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SET -1

Q1) Explain von Neumann Architecture in detail.

Answer .:- Stored-Program Concept: A Key Innovation

The central idea behind the von Neumann architecture is the stored-program concept. This

means that both a computer's instructions (programs) and data are stored in the same memory

unit. This was a revolutionary idea at the time. Beforehand, computers required complex wiring

or punch cards to specify instructions, making them inflexible and difficult to modify. With the

stored-program concept, programs could be easily loaded and changed electronically, allowing

for greater versatility.

The Five Basic Components

The von Neumann architecture consists of five principal components:

1.

2.

Central Processing Unit (CPU): The CPU is the brain of the computer, responsible
for all processing tasks. It can be further divided into two subunits:

o Control Unit (CU): The CU fetches instructions from memory, decodes them,
and directs the overall flow of operations. It acts like the conductor of an
orchestra, ensuring everything happens in the correct sequence.

o Arithmetic Logic Unit (ALU): The ALU performs all the mathematical and
logical operations as instructed by the CU. This includes calculations like
addition, subtraction, and comparisons (greater than, less than).

Memory Unit: The memory unit stores both program instructions and data. It can be
accessed by the CPU to read instructions and data or write results back to memory.
There are two main types of memory:

o Main Memory (RAM): This is a fast but volatile memory, meaning data is
lost when the computer is powered off.

o Secondary Storage: This provides permanent storage for programs and data
that are not actively being used by the CPU. Examples include hard disk drives
(HDDs) and solid-state drives (SSDs).

Input/Output (I/0) Devices: I/O devices allow the computer to interact with the
external world. Users can input data through keyboards, mice, scanners, etc., and the
computer can output information to monitors, printers, speakers, and more.

Buses: Buses are a set of electronic pathways that transfer data between different

components. There are three main types of buses in the von Neumann architecture:
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o Data Bus: Carries data between the CPU, memory, and I/O devices.

o Address Bus: Specifies the memory location of the data to be read from or
written to.

o Control Bus: Carries control signals from the CU to other components,

indicating what operation to perform.

The von Neumann Bottleneck

While the von Neumann architecture has been incredibly successful, it has a limitation known

as the von Neumann bottleneck. This bottleneck arises because the architecture uses a single

bus for both data and instructions. When the CPU needs to fetch an instruction or data from

memory, other operations must wait. This can limit the overall performance of the system.

A Legacy of Innovation

Despite this limitation, the von Neumann architecture laid the groundwork for modern

computing. Its core principles of a stored-program concept, a central processing unit, memory,

and I/O devices are still found in most computers today.

Q2) Explain in detail the different instruction formats with examples.

Answer .:- Instruction Formats: The Language of Processors

Instructions are the commands that tell the processor what to do. But how are these

instructions communicated? This is where instruction formats come in. They define

the way instructions are encoded and specify the operands (data) involved in the

operation. There are four main instruction formats, each with advantages and

disadvantages:

1.

Zero-Address Instruction (0-address)

Format: These instructions don't explicitly specify any operands in the
instruction itself.

Example: Consider the instruction "PUSH A" in assembly language. Here,
"PUSH" is the operation, and "A" is an implicit operand stored in a special
register called the accumulator. The processor knows to push the value in the
accumulator register onto the stack (a LIFO - Last In First Out - data structure)
without needing the address of A mentioned in the instruction.

Advantages: Simple format, reduces instruction size.
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Disadvantages: Limited flexibility, relies on implicit registers which can be
less intuitive for programmers.

One-Address Instruction (1-address)

Format: These instructions specify one operand in the instruction itself.
Example: Assembly language instruction "LOAD C" would load the value
from memory location C into the accumulator register. Here, C is the operand
address.

Advantages: More flexibility than 0-address, still relatively compact.
Disadvantages: Requires additional processing to identify the destination
register (often the accumulator) which might be implicit.

Two-Address Instruction (2-address)

Format: These instructions specify two operands in the instruction itself.
Example: "MOV R1, A" moves the value from register A to register R1. Both
source and destination registers are explicitly mentioned.

Advantages: Increased flexibility compared to previous formats, clearer
instruction intent.

Disadvantages: Larger instruction size compared to O or 1-address formats.
Three-Address Instruction (3-address)

Format: These instructions specify three operands in the instruction itself.
Example: "ADD R1, A, B" adds the values in registers A and B and stores the
result in register R1.

Advantages: Most explicit format, allows for complex operations in a single
instruction.

Disadvantages: Largest instruction size, can be less efficient for simpler

operations.

Choosing the Right Format

The choice of instruction format depends on several factors:

Processor Architecture: Some processors are designed for specific
instruction formats for efficiency reasons.

Instruction Complexity: Simpler operations might be well-suited for 0 or 1-
address formats, while complex calculations might benefit from 3-address

instructions.
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o Code Size vs. Readability: Smaller instruction sizes (0 or 1-address) can be
more compact but less readable. 3-address instructions offer clarity but take
up more space.

Modern processors typically use a combination of these formats to strike a balance
between efficiency and flexibility. Additionally, techniques like caching and pipelining
help mitigate the von Neumann bottleneck (limited bandwidth due to a single bus)

associated with instruction fetching.

Q3) Discuss the organization of main memory.

Answer .:-
Basic Unit: The Memory Cell
Main memory is fundamentally built from memory cells. Each cell can store a single binary
digit (bit), typically represented as 0 or 1. These cells are grouped together into units called
bytes (usually 8 bits), which can represent a character, a small integer, or a portion of an
address.
Addressing Scheme: Locating Data
Each memory location within the main memory has a unique identifier called a memory
address. This address acts like a house number, allowing the CPU to pinpoint the exact location
of data or instructions it needs. The size of the memory address determines the total addressable
memory space. For instance, a 32-bit address can access 232 (4 billion) memory locations.
Memory Hierarchy: Balancing Speed and Capacity
Main memory offers a good balance of speed and capacity. It's much faster than secondary
storage devices like hard drives, but also significantly more expensive and limited in capacity.
To address this, a memory hierarchy is employed. Main memory acts as a cache for slower but
larger secondary storage. The CPU prioritizes fetching data from main memory due to its
speed. If the required data isn't present, it's retrieved from secondary storage and loaded into
main memory for quicker future access.
Memory Organization Techniques
Several techniques are used to optimize the organization of main memory:

o Byte Addressing: Memory is accessed and manipulated in units of bytes, allowing

for efficient storage of various data types like characters, integers, and floating-point

numbers.
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e  Word Alignment: Data is typically stored and aligned on word boundaries (multiples
of a specific size, often the same as the CPU's word size). This simplifies memory
access and improves processing efficiency.

o Endianness: Endianness refers to the order in which bytes are arranged within a
word. There are two main conventions: big-endian (most significant byte stored first)
and little-endian (least significant byte stored first). The CPU architecture determines
the endianness used.

Memory Protection Mechanisms
To ensure smooth program execution and prevent data corruption, memory protection
mechanisms are implemented:

e Memory Management Unit (MMU): The MMU is a hardware component that
translates logical addresses used by programs into physical memory addresses. It also
enforces memory access restrictions, preventing programs from accessing unauthorized
memory locations.

e Memory Protection Flags: Memory pages can be marked read-only, write-only, or
read-write. This controls how programs can interact with specific memory regions,
safeguarding critical system areas.

Virtual Memory: Extending Memory Capacity

Virtual memory is a technique that allows a computer to run programs larger than the available
physical RAM. It creates a virtual address space that can be much bigger than physical memory.
The MMU manages the mapping between virtual and physical addresses. When needed data
isn't present in RAM, the MMU swaps it with less frequently used data from RAM to secondary
storage (like a hard drive) to make space. This creates the illusion of having more RAM than

physically available.
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SET - 11

Q4) List and explain the mapping functions.

Answer .:-

Mapping Functions in Programming

In programming, mapping functions are a category of functions that apply a specific operation

to each element within a collection (like a list or array) and return a new collection with the

transformed elements. These functions are powerful tools for working with data in a concise

and readable manner.

Here are some common types of mapping functions:

map() function: This is a ubiquitous function found in many programming
languages. It takes two arguments: the function to apply and the collection to operate
on. It iterates through the collection, applies the function to each element, and returns a
new collection containing the transformed elements.

o Example (Python): def double(x): return x * 2; new_list = map(double, [1, 2,
3]) This code defines a function double(x) that multiplies a number by 2. Then,
map(double, [1, 2, 3]) applies the double function to each element in the list [1,
2, 3], resulting in a new list [2, 4, 6].

List comprehensions: These are a concise way to create new lists based on existing
ones. They use a loop-like syntax to iterate through a collection and conditionally create
elements for the new list.

o Example (Python): new list =[x * 2 for x in [1, 2, 3]] This achieves the same
result as the previous example using a list comprehension. It iterates through
the list [1, 2, 3] and creates a new element for the new list by multiplying each
value by 2.

filter() function: This function takes two arguments: a function and a collection. It
iterates through the collection and applies the function to each element. It returns a new
collection containing only the elements for which the function returned True.

o Example (Python): def is even(x): return x % 2 == 0; even numbers =
filter(is_even, [1, 2, 3, 4]) This code defines a function is_even(x) that checks
if a number is even. Then, filter(is even, [1, 2, 3, 4]) returns a new list

containing only the even numbers (2 and 4) from the original list.

Mapping Functions in Mathematics
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In mathematics, a mapping function (also called a map or transformation) is a more general

concept. It describes a relationship between two sets, A and B. Each element in set A is paired

with exactly one element in set B according to a defined rule. This pairing is often visualized

using arrows that connect elements in A to their corresponding elements in B.

Here are some key aspects of mathematical mappings:

Domain and Range: The domain is the set of all possible input values for the
mapping. The range is the set of all possible output values.

Injective (One-to-One): A mapping is injective if each element in the range has a
unique pre-image (corresponding element) in the domain. In simpler terms, no two
elements in the domain map to the same element in the range.

Surjective (Onto): A mapping is surjective if every element in the range has at least
one pre-image in the domain. This means all elements in the range are "reachable" from
the domain.

Bijective (One-to-One and Onto): A mapping is bijective if it's both injective and
surjective. Every element in the range has exactly one pre-image in the domain, and all

elements in the range are used.

Q5) What is an interrupt? Discuss the hardware actions in interrupt handling.

Answer .:- An interrupt is a signal generated by hardware or software that demands the
immediate attention of the processor. It acts like a notification system, alerting the CPU
to a pressing event that needs handling before the current task can continue. This

mechanism is crucial for efficient multitasking and handling asynchronous events in a

computer system.

Hardware Actions in Interrupt Handling

When a hardware device generates an interrupt, a specific sequence of actions occurs:

1. Interrupt Request (IRQ): The hardware device asserts an interrupt request line
(IRQ) on the CPU. This line acts as a flag, signaling the CPU that an interrupt needs
servicing. Different devices might have dedicated IRQ lines, allowing the CPU to
identify the source of the interrupt.

2. Interrupt Acknowledge (ACK): Upon receiving the IRQ, the CPU completes its

current instruction cycle (if possible) and sends an interrupt acknowledge (ACK) signal
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back to the device. This acknowledges the interrupt and informs the device that the
CPU is prepared to handle it.

Processor State Saving: The CPU stores the state of the currently running program.
This includes the program counter (PC), which holds the address of the next instruction
to be executed, and other registers that might be essential for resuming the program
later.

Interrupt Vector Table (IVT) Lookup: The CPU consults a special table in memory
called the Interrupt Vector Table (IVT). This table maps each interrupt source (IRQ
line) to a corresponding Interrupt Service Routine (ISR) - a specific set of instructions
designed to handle that particular interrupt. Based on the IRQ line that triggered the
interrupt, the CPU locates the address of the ISR in the IVT.

ISR Execution: The CPU jumps to the address of the ISR retrieved from the IVT.
This essentially switches the CPU's context from the interrupted program to the ISR
code. The ISR is responsible for handling the specific event that caused the interrupt.
This might involve tasks like reading data from a device, acknowledging an event
completion, or handling an error condition.

Interrupt Return: Once the ISR has finished its job, it executes an instruction that
signals the CPU to return from the interrupt. The CPU restores the previously saved
state (registers and program counter) and resumes execution of the interrupted program

from where it left off.

Hardware Components Involved

Several hardware components play a role in interrupt handling:

Interrupt Controller (IC): In modern systems, an Interrupt Controller (IC) acts as an
intermediary between devices and the CPU. It receives interrupt requests from various
devices, prioritizes them if necessary, and asserts the appropriate IRQ line to the CPU.
Timers: Timers generate periodic interrupts to signal the passage of time or the need
for specific tasks. This allows the CPU to perform time-sensitive operations like
refreshing the display or checking for user input.

Direct Memory Access (DMA): DMA controllers can handle data transfer between
memory and devices without involving the CPU directly. They can generate interrupts

when the transfer is complete, freeing up the CPU for other tasks.
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Q6) Explain the characteristics of RISC and CISC architectures.

Answer .:- RISC (Reduced Instruction Set Computing) and CISC (Complex Instruction

Set Computing) are two fundamental design philosophies for processor architectures.

They differ in their approach to instruction complexity and execution speed.

RISC Characteristics:

Simple Instructions: RISC processors utilize a set of basic, well-defined instructions.
These instructions typically perform a single, simple operation. This simplifies
decoding and execution, leading to faster processing speeds.

Fixed-Length Instructions: RISC instructions are often of a uniform length, which
further streamlines processing. This allows for efficient pipelining, where multiple
instructions can be fetched, decoded, and executed simultaneously.

Load/Store Architecture: RISC processors rely on separate load and store
instructions to move data between registers and memory. This emphasizes the
importance of registers for temporary data storage and manipulation.

Emphasis on Registers: RISC processors have a larger number of registers compared
to CISC processors. This focus on registers reduces reliance on main memory, which

is slower to access, and improves performance.

CISC Characteristics:

Complex Instructions: CISC processors boast a wider range of instructions. These
instructions can be more complex, encompassing multiple operations within a single
instruction. This can reduce the number of instructions needed for a program but might
take longer to decode and execute.

Variable-Length Instructions: CISC instructions can vary in length depending on
the complexity of the operation. This can make pipelining less efficient.

Implicit Addressing: CISC instructions might implicitly specify operands within the
instruction itself, reducing the number of operands explicitly mentioned. While concise,
this can be less flexible and harder to understand for programmers.

Backward Compatibility: CISC architectures often strive for backward
compatibility with older instruction sets. This can lead to a more complex instruction

set as new features are added over time.

Choosing the Right Architecture

The choice between RISC and CISC depends on various factors:
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e Performance: RISC generally offers faster performance due to simpler instructions
and efficient pipelining.
e Complexity: CISC instruction sets can be more complex, requiring more powerful
decoders.
o Development Cost: Simpler RISC architectures might be easier and cheaper to design.
o Legacy Applications: CISC's backward compatibility can be advantageous for
running older software.
Modern processors often borrow elements from both philosophies. They might implement a
core set of RISC-like instructions while incorporating complex instructions for specific tasks.

This hybrid approach provides a balance between performance and flexibility.
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