short timeout,unsigned byte

*SemErrPointer)
unsigned short OSSemAccept(OS_Event*eventPointer)
unsigned short OSSemPost(OS_Event*eventPointer)
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16 MARKS

1. Explain the goals of operating system services.

Definition
An operating system (os) is Software that shares a computer system's resources

(processor, memory, disk space, network, bandwidth and so on) between user’s .and tie

application programs they run

Goals
The OS goals are perfection and correctness to achieve the following

To hide details of hardware by creating abstraction
To allocate resources to process
Effective user interface

Structure
When using an OS, the processor in the system runs in two modes.

User mode:
The user process is permitted to run and use only a subset of functions and instructions in

the OS.
Supervisory mode:
The OS runs the privileged functions and instructions in protected mode and OS.
A system can be assumed to have a startup as per below table

Kernel
The kernel is the central component of most computer operating systems (OS). Its

responsibilities include managing the system's resources

Process management
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Every program running on a computer, be it a-service or an application, is a process.
Most operating systems enable concurrent execution of many processes and programs at once via
multitasking, even with one CPU.

On the most fundamental of computers multitask is done by simply switching
process quickly.

Depending on the operating system, as more processes run, either each time slice
will become smaller or there will be a longer delay before each process is given a chance to run.

Process management involves computing and distributing CPU time as well as
other resources.

Most operating systems allow a process to be assigned a priority which affects its
allocation of CPU time.

Interactive operating systems also employ some level of feedback in which the
task with which the user is working receives higher priority.

Memory management

An operating system's memory manager coordinates the use of these various types of
memory by tracking which can is available, which is to be allocated or deal located and how to
move data between them. This activity, usually referred to as virtual memory management,
increases the amount of memory available for each process by making the disk storage seem like
main memory. There is a speed penalty associated with using disks or other slower’ storage as

memory - if running processes require significantly more RAM than is available, the system may
start thrashing. This can happen either because one process requires a large amount or because
two or more processes compete for a larger amount of memory than is available. This then leads
to constant transfer of each process’s data to slower storage. Another important part of memory

management is managing virtual addresses. If multiple processes are in memory at once,

2. Explain the three alternative systems in three RTOS for responding a hardware
source call with the diagram.

There are three alternative systems for the RTOSs to respond to the hardware source calls
from the interrupts.

Direct call to ISR by an Interrupting Source

A hardware source calls an ISR directly, and ISR just sends a message to the
RTOS. On an interrupt the process running at the CPU is interrupted and the ISR corresponding
to that source starts executing.

RTOS is simply sent a message from the ISR into a mailbox or message queue. It
is to inform the RTOS about which ISR has taken control of the CPU.

The ISR continues execution of the codes needed interrupt service. The routine
sends a message for the RTOS.The message is stored at the memory allotted for RTOS
messages.

When TSR finishes, the RTOS returns to the interrupted process or reschedules
the processes. RTOS action depends on the messages at the mailbox.
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Direct call to RTOS by an Interrupting Source and temporary Suspension of a
Scheduled Task

.
The ISR send a message for initializing the task and returns after restoring the

context. The messages are stored at the memory allotted for RTOS messages.
The RTOS now initiates the task to ready state to later encode needed for the

interrupt service. The ISR must be short and it simply places the messages. It is the task that
runs the remaining codes whenever it is scheduled. RTOS schedules only- the .processes) and
switches the contexts between the tasks only.

ISR executes only during a temporary suspension of a task.
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Direct call to RTOS by an Interrupting Source and Scheduling of Tasks as well as
IRS by the RTOS

The RTOS intercepts and executes the task needed on return from the ISR without
any message for the task from the ISR. This is shown below

The routine doesn't T4 any messages but memory sends the IPCs for the needed
parameters for a task. Parameters are stored at the memory allotted for the RTOS inputs.

The RTOS now calls return and restoration of the context and switches the run
later the codes needed for the any other task.

The ISR need not be short and simply generates and saves as the IPCs the input
parameters. It is the task that runs the codes whenever RTOS schedules not only the tasks but
also the ISRs and switches the contexts as well as the tasks as well as the ISRs.

3. Explain the scheduler in which RTOS insert into the list and the ready task for
sequential execution in a co-operative round robin model.

Cooperative means that each ready task cooperates to let a running one finish. None of
the tasks does a block anywhere during the ready to finish states. Round robin means that each
ready state runs in turn only from the circular queue. The service is in the order in which a task is
initiated on interrupt.

Worst-case latency is same for each task. It is tcycle
The worst-case latency with this scheduling will be
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dt- event detection time
st- switching time from one task to another
et -task execution time

4.  Explain the use of Semaphores for a Task or for the Critical Sections of a Task.

Use of a Single Semaphore
Semaphore provides a mechanism to let a task wait till another finishes. It is a way of

synchronizing concurrent process operations. When a semaphore is 'taken' by a task, then that
task has to access to the necessary resources; when given, the resources unlock. Semaphore can
be used as an event flag or as a resource key. Resource key is one that permits use of resources
like CPU, memory or other functions or critical section codes

Semaphore, which is a binary Boolean variable (or it is a signaling variable or notifying
variable.)Used as event flag. Semaphore is called binary semaphore when its value is 0 and it is
assumed that it has Boolean taken. When its value is l, it is assumed that no task has taken it and
that it has been released.
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Use of Multiples Semaphores

Consider two semaphores. A task I when executing a critical section notifies the os to
take the semaphore. os returns information that the semaphore has been taken to l and M. Now,
the task I executes the codes of the critical. The OS having been notified about a take semaphore
x from I, does not take and OS does not release the o task J and M' But the os returns an
semaphore at an instance.
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Use of Mutex

Mutex is a semaphore that gives at an instance two tasks mutually exclusive access to
resources. Use of mutex facilitates mutually exclusive access by two or more process to the
resource (CPU). The same’ variable, sem_m, is shared between the various processes. Let

process and process 2 share sem_m and its initial value = l.
i) Process’s 1 proceeds after sem_m decreases and equals 0 and gets the exclusive access

to the CPU.
ii) Process I ends after sem_m increases and equals l; process 2 can now gets exclusive

access to the CPU.

5. Explain the Rate Monotonic Co-operative scheduling.

Cooperative means that each ready task cooperates to let a running one finish. None of
the tasks does a block anywhere during the ready to finish states. Round robin means that each
ready state runs in turn only from the circular queue. The service

is in the order in which a task is initiated on interrupt.

Worst-case latency is same for each task. It is tcycle .
The worst-case latency with this scheduling will be:

dt- event detection time
st- switching time from one task to another
et -task execution time
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There is cooperative scheduling and each ready task cooperates to let the running one
finish. None of the tasks does a block anywhere from the start to finish. Here, however, in case
of cyclic scheduling, the round robin is among the ready tasks that run in turn only from a
priority wise ordered list. The ordering is according to the precedence of interrupt source and the
task.

The RTOS scheduler first executes only the first task at the ordered list, and the
tcycle equals the period taken by the first task on the list. It is deleted from the list after the first
task is executed and the next task becomes the first. Now, if the task in the ordered list is
executed in a cyclic order, it is called Cyclic Priority based cooperative Scheduler.

The insertions and deletions for forming the ordered list are made only at the
beginning of each cycle.

Let Pem, be the priority of that task which has the maximum execution time. Then
worst latencies for the highest priority and lowest priority tasks will now vary from

6. Explain the features of Vx Works.

VxWorks is a Unix-like real-time operating system made and sold by Wind River
Systems of Alameda, California" USA. Like most RTOSes, VxWorks includes a multitasking
kernel with pre-emptive scheduling and fast interrupt response, extensive inter-process
communications and synchronization facilities, and a file system Major distinguishing features of
VxWorks include efficient POSlX-compliant memory management, microprocessor facilities, a
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shell for user interface, symbolic and source level debugging capabilities, and performance
monitoring. VxWorks is generally used in embedded systems. Unlike "native" systems such as
UNIX and Forth, VxWorks development is done on a "host" machine running Unix or Windows,
crosscompiling target software to run on various "target" CPU architectures as well as on the
"host" by means of VxSim. VxWorks has been ported to a number of platforms and now runs on
practically any modern CPU that is used in the embedded market. This includes the x 86
families, MIPS, PowerPC, SH-4 and the closely related family of ARM, StrongARM and xScale
CPUs

VxWorks System Functions and System Tasks

The first task that a scheduler executes is UsrRoot from the entrv point of usrRoot0 in file

install/Dir/target /config/alI / usr/Confi g. c.

It spawns the VxWorks tools and the following tasks. The root terminates after all the
initializations. Any root task can be initialized or terminated. The set of functions, tlog Task, logs
the system message without current task context I/O.

Interrupt handling functions

An internal hardware device auto generates an interrupt vector address, ISR- ECTADDR
as per the device. Exceptions are defined in the us6r software.

ISR Design

ISR have the highest priority and can preempt any running task.
An ISR inhibits the execution of the tasks till return’.

An IRS does not execute like a task and does not have regular task context. It has
special interrupt context'

While each task has its own stack" unless and otherwise not permitted -by a
special architecture of a System or a processor

An ISR should not wait for taking the semaphore or other IPC.
ISR should just write the required data at the memory or post an IPC so that it has

short codes and most of its functions, execute at tasks.
ISR should not use flodting-point functions as these takes longer time to execute.

Signals and interrupt handling functions

Function 'void sigHandler(int sigNum)' declares a signal servicing routine for a signal
identified by sigNum and a signal servicing routine registers a signal as follows:

Signal (sigNum, sigISR). The parameters that pass are the sigNum and signal servicing
routine name, sigISR.A pointwer pSigCtx associates with the signal context. The signal
xcontewxt savwes PC, SP, registers, etc. like an ISR context.

The signal ISR calls the following functions:
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Call taskRestart0, to restart the task which generated the sigNum.
Call exit0 to terminate the task, which generated the sigNum.
Call longiumpO. This results in starting the. Execution from a memory location.

7. Explain the RTOS programming tool MicroC/OS-II.

MicroC/O$II (commonly termed PC/O$II or mC/OSi-il), is a low-cost priories-based pie-
emptive real time multitasking operating system kernel for microprocessors, written mainly in
the C fodarnming language. It is mainly intended for use in embedded systems.

Ports
It has ports for most popular processors and boards in the market and is suitable for use in

safety critical embedded systems such as aviation, medical systems and nuclear installations.
Task states
pC/OS-[ is a multitasking operating system. Each task is an infinite loop and can be in

any one of the following 5 states:
Dormant
Ready
Running
Waiting
ISR

Source files
There are two types of source files.
Master header files includes the #include preprocessor commands for all the files of both

types. It is referred to as include.h file Preprocessor dependent
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Source files
Two header files at the master are the following:

os_cpu.h is the processor definition header file.
The kernel building configuration file is os-cfg.h.
Further two C file are the ISRs and RTOS timer
specifying osjick.c and processor C codes os_cpu_c.c

Processor independent source file
Two files, MUCOS header and C files, are cos.ii.h and ucos.ii.c. The files for the RTOS

core, timer and task are os_colt.c os_time.c and os_task.c. The other codes are in os_mem.c,
os_sem.c, os_q.c and os_mbox.c

It is a mandatory to use a well tested and debugged RTOS in a sophisticated
multitasking embedded system.

MUCOS and VxWorks are two important RTOS. MUCOS handles and schedules
the task and ISRs

.
8. Explain RTOS system level functions with an example

MUCOS has system level functions. These are for RTOS initiation and start, RTC ticks
initiation and the ISR enter and exit functions.

Functions in this table pass no arguments and return type is void.
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There is a global variable,OslntNesting.which increments on entering ISR.Global
variable OSlntNesting decrements on'exit"from an ISR. Initiating the operating $)stem before
starting the use of the RTOS functions

Function void OSInit (void) operating system.
Its use is compulsory before functions.
It returns no parameter.

Starting use of RTOS multitasking functions and returning the tasks

Function void OSStart(void) is used to start the initiated operating system and
create tasks.

Its use is compulsory for the multitasking OS kernel operations.
It returns no parameter.

Starting the RTOS System clock

Function void OsTicklnit(void) is used to initiate the system clock ticks and
interrupts at regular intervals as per OS_TICKS_PER_SEC predefined during configuring the
MUCOS.

Its use is compulsory for the multitasking OS kernel operations when the timer
functions ane to be used.

It returns no parameter.

Sending message to RTOS taking control al the start of an ISR

Function void OSlntEnter(void) is used at the start of an ISR.
It is for sending a message to RTOS kernel for taking control. Its use is

compulsory to let the multitasking OS kernel, control the nesting of the ISRs in case of
occurrences of multiple interrupts of varying priorities.

It returns no parameter.

UNIT V

PIC MICROCONTROLLER BASED EMBEDDED SYSTEM DESIGN

2 MARKS

1. What is a PIC?

PIC refers to Programmable Intelligent Computer. PIC is microprocessor lies inside a
personal computer but significantly simpler, smaller and cheaper. It can be used for operating
relays, measuring sensors etc.
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2. What are the main elements inside a PIC?

Processing engine, Program memory, data memory and Input/Output.

3. What are the types of program memory in a PIC?

Read-only, EPROM and EEPROM, Flash

4. What is MBasic Compiler Software?

From version 5.3.0.0 onward, Basic Micro offers one version of its MBasic compiler, the
Professional” version. MBasic runs underMicrosoft’s Windows operating system in any

version from Windows 95 to Windows XP. The computer requires an RS-232 port for
connection to
the ISP-PRO programmer board.

5. Define pseudo-code.
Pseudo-code is a useful tool when developing an idea before writing a line of true code or

when explaining how a particular procedure or function or even an entire program

6.
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