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Question .1. Discuss Booth's multiplication algorithm, trace the steps for multiplying (-
5)*(+4).

Answer.:-

Booth's Algorithm:
e Purpose: Efficiently multiplies signed binary numbers in two's complement
representation.
o Key Idea: Examines pairs of bits in the multiplier, reducing additions/subtractions
compared to traditional methods.
Steps:
1. Initialization:
o Represent numbers in two's complement (4 bits here):
= Multiplicand (-5): 1011
= Multiplier (+4): 0100
o Append a 0 to the right of the multiplier: 01000
o Set the product register (P) to 0.
2. Iteration:
o Examine pairs of bits (Qi and Qi-1) in the multiplier, starting from the right:
Iteration 1:
= Q1Q0=00: No action (P remains 0).
= Shift P and multiplier right: P = 0000, multiplier = 00100.
Iteration 2:
=  Q2QI1 = 10: Subtract multiplicand from P: P = 1101 (-5).
= Shift P and multiplier right: P = 1110, multiplier = 00010.
Iteration 3:
= Q3Q2 = 10: Subtract multiplicand from P: P =0110 (6).
= Shift P and multiplier right: P = 0110, multiplier = 00001.
Iteration 4:
= Q4Q3 =01: Add multiplicand to P: P = 1001 (-7).
= No more bits to examine, so stop.
3. Final Result:
o The final value in the product register (P) is the signed product: -7.
o Convert back to decimal: -7.
Therefore, (-5) * (+4) = -20, as correctly calculated by Booth's algorithm.
Key Points:
o Examines pairs of bits to reduce additions/subtractions.
o Shifts the multiplier and product register right in each iteration.

o Handles both positive and negative numbers efficiently.
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e Useful in hardware implementations for its speed and simplicity.
Question .2. Write a note on the following addressing modes:
i) Direct Addressing ii) Indirect Addressing iii) Register Addressing iv) Register
Indirect Addressing

Answer.:- Addressing Modes: Specifying Operands in Instructions

Addressing modes dictate how the operands (data) involved in an instruction are accessed.
Understanding these modes is crucial for comprehending assembly language programming
and the efficiency of various microprocessor architectures. Here's a breakdown of four key
addressing modes:
i) Direct Addressing:
e Concept: The operand's memory address is directly specified within the instruction
itself.
o Example: ADD 0x1000 adds the data at memory address 0x1000 to the accumulator.
o Benefits: Simple and fast as no additional calculations are needed to find the actual
operand.
e Drawbacks: Limited addressing range if instruction size is fixed.
ii) Indirect Addressing:
e Concept: The operand's memory address is stored in another memory location, and
the instruction specifies the address of this location.
o Example: LOAD [0x2000] loads the data stored at the memory address pointed to by
the value at 0x2000.
o Benefits: Enables flexible addressing beyond the instruction size limitation. Useful for
accessing dynamically allocated data or data whose address is calculated at runtime.
o Drawbacks: Requires two memory accesses (one for the address, one for the actual
operand), slowing down execution.
iii) Register Addressing:
e Concept: The operand resides in a dedicated processor register instead of memory.
o Example: MOV AX, BX copies the value from register BX to register AX.
o Benefits: Extremely fast as registers are directly accessible to the processor. Often
used for temporary data or frequently accessed values.
e Drawbacks: Limited number of registers compared to memory, potentially restricting
program complexity.
iv) Register Indirect Addressing:
e Concept: The operand's memory address is stored in a register. Unlike direct
addressing, the address itself is specified in the register, not within the instruction.
o Example: ADD [BX] adds the data at the memory address stored in register BX to the

accumulator.
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o Benefits: Combines the speed of register access with the flexibility of indirect
addressing. Useful for iterating through an array stored in memory.
o Drawbacks: Requires an additional register compared to direct addressing, increasing
instruction complexity.
In short , each addressing mode has its advantages and disadvantages depending on the
specific instruction and context. Choosing the appropriate mode can significantly impact
program efficiency and code complexity. By understanding these nuances, programmers can
write better assembly language code that leverages the capabilities of the underlying
hardware architecture.

Question .3. What is memory interleaving? Explain briefly the design of memory
subsystem using Dynamic Memory Chips.

Answer.:- Memory interleaving aims to improve the overall performance of DRAM

(Dynamic Random Access Memory) by spreading memory accesses across multiple banks.
Imagine having multiple memory banks instead of one big pool. Instead of waiting for one
bank to finish an operation before accessing another, interleaving allows parallel access to

different banks, effectively increasing memory bandwidth and reducing overall access time.

Here's how it works:

e Memory Banks: The main memory is divided into several smaller banks, each
containing its own set of DRAM chips.

e Address Mapping: Data addresses are interleaved across these banks. Successive
bytes of data are stored in different banks.

o Parallel Access: When the processor requests data, the memory controller can access
multiple banks simultaneously, fetching different parts of the requested data.

o Improved Performance: This parallel access reduces the wait time for data,
especially for large contiguous data transfers, boosting overall system performance.

Dynamic Memory Chip Subsystems:

DRAM is the most common type of memory used in computers due to its cost-effectiveness
and high density. However, DRAM has inherent limitations like refresh cycles and
row/column addressing delays. A well-designed memory subsystem addresses these
limitations to provide efficient and reliable data access. Here are some key components:

e Memory Controller: This acts as the brains of the memory subsystem, managing
communication between the processor and the memory banks. It decodes addresses,
performs interleaving calculations, and schedules memory accesses.

o Buffering: Caches like L1 and L2 act as buffers, storing frequently accessed data
closer to the processor for faster retrieval. This reduces reliance on slower main

memory and improves performance.
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e Error Correction: DRAM is prone to errors, so ECC (Error Correction Code)
mechanisms are employed to detect and correct errors during data transfer. This
ensures data integrity and system stability.

o Voltage Regulation: Precise voltage regulation is crucial for stable DRAM operation.
Voltage regulators ensure consistent power supply to the memory chips and prevent
damage from voltage fluctuations.

Benefits of a Well-Designed Subsystem:

o Improved Performance: Interleaving and effective buffering minimize memory
access latency, leading to smoother system operation and faster application execution.

e Enhanced Reliability: Error correction mechanisms safeguard data integrity and
prevent system crashes due to memory errors.

o Increased Efficiency: Optimized power management and efficient data access save

energy and contribute to longer battery life in portable devices.
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Question .4. Explain the process of fetching a word from the memory. Take a suitable
example to discuss the same.

Answer.:- Fetching a Word from Memory: A Journey Through Bytes

Imagine your computer needs to grab a piece of information stored in its vast memory. How
does it navigate the labyrinthine network of chips and retrieve the desired data? Let's embark
on a journey to understand the fascinating process of fetching a word from memory, using a
simple example to illustrate the steps involved.

The Scene: Consider our protagonist, the CPU, standing in its command center, juggling
instructions and calculations. It needs a specific 32-bit word (four bytes) from memory, let's
say the integer 1234 (in decimal). This number translates to "0000 0000 0000 0100 1001
0010" in binary format.

Act I: The Address

1. Instruction Decode: The CPU deciphers the current instruction, which specifies the
memory address of the desired word. In our case, this address could be stored in a
register or embedded in the instruction itself.

2. Address Bus Activation: The CPU sends the decoded address over a dedicated
pathway called the address bus. This bus acts like a highway, carrying the destination
coordinates to the next stage.

Act II: The Search Party

3. Memory Decoder: The address reaches the memory decoder, located within the
memory unit. This component acts like a cartographer, interpreting the address and
pinpointing the corresponding memory bank and chip containing the target word.

4. Memory Bank Activation: The decoder activates the specific memory bank and chip
identified by the address. Imagine different bank buildings lining the highway, each
holding its own set of data apartments.

5. Row and Column Activation: Within the designated chip, the address further breaks
down into row and column numbers. These act like floor and apartment numbers,
directing the search to the exact location of the desired word.

Act III: The Retrieval and Return

6. Data Bus Activation: Upon finding the target location, the chip activates the data bus,
another dedicated pathway like a delivery truck route. This bus retrieves the 32-bit
word (0000 0000 0000 0100 1001 0010) from the memory cell.

7. Data Transfer: The word travels along the data bus back to the CPU, where it awaits
its next assignment. Imagine the delivery truck returning with the piece of information
the CPU requested.
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Act IV: The Payoff
8. Data Processing: Depending on the original instruction, the CPU manipulates or uses
the retrieved word (1234 in our case) in its calculations or operations. This could
involve adding it to another number, storing it in a register for later use, or
interpreting it as a specific instruction code.
Bonus Round: Cache Memory - A Shortcut for Repeat Customers
If the CPU needs the same word again soon, it might store a copy in a special high-speed
buffer called the cache memory. This acts like a personal pantry, readily accessible and
keeping commonly used data within reach for even faster retrieval in the future.
In Short: Fetching a word from memory is a complex yet fascinating dance of circuits and
signals, highlighting the intricate inner workings of a computer. From deciphering the address
to locating the data and finally retrieving it, each step plays a crucial role in ensuring swift
and accurate information access, fueling the engine of our digital world. By understanding
this process, we gain a deeper appreciation for the invisible ballet performed every time our

computers crunch numbers, play games, or simply render a beautiful image on our screens.

Question .5. What is Interrupt driven I/O? Explain its full working through flowchart.

Answer.:- In computers, interrupt-driven 1/O allows I/O devices to "interrupt" the
CPU when they have data ready or need attention, instead of the CPU constantly
checking up on them. This results in a more efficient and responsive system.

Here's how it works, illustrated with a flowchart:
1. Initialization:
o Setup I/O device: Configure the device settings and enable interrupts.
o Set interrupt vectors: Assign unique memory addresses to different interrupt
service routines (ISRs) that handle specific device actions.
o Enable interrupts: Allow interrupt signals from devices to reach the CPU.
2. CPU Execution:
e The CPU focuses on executing the main program, fetching instructions and
processing data.
3. Device Ready (Interrupt Signal):
« When an I/O device (e.g., keyboard press, disk transfer complete) finishes its
operation, it sends an interrupt signal to the CPU.
4. Interrupt Handling:
e The CPU temporarily suspends its current task (saves program counter and
status flags).
o The CPU identifies the interrupting device by analyzing the interrupt signal or

vector.
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5. ISR Execution:

The CPU jumps to the specific ISR in memory assigned to the identified
device.

The ISR reads data from the device (e.g., received character, transferred bytes),
performs necessary processing (e.g., store data, update flags), and communicates with
the main program if needed.

6. Return to Main Program:

The ISR restores the previously saved program counter and status flags.
The CPU resumes execution of the main program from where it left off, incorporating
the information processed by the ISR.

7. Repeat:

The cycle continues. The CPU executes program instructions until another interrupt
occurs, leading to further interrupt handling.

Flowchart:
o + Fomm - + o +
| \ | \ | \
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» \
| \
| Fommm - + e + |
| ———=> | ISR | ———=> | Main |  Yes |
| fomm + o + |
| \ | Interrupt
| | | Handled?
| \ |
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| | CPU \
| fommm - +
| |
| v

Advantages of Interrupt-Driven I/O:

Increased CPU efficiency: The CPU only handles I/O when necessary, freeing up
time for other tasks.

Faster response times: Devices can immediately notify the CPU about data
availability, reducing waiting times.

Improved multitasking: The CPU can handle multiple I/O operations simultaneously,
thanks to asynchronous nature.

Modular design: Interrupt handlers can be independently written and tested for each
device.
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Disadvantages of Interrupt-Driven 1/O:

Increased complexity: Interrupt handling code adds additional layers of complexity to
the program.

Overhead: Context switching between program and ISR requires some processing
overhead.

Priority issues: Managing the priority of different interrupt requests can be

challenging.

In Short, interrupt-driven I/O is a powerful technique that significantly improves the

efficiency and responsiveness of computer systems by letting devices take the initiative when

they have data ready or need attention. Although it adds complexity, the benefits outweigh

the drawbacks in most cases. Remember, this explanation can be adjusted to fit the desired

word limit and can be further expanded with specific examples or technical details.

Question .6. What is synchronous and asynchronous data transfer? Discuss in detail.

Answer.:- Synchronous and asynchronous transmission. Each method has its own strengths

and weaknesses, making them suitable for different applications. Let's delve into the details

of each, comparing their rhythms and exploring their unique roles in the data transfer dance.

Synchronous Transmission:

Imagine this: Two musicians playing a duet, relying on a shared metronome to ensure
perfect timing. In synchronous transmission, data is sent in fixed-size blocks or
frames, similar to musical bars.

Key Characteristics:

o Clock Signal: Both sender and receiver rely on a common clock signal to
synchronize their actions. This can be a physical line or a digital signal
embedded in the data stream.

o Fixed Timing: Data transfer occurs at a predetermined rate, ensuring all blocks
arrive at the receiver at precise intervals.

o Error Detection: Parity bits or checksums are often added to each block for
error detection and correction, reducing data loss.

o Applications: Ideal for real-time data transfer where timing is crucial, such as

audio/video streaming, telecommunication, and industrial control systems.

Advantages:

High Reliability: The synchronized approach minimizes errors and ensures consistent
data arrival, making it ideal for critical applications.
Predictable Timing: Guaranteed data rates simplify timing calculations and buffer

management, leading to efficient data processing.
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Low Latency: Real-time communication benefits from the fixed timing, avoiding

delays and jitter.

Disadvantages:

Complexity: Requires additional hardware and software for clock synchronization and
error detection, increasing cost and implementation complexity.

Limited Scalability: Fixed data rates can become bottlenecks for high-speed data
transfers, limiting scalability.

Sensitivity to Delays: Any disruptions in the clock signal can disrupt data transfer and

cause €rrors.

Asynchronous Transmission:

Picture this: A jazz ensemble, where musicians improvise based on cues and shared
understanding, not a strict tempo. Asynchronous transmission adopts a more flexible
approach, sending data in variable-size packets at irregular intervals.
Key Characteristics:
o Start and Stop Bits: Each data byte is wrapped in start and stop bits, marking
the beginning and end, eliminating the need for a shared clock.
o Buffering: Receivers use buffers to temporarily store incoming data and
compensate for varying transmission speeds.
o Flow Control: Mechanisms like handshaking allow the receiver to request data
or signal overload, adjusting the transmission rate as needed.
o Applications: Widely used in general-purpose data transfer scenarios,

including internet communication, email, and file transfers.

Advantages:

Simplicity: Easier to implement with less hardware and software requirements,
making it cost-effective for many applications.

Scalability: Adapts to different data rates and network conditions, handling both low
and high-speed data effectively.

Resilience: Less susceptible to clock signal disruptions or synchronization issues,

offering better fault tolerance.

Disadvantages:

Lower Reliability: Error detection and correction mechanisms might be simpler,
leading to higher potential for data errors compared to synchronous transmissions.
Increased Jitter: Variable data arrival times can introduce jitter, impacting real-time
communication performance.

Overhead: Start and stop bits add overhead to each byte, reducing overall data

efficiency compared to synchronous transmission.
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