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 USN           
 Internal Assessment Test 4 – March 2022 Sub: Microcontroller and Embedded System Sub Code: 18CS44 Branch: ISE Date: 26/09/2022 Duration: 180 min’s Max Marks: 100 Sem/Sec: III / A, B and C OBE 

Answer any FIVE FULL Questions MARKS CO RBT 1  a. Compare Microprocessor and Microcontroller 
Solution:   6 CO1 L2 b. Discuss the ARM design philosophy. 
Solution: Physical features of ARM processor design: 1. Power: The ARM processor has been specifically designed to be small to reduce power Consumption and extend battery operation essential for applications such as mobile phones and personal digital assistants (PDAs). 2. High Code Density: since embedded systems have limited memory  due to cost and/or physical size restrictions. 3. Price sensitive: use slow and low-cost memory devices. 4. Reduce the area of the die: For a single-chip solution, the smaller the area used by the embedded processor, the more available space for specialized peripherals. This in turn reduces the cost. 5. Debug technology within the processor: So the software engineers can view what is happening while the processor is executing code. With greater visibility. Software engineers can resolve issues faster. Hence reduces development costs. 6 CO1 L2 c. With a neat diagram, explain the four main hardware components of an ARM based embedded device. 
Solution: 

8 CO1 L2 



   The device into four main hardware components:  – ARM processor  – Controllers  – Peripherals  – Bus 1. ARM Processor : An ARM processor comprises a core (the execution engine that processes instructions and manipulates data) It is surrounded with components that interface it with a bus. These components can include memory management and caches. 2. Controllers: Coordinates important functional blocks of the system. 2 Controllers: • Interrupt controllers • memory controllers 3. Peripherals: Required for input-output operation external to the chip  4. A bus : Used to communicate between different parts of the device 



2                                                a. Explain the ARM core data flow model with a neat diagram Solution:  Von-Neumann implementation – data items and instructions share the same bus.  Instruction decoder translates instructions before they are executed.  Load instruction: copy data from memory to register. Store instruction: copy data from register to memory . There are no data processing instructions that directly manipulate data in memory.  Data items are placed in the register file – a storage bank made up of 32-bit registers. ARM instructions typically have two source registers Rn and Rm and one destination register Rd.  ALU and MAC (Multiply-accumulate) unit takes the register values Rn and Rm from A and B buses and computes a result.  Load and store instructions use the ALU to generate an address to be held in the address register and broadcast on the Address bus.  The register Rm can be alternatively pre-processed in the barrel shifter before it enters the ALU. For load and store instructions the incrementer updates the address register before the core reads or writes the next register value from or to the next sequential memory location.  8 CO1 L2 b. Draw the basic layout of a generic program status register and briefly explain the various fields. 
Solution: 

6 CO1 L2 



cpsr : Divided into four fields, each 8 bits wide: flags, status, extension, and control.  The control field contains the processor mode,  state, and interrupt mask bits. The flags field contains the condition flags. • Condition Codes: N, Z, C, V • Interruption mask: I(IRQ), F(FIQ) • Thumb Enable Bit • Mode(5-bit)  c. What is Pipelining? Illustrate it with a simple example. Solution: A pipeline is the mechanism a RISC processor uses to execute instructions. Using a pipeline speeds up execution by fetching the next instruction while other instructions are being decoded and executed.    6 CO1 L2 3  a Explain the different Data Processing Instructions in ARM Solution:   10 CO2 L2 



Example: The following simple subtract instruction subtracts a value stored in register r2 from a value stored in register r1. The result is stored in register r0. PRE r0 = 0x00000000 r1 = 0x00000002 r2 = 0x00000001 SUB r0, r1, r2 POST r0 = 0x00000001   b. Briefly explain the different Load-Store Instruction categories used with ARM 
Solution: LOAD-STORE INSTRUCTIONS: Load-store instructions transfer data between memory and processor registers. There are three types of load-store instructions: single-register transfer, multiple-register transfer, and swap.  Single-Register Transfer:  These instructions are used for moving a single data item in and out of a register.  The data types supported are signed and unsigned words (32-bit), half-words (16-bit), and bytes.  Here are the various load-store single-register transfer instructions.  10 CO2 L2 



4  a. Write a program for forward and backward branch by considering an example 
Solution:   06 CO2 L3 b. Explain Co-Processor Instructions of ARM Processor 
Solution:   06 CO2 L2 c. Write a note on Profiling and Cycle Counting. 
Solution: 

08 CO2 L2 



 5 a. What is an embedded system? Different between  
Solution: An ES is an electronic /electro-mechanical system designed to perform a specific function and a combination of both hardware and firmware (software) Every ES is Unique and hardware as well as the firmware is highly specialized to the application domain.   06 CO4 L2 



b. List any four purposes of Embedded system with examples. 
Solution: Each embedded system is designed to serve the purpose of any one or a combination of the following tasks: 1. Data collection/Storage/Representation 2. Data Communication 3. Data (signal) processing  4. Monitoring 
1. Data collection/Storage/Representation: ES is designed for one of the purpose: – Data collection from external world: Data collection is done mainly for: – Storage – Analysis – Manipulation – Transmission Examples :  – Videos, images, text, electrical signals etc. 2. Data communication: • Communication means : – The way data is transmitted / received – It means communication can be from: – Complex satellite communication systems -> simple home networking systems.   • The transmission medium can be: – Wired – Wireless Data can be transmitted either by analog /digital 

 4. Monitoring: • Almost all embedded products coming under the medical domain are with monitoring functions only. • Electro cardiogram machine (ECG) is intended to do the monitoring of the heartbeat of a patient but it cannot impose control over the heartbeat. 08                                                                 CO4                                                                 L2 



• Other examples with monitoring function are digital CRO, digital multimeters, and logic analyzers.  c. Write short notes on i) Real Time Clock  ii) Watch dog timer 
Solution: 
Real Time Clock 

 
Watch Dog Timer: 

    06       CO3  6  a. Briefly describe the classification of Embedded system 
Solution: 

8 CO4 L2 



 

  



b. Explain the following:  i) I2C Bus  ii) SPI Bus  iii) Reset Circuit  iv) 1-Wire Interface 
Solution:     12 CO4 L2 



    



    



 7  a. What are the operational and non operational embedded system 
Solution:      What are the operational and non operational quality attributes of a           10 CO4 L2 



b. Explain the different communication buses used in automotive applications. 
Solution:  6 CO4 L2 c. Design an FSM model for Tea/coffee vending machine  Solution:  4 CO4 L2 



   8 a. Explain the fundamental issues in hardware and software co design. Fundamental Issues of H/w, S/w Co-Design: Few are listed below: 1. Selecting the model 2. Selecting the Architecture 3. Selecting the Language 4. Partitioning system requirements into hardware and software 1. Selecting the model: • Models are used for capturing and describing the system characteristics • A model is a formal system consisting of objects and composition rules • It is hard to make a decision on which model should be followed in a particular system design. • Most often designers switch between a variety of models from the requirements specification to the implementation aspect of the system design. Have objectives vary with each phase. 2. Selecting the Architecture: • A model only captures the system characteristics – Does not provide information on ‘how the system can be manufactured • The architecture specifies: – how a system is going to implement in terms of the number and types of different components and the interconnection among them. 3. Selecting the Language: • A programming Language captures: – ‘Computational Model’ and maps it into architecture • A computational model can be captured: – Multiple programming languages like C, C++, C#, Java etc. for software implementations – Languages like VHDL, System C, Verilog etc. for hardware implementations • The only pre-requisite in selecting a programming language for capturing a model is that  the language should capture the model easily. 4. Partitioning system requirements into hardware and software: • Deals with the implementation aspect of a System level Requirement • It may be possible to implement the system requirements in either hardware or software (firmware) • Various hardware software trade-offs like performance, re- usability, effort etc. are used for making a decision on the hardware-software partitioning  6 CO5 L2 b. Explain the assembly language based embedded firmware development with a diagram • ‘Assembly Language’ is the human readable notation with Mnemonics • ‘Machine language’ is a processor understandable language with 1s and 0s • Assembly language and machine languages are: – Processor/controller dependent – I.e. Program written for one processor will not work with others • Assembly language programming: 6 CO5 L2 



– Is the process of writing processor specific code in mnemonic form – Converting the mnemonics into actual processor instructions machine language – By using an assembler • The general format of an assembly language instruction : – Opcode followed by Operands – In 8051 Processor: • MOV A, #30   • An opcode can have no-operand / single operand / dual operand / more  c. With a neat diagram, how source file to object file translation takes place in high level language based firware development. • High Level Language : Like C,C++ • A software utility called ‘cross-compiler’ : – Converts the high level language to target processor specific machine code • The cross-compilation of each module generates a corresponding object file. • The software program called linker/locater is responsible for assigning absolute address to object files during the linking process • The Absolute object file created from the object files corresponding to different source code modules contain information about the address where each instruction needs to be placed in code memory • A software utility called ‘Object to Hex file converter’ translates the absolute object file to corresponding hex file (binary file) 6 CO5 L2 



9 a. With a neat diagram, explain operating system architecture  
Solutions: 

 The kernel is the core of the operating system   – It is responsible for managing the system resources and the  communication among the hardware and other system services  – Kernel acts as the abstraction layer between system resources and user applications  – Kernel contains a set of system libraries and services.   • For a general purpose OS, the kernel contains different services like   – Process Management  – Primary Memory Management  – File System management  – I/O System (Device) Management  – Secondary Storage Management  – Protection   – Time management   – Interrupt Handling The program code corresponding to the kernel  applications/services are kept:  – In a contiguous area  i.e. (OS dependent)  In primary (working) memory (and) – Is protected from the un-authorized access by user programs/applications   • The memory space at which the kernel code is located is known as ‘Kernel Space’  • All user applications are loaded to a specific area of primary  memory and this memory area is referred as ‘User Space’   • The partitioning of memory into kernel and user space is  purely Operating System dependent.   8 CO6 L2 



b. Explain Multithreading 
Solutions: Multithreading advantages:  • Better memory utilization.   • Since the process is split into different threads, when one thread enters a  wait state, the CPU can be  utilized by other.  • Hence Efficient CPU utilization. The CPU is engaged all time.   •Speeds up the execution of the process.   06 CO6 L2 c. Explain the concept of Binary Semaphore Solution: The value of a semaphore variable in binary semaphores is either 0 or 1. The value of the semaphore variable is initially set to 1, but if a process requests a resource, the wait() method is invoked, and the value of this semaphore is changed from 1 to 0. When the process has finished using the resource, the signal() method is invoked, and the value of this semaphore variable is raised to 1. If the value of this semaphore variable is 0 at a given point in time, and another process wants to access the same resource, it must wait for the prior process to release the resource. Process synchronization can be performed in this manner. The binary semaphores are quite similar to counting semaphores, but their value is restricted to 0 and 1. In this type of semaphore, the wait operation works only if semaphore = 1, and the signal operation succeeds when semaphore= 0. It is easy to implement than counting semaphores. 6 CO6 L2 



10 a. Explain the role of Integrated Development Environment (IDE) for embedded software development. 
Solutions: 

• The Integrated Development Environment (IDE) itself will be providing simulator support and they help in debugging the firmware for checking its required functionality.  
• In certain scenarios, simulator refers to a soft model (GUI model) of the embedded product. For example, if the product under development is a handheld device, to test the functionalities of the various menu and user interfaces, a soft form model of the product with all UI as given in the end product can be developed in software.  
• Soft phone is an example for such a simulator.  
• Emulator is hardware device which emulates the functionalities of the target device and allows real time debugging of the embedded firmware in a hardware environment. In embedded system development context, Integrated Development Environment (IDE) stands for an integrated environment for developing and debugging the target processor specific embedded firmware. IDE is a software package which bundles –  a “Text Editor (Source Code Editor)”,  “Cross-complier (for cross platform development and complier for same platform development)”,  “Linker”, and  a “Debugger”. Some IDEs may provide –  interface to target board emulators,  target processor‟s/ controller‟s Flash memory programmer, etc. IDE may be command line based or GUI based. NOTE: The Keil µVision IDE & An Overview of IDEs – lest as an exercise/ self study topic. 

 

8 CO6 L2 



b. Write a note on Message passing  
Solutions: Message Passing is a synchronous / asynchronous information exchange mechanism for Inter Process/ thread  Communication  • Through shared memory lot of data can be shared: – Whereas only limited amount of information / data is passed  through message passing  • Message passing is relatively fast and free from the synchronization overheads compared to shared memory. • Three ways it can be done:  – Message Queue – Mailbox – Signalling Process which wants to talk to another process posts the message to a First-In- First-Out (FIFO) queue called ‘Message queue’,   – Which stores the messages temporarily in a system defined memory object, to pass it to the desired process Messages are sent and received through: – Send: Name of the process to which the message is to be sent.  – Receive: Name of the process from which the message is to be received.  The messages are exchanged through a message queue The implementation of the message queue, send and receive methods are OS kernel dependent. Mailbox is a special implementation of  message queue  • Usually used for one way communication • Only a single message is exchanged through mailbox whereas ‘message queue’ can be used  for exchanging multiple messages  • One task/process creates the mailbox and other tasks/process can subscribe to this mailbox for getting message notification  • The implementation of the mailbox is OS  kernel dependent 8 CO6 L2 c. Explain the concept of deadlock with a neat diagram 
Solution: 
Deadlock is a situation where a set of processes are blocked because each process is holding a resource and waiting for another resource acquired by some other process. Consider an example when two trains are coming toward each other on the same track and there is only one track, none of the trains can move once they are in front of each other. A similar situation occurs in operating systems when there are two or more processes that hold some resources and wait for resources held by other(s). For example, in the below diagram, Process 1 is holding Resource 1 and waiting for resource 2 which is acquired by process 2, and process 2 is waiting for resource 1 
Deadlock can arise if the following four conditions hold simultaneously 
(NecessaryConditions)  
Mutual Exclusion: Two or more resources are non-shareable (Only one processcanuseatatime)  Hold and Wait: A process is holding at least one resource.  4 CO6 L2 



No Preemption: A resource cannot be taken from a process unless the process releases sources. Circular Wait: A set of processes are waiting for each other in circular form.  
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