[II Semester
Course 7: Computer Organization
UNIT -1

Register Transfer Language (RTL) and Micro-Operations:

Introduction
1. Register Transfer Language (RTL)

Register Transfer Language (RTL) is a symbolic notation used to describe the transfer of data
between registers and the operations performed on the data. It represents how data moves within
a digital system and how computations are performed at the register level.

Key Features of RTL:

e Register Representation: Uses symbols like R1, R2, etc., to denote registers.

e Data Transfer: Specifies how data is transferred between registers (e.g., R1 — R2 means the
content of R2 is copied to R1).

e Control Functions: Conditional transfers are represented using control signals (e.g., if (P =
1) then R1 — R2).

e Arithmetic & Logical Operations: Specifies computations at the register level, suchas R1 « R1
+ R2.

2. Micro-Operations

Micro-operations are elementary operations performed on the data stored in registers. These
operations form the basic steps of instruction execution in a CPU.

Types of Micro-Operations:

1. Register Transfer Micro-Operations: Moving data between registers.
o Example: R1 — R2 (Transfer content of R2 to R1).
2. Arithmetic Micro-Operations: Performing arithmetic operations on registers.
o Example:R1 —~ R1 + R2 (AddR1 and R2, store the result in R1).
3. Logical Micro-Operations: Performing bitwise logical operations (AND, OR, XOR,
NOT).
o Example:R1 — R1 AND R2 (Bitwise AND of R1 and R2).
4. Shift Micro-Operations: Shifting bits left or right in a register.
o Example:R1 — SHR R1 (Shift right R1 by one position).

3. Importance of RTL and Micro-Operations

e RTL provides a formal way to describe data movement and processing within a CPU.
e Micro-operations define the fundamental steps in executing machine instructions.



e Understanding RTL helps in designing computer architectures and control units.
Functional Units in Computer Organization

In Computer Organization, the functional units refer to the major components that work
together to execute instructions, process data, and control system operations. These units ensure
smooth execution of programs and efficient performance of the system.

1. Main Functional Units of a Computer System

A computer system is generally divided into five main functional units:

Input Unit

Memory Unit

Arithmetic and Logic Unit (ALU)
Control Unit (CU)

Output Unit
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2. Detailed Explanation of Functional Units
1. Input Unit
e Accepts data and instructions from external devices.
e Converts input data into binary form (0s and 1s) for processing.

e Sends data to the memory unit for storage or directly to the CPU for processing.
e Examples: Keyboard, Mouse, Scanner, Microphone.

2. Memory Unit

The memory unit stores data, instructions, and intermediate results for processing. It is divided
into different types:

a) Primary Memory (Main Memory)
e Stores data and instructions that the CPU is currently processing.
e Volatile in nature (loses data when power is turned off).
e Examples: RAM (Random Access Memory), Cache Memory.

b) Secondary Memory (Storage)

e Stores data permanently for long-term access.
e Non-volatile memory (retains data even when power is off).



e Examples: Hard Disk, SSD, Pen Drive, DVD.
¢) Registers (CPU Internal Memory)

e High-speed storage within the CPU.

e Stores intermediate results, instruction addresses, etc.

e Examples: Program Counter (PC), Accumulator (AC), Instruction Register (IR), Stack Pointer
(SP).

3. Arithmetic and Logic Unit (ALU)

e Responsible for performing arithmetic and logical operations.

e Handles basic mathematical calculations like addition, subtraction, multiplication, and division.
e Performs logical operations like AND, OR, NOT, XOR.

o  Works closely with registers to store intermediate results.

4. Control Unit (CU)

e Manages and coordinates all activities of the computer.

e Fetches instructions from memory, decodes them, and sends control signals to execute them.
¢ Directs the movement of data between ALU, memory, and input/output devices.

e  Works using the Instruction Cycle (Fetch > Decode - Execute - Store).

5. Output Unit

e Converts processed data from the CPU into human-readable form.
e Sends results to output devices like Monitor, Printer, Speaker.
e Example: The monitor displays processed data, while a printer provides hard copies.

6. Bus System (Communication Between Functional Units)

The bus system connects different functional units and transfers data between them. It consists
of:

1. Data Bus —Transfers actual data.
2. Address Bus — Transfers memory addresses.
3. Control Bus — Transfers control signals for data processing.



7. 0verall Working of Functional Units in a Computer

Input Unit receives data and sends it to Memory Unit.

Control Unit fetches instructions from memory and sends them to ALU.
ALU processes the data and stores the result in memory or registers.
Control Unit directs the result to the Output Unit for display.

The cycle repeats for further instructions.
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8. Importance of Functional Units in Computer Organization

o Efficient Processing: Ensures smooth execution of tasks.

e Parallel Processing: Optimizes performance using multi-core CPUs.
e Data Storage and Retrieval: Proper memory management.

e User Interaction: Input and output devices allow user interaction.

Computer Registers in Computer Organization

1. Introduction to Registers

Registers are small, high-speed memory units inside the CPU that store data temporarily during
execution. They provide fast access to data and instructions, helping the CPU process
information efficiently.

Key Features of Registers:

e Located inside the CPU.

e Faster than cache and RAM.

e Store operands, instructions, memory addresses, and intermediate results.
e Used in the fetch-decode-execute cycle.

2. Types of Registers in Computer Organization
A) General-Purpose Registers (GPRs)

e Used for temporary storage of data and intermediate results.
e Can hold operands for arithmetic and logical operations.
e Example: RO, R1, R2, ... Rninmodern CPUs.

B) Special-Purpose Registers (SPRs)

These registers have specific functions in instruction execution and system control.



1. Program Counter (PC)

¢ Holds the memory address of the next instruction to be executed.
e Automatically increments after fetching an instruction.
e Example: If an instruction is at address 1000, PC updates to 1004 (next instruction).

2. Instruction Register (IR)

e Stores the current instruction fetched from memory.
e The Control Unit (CU) decodes this instruction for execution.

3. Accumulator (AC)

e Stores intermediate results of arithmetic and logical operations.
e Used extensively in ALU operations.

4. Memory Address Register (MAR)

e Holds the memory address where data or instructions need to be fetched or stored.
o Example: If the CPU needs data from memory location 2000, MAR stores 2000.

5. Memory Data Register (MDR)

e Holds data read from or written to memory.
e Works with MAR to facilitate data transfer between CPU and memory.

6. Stack Pointer (SP)

e Points to the top of the stack in memory.
e Used in function calls, recursion, and interrupt handling.
e Increments (PUSH operation) and decrements (POP operation) as the stack grows/shrinks.

7. Status Register (Flag Register)

e Stores status flags that indicate the result of operations.

e Common flags include:

Zero (Z) Flag — Set if the result of an operation is 0.

Carry (C) Flag — Set if an arithmetic operation generates a carry.

Sign (S) Flag — Indicates if the result is negative.

Overflow (O) Flag — Set if an arithmetic operation exceeds the storage limit.
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3. Role of Registers in the Instruction Cycle

Registers play a crucial role in executing instructions:



(L Fetch:

e PC holds the address of the next instruction.
e The instruction is fetched from memory (MAR - MDR - IR).

2 Decode:

¢ IR sends the instruction to the Control Unit for decoding.

B Execute:

e ALU performs the required operations using AC and General-Purpose Registers.
e Flags in the Status Register are updated.

4 $tore:

e Theresultis stored in AC, GPRs, or Memory (via MDR & MAR).

4. Importance of Registers in Computer Organization

v Faster execution of instructions compared to memory.

v Reduces the number of memory accesses, improving speed.

v Supports parallel execution of instructions in modern processors.
v Optimizes CPU performance through efficient data handling.

Register Transfer Language (RTL) in Computer Organization
1. Introduction to Register Transfer Language (RTL)

Register Transfer Language (RTL) is a symbolic notation used to describe the data flow and
operations within a computer system at the register level. It defines how data moves between
registers and how operations are performed during instruction execution.

Key Features of RTL:

e Represents data transfer between registers.

e Describes arithmetic, logic, and shift operations.

e Uses control signals to manage execution.

e Helpsin the design and understanding of CPU micro-operations.



2. Register Transfer Notation

e Arregisteris represented as: R1, R2, .. Rn

e Data transfer between registers: R1<R2R1 \leftarrow R2 (Contents of R2 are copied to R1, R2
remains unchanged)

¢ Conditional transfer: if(P=1) then R1&R2if (P = 1) \ then\ R1 \leftarrow R2 (Data transfer occurs
only if control signal P is 1)

3. Types of Micro-Operations in RTL
@egister Transfer Micro-Operations

e Used to transfer data from one register to another.
e Example: R1$R2R1 \leftarrow R2 (Transfers contents of R2 into R1)

@rithmetic Micro-Operations
e Used for arithmetic operations (Addition, Subtraction, etc.).

e Example operations: R1&-R1+R2R1 \leftarrow R1 + R2 (Adds R1 and R2, stores result in R1)
R14R1-R2R1 \leftarrow R1 - R2 (Subtracts R2 from R1 and stores result in R1)

@ogical Micro-Operations
e Used for bitwise logical operations (AND, OR, XOR, NOT).

e Example: R1&R1 AND R2R1 \leftarrow R1 \ AND\ R2 (Performs bitwise AND on R1 and R2, stores
resultin R1)

@ $hift Micro-Operations

e Used to shift bits left or right in a register.
e Example operations: R1¢<SHR R1R1 \leftarrow SHR \ R1 (Shifts bits of R1 right by one position)
R1&SHL R1R1 \leftarrow SHL \ R1 (Shifts bits of R1 left by one position)

4. Control Function in RTL

e RTL operations depend on control signals.
e Example: if(T1=1) then R1&R2+R3if (T1 = 1) \ then \ R1 \leftarrow R2 + R3 (If control signal T1 is
active, R2 and R3 are added and stored in R1)



5. Example: Instruction Execution in RTL

Consider the execution of an instruction:
ADDR1, R2 (Rl <RI + R2)

Step-by-step RTL Representation:

(L Fetch the instruction:

IR&Memory[PC]IR \leftarrow \text{Memory}[PC]
(Instruction is fetched from memory and stored in IR)
PC&PC+1PC \leftarrow PC + 1

(PC increments to point to the next instruction)

@ Decode the instruction:
e The control unit decodes the instruction stored in IR.
B Execute the operation:

R1&R1+R2R1 \leftarrow R1 + R2

(ALU adds R1 and R2 and stores the result in R1)

6. Importance of RTL in Computer Organization

v Provides a precise way to describe CPU operations.

v Helps in CPU design and control unit development.

v Used in microprocessor and hardware design.

v Forms the basis of instruction execution in microprogramming.



Register Transfer in Computer Organization

1. Introduction to Register Transfer

Register Transfer refers to the process of moving data from one register to another in a
computer system. This transfer occurs under the control of a control signal and is fundamental
to the execution of instructions inside the CPU.

Key Concepts in Register Transfer:

e Registers are small, fast memory units inside the CPU.

e Data transfer happens when a control signal is activated.

e Transfers occur in synchronized clock cycles.

e Uses Register Transfer Language (RTL) to describe operations.

2. Register Transfer Notation

The transfer of data between registers is represented as:

R1<&R2R1 \leftarrow R2

© Meaning: The contents of R2 are transferred to R1, but R2 remains unchanged.
Conditional Transfer

A register transfer occurs only when a condition is met:

if(P=1) then R1&R2if (P = 1) \ then\ R1 \leftarrow R2

@ Meaning: If the control signal P is 1, then R2’s contents are moved to R1.

3. Types of Register Transfers
imple Register Transfer

e Direct movement of data between two registers.
e Example: R1$R2R1 \leftarrow R2 (Moves data from R2 to R1)



@ Bus-Based Register Transfer

e Uses a common bus to transfer data between multiple registers.
e Example (using a single bus for multiple transfers):

o Load R1 from the bus: R1&BUSR1 \leftarrow BUS

o Transfer R2 to the bus: BUS&R2BUS \leftarrow R2

@/Iemory-Register Transfer

e Transfer data between memory and registers.
e Example: R1&Memory[1000]R1 \leftarrow \text{Memory}[1000] (Loads data from memory
address 1000 into R1)

4. Bus and Control in Register Transfer
A) Using a Bus for Register Transfer

e Most computers use a common bus to transfer data between registers.
e Example:
o Transfer data from R1 to R2 using the bus:
1. BUS < RI1 (Datafrom R1 is placed on the bus)
2. R2 < BUS (Data from the bus is stored in R2)

B) Control Signals in Register Transfer

Control signals ensure correct execution of register transfer:

e Load (LD): Enables data transfer into a register.
e Clear (CLR): Resets a register to 0.
e Clock (CLK): Synchronizes register operations.

Example using control signals:

Control Signal Operation

LD(R1) =1 ||Load datainto R1

CLR(R2) =1 ||Clear R2 (set it to 0)

CLK Synchronizes the transfer




5. Example of Register Transfer in an Instruction Execution

Let’s consider an ADD R1, R2 instruction (R/ < RI + R2).
Step-by-Step Register Transfers in RTL Notation:

(L Fetch the instruction

IR&Memory[PC]IR \leftarrow \text{Memory}[PC]

(Fetch instruction from memory into the Instruction Register)
PC&PC+1PC \leftarrow PC+ 1

(Increment the Program Counter)

@ Decode the instruction
(The control unit decodes the instruction in IR)

B Execute the instruction

R1<&R1+R2R1 \leftarrow R1 + R2

(Add R2’s value to R1)

6. Importance of Register Transfer in Computer Organization

v Enables efficient execution of instructions.

v Reduces memory access time by using fast register storage.
v Helps design control units for instruction execution.

v Forms the basis of micro-operations in CPU processing.

Bus and Memory Transfers in Computer Organization

1. Introduction to Bus and Memory Transfers

In a computer system, data and instructions need to be transferred between registers, memory,
and input/output devices. This transfer occurs via a bus, which acts as a communication
pathway between different components.

Key Concepts:



e Bus: A shared communication link for data transfer.
e Memory Transfer: The process of moving data between memory and registers.
e Control Signals: Used to manage data flow.

2. Bus Transfers

A bus is a set of parallel lines (wires) used to transfer data, addresses, and control signals
between components.

A) Types of Buses

(L bata Bus: Carries actual data. (Bidirectional)
@ Address Bus: Carries memory or I/0 addresses. (Unidirectional: CPU — Memory/l/O)
B Control Bus: Carries control signals to coordinate operations. (Bidirectional)

B) Bus Transfer Process

When transferring data using a bus, the following steps occur:

1. The CPU places the address on the Address Bus.
2. A control signal (Read/Write) is activated on the Control Bus.
3. The datais either read from or written to memory via the Data Bus.

@ Example: Data Transfer from Memory to CPU
(LTPU places memory address on the Address Bus.
R CPU sets Read signal in the Control Bus.

B Memory places data on the Data Bus.

(4 CPU reads data from the Data Bus.

3. Memory Transfers

Memory transfers involve moving data between memory and registers. This is necessary for
instruction execution.

A) Read Operation (Memory — Register Transfer)

e Used to fetch data from memory.

e Control signals: Memory Read (RD).

e Steps: MAR&AddressMAR \leftarrow \text{Address} (Memory Address Register stores the
required memory address) MDR&Memory[MAR]MDR \leftarrow \text{Memory}[MAR] (Memory
Data Register receives data from memory) R1&MDRR1 \leftarrow MDR (Data is transferred to
Register R1)



B) Write Operation (Register = Memory Transfer)

e Used to store data in memory.
e Control signals: Memory Write (WR).

e Steps: MAR&AddressMAR \leftarrow \text{Address} (MAR stores the memory location to write

data) MDR¢R1MDR \leftarrow R1 (MDR receives data from Register R1)

Memory[MAR]éMDR\text{Memory}[MAR] \leftarrow MDR (Data is written to memory)

4. Example of Bus and Memory Transfer in Instruction Execution

Let’s consider LOAD R1, [1000] (Load data from memory address 1000 to register R1).

Step-by-Step Transfer Using Bus:

[LLPU places address 1000 on Address Bus.

R CPU activates Read signal on Control Bus.

B Memory places data from location 1000 on Data Bus.
(4 TPU reads data from Data Bus into Register R1.

RTL Representation:
1. Address Transfer to MAR: MAR(1000MAR \leftarrow 1000

2. Memory Read: MDR<Memory[MAR]MDR \leftarrow \text{Memory}[MAR]
3. Data Transfer to Register: R1<MDRR1 \leftarrow MDR

5. Importance of Bus and Memory Transfers in CO

v Efficient communication between CPU, Memory, and 1/0.
v Reduces CPU load by centralizing data transfer through a bus.
v Ensures instruction execution by fetching and storing data correctly.

Arithmetic in Computer Organization

1. Introduction to Arithmetic Operations in CO

Arithmetic operations in Computer Organization involve performing basic mathematical
calculations such as addition, subtraction, multiplication, and division using hardware

components like the Arithmetic Logic Unit (ALU).

Key Components:

e Registers: Store operands and results.



e Arithmetic Logic Unit (ALU): Performs arithmetic operations.
e Control Unit: Manages operation execution.

2. Basic Arithmetic Operations

ddition

Performed using binary addition rules:

e 0+0=0
e 0+1=1
e 1+0=1

e 1+1=10(carryl)

@ Example: Adding two binary numbers

1011 (11 in decimal)
+ 0110 (6 in decimal)

10001 (17 in decimal)

The Carry Bit is generated when a sum exceeds 1 in binary.

Hardware Implementation of Addition

e Half Adder: Adds two bits and produces a sum and carry.
e Full Adder: Adds three bits (including carry) and produces a sum and carry-out.
e Ripple Carry Adder: Chain of full adders for multi-bit addition.

€ $ubtraction

Performed using 2’s complement method:
A-B=A+(-B)A-B = A + (-B)

e Find 2’s complement of B.
e AddittoA.
e lIgnore carry if it appears.

@ Example: 7 - 5 using 4-bit binary

7 in binary: 0111
5in binary: 0101
2’s complement of 5: 1011

Perform Addition:
0111 (7)
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Result: 2

B Multiplication
Multiplication in binary follows shifting and addition.
Techniques Used:

e Shift and Add Method (similar to long multiplication).
e Booth’s Algorithm (efficient for signed multiplication).
e Array Multipliers (hardware implementation).

@ Example: 3 x 2 in Binary

0011 (3)
x 0010 (2)

0000 (0)

0110 (6 in decimal)
@ivision
Binary division follows long division rules.

Techniques Used:

e Restoring Division (common method).
¢ Non-Restoring Division (efficient for hardware).
e Hardware Dividers (using ALU).

© Example: 6 = 2 in Binary

0110 = 0010 = 0011 (3 in decimal)

3. Arithmetic Micro-Operations in RTL

Arithmetic operations in computers are represented using Register Transfer Language (RTL).

Addition (Register Transfer Notation)
R1&R1+R2R1 \leftarrow R1 + R2



(Adds contents of R1 and R2, stores result in R1)

Subtraction (Register Transfer Notation)
R1<&R1-R2R1 \leftarrow R1 - R2

(Subtracts R2 from R1, stores result in R1)

Multiplication (Register Transfer Notation)
R1<&R1xR2R1 \leftarrow R1 \times R2

(Multiplies R1 and R2, stores result in R1)

Division (Register Transfer Notation)
R1&R1+R2R1 \leftarrow R1 \div R2

(Divides R1 by R2, stores quotient in R1)

4. Arithmetic Logic Unit (ALU)

e ALU is the component of the CPU that performs arithmetic operations.
e Uses combinational circuits (adders, subtractors, multipliers).
o Works with registers for efficient computation.

ALU performs:

e Arithmetic Operations (Addition, Subtraction, Multiplication, Division).
e Logical Operations (AND, OR, XOR, NOT).
e Shift Operations (Left, Right).

5. Importance of Arithmetic in CO

v Forms the basis of all computations.

v Used in instruction execution.

v Essential for CPU and ALU operations.

v Enables complex mathematical calculations.



Logic and Shift Micro-Operations in Computer Organization

1. Introduction to Micro-Operations

Micro-operations are basic operations performed on data stored in registers. They are classified
into:

e Arithmetic Micro-Operations (Addition, Subtraction, Multiplication, Division)
e Logic Micro-Operations (Bitwise operations: AND, OR, XOR, NOT)
e Shift Micro-Operations (Left shift, Right shift, Arithmetic shift, Circular shift)

2. Logic Micro-Operations

Logic micro-operations perform bitwise logical operations on binary data stored in registers.
Basic Logic Operations

Logic operations are applied bit by bit between two registers.

Operation Symbol Example (A = 1010, B = 1100) Result

AND A 1010 A 1100 1000
OR \% 1010V 1100 1110
XOR & 1010 & 1100 0110
NOT - -1010 0101

Logic Micro-Operations in RTL (Register Transfer Language)

(L AND Operation

R1<R1 AND R2R1 \leftarrow R1 \ AND \ R2

(Each bit of R1 and R2 is ANDed and stored in R1)
€ DR Operation

R14-R1 OR R2R1 \leftarrow R1 \ OR \ R2

(Each bit of R1 and R2 is ORed and stored in R1)



B XOR Operation

R1<&R1 XOR R2R1 \leftarrow R1 \ XOR \ R2

(Each bit of R1 and R2 is XORed and stored in R1)
4 NOT Operation

R1<& NOT R1R1 \leftarrow \ NOT \ R1

(Each bit of R1 is inverted and stored in R1)

3. Shift Micro-Operations

Shift micro-operations move the bits in a register left or right, with different effects depending
on the type of shift.

Types of Shift Operations

Type Description Example (Before: 1010) After
Logical Shift Moves bits left or right, filling with 0 Left: 10100 Right: 0101
Arithmetic Shift Preserves the sign bit (used for signed numbers) Left: 10100 Right: 1101

Circular Shift (Rotate) Rotates bits, moving end bits to the opposite side Left: 0101 Right: 0101

A) Logical Shift

e Logical Left Shift (SHL):
o Moves all bits left, inserts 0 at the rightmost bit.
o Example: 1010 - 10100
o RTL Notation: R1¢Logical Left Shift(R1)R1 \leftarrow \text{Logical Left Shift}(R1)
e Logical Right Shift (SHR):
o Moves all bits right, inserts 0 at the leftmost bit.
o Example: 1010 - 0101
o RTL Notation: R1¢Logical Right Shift(R1)R1 \leftarrow \text{Logical Right Shift}(R1)

B) Arithmetic Shift

e Preserves sign bit (leftmost bit) in signed numbers.



e Arithmetic Left Shift
o Works like Logical Left Shift but used for signed numbers.
o Example: 1101 - 1010

o RTL Notation: R1éArithmetic Left Shift(R1)R1 \leftarrow \text{Arithmetic Left Shift}(R1)

e  Arithmetic Right Shift
o Shifts bits right but copies the sign bit instead of inserting 0.
o Example: 1101 - 1110 (Sign bit remains 1)

o RTL Notation: R1&Arithmetic Right Shift(R1)R1 \leftarrow \text{Arithmetic Right

Shift}(R1)

C) Circular Shift (Rotate Shift)

e Moves bits around without losing data.
e Circular Left Shift (Rotate Left - ROL)
o Moves leftmost bit to the rightmost position.
o Example: 1010 - 0101
o RTL Notation: R1¢Rotate Left(R1)R1 \leftarrow \text{Rotate Left}(R1)

e Circular Right Shift (Rotate Right - ROR)
o Moves rightmost bit to the leftmost position.
o Example: 1010 - 0101
o RTL Notation: R1¢-Rotate Right(R1)R1 \leftarrow \text{Rotate Right}(R1)

4. Importance of Logic and Shift Micro-Operations

v Logic operations enable decision-making and control flow.

v Shift operations help in multiplication, division, and encryption.
v Used in ALU (Arithmetic Logic Unit) for computation.

v Efficiently manipulate binary data in hardware.

Arithmetic Logic Shift Unit (ALSU) in Computer Organization

1. Introduction to ALSU

The Arithmetic Logic Shift Unit (ALSU) is a fundamental component of the Arithmetic Logic

Unit (ALU) in a CPU. It performs:

(L Arithmetic Operations (Addition, Subtraction, Multiplication, Division)
R Logic Operations (AND, OR, XOR, NOT)

B 3hift Operations (Logical, Arithmetic, Circular)

€9 Why is ALSU important?
v It combines arithmetic, logic, and shift functions into one unit.



v Helps in fast execution of mathematical and logical operations.
v Used in data processing, control operations, and memory manipulations.

2. Structure of ALSU

@ The ALSU consists of:

e  Multiplexer (MUX): Selects between arithmetic, logic, and shift operations.
e Control Signals: Decides which operation to perform.

e ALU Circuitry: Executes arithmetic and logic operations.

o Shifter Circuit: Handles left and right shifts.

e Registers: Store input operands and results.

s® Block Diagram of ALSU:

Operand A - |

Operand B — Arithmetic
Control - Logic Shift — Result
Unit

3. Arithmetic Operations in ALSU
Addition & Subtraction

v Addition: Uses binary adders (Full Adder, Carry Look-Ahead Adder).
v Subtraction: Uses 2’s complement method (A - B = A + (-B)).

Example: ADD R1, R2 (R1=5,R2 =3)

1. Converttobinary:R1 = 0101,R2 = 0011

2. Perform addition:
3. 0101

e 0011

1000 (Result: 8)

**Example: SUB R1, R2** (Rl = 5, R2 = 3)
1. Take **2’s complement** of "R2:



3in binary: 0011 2’s complement: 1101

2. Perform addition:
0101 (R1 = 5)

e 1101 (-3in 2’s complement)

0010 (Result: 2)

Result |

## **4. Logic Operations in ALSU**

Logic operations are performed **bitwise** between two registers.
| Operation | RTL Notation | Example (A=1010, B=1100) |

| === |—===——=—————- | === | ———=

| AND | 'R1 « RI A R2° | 1010 A 1100 | ~1000° |

| OR | 'Rl « R1 V R2° | 1010 Vv 1100 | °“1110° |

| XOR | 'R1 « R1 @ R2" | 1010 €& 1100° | "0110° |

| NOT | 'Rl « =R1° | "=1010° | ~0101° |

"**Example: AND Operation (R1 = 1010, R2 = 1100)**

1010 A 1100

1000 (Result)

## **5. Shift Operations in ALSU**
Shifts move bits **left** or **right**, with different effects:
| Type | Description | Example (A=1010) | Result |
| —==——~- | === | === | === |
**Logical Left Shift (SHL)** | Shift left, insert 0" |

**Logical Right Shift (SHR)** |

**Arithmetic Left Shift

Shift right,
(ASL) ** | Shift left,

|

|

|

|

| **Arithmetic Right Shift (ASR)** | Shift right,
1101° |

| **Rotate Left
|

**Rotate Right

(ROL) ** |
(ROR) ** |

Left shift, move MSB to LSB |

Right shift, move LSB to MSB |

@ **Example: Logical Left Shift (R1 = 1010)**

1010 (Original) 10100 (After shift)

insert 0°
same as SHL |

copy sign bit |

1010 - 10100°
| “1010 - 0101° |
1010 - 10100°

"1010 -

1010 - 0101° |

1010 - 0101° |



"**Example: Arithmetic Right Shift (R1 = 1010)**

1010 (Original) 1101 (After shift)

## **6. Control Signals in ALSU**
The ALSU operates based on **control signals** that determine which operation
to perform.

| Control Code | Operation |
|[-————— = |- |

| 000 | Addition |

| 001 | Subtraction |

| 010 | AND |

| 011 | OR |

| 100 | XOR |

| 101 | Logical Shift Left |

| 110 | Logical Shift Right |

| 111 | Arithmetic Shift Right |

Control unit sets **Control Code = 000**

**Example: Executing "ADD R1, R2°**
1.
2. ALSU performs addition and stores result in **R1**

Control unit sets **Control Code = 101~**

**Example: Executing “SHL R1° (Shift Left) **
1.
2. ALSU performs left shift on **R1**

## **7. Importance of ALSU in CO**
**Single unit for multiple operations** (Arithmetic, Logic, Shifting).

<

v **Improves CPU efficiency** by reducing hardware complexity.
v **Handles computations in ALU** for program execution.
v **Essential for data processing and control functions.**

Basic Computer Organization and Design

1. Introduction to Computer Organization

Computer Organization refers to the internal structure and operational units of a computer
system. It defines how hardware components interact to execute instructions efficiently.

() Computer Organization focuses on:

e Functional Units (Control Unit, ALU, Memory, 1/0)
e Data Transfer Mechanisms (Buses, Registers)
e Instruction Execution and Microoperations



2. Functional Units of a Computer
A computer system consists of the following major functional units:

(L ¢entral Processing Unit (CPU)

e Executes instructions and controls system operations.

e Consists of:
o Arithmetic Logic Unit (ALU) - Performs arithmetic & logical operations.

o Control Unit (CU) = Directs execution of instructions.
o Registers - Temporary storage for fast processing.

@/Iemory Unit

e Stores instructions and data.

e Types:
o Primary Memory (RAM, ROM) - Fast, temporary storage.
o Secondary Memory (HDD, SSD) > Large, permanent storage.
o Cache & Registers - Super-fast temporary storage.

B Input/Output (1/0) Unit

¢ Handles communication between the computer and external devices (keyboard, monitor,
printer, etc.).

@ystem Bus

e Transfers data between CPU, Memory, and I/O devices.

e Types of Buses:
o Data Bus - Transfers data.
o Address Bus - Carries memory addresses.
o Control Bus - Sends control signals.

3. Basic Computer Organization (Von Neumann Architecture)

The Von Neumann architecture consists of: (_iMemory Unit (stores instructions & data).
R ALU (performs calculations).

B Tontrol Unit (fetches, decodes, and executes instructions).

(4 J/O System (communicates with external devices).

5 Registers (temporary storage).

s Von Neumann Architecture Diagram:



1
Input — | | «— Memory (RAM)
Output «| CPU | «— Secondary Storage (HDD/SSD)

| (ALU+CU) |
L 1

4. Register Transfer and Microoperations
A Register Transfer Language (RTL) defines operations between registers.

Types of Microoperations

(L Register Transfer:

e Moves data between registers.

e Example: R1 — R2 (Copy R2 to R1).
@rithmetic Operations:

e Rl < R1 + R2(Addition).

ogic Operations:
e RI1 « R1 AND R2 (Bitwise AND).

@hift Operations:
e R1 — SHL(R1) (Shift Left).

5. Instruction Cycle
The Instruction Cycle executes instructions in four stages:

(L Fetch: Get instruction from memory.
@ Decode: Identify the instruction type.
B Execute: Perform operation (ALU, 1/0, etc.).
(4 Write Back: Store results in memory/register.

s Instruction Cycle Flow:

Fetch - Decode - Execute - Write Back

6. Conclusion

v Basic Computer Organization defines the working structure of a system.
v CPU, Memory, 1/0, and Buses are key functional units.

v Instruction Execution follows the Fetch-Decode-Execute cycle.

v Register Transfers & Microoperations enable internal data handling.



Instruction Codes in Computer Organization

1. Introduction to Instruction Codes

An instruction code is a binary code that specifies a computer operation and the operands
required to execute it. Instructions are stored in memory and executed by the CPU.

@ An instruction consists of:

Opcode (Operation Code): Specifies the operation (e.g., ADD, SUB, MOV).
Operands: Specifies data or memory locations involved in the operation.

2. Instruction Code Format

A typical instruction is represented as:

OPCODE OPERAND1 OPERAND2

OPCODE: Defines the operation (e.g., ADD, SUB).
OPERAND1 & OPERAND2: Specify registers or memory locations.

3. Types of Instruction Formats

Instructions vary in length and format. Common types include:

(L Three-Address Instruction Format

OPCODE

OPERAND1 OPERAND2 OPERAND3

Example: ADD R1, R2, R3 >Rl = R2 + R3
Requires more bits but provides flexibility.

€ Two-Address Instruction Format
OPCODE OPERAND1 OPERAND2

Example: ADD R1, R2 >Rl = Rl + R2
Saves space by using fewer addresses.

B One-Address Instruction Format
OPCODE  OPERAND

Example: LOAD A -> Load value from memory into the accumulator.
Uses an accumulator (AC) for computations.



@ Zero-Address (Stack-Based) Instruction Format

OPCODE
Example: ADD (Operands are implicitly taken from stack).

Uses stack for operations (e.g., postfix notation).

4. Types of Instructions

Instructions are categorized based on their function:

@ata Transfer Instructions

MOV R1, R2 - Copy data from R2 to R1.
LOAD R1, [MEM] - Load data from memory to register.

STORE R1, [MEM] > Store register data in memory.

@ Arithmetic Instructions

e ADDR1,R2->R1 = Rl + R2
e SUBR1,R2->Rl1 = Rl - R2
e MULR1,R2->R1 = Rl * R2
B logical Instructions
e ANDR1,R2->R1 = R1 AND R2
e ORR1,R2->R1 = R1 OR R2
= R1 XOR R2

XORR1,R2 - R1

@@ Branch Instructions (Control Flow)

JMP LABEL - Jump to specified instruction.
BEQR1, R2, LABEL - If R1 == R2, jump to LABEL
BNE R1, R2, LABEL - If R1 # R2, jump to LABEL.

hift Instructions

SHL R1 - Shift left.
SHR R1 - Shift right.



5. Instruction Execution Cycle

Each instruction undergoes the following steps:
[ Fetch — Read instruction from memory.

@ Decode — Identify operation and operands.

B Execute — Perform operation using ALU.

£ Write Back — Store result in register/memory.

s Example Execution (ADD R1, R2)

Fetch - Decode — Execute - Write Back

6. Conclusion

v Instruction codes define CPU operations.

v Instruction formats vary (3-address, 2-address, etc.).

v Instructions are classified as data transfer, arithmetic, logical, control, etc.
v Executed in a sequence: Fetch — Decode — Execute — Write Back.

Instruction Cycle in Computer Organization

1. Introduction to Instruction Cycle

The Instruction Cycle is the sequence of operations performed by the CPU to fetch, decode,
execute, and store results for an instruction. It is the fundamental process that allows a computer
to function and process programs.

() Key Components of the Instruction Cycle:

Fetch - Get the instruction from memory.

Decode - Identify the operation and operands.

Execute -> Perform the required operation.

Write Back (Store) = Save the result back in memory or register.

2. Phases of the Instruction Cycle
The instruction cycle consists of four major phases:
@ Fetch Cycle

s The CPU fetches an instruction from memory.



Steps:
1. The Program Counter (PC) holds the address of the next instruction.

2. The Instruction Register (IR) fetches the instruction from memory.
3. The PCisincremented to point to the next instruction.

@ Register Transfer Representation:

MAR ~ PC (Memory Address Register gets PC value)
PC « PC + 1 (Increment PC)

IR « M[MAR] (Fetch instruction from memory)
@)ecode Cycle

s The CPU decodes the instruction to determine the operation.
Steps:
1. The control unit interprets the opcode (operation code) from IR.

2. Identifies operands (registers or memory locations).
3. Determines the type of operation (arithmetic, logical, data transfer, etc.).

© Example (Instruction: ADD R1, R2)

Opcode: ADD
Operandl: R1
Operand2: R2

B Execute Cycle

s The CPU performs the required operation.
Steps:
1. Ifit's an arithmetic operation, the ALU performs the calculation.

2. |Ifit’s a data transfer, the value is moved to the correct location.
3. Ifit’s a branch instruction, the PCis updated accordingly.

@ Register Transfer Example (ADD R1, R2)

Rl « R1 + R2 (Perform addition and store result in R1)



@ Write Back (Store) Cycle

@ The result is written back to memory or a register.
Steps:

1. Ifrequired, the resultis stored in a register or memory location.
2. The CPU checks for interrupts before proceeding to the next instruction.

@ Example (Store in Memory)

M[ADDR] < R1 (Store result in memory at address ADDR)

3. Complete Instruction Cycle Flowchart
Start - Fetch - Decode - Execute — Write Back — Check for Interrupt - Next
Instruction

If an interrupt occurs, the CPU pauses and handles it before continuing.

4. Instruction Cycle with Interrupt Handling

If an interrupt occurs (e.g., I/0O request, hardware failure), the CPU:
(L $aves the current state (PC & registers).

P Dumps to the Interrupt Service Routine (ISR).

B Resumes normal execution after handling the interrupt.

5. Summary

v Instruction Cycle is the process by which the CPU executes instructions.
v Four Major Phases: Fetch, Decode, Execute, Write Back.

v Register Transfers are used in each phase.

v Interrupts can alter the normal cycle.



Register Reference Instructions in Computer Organization

1. Introduction to Register Reference Instructions

s Register Reference Instructions are special instructions that operate directly on registers
without accessing memory. They are executed when the Opcode = 000 and are mainly used in
Single-Address Instructions.

@ These instructions perform internal operations such as:

e Clearing registers

e Complementing (negating) registers
e Shifting contents of registers

e Incrementing or decrementing values

2. Format of Register Reference Instructions

In a Basic Computer (like the Simplified Instruction Set Computer), the instruction format is:

e Opcode =000 (Bit 15-12) -» Identifies it as a Register Reference Instruction
e Remaining bits (Bits 11-0) - Control Signals to perform different operations

3. Common Register Reference Instructions

The following table shows typical Register Reference Instructions and their functions:

Instruction Binary Code (Bit 11-0) Operation Performed
CLA (Clear Accumulator) 000000000010 AC&0
CMA (Complement Accumulator) 000000000100 AC & ~AC (Bitwise NOT)
CIR (Circular Right Shift) 000000010000 AC&< AC>>1
CIL (Circular Left Shift) 000000100000 AC<&< ACkk1]
INC (Increment Accumulator) 000000001000 AC&<AC+]

SPA (Skip if AC is Positive) 000001000000 If AC> 0, skip next instruction



Instruction Binary Code (Bit 11-0) Operation Performed

SNA (Skip if AC is Negative) 000010000000 If AC <0, skip next instruction
SZA (Skip if AC is Zero) 000100000000 If AC =0, skip next instruction
HLT (Halt Execution) 100000000000 Stop program execution

4. Examples of Register Reference Instructions

Example 1: Clearing the Accumulator (CLA)

Before: AC 10110101
After : AC = 00000000

() Operation: AC is set to o (Reset).

Example 2: Complementing the Accumulator (CMA)

Before: AC = 10110101
After : AC = 01001010

() Operation: AC is bitwise NOT (1's complement).

Example 3: Incrementing the Accumulator (INC)

Before: AC = 00000111 (Decimal 7)
After : AC = 00001000 (Decimal 8)

() Operation: AC is incremented by 1.

5. Execution Process of Register Reference Instructions

Each instruction is executed through a sequence of microoperations controlled by the Control
Unit:

Example Execution of cra (Clear Accumulator)

1. TO: Instruction Register (IR) « Instruction from memory
2. Tl: Check if Opcode = 000 (Register Reference)
3. T2: Execute the microoperation (AC — 0)



6. Summary

v Register Reference Instructions operate directly on registers (without memory access).
v They are executed when Opcode = 000.

v Operations include Clear (CLA), Complement (CMA), Shift (CIL, CIR), Increment
(INC), and Skip (SPA, SNA, SZA).

v Useful for internal CPU operations and program control.

Memory Reference Instructions in Computer Organization

1. Introduction to Memory Reference Instructions

& Memory Reference Instructions are instructions that require access to memory to fetch
operands or store results. These instructions involve reading from or writing to memory
locations.

€@ Characteristics:

e Operate on data stored in main memory.
¢ Require memory address to fetch data.
e Access memory using the Memory Address Register (MAR) and Memory Data Register (MDR).

2. Format of Memory Reference Instructions

A basic Memory Reference Instruction format (16-bit) is:

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
OPCODE | ADDRESS (Memory Location) |

e Bits 15-12 (4 bits) > Opcode (specifies the operation).
e Bits 11-0 (12 bits) > Memory Address (specifies where to fetch/store data).

3. Common Memory Reference Instructions

Instruction Operation Function

Load data from memory into

LDA (Load Accumulator) AC <& M[Address] AC

Store AC contents into
STA (Store Accumulator) M[Address] ¢ AC
memory



Instruction
ADD (Add to Accumulator)

SUB (Subtract from
Accumulator)

MUL (Multiply with
Accumulator)

DIV (Divide Accumulator)

BUN (Branch
Unconditionally)

BSA (Branch and Save
Address)

ISZ (Increment and Skip if
Zero)

4. Addressing Modes in Memory Reference Instructions

Operation

AC & AC + M[Address]

AC & AC - M[Address]

AC & AC * M[Address]

AC < AC / M[Address]

PC & Address

M[Address] ¢ PC, PC & Address + 1

M[Address] ¢ M[Address] + 1; If 0, skip

next instruction

€ Two Addressing Modes are Used:

L Direct Addressing Mode

Function
Add memory data to AC

Subtract memory data from
AC

Multiply AC with memory
data

Divide AC by memory data

Jump to a new instruction

Function call (stores return
address)

Used in loops and counters

e The instruction contains the actual memory address of the operand.
e Example: LDA 500 - Loads data from memory location 500 into AC.

€ Indirect Addressing Mode

e The instruction contains the address of a memory location that holds the actual address of the

operand.

e Example: LDA (500) - Fetches the address stored at location 500, then loads data from that

address.

@ Direct vs Indirect Example

Instruction Addressing Mode

Operation



Instruction Addressing Mode  Operation
LDA 500 Direct AC < M[500]

LDA (500) Indirect AC < M[M[500]]

5. Execution of Memory Reference Instructions
Each instruction follows a sequence of micro-operations controlled by the Control Unit.

Example Execution of Loa 500 (Direct Addressing Mode)

TO: MAR « Address (500), PC « PC + 1 (Fetch instruction)
Tl: MDR « M[MAR], IR — MDR (Decode instruction)

T2: MAR « Address (500) (Address transfer)

T3: MDR « M[MAR], AC — MDR (Load data into AC)

Example Execution of sta 500 (Store Accumulator)

TO: MAR « Address (500), PC « PC + 1
Tl: MDR ~ AC, M[MAR] <« MDR (Store AC in memory)

6. Summary

v Memory Reference Instructions interact with memory to fetch/store data.
v Instruction format includes Opcode (4 bits) and Address (12 bits).

v Common instructions: Lpa, STaA, ADD, SUB, BUN, BSA, ISZ.

v Uses Direct and Indirect Addressing modes.

v Execution involves Fetch — Decode — Execute — Store.

Input-Output and Interrupt in Computer Organization

1. Introduction

S In a computer system, Input-Output (1/0) operations allow communication between the
CPU and external devices (keyboard, mouse, printer, etc.). Interrupts help the CPU handle
external events efficiently by pausing execution when required.

© Key Concepts:

e 1/0 Operations: Data transfer between CPU and peripherals.
¢ Interrupts: Signals that temporarily stop CPU execution to handle urgent tasks.



2. Input-Output (I/O) Operations

@ Types of 1/0 Communication:
1. Programmed I/O - CPU controls data transfer manually.

2. Interrupt-Driven I/O - CPU is interrupted when the device is ready.
3. Direct Memory Access (DMA) - Data transfer without CPU intervention.

L Programmed 1/0 (Polling)

e CPU constantly checks (polls) if the 1/O device is ready.
e Disadvantage: CPU is busy waiting, wasting processing time.

© Example of Programmed 1/O:

Check device status - If ready, transfer data — Repeat.

€ Interrupt-Driven 1/0

e CPU executes other tasks until the device signals an interrupt.
e The interrupt notifies the CPU when the device is ready.

Steps in Interrupt-Driven 1/O:

CPU sends a request to I/0 device.

CPU continues executing other instructions.

When the device is ready, it sends an interrupt signal.

CPU temporarily stops execution and services the interrupt.

PwnNPE

() Advantage: CPU is not blocked, improving efficiency.

B Direct Memory Access (DMA)

e DMA Controller (DMAC) transfers data directly between I/0 and memory without CPU
intervention.
¢ Used in high-speed data transfers (e.g., disk I/O, network data transfer).

DMA Process:

1. CPU sets up the DMA controller (starting address, size, direction).
2. DMA transfers data while CPU performs other tasks.



3. DMA signals CPU when the transfer is complete.

() Advantage: Faster 1/0 operations without CPU overhead.

3. Interrupts in Computer Organization

s Interrupts are signals that inform the CPU about an external or internal event that requires
immediate attention.

Interrupt Process:

CPU completes the current instruction.

CPU saves the current state (PC, registers).

CPU jumps to the Interrupt Service Routine (ISR).

ISR executes and handles the event.

CPU restores saved state and resumes normal execution.

vk wnN e

Types of Interrupts

Interrupt Type Trigger Event Example
Hardware Interrupt External devices (keyboard, printer)||Keypress, printer ready
Software Interrupt Program-generated request System calls, OS traps
Timer Interrupt System clock timer Process scheduling
1/0 Interrupt I/0 device completes operation Data ready from disk
Exception (Faults/Traps)||Errors in execution Divide by zero, invalid opcode

4. Interrupt Handling and Priority

e  When multiple interrupts occur, a priority system determines which to handle first.
e Interrupt Vector Table (IVT) stores addresses of ISR routines.
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CPU and Microprogrammed Control in Computer Organization
1. Introduction to CPU and Control Unit

s The Central Processing Unit (CPU) is the brain of the computer, responsible for executing
instructions. It consists of:

e  Arithmetic Logic Unit (ALU) - Performs arithmetic and logical operations.
e Control Unit (CU) > Directs data flow and manages execution of instructions.
e Registers - Temporary storage for fast data access.

Control Unit (CU) Function:

e Fetches instructions from memory.
o Decodes and executes them.
e Controls communication between CPU components.

2. Types of Control Unit
There are two main types of control units based on instruction execution:

(L Hardwired Control Unit

@ Uses fixed electronic circuits (logic gates, flip-flops) to generate control signals.
@ Fast but difficult to modify or update.
@ Used in RISC (Reduced Instruction Set Computers).

Advantages:
Vv Faster execution.
Vv Efficient for small instruction sets.

X Disadvantages:
X Difficult to modify.
X Complex design for large instruction sets.



@ Microprogrammed Control Unit

@ Uses a control memory (ROM or RAM) to store microinstructions.
@ Control memory contains a microprogram, which defines how each instruction is executed.
@ Used in CISC (Complex Instruction Set Computers).

Advantages:
v Easier to modify and update.
v Supports complex instructions.

X Disadvantages:

X Slower than Hardwired Control.
X Requires more memory.

3. Microprogrammed Control Organization

@ A Microprogrammed Control Unit consists of:

Component Function
Control Memory Stores microinstructions.
Microinstruction Register Holds current microinstruction.

Control Address Register (CAR)||Holds address of next microinstruction.

Control Data Register (CDR) Stores microinstructions before execution.

Sequencer Determines the next microinstruction to fetch.

Working of Microprogrammed Control:

Fetch microinstruction from Control Memory.

Decode microinstruction and generate control signals.

Execute microoperations (data movement, ALU operations).

Update Control Address Register (CAR) to fetch next microinstruction.

PwnNPE



4., Microinstruction Format

A microinstruction consists of:

1. Control Signals - Control ALU, registers, and memory operations.
2. Next Address Field - Determines the next microinstruction.

Example Microinstruction Format:

| Control Signals | Condition Bits | Next Address |
|- |- |-——— = |

5. Comparison: Hardwired vs. Microprogrammed Control

Feature Hardwired Control Microprogrammed Control
Speed Faster Slower
Flexibility |Difficult to modify Easy to modify

Complexity||Complex for large instruction sets||Simpler design

Usage RISC processors CISC processors

6. Summary

v CPU consists of ALU, Registers, and Control Unit.

v Control Unit directs instruction execution.

v Hardwired Control is fast but difficult to modify.

v Microprogrammed Control is flexible but slower.

v Microprogrammed Control uses control memory for execution sequencing.

Introduction to Central Processing Unit (CPU) in Computer
Organization
1. What is the CPU?

s The Central Processing Unit (CPU) is the brain of the computer, responsible for executing
instructions, performing calculations, and controlling data flow within the system. It interacts
with memory, input/output devices, and other hardware components to process information.

Main Functions of the CPU:



e Fetches instructions from memory.

e Decodes and interprets instructions.

e Executes operations using ALU.

e Controls data movement between components.

2. Components of the CPU

The CPU consists of three main units:

Component

Function

Arithmetic Logic Unit
(ALU)

Performs arithmetic (addition, subtraction) and logical operations (AND, OR,
NOT).

Control Unit (CU)

Directs instruction execution by generating control signals.

Registers

Small, fast memory locations used to store temporary data and instructions.

3. CPU Operations: The Instruction Cycle

The Instruction Cycle consists of the following steps:

@’etch

e The Program Counter (PC) provides the memory address of the next instruction.
e Theinstruction is fetched from memory into the Instruction Register (IR).

€ Decode

e The Control Unit (CU) decodes the instruction.
e |dentifies the operation and required operands.

@Xecute

e The ALU performs calculations if needed.
e Datais transferred between registers or memory.

@ 3tore

e Theresultis stored in a register or memory.
e The PCis updated to fetch the next instruction.




Repeat cycle until the program completes execution.

4. Registers in the CPU

Registers are high-speed memory locations inside the CPU.

€9 Common CPU Registers:

Register

Function

Program Counter (PC)

Holds the address of the next instruction.

Instruction Register (IR)

Holds the current instruction being executed.

Accumulator (AC)

Stores intermediate results of calculations.

Memory Address Register (MAR)

Holds the address of memory to be accessed.

Memory Data Register (MDR)

Stores data fetched from or written to memory.

Stack Pointer (SP)

Points to the top of the stack in memory.

5. CPU Performance Factors

Several factors affect the CPU’s performance:

Factor

Impact on Performance

Clock Speed

Higher speed - Faster execution.

Number of Cores

More cores - More parallel execution.

Cache Memory

Faster access to frequently used data.

Instruction Set Architecture (ISA)

Efficient ISA - Optimized execution.

Bus Speed

Faster data transfer between CPU and memory.




6. Summary

v CPU is the brain of the computer, responsible for executing instructions.
v Consists of ALU, Control Unit, and Registers.

v Follows the Instruction Cycle: Fetch — Decode — Execute — Store.

v Registers store temporary data and control information.

v Performance depends on clock speed, cores, cache memory, and bus speed.

Instruction Formats in Computer Organization

1. What is an Instruction Format?

S An instruction format defines the structure of a machine language instruction, including:
e Operation Code (Opcode): Specifies the operation (e.g., ADD, SUB).

e Operands: Specifies the data or memory addresses involved.
e Addressing Mode: Specifies how the operand is accessed.

Purpose of Instruction Formats:

e Efficient instruction execution.
e Proper decoding by the CPU.
e Optimization of memory usage.

2. Common Instruction Format Fields

An instruction typically consists of the following fields:

Field Function

Opcode (Operation Code)||Specifies the operation to be performed (e.g., ADD, MOV).

Operand(s) Specifies the data or address of the data.
Addressing Mode Specifies how operands are accessed.
Register Field Identifies the registers used in the operation.

Condition Code (CC) Stores flags (e.g., zero flag, carry flag) for conditional execution.




3. Types of Instruction Formats

Instruction formats vary depending on the computer architecture and word size. The major
types are:

(L Jero-Address Instructions (Stack-Based)

e No explicit operands.
e Uses an implicit stack to store operands.
e Example: PUSH, POP, ADD (Operands are taken from the stack).

@ Example (Postfix Notation Execution in Stack Architecture)

Instruction: ADD
Action: Pop two operands from stack — Perform addition — Push result back.

@ One-Address Instructions

e Uses one explicit operand (other operand is in Accumulator (AC)).
e Example: ADD X (AC = AC +X).

@ Example

LOAD X - AC =X
ADD Y - AC AC + Y

STORE Z —» Z = AC

B Two-Address Instructions

Uses two explicit operands (e.g., Register-Register, Register-Memory).
e Requires more memory but reduces the number of instructions.

e Example: MOV R1, R2 (R1 = R2).

@ Example

MOV R1, X - Load X into R1
ADD R1, ¥ - Rl =Rl + Y
MOV Z, Rl - Store Rl into Z

@ Three-Address Instructions

e Uses three explicit operands (mostly in RISC architectures).
e More flexibility but requires larger instruction size.
e Example: ADD R1, R2, R3 (R1 =R2 + R3).



9 Example

ADD R1, R2, R3 - Rl = R2 + R3

Advantage: Fewer instructions required for complex operations.

G Variable-Length and Fixed-Length Instructions

Format Description Example

Fixed-Length |All instructions have the same size. Used in RISC architectures.

Variable-Length|/Instructions have different sizes based on complexity.||Used in CISC architectures.

4. Comparison of Instruction Formats

Format Type ||Operands Memory Access Example
Zero-Address |0 Stack-based PUSH, POP
One-Address |1 Implicit accumulator ADD X
Two-Address |2 Uses two registers/memory locations ||[MOV R1, R2
Three-Address||3 Direct manipulation of three operands||ADD R1, R2, R3

5. Summary

v Instruction format defines the structure of a machine instruction.
v Common fields: Opcode, operands, addressing mode, registers.
v Types: Zero-address (stack-based), One-address, Two-address, and Three-address formats.

v Fixed-length vs. Variable-length formats: RISC uses fixed-length, while CISC uses
variable-length instructions.



Addressing Modes in Computer Organization
1. What is an Addressing Mode?

s Addressing modes define how an instruction accesses operands (data) from memory,
registers, or immediate values.
The choice of addressing mode affects:

e Instruction flexibility and efficiency.

e Memory and register utilization.
e Execution speed and complexity.

2. Types of Addressing Modes

Different architectures use different addressing modes to optimize memory usage and instruction
execution.

(L Immediate Addressing Mode

e The operand (data) is directly embedded in the instruction.
e Fast execution since no memory lookup is needed.
e Used for constants and small values.

@ Example:

MOV R1, #10 - Rl = 10

Advantage: Fast execution.
X Disadvantage: Limited value size (depends on instruction format).

@ Register Addressing Mode

e Operand is stored in a register inside the CPU.
e Very fast since registers are the fastest memory elements.

@ Example:

ADD R1, RZ - R1 = Rl + R2

Advantage: Fast execution, no memory access needed.
X Disadvantage: Limited number of registers.



B Direct Addressing Mode

e The instruction contains the memory address of the operand.
e Requires one memory access to fetch the operand.

¥ Example:

MOV R1, 5000 — R1 = value stored at memory location 5000

Advantage: Simple and easy to use.
X Disadvantage: Limited address space in the instruction.

@ Indirect Addressing Mode

e The instruction specifies a memory location or register that holds the actual address of the
operand.
e Requires two memory accesses: one to fetch the address and another to fetch the operand.

¥ Example:

MOV R1, (5000) — R1 = value stored at the address found in memory location
5000

Advantage: Provides flexibility with large address spaces.
X Disadvantage: Slower due to extra memory access.

G Register Indirect Addressing Mode

e The register holds the memory address of the operand.
e Faster than memory indirect since register access is faster.

@ Example:

MOV R1, (R2) - Rl = value stored at address in R2

Advantage: Efficient memory access.
X Disadvantage: Requires extra register storage.



6 Indexed Addressing Mode

e The effective address is computed as: EA=BaseAddress+IndexRegisterEA = Base Address + Index
Register
e Used in arrays and loops.

¥ Example:

MOV R1, 5000(R2) - R1 = wvalue stored at (5000 + R2)

Advantage: ldeal for accessing array elements.
X Disadvantage: Extra computation required.

 Base + Offset Addressing Mode (Relative Addressing)

e The effective address is computed as: EA=BaseRegister+OffsetEA = Base Register + Offset
e Used in branching instructions.

@ Example:

JUMP 1000(R1) — Jump to address (1000 + R1)

Advantage: Useful for position-independent code.
X Disadvantage: Extra computation needed.

3. Comparison of Addressing Modes

Addressing . Memory Access
Operand Location . Use Case
Mode Required?
Immediate Inside instruction No Constants
Register Inside a register No Fast execution

. Memory address in .
Direct . ] Yes (1) Simple data storage
instruction

Indirect Address stored in memory ||Yes (2) Large address space

Register Indirect ||[Address stored in register |[Yes (1) Fast memory access




Addressing . Memory Access
Operand Location . Use Case
Mode Required?

Indexed Base + index register Yes (1) Arrays, loops

Branching, position-independent
Base + Offset Base register + offset Yes (1) g &P P
code

4. Summary

v/ Addressing modes define how operands are accessed in memory or registers.

v Immediate, Register, and Direct modes are faster, while Indirect and Indexed modes
provide flexibility.

v Indexed and Base + Offset addressing are commonly used for arrays and program
control.

Control Memory in Computer Organization
1. What is Control Memory?

s Control Memory is a special type of memory used in the Control Unit of a CPU to store
microinstructions for executing machine instructions.

It is mainly used in Microprogrammed Control Units, where control signals are generated
by fetching microinstructions from this memory.

2. Types of Control Units

There are two main types of Control Units:

Control Unit Type Description
Hardwired Control Uses logic circuits to generate control signals. Fast but difficult to modify.
Microprogrammed Uses a Control Memory to store microinstructions that generate control
Control signals. Easier to modify and more flexible.

@ Microprogrammed Control relies on Control Memory to store sequences of
microinstructions, making it more flexible than hardwired control.




3. Structure of Control Memory
Control Memory is an integral part of a Microprogrammed Control Unit and includes:
< Control Address Register (CAR)
e Holds the address of the next microinstruction.
<& Control Memory (ROM or RAM)
e Stores microinstructions, which define control signals for the CPU.
<& Control Data Register (CDR)
e Holds the current microinstruction fetched from control memory.
<& Microinstruction Decoder

e Decodes microinstructions into control signals for different CPU components.

4. Working of Control Memory

(L Fetch Microinstruction: The Control Address Register (CAR) fetches the next
microinstruction from control memory.

@ Decode: The Microinstruction Decoder deciphers the microinstruction.

B $5enerate Control Signals: Control signals are sent to different CPU components (ALU,
Registers, Memory, etc.).

(4 Update CAR: The next address is determined based on instruction execution.

5. Types of Microinstructions

Control Memory stores Microinstructions, which are classified into:

Type Function

Horizontal Control signals are specified individually. More parallelism but requires a large
Microinstructions control memory.




Type Function

Vertical Control signals are encoded into compact formats, requiring decoding. Saves
Microinstructions memory but limits parallel execution.

() Horizontal Microprogramming is faster but needs more memory, while Vertical
Microprogramming is efficient but requires decoding logic.

6. Control Memory vs. Main Memory

Feature Control Memory Main Memory
Purpose Stores microinstructions Stores programs and data
Access Speed||Very fast Slower compared to Control Memory
Modification || Usually fixed (ROM-based) Read/Write (RAM-based)
Used In Microprogrammed Control Units||General program execution

7. Summary

v Control Memory is used in Microprogrammed Control Units to store microinstructions.

v It contains Control Address Register (CAR), Control Memory, Control Data Register
(CDR), and Microinstruction Decoder.

v It works by fetching, decoding, and executing microinstructions to generate control signals.

v Microinstructions can be Horizontal (parallel execution, more memory) or Vertical
(compact, requires decoding).

Address Sequencing in Computer Organization
1. What is Address Sequencing?

S Address sequencing refers to the method by which the Control Unit determines the address
of the next microinstruction in Control Memory during microprogram execution.

It ensures that microinstructions are fetched and executed in the correct sequence.

() Address sequencing is essential in Microprogrammed Control Units, where control
memory stores microinstructions that dictate CPU operations.



2. Address Sequencing Process

The next microinstruction address can be determined in several ways:

(Lncrementing the Address (Sequential Execution)

e The Control Address Register (CAR) is simply incremented to fetch the next microinstruction.
e Used for linear instruction execution.

@ Branching (Conditional or Unconditional Jump)

e If a condition is met, the control jumps to a different microinstruction sequence.
e Used for decision-making and branching operations.

B Mapping from Opcode (Instruction Mapping)

e The opcode of an instruction is used to determine the microinstruction start address.
e Used in instruction decoding.

(4 Jubroutine Call and Return

e Control jumps to a microprogram subroutine, executes it, and then returns to the main routine.
e Requires storing the return address in a stack or register.

3. Address Sequencing Components
< Control Address Register (CAR)

e Holds the address of the next microinstruction to be fetched.
< Microinstruction Decoder

e Decodes the microinstruction and determines if a branch, jump, or sequential execution is
needed.

< Condition Flags
e Used to decide conditional branching based on CPU status (e.g., Zero Flag, Carry Flag).
<& Mapping Logic

e Translates an instruction opcode into a corresponding microinstruction start address.



< Subroutine Register/Stack

e Stores the return address for subroutine calls.

4. Types of Address Sequencing Techniques

Sequencing Method How it Works Use Case

Simple sequential

Incrementing CAR CAR=CAR+1 .
execution
Branching Jump to a different microinstruction Decision-making &
(Conditional/Unconditional) address loops
) Decode instruction opcode - Start Instruction fetch &
Mapping from Opcode L .
microinstruction sequence decode

Save return address, execute subroutine, Reusable

Subroutine Call & Return ]
return microprograms

5. Address Sequencing in Microprogrammed Control

(L Fetch microinstruction from Control Memory using Control Address Register (CAR).
& Decode microinstruction to determine next address:

¢ Increment CAR (if next instruction follows sequentially).
e Branch to a new address (if a condition is met).
e Fetch address from an opcode mapping table (for new instruction execution).
e Call a microprogram subroutine (if needed).
oad the next microinstruction address into CAR.
@xecute the next microinstruction.

6. Summary

v Address sequencing determines the next microinstruction address in Microprogrammed
Control Units.

v Methods include sequential execution, branching, opcode mapping, and subroutine calls.
v Control Address Register (CAR), Condition Flags, Mapping Logic, and Microinstruction
Decoder play key roles.

v Efficient address sequencing improves instruction execution speed and CPU control logic.




Design of Control Unit in Computer Organization
1. What is a Control Unit?

s The Control Unit (CU) is a component of the CPU that directs the execution of instructions
by generating control signals.

It tells the CPU how to process data by controlling ALU operations, memory access, and
instruction execution.

2. Types of Control Units

There are two main types of Control Units:

Control Unit Type Description Pros Cons
. Uses fixed electronic circuits and logic gates . Difficult to
Hardwired Control ) Fast execution ]
to generate control signals. modify

. Uses a Control Memory (ROM) to store . . .
Microprogrammed L . Easier to modify ||Slightly slower
microinstructions that generate control . ]
Control onal and more flexible ||execution
signals.

() Hardwired Control is ideal for simple processors, while Microprogrammed Control is
used in complex processors.

3. Hardwired Control Unit Design

% Hardwired Control is designed using sequential logic circuits like flip-flops, decoders,
and logic gates.

<& Components of Hardwired Control

e Instruction Register (IR): Holds the current instruction.

e Decoder: Decodes the opcode of the instruction.

e Sequence Counter (SC): Keeps track of the current execution step.

¢ Logic Gates & Control Logic: Generate control signals based on the instruction.



<& Working of Hardwired Control

(L Fetch instruction from memory.
P Decode opcode using the Decoder.
B Generate control signals using logic circuits.

£ Execute the instruction by controlling ALU, memory, and registers.
5 Move to the next instruction.

Advantage: Very fast because it uses dedicated circuits.
X Disadvantage: Hard to modify, requires redesign for new instructions.

4. Microprogrammed Control Unit Design

% Microprogrammed Control stores control instructions (microinstructions) in Control
Memory (CM), making it more flexible.

< Components of Microprogrammed Control

e Control Memory (CM): Stores microinstructions in ROM.

e Control Address Register (CAR): Holds the address of the next microinstruction.
e Control Data Register (CDR): Holds the current microinstruction.

¢ Microinstruction Decoder: Decodes microinstructions into control signals.

e Sequencer: Decides the next address for execution.

<& Working of Microprogrammed Control

(L Fetch microinstruction from Control Memory.

@ Decode and execute control signals.

B Determine next microinstruction using a Sequencer.
(4 Repeat until instruction execution is complete.

Advantage: Easy to modify (just change microinstructions).
X Disadvantage: Slightly slower than Hardwired Control due to memory access.

5. Comparison of Hardwired and Microprogrammed Control

Feature Hardwired Control Microprogrammed Control

Speed Faster Slower




Feature Hardwired Control Microprogrammed Control
Flexibility Hard to modify Easy to modify
Implementation||Uses logic gates & flip-flops Uses Control Memory
Complexity Complex for large instruction sets||Simpler for large instruction sets
Used in High-speed processors CISC (Complex Instruction Set Computing)

6. Summary

v The Control Unit (CU) generates control signals to execute instructions.
v Hardwired Control is faster but difficult to modify.

v Microprogrammed Control is more flexible but slightly slower.

v The choice depends on the processor type:

e RISC (Reduced Instruction Set Computing) - Hardwired Control
e CISC (Complex Instruction Set Computing) - Microprogrammed Control

Hardwired Control Unit in Computer Organization
1. What is a Hardwired Control Unit?

s A Hardwired Control Unit is a type of control unit that generates control signals using
fixed logic circuits made of combinational and sequential logic components (such as flip-flops,
decoders, and logic gates).

It is designed to execute instructions quickly but is difficult to modify once built.

@ Used in RISC (Reduced Instruction Set Computing) processors, where instructions are
simple and executed in fewer clock cycles.

2. Components of a Hardwired Control Unit
The Hardwired Control Unit consists of the following components:
< Instruction Register (IR)

e Holds the current instruction being executed.
e The opcode (operation code) is extracted and sent to the Decoder.



<& Decoder and Encoder

e The Decoder interprets the opcode and activates the appropriate control signals.
e The Encoder converts control signal requirements into binary.

<& Clock (Timing & Sequencing Unit)

e Synchronizes operations with clock pulses.
e Ensures each micro-operation is executed in the correct order.

<& Sequence Counter (SC)

e Keeps track of the current step in instruction execution.
e Increments after each micro-operation.

<& Logic Gates & Combinational Circuits
e Generate control signals based on the opcode and the current step in execution.

e Uses AND, OR, and NOT gates to control various CPU components like ALU, registers, and
memory.

3. Working of Hardwired Control
(L Fetch Instruction
e The Instruction Register (IR) receives the instruction from memory.

@ Decode Instruction

e The Opcode Decoder deciphers the instruction.
e Control logic determines the necessary operations.

B $enerate Control Signals
e Logic circuits produce appropriate control signals to enable ALU, registers, and memory.
(4 Execute Instruction

e The CPU components execute the instruction based on control signals.

5 Move to the Next Instruction

e The Sequence Counter (SC) increments, and the next instruction is fetched.



4. Advantages & Disadvantages of Hardwired Control

Aspect Hardwired Control
Speed Faster execution due to direct hardware circuits.
Flexibility Difficult to modify or add new instructions.

Design Complexity||Becomes complex for large instruction sets.

Use Case Used in RISC processors (fewer instructions, simple operations).

) Hardwired Control is best for fast, optimized processors with simple instruction sets.

5. Comparison: Hardwired vs. Microprogrammed Control

Feature Hardwired Control Microprogrammed Control
Speed Faster Slower (because it accesses control memory)
Flexibility |Hard to modify Easy to modify (just change microprograms)
Complexity||Complex for large instruction sets Simpler for complex instructions
Used In RISC (Reduced Instruction Set Computing)||CISC (Complex Instruction Set Computing)

6. Summary

v The Hardwired Control Unit generates control signals using fixed logic circuits.
v Itis fast but difficult to modify.

v It consists of an Instruction Register (IR), Decoder, Clock, Sequence Counter, and Logic
Circuits.

v Used mainly in RISC processors for speed optimization.



Microprogrammed Control Unit in Computer Organization

1. What is a Microprogrammed Control Unit?

s A Microprogrammed Control Unit is a type of control unit that generates control signals
using a Control Memory (CM) that stores microinstructions. These microinstructions guide the
CPU in executing machine instructions.

Key Features:

e Uses a microprogram stored in Control Memory instead of fixed logic circuits.
e Generates control signals sequentially, based on microinstructions.
e Provides flexibility (easy to modify or add new instructions).
e Commonly used in CISC (Complex Instruction Set Computing) processors.
2. Components of a Microprogrammed Control Unit
The Microprogrammed Control Unit consists of the following components:

< Control Memory (CM)

e Stores microinstructions that define control signals for each instruction execution step.
e Can be implemented using ROM (Read-Only Memory) or RAM (for writable control storage).

< Control Address Register (CAR)

e Holds the address of the next microinstruction to be fetched from Control Memory.
< Control Data Register (CDR)

e Stores the current microinstruction fetched from Control Memory before execution.
<& Microinstruction Decoder

e Decodes the microinstruction and generates appropriate control signals.
<& Sequencer (Next Address Generator)

e Determines the next microinstruction address using techniques such as:
o Incrementing the address (sequential execution).
o Branching (conditional or unconditional jumps).
o Mapping instruction opcodes to microinstructions.



3. Working of a Microprogrammed Control Unit

(L Fetch Microinstruction

e The Control Address Register (CAR) fetches the microinstruction from Control Memory (CM).

@ Decode Microinstruction

e The Microinstruction Decoder deciphers the microinstruction.

B $enerate Control Signals

e Control signals are sent to the ALU, registers, and memory to execute operations.

(4 Determine Next Microinstruction
o The Sequencer selects the next microinstruction based on conditions:
o Sequential execution - Increment CAR.

o Branching - Jump to another microinstruction.
o Opcode Mapping - Load a microinstruction for a new machine instruction.

(5 Execute and Repeat

e The next microinstruction is executed, and the cycle continues until the machine instruction is
fully executed.

4. Types of Microinstructions

(L Horizontal Microinstructions

e Contains multiple control signals in a single word (wide format).
o Parallel execution of multiple operations.
e Fast but requires more memory.

R Vertical Microinstructions

¢ Uses compact encoding (fewer control signals per word).
e Requires decoding before execution.
e More memory-efficient but slower.



5. Advantages & Disadvantages of Microprogrammed Control

Aspect Microprogrammed Control

Flexibility Easy to modify by updating microinstructions.

Design Complexity||Simpler for large instruction sets.

Speed Slightly slower than hardwired control due to memory access.

Use Case Used in CISC processors (Complex Instruction Set Computing).

 Microprogrammed Control is ideal for processors that require complex instruction sets
and future updates.

6. Comparison: Hardwired vs. Microprogrammed Control

Feature Hardwired Control Microprogrammed Control
Speed Faster (uses direct logic circuits) Slower (due to memory access)
Flexibility |Difficult to modify Easy to modify (change microprograms)
Complexity||Complex for large instruction sets Simpler for complex instructions
Used In RISC (Reduced Instruction Set Computing)||CISC (Complex Instruction Set Computing)

7. Summary

v A Microprogrammed Control Unit generates control signals using Control Memory (CM).
v Itis flexible and easy to modify, making it ideal for CISC processors.

v The Control Address Register (CAR), Control Data Register (CDR), Decoder, and
Sequencer are key components.

v Microinstructions are classified into Horizontal and Vertical types.

v Itis slower than Hardwired Control but supports complex instruction sets.



UNIT - III

Memory Organization in Computer Organization

1. What is Memory Organization?

s Memory Organization refers to the structure and hierarchy of memory in a computer
system. It defines how data is stored, accessed, and managed efficiently to optimize system
performance.

Key Factors in Memory Organization:

e Access Speed: How quickly data can be read or written.

e Capacity: The amount of data the memory can store.

e Cost per Bit: The cost of storing data in a memory unit.

e Volatility: Whether memory retains data after power loss.
2. Memory Hierarchy

€ Memory is organized in a hierarchical structure to balance speed, cost, and capacity.

A Memory Hierarchy Pyramid

Memory Type Speed Cost Capacity Volatility
Registers & very Fast & High B2 small X Volatile
Cache Memory & Fast & High B Moderate X Volatile
Main Memory (RAM) % Moderate @ Moderate u Large X Volatile
Secondary Storage (HDD, SSD)  §® Slow & Low B very Large Non-Volatile
Tertiary Storage (CD, DVD, Tape) i‘} Very Slow @ Very Low u Huge Non-Volatile

@ Why a Hierarchy?

e Faster memory is expensive, so it is kept in small sizes.
e Slower memory is cheaper, allowing for large storage.
e Datais moved between layers to optimize performance.



3. Types of Memory
(L Primary Memory (Main Memory)

e Directly accessible by the CPU.
e Volatile memory (loses data on power loss).
e Examples: RAM (Random Access Memory), ROM (Read-Only Memory).

[ RAM (Random Access Memory)

e Stores data and programs currently in use.
o Two types:
o SRAM (Static RAM): Fast, expensive, used in cache.
o DRAM (Dynamic RAM): Slower, cheaper, used as main memory.

ROM (Read-Only Memory)

¢ Non-volatile memory (retains data permanently).
e Stores firmware and boot programs.
e Types: PROM, EPROM, EEPROM.

€ $econdary Memory (Storage Devices)

e Used for long-term storage.
e Non-volatile (data is retained even after power loss).
e Examples: Hard Disk (HDD), Solid-State Drive (SSD), CDs, DVDs.

B ¢ache Memory

e Small, high-speed memory between CPU and RAM.

e Stores frequently accessed data to reduce access time.

e Levels:
o L1 (Level 1) Cache: Smallest, fastest, inside CPU.
o L2 (Level 2) Cache: Larger, slightly slower, on-chip.
o L3 (Level 3) Cache: Largest, shared among cores.

@ Virtual Memory

e Uses part of the hard disk as additional RAM.
e Implemented using a page file (swap space).

e Allows running large programs on limited RAM but is slower than physical RAM.



6 Associative Memory (Content Addressable Memory - CAM)

e Stores data in a way that allows searching by content rather than address.
e Used in high-speed search applications like routers.

4. Memory Addressing
(L Byte Addressable vs. Word Addressable Memory

e Byte Addressable Memory: Each byte has a unique address (most common).
e Word Addressable Memory: Each word (group of bytes) has an address.

@ Big Endian vs. Little Endian Addressing

e Big Endian: Stores the most significant byte (MSB) at the lowest address.
e Little Endian: Stores the least significant byte (LSB) at the lowest address.

5. Memory Mapping Techniques
@irect Mapping

e Each memory block is mapped to a fixed cache line.
e Simple but causes conflicts if multiple blocks map to the same location.

@ssociative Mapping

e Any block can be placed anywhere in the cache.
e More flexible but requires complex search logic.

@et-Associative Mapping

e Memory is divided into sets, and each block can go into any line in a set.
e Balance between direct and associative mapping.

6. Summary

v Memory Organization optimizes data storage, retrieval, and processing speed.

v Memory Hierarchy balances speed, cost, and capacity.

v Cache, RAM, Secondary Storage, and Virtual Memory each serve different roles.
v Memory Mapping Techniques manage how data is stored in cache.



Memory Hierarchy in Computer Organization
1. What is Memory Hierarchy?

s Memory Hierarchy is the structured arrangement of different types of memory in a
computer system based on speed, cost, and capacity. It helps in optimizing the trade-off
between access time, storage capacity, and cost.

Q Key ldea:

e Faster memory is smaller and more expensive (Registers, Cache).

e Slower memory is larger and cheaper (RAM, Hard Disk).

e Datais transferred between layers to balance speed and capacity.
2. Memory Hierarchy Structure

The memory system is arranged in a hierarchical pyramid:

A Memory Hierarchy Pyramid

Memory Type Speed Cost per Bit  Capacity Volatility
CPU Registers g7 Fastest & Very High B2 Smallest X Volatile
Cache Memory O very Fast & High B small X Volatile
Main Memory (RAM) % Moderate @ Medium u Large X Volatile
Secondary Storage (HDD, SSD) 7= Slow & Low B very Large Non-Volatile
Tertiary Storage (Tape, Optical Disk) @} Slowest & Very Low [ Huge Non-Volatile

s Why is it hierarchical?

o Registers & Cache: Fastest but limited in size.

e RAM: Larger but slower than cache.

e Hard Disk & SSD: Large but much slower than RAM.

e Tertiary Storage (Backup Storage): Very large but extremely slow.



3. Levels of Memory Hierarchy
@ grPU Registers

e Fastest memory, directly inside the CPU.
e Holds temporary values (operands, addresses, control data).
e Examples: Program Counter (PC), Accumulator, Instruction Register (IR).

€ ¢ache Memory

e Small but extremely fast memory, closer to the CPU.
e Stores frequently accessed instructions and data.
e Levels of Cache:
o L1 Cache: Fastest, smallest, inside CPU cores.
o L2 Cache: Larger, shared among CPU cores.
o L3 Cache: Largest, slower than L1 & L2, shared among multiple processors.

Speeds up CPU execution by reducing main memory access.

B Main Memory (RAM - Random Access Memory)

e Primary storage unit where programs and data are loaded for execution.
e Types:
o SRAM (Static RAM): Used for cache memory (faster, expensive).
o DRAM (Dynamic RAM): Used as main memory (slower, cheaper).
e Volatile memory (loses data when power is off).

@ $econdary Storage (Hard Disk, SSD)

e Permanent storage for programs and files.
e Types:

o HDD (Hard Disk Drive): Mechanical, slower, cheaper.

o SSD (Solid-State Drive): Electronic, faster, more expensive.
¢ Non-volatile memory (retains data after power loss).

irtual Memory

e Uses part of the hard disk as additional RAM.
¢ Implemented through a page file or swap space.
e Slower than RAM but helps run larger programs on limited RAM.



6 Tertiary Storage (Backup & Archival)

e Used for long-term storage and backups.
e Examples:
o Magnetic tapes
o Optical disks (CDs, DVDs)
e Very slow access but extremely large storage capacity.

4. Data Transfer in Memory Hierarchy

v The CPU first checks data in Registers.

v If not found, it looks in Cache Memory (L1 — L2 — L3).

v If not in cache, it accesses Main Memory (RAM).

v If RAM is full, it swaps data with Virtual Memory (HDD/SSD).

v For permanent storage, data is moved to Secondary or Tertiary Storage.

() Faster memory levels act as a buffer for slower levels, reducing access time.

5. Summary

v Memory Hierarchy optimizes speed, cost, and capacity.

v Registers and Cache are fast but small.

v RAM is moderate in speed and size.

v Hard Disk & SSD are slow but large.

v Virtual & Tertiary Storage extend memory but with slower access speeds.

Main Memory in Computer Organization
1. What is Main Memory?

s Main Memory (also called Primary Memory or RAM) is a volatile memory used to store
data and programs currently being executed by the CPU. It provides fast and direct access to the
processor.

() Key Features of Main Memory:

v Directly accessible by the CPU.

v Stores instructions and data for active processes.
v Faster than secondary storage (HDD, SSD).

v Volatile — Loses data when power is off.



2. Types of Main Memory
(L RAM (Random Access Memory)

e Temporary storage for data and instructions during execution.

Fast access but volatile (loses data after power off).
Two types:

o SRAM (Static RAM) — Faster, expensive, used in cache.
o DRAM (Dynamic RAM) — Slower, cheaper, used as main memory.
Feature SRAM (Static RAM)||DRAM (Dynamic RAM)
Speed g7 Faster T® Slower
Cost & Expensive & cheaper
Power Consumption|||l] Low High
Refreshing Needed?|| X No Yes

Usage

Cache Memory

Main Memory

g koM (Read-Only Memory)

Non-volatile — retains data after power off.

Stores firmware and boot instructions (BIOS, firmware).
Cannot be modified easily.

Types of ROM:

o PROM (Programmable ROM) — Can be programmed once.
o EPROM (Erasable PROM) — Can be erased using UV light.
o EEPROM (Electrically Erasable PROM) — Can be erased and reprogrammed

electronically.

Main Difference Between RAM and ROM:
e RAMi is used for temporary storage while a system is running.

¢ ROM stores permanent instructions needed for booting.



3. Functions of Main Memory

v Stores operating system and application programs.
v Holds data being processed by the CPU.
v Allows quick access to instructions for execution.

4. Memory Access Methods

€ How is data accessed in Main Memory?
(L $equential Access

e Dataisread in a specific order.
e Example: Magnetic Tape Storage.
e Slowest access method.

@)irect Access

e Data can be accessed from any location but follows an index-based structure.
e Example: Hard Disk Drives (HDDs).

B Random Access (RAM)

e Any memory location can be accessed directly.
e Example: RAM, Cache Memory.
e Fastest access method.

5. Memory Performance Parameters
v Access Time: Time to read/write data from memory.

v Cycle Time: Time required to complete a memory operation.
v Bandwidth: Rate of data transfer between memory and CPU.

6. Summary

v Main Memory (RAM & ROM) is essential for processing and storage.
v RAM is volatile and used for temporary data storage.



v ROM is non-volatile and stores permanent instructions.
v Different types of RAM (SRAM, DRAM) and ROM (PROM, EPROM, EEPROM) exist.

Associative Memory in Computer Organization

1. What is Associative Memory?

s Associative Memory (also called Content-Addressable Memory (CAM)) is a special type
of memory that allows data to be searched and retrieved based on content rather than memory
addresses.

Q) Key Features:

v Faster search mechanism — Data is retrieved by comparing the content instead of using an
address.

v Parallel searching — All memory locations are checked simultaneously.

v Used in high-speed applications like cache memory, networking (routers, switches), and
databases.

2. How Associative Memory Works?

¢ Unlike RAM, where data is accessed by a specific address, associative memory searches for
data based on content.

e Each memory word is compared in parallel with the input search word.

e If amatch is found, the memory returns the corresponding address or data.

Advantage: Very fast lookup time.
X Disadvantage: Expensive and requires more hardware.

3. Associative Memory Operations
(L Read Operation

e The search key (content) is given as input.
e The memory compares it with stored values.
e If amatch is found, the corresponding data or location is returned.

€ Write Operation

e Datais stored along with a tag (key) for identification.
e It ensures that data can be retrieved later using the key.



B Match/No-Match Mechanism

e If the search content exists, it returns a hit (match found).
e If no match is found, it returns a miss (no match found).

4. Applications of Associative Memory
Cache Memory

e Used in CPU caches for fast access to frequently used data.
e Associative mapping helps in faster data retrieval.

Networking (Routers & Switches)

o Used in IP address lookup tables for fast packet forwarding.
e Stores MAC addresses and routing tables.

Database Indexing
e Speeds up search operations in databases using key-value lookups.
Artificial Intelligence & Pattern Recognition

e Used in neural networks and Al systems for fast similarity detection.

5. Types of Associative Memory
@ Fully Associative Memory

e Any block of data can be stored in any location.
o More flexible but requires complex hardware.
e Used in high-speed caches.

@et-Associative Memory

o Datais stored in sets or groups to reduce hardware complexity.
¢ A balance between direct-mapped and fully associative memory.

@irect-Mapped Associative Memory

e Each memory block is mapped to a fixed location.
e Simple and low-cost but has more conflicts.



6. Comparison: Associative Memory vs Traditional Memory

Feature Associative Memory (CAM)| Traditional Memory (RAM, ROM)
Access Method||Content-based lookup Address-based lookup
Speed ﬁ Faster (parallel search) ||9® Slower (sequential search)
Cost @ Expensive @ Cheaper
Usage Caches, Routers, Al General computing
Complexity High (hardware-intensive) |Lower

7. Summary

v Associative Memory searches data by content instead of addresses.
v Itis very fast and is used in cache memory, networking, and Al.

v Types: Fully Associative, Set-Associative, Direct-Mapped.

v Itis expensive and complex but provides high-speed lookups.

Cache Memory and Mappings in Computer Organization
1. What is Cache Memory?

s Cache Memory is a small, high-speed memory located between the CPU and Main
Memory (RAM). It stores frequently accessed data and instructions to improve processing
speed.

() Key Features of Cache Memory:

v Faster than RAM — Reduces data access time.

v Stores frequently used data — Increases CPU efficiency.

v Works on the principle of locality — Temporal & Spatial locality.
v Volatile Memory — Loses data when power is off.

2. Why is Cache Memory Needed?

e CPU speed is much faster than RAM.
e Direct access from RAM is slow and creates a bottleneck.



e Cache stores frequently used data, reducing memory access time.
¢ Improves system performance and efficiency.

3. Levels of Cache Memory
11 (Level 1) Cache

e Smallest & Fastest (2-64 KB).
e Integrated into the CPU core.
e Access time: 2-4 ns.

@12 (Level 2) Cache
e Larger but slightly slower (256 KB — 8 MB).

e Located on CPU chip or separate chip.
e Access time: 5-20 ns.

B 1.3 (Level 3) Cache
e Largest but slowest (2 MB — 32 MB).

¢ Shared among multiple cores.
e Access time: 10-50 ns.

4. Cache Mapping Techniques

() Cache mapping is the method used to store data in cache and retrieve it when needed. There
are three main types:

@)irect Mapping

v Each block of main memory is mapped to exactly one cache block.
v Simple & low-cost, but prone to conflicts.
v Uses index bits to determine the cache location.

s Formula:

Cache Block=(Main Memory Block Number)mod (Number of Cache Blocks)\text{Cache Block} =
(\text{Main Memory Block Number}) \mod (\text{Number of Cache Blocks})

Advantage: Simple, fast mapping.
X Disadvantage: High conflict misses.



@‘ully Associative Mapping

v Any block of main memory can be placed in any cache block.
v No fixed mapping, allowing better utilization of cache.
v Uses a tag field to check if data is in the cache.

Advantage: No conflict misses, best performance.
X Disadvantage: Expensive, complex hardware.

@et—Associative Mapping

v A compromise between Direct and Fully Associative Mapping.
v Cache is divided into sets, and a block can be placed in any location within a set.
v Common types: 2-way, 4-way, 8-way set-associative cache.

# Formula:

Cache Set=(Main Memory Block Number)mod (Number of Sets)\text{Cache Set} = (\text{Main Memory
Block Number}) \mod (\text{Number of Sets})

Advantage: Reduces conflict misses, balances speed and cost.
X Disadvantage: Slightly more complex than direct mapping.

5. Cache Replacement Policies

If cache is full, it must replace a block. Common policies:

v LRU (Least Recently Used) — Replaces the least recently accessed block.
v FIFO (First In First Out) — Replaces the oldest block.

v Random Replacement — Randomly selects a block to replace.

6. Summary

v Cache Memory stores frequently used data for faster access.
v Three levels: L1 (fastest), L2, L3 (largest).



UNIT -1V

Input-Output (I/0) Organization in Computer Organization
1. What is [/O Organization?

s Input-Output (1/0) Organization deals with how a computer system communicates with
external devices such as keyboards, mice, printers, hard drives, and networks. It defines
how data is transferred between the CPU, memory, and 1/O devices.

() Key Components:

v 1/0 Devices (Peripherals) — External devices like monitors, keyboards, and storage.
v 1/0O Interface — Acts as a bridge between CPU and 1/O devices.

v 1/0 Controllers — Manages the data transfer between memory and devices.

v Data Transfer Mechanisms — Different methods to handle input/output operations
efficiently.

2. Types of I/0 Devices

Input Devices — Keyboard, Mouse, Scanner, Microphone.
Output Devices — Monitor, Printer, Speaker.

Storage Devices — HDD, SSD, USB Drive.
Communication Devices — Network Cards, Modems.

3.1/0 Data Transfer Mechanisms

@ There are four main techniques to transfer data between CPU and 1/0 devices:

L Programmed 1/0

v CPU directly controls the 1/O operations.
v CPU waits for the 1/0 operation to complete (busy-waiting).
v Simple but inefficient, as CPU remains idle during the process.

Advantage: Simple design.
X Disadvantage: CPU is blocked until 1/0 is complete (wastes CPU time).



@ Interrupt-Driven /0

v CPU initiates the 1/0 operation and continues execution of other tasks.
v When the 1/O device is ready, it sends an interrupt signal to the CPU.
v CPU then processes the 1/0 request.

Advantage: CPU is not blocked and can perform other tasks.
X Disadvantage: Requires an interrupt mechanism, which adds complexity.

@irect Memory Access (DMA)

v Special hardware (DMA Controller) transfers data directly between memory and 1/0
devices.

v CPU is free to execute other tasks while data transfer happens in the background.
v Used in high-speed data transfers (e.g., Hard Drives, Graphics Cards, Network Devices).

Advantage: High efficiency, reduces CPU workload.
X Disadvantage: Requires additional hardware (DMA Controller).

@ 1/0 Channel (or 1/0 Processor)

v A dedicated processor handles all 1/0 operations, offloading work from the CPU.
v Commonly used in large mainframe systems.

Advantage: Maximizes system performance.
X Disadvantage: Expensive, requires dedicated 1/0 processors.

4.1/0 Interface and Ports

v 1/0 Interface — Connects CPU with peripherals (e.g., USB controllers, PCI cards).
v Ports — Physical connection points for devices (USB, HDMI, Ethernet).
v Buffers & Registers — Temporary storage during data transfer.



5. Types of /O Communication Methods

Communication Lo
Description Example
Type

Serial 1/0 Data sent bit by bit over a single wire. USB, Bluetooth, RS-232

Data sent multiple bits at a time over multiple Printer Port (LPT), RAM
Parallel 1/O ]

wires. buses

. L. High-speed network
Synchronous I/0 Data transfer occurs at fixed time intervals.
transfers

Asynchronous I/0 Data transfer occurs when ready, no fixed timing. ||Keyboard, Mouse

6. Summary

v 1/0 Organization manages data transfer between CPU, memory, and peripherals.

v Different data transfer mechanisms — Programmed 1/O, Interrupt-Driven 1/O, DMA, and
I/O Processors.

v 1/0 devices communicate via interfaces and ports (USB, HDMI, Ethernet, etc.).
v Efficient 1/0 improves overall system performance.

Peripheral Devices in Computer Organization

1. What are Peripheral Devices?

s Peripheral devices are external or internal hardware components that expand the
functionality of a computer. They help in input, output, storage, and communication between
the computer and the external world.

() Key Features:

v Not part of the CPU or main memory but assist in processing.

v Connected via ports/interfaces (USB, HDMI, PCI, Bluetooth, etc.).

v Can be internal (HDD, SSD) or external (Printer, Mouse, Keyboard).

2. Types of Peripheral Devices

@ Peripheral devices are categorized into three main types:
(L Input Devices (Send data to the computer)



@ Dutput Devices (Receive data from the computer)
B $torage Devices (Store data externally)

3. Input Devices (For Data Entry)

s Input devices allow users to provide data and commands to the computer.

Common Input Devices

Device Function
Keyboard Used for typing text and commands
Mouse Controls the cursor and selects objects
Scanner Converts physical documents into digital form
Microphone Captures sound input for voice recognition and recording
Webcam Captures live video and images
Joystick/Gamepad||Used for gaming and interactive applications
Barcode Scanner (|Reads barcode data (used in supermarkets and inventory systems)

4. Output Devices (For Data Display & Printing)

s Output devices display or present data processed by the computer.

Common Output Devices

Device Function

Monitor (LCD/LED) Displays visual output (text, images, videos)

Printer (Laser/Inkjet/3D)||Produces hard copies of digital documents

Speaker Outputs sound (music, speech)

Headphones Private audio output for users




Device Function

Projector Displays digital content on a large screen

5. Storage Devices (For Data Storage & Retrieval)

s Storage devices are used to store digital information permanently or temporarily.

Common Storage Devices

Device Type Function
Hard Disk Drive (HDD) (|Magnetic Stores large amounts of data permanently
Solid State Drive (SSD) ||Flash Faster alternative to HDD for data storage
USB Flash Drive Flash Portable data storage
Memory Card (SD Card)||Flash Used in smartphones, cameras, and tablets
CD/DVD/Blu-ray Disc ||Optical Stores multimedia files and software
External Hard Drive Magnetic/Flash||Backup and portable storage

6. Communication Devices (For Networking & Data Transfer)

s Communication peripherals enable computers to connect and transfer data.

Common Communication Devices

Device Function

Network Interface Card (NIC)||Connects a computer to a network via Ethernet

Wi-Fi Adapter Provides wireless internet connectivity

Modem Converts digital data to analog for internet access

Router Directs internet traffic between multiple devices




Device Function

Bluetooth Adapter Enables short-range wireless communication

7. Interface & Connectivity of Peripheral Devices

Peripheral devices are connected through various interfaces like:

v USB (Universal Serial Bus) — Used for keyboards, mice, flash drives.

v HDMI (High-Definition Multimedia Interface) — For video and audio output.

v Ethernet (RJ45) — For wired networking.

v Bluetooth & Wi-Fi — For wireless communication.

v PCle (Peripheral Component Interconnect Express) — For high-speed internal peripherals
(Graphics Card, Sound Card).

8. Summary

v Peripheral devices expand computer functionality by handling input, output, and storage.

v Types: Input devices (Keyboard, Mouse), Output devices (Monitor, Printer), Storage
devices (HDD, SSD), Communication devices (Wi-Fi, Bluetooth).

Vv Connected via USB, HDMI, PCI, Wi-Fi, Bluetooth, etc.

Input-Output (I/0) Interface in Computer Organization
1. Whatis an [/O Interface?

s An 1/O interface is the communication link between the CPU, memory, and peripheral
devices. It manages data transfer between the computer system and external devices like
keyboard, mouse, printer, USB, and storage devices.

@ Key Functions of 1/0 Interface:

v Data transfer between CPU and 1/O devices.

v Ensures synchronization between slow 1/0 devices and fast CPU.
v Handles control signals to manage communication.

2. Why is an I/0 Interface Needed?

e 1/0 devices operate at different speeds than the CPU.
e Peripheral devices have different data formats than the CPU.



¢ CPU and memory use high-speed buses, while 1/0 devices are slower.
¢ |/Ointerfaces help convert and synchronize data.

3. Components of an I/0 Interface

@ An /O interface unit contains the following components:

Component Function

Data Register (I/0 Buffer Register)||Holds data during transfer

Control Register Stores commands from the CPU

Status Register Indicates device status (Ready/Busy/Error)
Address Decoder Identifies which device is being accessed
Control Logic Manages data transfer signals

S 1/0 interfaces are built using special hardware chips called 1/0 Controllers (e.g., USB
Controller, Network Interface Card).

4. Types of /O Communication Techniques

@ There are three main 1/O interface methods:
L Memory-Mapped 1/0 (MMIO)

v 1/0O devices are treated like memory locations.
v CPU uses load/store instructions to access /O devices.
v No separate 1/O instructions needed.

Advantage: Faster communication, simple instruction set.
X Disadvantage: Consumes part of the main memory address space.



€ 1/0-Mapped 1/0 (Port-Mapped 1/0 or Isolated 1/0)

v 1/0 devices have separate address spaces.
v Uses special IN and OUT instructions for communication.
v /0 ports are used instead of memory addresses.

Advantage: Doesn't use main memory address space.
X Disadvantage: Requires dedicated 1/O instructions, making programming complex.

B Direct Memory Access (DMA) 1/0
v DMA Controller (DMAC) handles data transfer without CPU intervention.
v Data is transferred directly between memory and 1/O devices.

v Used for high-speed devices (Hard Drives, Graphics Cards, Network Cards).

Advantage: Faster data transfer, CPU is free for other tasks.
X Disadvantage: Requires additional hardware (DMA Controller).

5. Types of I/0 Interfaces

@ Different types of interfaces are used to connect 1/0 devices:

1/0 Interface Type Example Devices
Serial Interface USB, RS-232 (COM Port), Bluetooth
Parallel Interface Printer (LPT Port), Internal Buses

Synchronous Interface ||High-speed network transfers

Asynchronous Interface||Keyboard, Mouse

Network Interface Ethernet, Wi-Fi

Wireless Interface Bluetooth, Infrared, Wi-Fi




6. Summary

v 1/0 Interface bridges the gap between CPU and external devices.

v Includes registers, control logic, and data buffers.

v Uses Memory-Mapped 1/0, 1/0-Mapped 1/0, and DMA for data transfer.
v Different interface types (Serial, Parallel, Synchronous, Wireless).

Asynchronous Data Transfer in Computer Organization

1. What is Asynchronous Data Transfer?

s Asynchronous data transfer is a method of communication between two devices without a
shared clock signal. Instead, it uses handshaking signals to ensure that data is sent and
received correctly.

@ Key Features:

v No global clock signal between sender and receiver.

v Data is sent at irregular time intervals (whenever the device is ready).

v Uses control signals (handshaking) to synchronize data transfer.

v Commonly used in slow peripherals (keyboard, mouse, serial communication).

2. Why is Asynchronous Data Transfer Needed?

Different devices operate at different speeds.

CPU is much faster than most I/0 devices (e.g., keyboard input is slow).

A common clock signal is not always feasible for all devices.

Avoids the need for precise timing synchronization between sender and receiver.

3. Methods of Asynchronous Data Transfer

@ There are two common methods for asynchronous communication:

(L $trobe Control Method

v Uses a single control signal (Strobe) to indicate data availability.
Steps:

1. Sender activates the strobe signal when data is ready.
2. Receiver reads the data and processes it.



3. Receiver does not acknowledge the data (no confirmation).

Advantage: Simple and requires fewer control signals.
X Disadvantage: No confirmation from the receiver (risk of data loss).

@{andshaking Method

v Uses two control signals for synchronization (Request & Acknowledge).
Steps:

Sender sends a "Request" signal when data is ready.

Receiver acknowledges ("Acknowledge" signal) when ready to accept data.
Data transfer occurs after acknowledgment.

Receiver processes the data and signals completion.

PwNPE

Advantage: Ensures reliable data transfer (acknowledgment prevents loss).
X Disadvantage: Slightly slower due to additional handshaking signals.

4. Asynchronous Serial Communication

@ Asynchronous transfer is commonly used in serial communication (e.g., UART, RS-232,
USB).

Term Description

Start Bit ||Indicates the beginning of data transmission

Data Bits |[The actual data being transferred

Parity Bit||Used for error detection (optional)

Stop Bit ||Signals the end of the transmission

Example: In RS-232 serial communication, data is transferred one bit at a time, using start
and stop bits to separate data packets.



5. Comparison: Asynchronous vs. Synchronous Transfer

Feature Asynchronous Transfer Synchronous Transfer
Clock Signal No shared clock Shared clock
Data Transfer Timing||Irregular intervals Fixed intervals
Speed Slower Faster
Control Signals Uses handshaking signals Uses clock signals
Examples Keyboard, Mouse, USB, RS-232(RAM, Ethernet, PCI Express

6. Summary

v Asynchronous data transfer does not require a shared clock and uses handshaking or
strobe signals for communication.

v Methods: Strobe Control (simple, but no confirmation) & Handshaking (more reliable,
but slightly slower).

v Used in serial communication (e.g., RS-232, USB, UART).

v Best for slow devices like keyboards, mice, and serial ports.

Modes of Data Transfer in Computer Organization
1. What is Data Transfer?

@ Data transfer refers to the movement of data between the CPU, memory, and 1/0 devices.
This transfer occurs via buses and depends on the speed and synchronization between devices.

2. Types of Data Transfer Modes

@ Data transfer can be classified into the following modes:

(L Programmed 1/0
R Interrupt-Driven 1/0
B Direct Memory Access (DMA)



3. Programmed [/0O

s Definition: The CPU directly controls data transfer by executing instructions. It
continuously checks the status of 1/0 devices (polling).

Working:

v The CPU sends a request to the 1/0 device.
v The CPU waits while checking if the device is ready (polling).
v Once ready, the CPU transfers data and processes it.

Advantages:

Simple to implement.
No additional hardware required.

Disadvantages:

X CPU remains busy waiting (wastes processing power).
X Not efficient for high-speed data transfer.

4. Interrupt-Driven I/0

S Definition: The CPU does not constantly check the device. Instead, the 1/O device
interrupts the CPU when it is ready to transfer data.

Working:

v CPU sends a request to the 1/O device.

v/ CPU continues executing other tasks.

v When the device is ready, it sends an interrupt signal to the CPU.
v CPU pauses its work, processes the interrupt, and transfers the data.

Advantages:

CPU is not wasted in polling.
More efficient than Programmed 1/O.



Disadvantages:

X Slight overhead due to interrupt handling.
X Can be slow if too many interrupts occur.

5. Direct Memory Access (DMA)

s Definition: A DMA controller (DMAC) handles data transfer between memory and 1/0

devices without CPU intervention. The CPU is free for other tasks.

Working:

v CPU gives the DMA controller (DMAC) permission to transfer data.
v DMA controller directly transfers data between memory and 1/0.
v When the transfer is complete, DMA sends an interrupt to inform the CPU.

Advantages:

Fastest mode of data transfer.
CPU is free to perform other operations.

Disadvantages:

X Requires extra hardware (DMA controller).
X Complex compared to other modes.

6. Comparison of Transfer Modes

Feature Programmed 1/0 Interrupt-Driven 1/O DMA
CPU Involvement ||High (Polling) Medium (Interrupts) Low (Only Initiation)
Speed Slow Medium Fastest
Efficiency Low (CPU Wastes Time)||Better (No Polling) High (CPU is Free)

Hardware Required

No Extra Hardware

Interrupt Mechanism

DMA Controller

Best for

Simple, slow devices

Moderate-speed devices

High-speed data transfer




7. Summary

v Programmed 1/O: CPU constantly checks device status (polling). Simple but inefficient.
v Interrupt-Driven 1/O: 1/O device alerts the CPU when ready. Better than polling.

v Direct Memory Access (DMA): Transfers data without CPU involvement. Fastest and
most efficient.

Programmed [/0 in Computer Organization

Definition:

Programmed 1/0O (Input/Output) is a technique used in computer systems where the CPU directly
controls the 1/O operations by executing instructions for reading from or writing to an 1/O device.
The CPU actively waits for the 1/0 operation to complete, making it inefficient for high-speed
devices.

Working of Programmed 1/0:

1. CPU Issues /O Command
o The CPU sends a command to the I/0O device (e.g., read, write).
2. CPU Waits for I/0 Completion
o The CPU continuously checks the device status (polling) until the operation completes.
3. Data Transfer
o Once the device is ready, data is transferred between the device and the CPU.
4. CPU Resumes Execution
o After completing the I/0O operation, the CPU continues executing the next instruction.

Characteristics of Programmed 1/0:

e The CPU actively waits for |/O operations.

e Uses polling (continuous checking of device status).

e No parallel execution (CPU is blocked until the operation completes).
e Simple but inefficient for fast devices.

Advantages:

Simple to implement.
Suitable for slow-speed devices (e.g., keyboard, mouse).



Disadvantages:
X Wastes CPU time due to waiting (polling).

X Inefficient for high-speed 1/0 devices.
X Blocks CPU execution until 1/0 is complete.

Comparison with Other I1/0 Techniques:

1/0 Technique CPU Involvement Efficiency Example Devices

Programmed I/O High (polling) Low Keyboard, Mouse

Medium (interrupts CPU when

Interrupt-Driven 1/O Medium ||Printer, Disk

ready)

DMA (Direct Memory o . Hard Disk, Network
Low (CPU initiates, then hands off) ||High
Access) Adapter

Priority Interrupt in Computer Organization

Definition:

A Priority Interrupt is a mechanism used in computer systems to determine which interrupt
should be serviced first when multiple interrupts occur simultaneously. It assigns priorities to
different interrupt sources, ensuring that the most critical interrupts are handled before lower-

priority ones.

Types of Priority Interrupts

1. Software-Implemented Priority
o The CPU determines the priority order using software routines.
2. Hardware-Implemented Priority
o A dedicated hardware circuit, like a Priority Interrupt Controller (PIC), assigns priority
and selects the highest-priority interrupt automatically.

Methods for Handling Priority Interrupts

1. Fixed Priority (Static Priority)
o Each interrupt source is assigned a fixed priority level.



o Example: A keyboard may have a lower priority than a hard disk controller.
2. Dynamic Priority (Rotating Priority)

o The priority of an interrupt source can change dynamically.
o Example: Daisy-Chaining or Polling Priority.

Priority Interrupt Handling Techniques

1. Daisy-Chaining Method
o Uses hardware connections where devices are connected in a series.

o The highest-priority device is placed first, and if it does not need service, the request is
passed to the next device.

o Simple but slow if many devices are connected.
2. Parallel Priority Interrupt (P1C-Based)
o Uses a Priority Interrupt Controller (PIC) to manage multiple interrupts.

o The PIC assigns a numeric priority and selects the highest-priority request.
o Faster than daisy-chaining.

3. Polling Method

o The CPU checks each device in sequence to find the highest-priority request.
o Slow and inefficient compared to hardware-based techniques.

Advantages of Priority Interrupts

Ensures critical tasks are handled first.
Reduces response time for high-priority tasks.
Efficient for systems with multiple interrupt sources.

Disadvantages

X Complex hardware and software implementation.

X Fixed-priority schemes may lead to starvation (low-priority interrupts may never get
serviced).

X Requires additional processing time in dynamic priority systems.

Example: Priority Interrupt in a Real System

¢ Example in a Computer:
o High-Priority Interrupts: Power failure, CPU overheating.
o Medium-Priority Interrupts: Hard disk I/O, Network packet arrival.
o Low-Priority Interrupts: Keyboard input, Mouse movement.



Direct Memory Access (DMA) in Computer Organization

Definition:

Direct Memory Access (DMA) is a technique that allows 1/0 devices to directly transfer data to
and from the main memory without involving the CPU. This improves system performance by
freeing up the CPU from handling data transfer operations.

Why is DMA Needed?

In Programmed 1/0 and Interrupt-Driven 1/O, the CPU is responsible for moving data
between memory and the 1/0 device, which slows down processing. DMA eliminates this
bottleneck by allowing direct memory access, enabling the CPU to focus on other tasks.

Working of DMA:

1. CPU Initiates DMA Transfer
o The CPU sends a request to the DMA controller (DMAC), specifying the source address,
destination address, data size, and transfer mode.
2. DMA Controller Handles Data Transfer
o The DMA controller takes control of the system bus and transfers data between the I/0
device and memory without CPU intervention.
3. DMA Signals Completion to CPU
o Once the transfer is complete, the DMA controller sends an interrupt to the CPU to
notify that the data transfer is finished.

Types of DMA Transfers

1. Burst Mode (Block Transfer Mode)
o The DMA controller transfers a block of data in one go.
o CPU is completely halted during transfer.
o Used in high-speed devices like disk drives.

2. Cycle Stealing Mode
o The DMA controller steals memory access cycles from the CPU intermittently.
o Slower than burst mode but allows CPU and DMA to work together.
o Used in devices like sound cards.

3. Transparent Mode (Hidden DMA Mode)
o DMA only transfers data when the CPU is not using the system bus.
o No CPU delay, but slowest transfer method.
o Used for low-priority background transfers.



DMA Controller (DMAC)

The DMA Controller is a dedicated hardware unit responsible for managing DMA transfers.
Popular DMAC:s include Intel 8237 and Direct Memory Access Controllers in modern CPUs.

Advantages of DMA

Faster data transfer (reduces CPU overhead).
Improves system performance (CPU is free for other tasks).
Efficient for large data transfers (used in disk, graphics, and network operations).

Disadvantages
X Requires specialized hardware (DMAC).

X Complex system bus control (bus conflicts can occur).
X Not ideal for small data transfers (CPU overhead may be lower in such cases).

Comparison of I/O Techniques

1/0 Method CPU Involvement Speed Example Devices
Programmed 1/0 High (CPU controls transfer) Slow Keyboard, Mouse
. Medium (CPU interrupted for . .

Interrupt-Driven I/O Moderate||Printer, Hard Disk
each byte)

DMA (Direct Memory o Hard Disk, Network Card,
Low (CPU only initiates transfer) ||Fast .

Access) Graphics Card




Input-Output Processor (IOP) in Computer Organization

Definition:

An Input-Output Processor (I0OP) is a dedicated processor designed to manage 1/0 operations
independently of the CPU. It acts as an intermediary between the CPU and 1/0 devices, handling
data transfers efficiently while freeing the CPU for other tasks.

Functions of IOP:

1. Manages I/O Operations Independently
o The IOP handles data transfer between memory and 1/O devices without CPU
intervention.
2. Reduces CPU Overhead
o Since the IOP takes care of I/O operations, the CPU can focus on processing tasks.
3. Supports Multiple I/0 Devices
o The IOP can control multiple peripherals like disks, printers, and communication devices
simultaneously.
4. Handles Data Formatting & Buffering
o The IOP may format data before sending it to devices or buffer data to handle speed
mismatches.
5. Interrupt Handling & Error Detection
o The IOP detects errors and generates interrupts when the CPU’s attention is required.

Working of an IOP

1. CPU lIssues I/0 Command
o The CPU sends a request to the IOP specifying the operation (read, write, or control).

2. 10P Controls the Data Transfer
o The IOP communicates with 1/O devices and memory to transfer data.

3. 10P Signals Completion to CPU
o Once the operation is complete, the IOP sends an interrupt to notify the CPU.



Difference Between IOP and DMA

Feature

I0P (Input-Output Processor)

DMA (Direct Memory Access)

Control

Works independently like a processor

Needs CPU to initialize & manage transfer

Functionality

Handles entire 1/O operations

Only performs data transfer

Processing . ) No instruction execution, only data
Has own instruction set

Power movement

Complexity More complex and powerful Simpler hardware unit
Disk controllers, network interface )

Example Hard disks, sound cards
cards

Advantages of IOP

Reduces CPU workload by handling 1/0 tasks separately.
Increases system efficiency through parallel processing.
Supports multiple peripherals and improves data management.

Disadvantages of IOP

X Expensive hardware due to additional processors.

X Complex programming to synchronize CPU and IOP.

Example Systems Using [OP

¢ IBM Mainframes use Channel I0OPs to manage I/O operations efficiently.
e Modern GPUs act as specialized IOPs for graphics processing.
e Network Interface Controllers (NICs) handle data transmission independently.




UNIT -V

Computer Arithmetic and Parallel Processing in Computer
Organization

1. Computer Arithmetic

Definition:

Computer arithmetic refers to the methods and techniques used to perform mathematical
operations (addition, subtraction, multiplication, and division) within a computer system using
binary number representations.

Types of Number Representations in Computer Arithmetic:

1. Unsigned Binary Numbers — Used for non-negative values.

2. Signed Binary Numbers — Represent both positive and negative values (e.g., Sign-Magnitude,
1’s Complement, 2’s Complement).

3. Floating-Point Representation — Used for real numbers (IEEE 754 Standard).

Basic Arithmetic Operations in Computers
1. Binary Addition

e Follows standard addition rules:

o 0+0=0
o 0+1=1
o 1+0=1
o 1+1=10(carryl)

2. Binary Subtraction

e Uses 2’s Complement for subtraction:
o A-B=A+(2'sComplement of B)

3. Binary Multiplication

e Similar to decimal multiplication but uses shift and add techniques.
o Performed using methods like Booth’s Algorithm for efficiency.

4. Binary Division

¢ Implemented using Restoring and Non-Restoring Division Algorithms.



5. Floating-Point Arithmetic

e Used for handling real numbers with exponents.
e Operations include addition, subtraction, multiplication, and division using IEEE 754 standard.

2. Parallel Processing

Definition:

Parallel processing refers to the execution of multiple instructions or tasks simultaneously by
using multiple processing units (CPUs, cores, or processors). It enhances computation speed and
efficiency.

Types of Parallel Processing Architectures

1. Bit-Level Parallelism
o Increases the word size (e.g., 8-bit = 16-bit - 32-bit processing).
o Reduces the number of instructions required.
2. Instruction-Level Parallelism (ILP)
o Executes multiple instructions at the same time using techniques like pipelining,
superscalar execution, and out-of-order execution.
3. Data-Level Parallelism (DLP)
o Performs the same operation on multiple data points simultaneously (SIMD - Single
Instruction Multiple Data).
4. Task-Level Parallelism (TLP)
o Different tasks or threads run concurrently on multiple processors (MIMD - Multiple
Instruction Multiple Data).

Parallel Processing Architectures (Flynn’s Taxonomy)

Architecture Type Description Example

SISD (Single Instruction Single

Traditional single-core computing Old CPUs
Data)
SIMD (Single Instruction . ) . . . GPUs, Vector
. One instruction applied to multiple data points
Multiple Data) Processors
MISD (Multiple Instruction Rarely used, multiple instructions operate on
. Fault-tolerant systems
Single Data) the same data

MIMD (Multiple Instruction Multiple processors execute different Modern Multi-Core




Architecture Type Description

Example

Multiple Data) instructions on different data

Processors

Techniques in Parallel Processing

1. Pipelining

o Divides instruction execution into stages (Fetch, Decode, Execute, Write-back).

o Increases instruction throughput.
o Used in modern RISC processors.
2. Multithreading
o Allows multiple threads to run in a single CPU core.
o Reduces idle time of processing units.
3. Multiprocessing
o Uses multiple CPUs or cores to execute multiple programs.
o Used in modern multi-core processors (Intel, AMD).

Advantages of Parallel Processing

Faster execution of tasks.
Efficient resource utilization.
Suitable for large-scale computing (Al, scientific computing).

Disadvantages of Parallel Processing
X Complex hardware and software design.

X Issues like synchronization and data dependency.
X Not all tasks can be parallelized efficiently (Amdahl’s Law).

Data Representation in Computer Organization

Definition:

Data representation refers to the method of storing and processing different types of data
(numbers, characters, images, etc.) in a digital system using binary (0s and 1s).




1. Number System Representation
A. Decimal Number System (Base 10)

e Uses digits 0-9
e Example: 35640 = 3x10% + 5x10" + 6x10°

B. Binary Number System (Base 2)

e Uses 0 and 1 (machine language).
e Example: 1011, = 1x23 + 0x22 + 1x2' + 1x2° = 1149

C. Octal Number System (Base 8)

e Uses digits 0-7
e Example: 7455 = 7x8% + 4x8" + 5x8° = 485,

D. Hexadecimal Number System (Base 16)

e Uses 0-9, A-F (where A=10, B=11, ..., F=15)
e Example: 2F6 = 2x16" + Fx16° = 4749

2. Integer Representation

A. Unsigned Integer Representation

e Represents only positive numbers.
e Example: 8-bit representation of 12 - 00001100,

B. Signed Integer Representation
Used to represent both positive and negative numbers.
i. Sign-Magnitude Representation
e The MSB (Most Significant Bit) represents the sign:
o 0-> Positive
o 1-> Negative
e Example: (+5)10 = 00000101,, (-5):0 = 10000101,
e Disadvantage: Two representations for zero (00000000 and 10000000).

ii. 1’'s Complement Representation

¢ Negative numbers are obtained by inverting all bits.
e Example: (-5)10 in 1’s complement (8-bit) > 11111010,



e Disadvantage: Still has two representations of zero (00000000 and 11111111).
iii. 2’s Complement Representation
e Negative numbers are obtained by taking the 1’s complement and adding 1.
e Example:
o (+5)10 = 00000101,

o (-5}0 > 11111011, (1’s complement = 11111010 + 1)
e Advantage: Only one representation of zero.

3. Floating-Point Representation

Used to represent real numbers (fractions and large values).
e Format: Sign | Exponent | Mantissa

Example: IEEE 754 Single-Precision (32-bit)

Sign (1 bit) Exponent (8 bits) Mantissa (23 bits)

4. Character Representation
A. ASCII (American Standard Code for Information Interchange)

e 7-bit or 8-bit encoding (128 or 256 characters).
e Example: A - 65 (01000001;), a - 97 (01100001,)

B. Unicode

e Supports multiple languages and symbols.
e Uses 16-bit, 32-bit encoding (UTF-8, UTF-16).
e Example: A - 0000000001000001,

5. Other Data Representations
A. BCD (Binary Coded Decimal)

e Each decimal digit is represented by 4 bits.
e Example: 79,0 - 0111 1001 (BCD)



B. Gray Code

e Used in digital circuits to prevent errors during transitions.
e Example: Binary 101 - Gray Code 111

C. Parity Bit (Error Detection)
e Even parity: Ensures the number of 1s is even.

e 0Odd parity: Ensures the number of 1s is odd.

Summary Table

Type Example Usage

Unsigned Integer||00001100, (12) Positive numbers

Signed Integer ||2’s complement (-5 = 11111011,) ||Both positive & negative numbers

Floating-Point IEEE 754 (Sign-Exponent-Mantissa)||Real numbers

ASCII A - 01000001, Character encoding

BCD 79 - 0111 1001 Decimal storage

Gray Code 101 - 111 Error reduction in circuits
Parity Bit Even parity (1011 - 10110) Error detection

Fixed-Point Representation in Computer Organization
Definition:

Fixed-point representation is a method of representing real numbers in a binary format where the
decimal (or binary) point position is fixed. It is mainly used to store integers and fractional
values in a limited precision format.

1. Types of Fixed-Point Representation

Fixed-point numbers can be classified based on how they handle the integer and fractional parts:



A. Integer Fixed-Point Representation

e Only whole numbers (integers) are represented.
e No fractional part.
e Examples:
o Unsigned Integer Representation (Only positive values)
o Signed Integer Representation (Positive & Negative values using Sign-Magnitude, 1’s
Complement, 2’s Complement)

B. Fractional Fixed-Point Representation

e Used to store numbers with a fractional part.
e The binary point is fixed at a specific position.
e Example:

o 1001.101 (Binary) = 9.625 (Decimal)

C. Mixed Fixed-Point Representation

e Contains both integer and fractional parts but with a fixed point position.

2. Fixed-Point Representation Formats

A fixed-point number is represented in a word of n bits, divided into:

e Integer Part (I bits)
e Fractional Part (F bits)

Example Formats:

Format Description Example (8-bit)

Unsigned Fixed-Point Stores positive values only 00101101 (Decimal 45)

Signed Fixed-Point (2's Complement)||Stores positive & negative values|[11101101 (Decimal -19)

Fractional Fixed-Point Represents fractions 0101.1100 (Decimal 5.75)

3. Arithmetic Operations in Fixed-Point Representation
A. Addition and Subtraction

e Same as binary integer operations.
e Carry and borrow are handled in the same way.



B. Multiplication and Division

e  Multiplication shifts the result left.
e Division shifts the result right.

Example:
Multiply 3.5 (0011.1000) X 2.0 (0010.0000):

0011.1000 (3.5)
x 0010.0000 (2.0)

0111.0000 (7.0)

4. Advantages & Disadvantages of Fixed-Point Representation
Advantages:

v Fast computations (simple arithmetic operations).
v Efficient memory usage (no floating-point overhead).
v Used in embedded systems & DSP (Digital Signal Processing).

X Disadvantages:

X Limited precision (not suitable for very large or very small numbers).
X Manual scaling required (programmers must decide the fixed-point position).
X Not suitable for scientific computing (where floating-point is preferred).

5. Applications of Fixed-Point Representation

€9 Embedded Systems (Microcontrollers, 10T devices).

@ Digital Signal Processing (DSP) (Audio, Video processing).

@ Financial Calculations (where fixed decimal precision is needed).
@ Real-time Systems (where speed is crucial).



Floating-Point Representation in Computer Organization

Definition:

Floating-point representation is used to store and process real numbers (including very large and
very small values) efficiently. Unlike fixed-point representation, where the decimal point is
fixed, floating-point numbers allow the decimal (or binary) point to "“float,” making them
more flexible for scientific calculations.

1. Structure of Floating-Point Numbers

A floating-point number consists of three main parts:

Component

Description

Example (IEEE 754 32-bit)

Sign (S)

Determines whether the number is positive (0) or
negative (1)

0 (Positive) or 1 (Negative)

Exponent (E)

Represents the power to which the base (2) is
raised (with bias)

10000001, (Biased
exponent)

Mantissa (M) /

Significand

Stores the actual number value (fraction part)

1.1011001100...

The floating-point number is represented as:

Value=(-1)Sx1.Mx2(E-Bias)\text{Value} = (-1)AS \times 1.M \times 2*{(E - \text{Bias})}

2. 1EEE 754 Floating-Point Standard

The IEEE 754 standard is the most widely used representation for floating-point numbers in
computers. It has two main formats:

A. Single-Precision (32-bit) IEEE 754 Format

Sign (1 bit)

Exponent (8 bits)

Mantissa (23 bits)

S

EEEEEEEE

MMMMMMMMMMMMMMMMMMMMMMM

e Bias=127




e Range: ~+1.18x10-38\pm 1.18 \times 107{-38} to +3.4x1038\pm 3.4 \times 10"{38}

B. Double-Precision (64-bit) IEEE 754 Format

Sign (1 bit)||[Exponent (11 bits)

Mantissa (52 bits)

S EEEEEEEEEEE

MMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMMM

e Bias=1023

¢ Range: ~+2.23x10-308\pm 2.23 \times 10”{-308} to +1.8x10308\pm 1.8 \times 107{308}

3. Floating-Point Number Example
Example: Convert 13.625; to IEEE 754 Single Precision

Step 1: Convert to Binary

13.6251013.625 {10} — Integer part: 13, = 1101,
0.625100.625 {10} — Fractional part: 0.101,

So, 13.62510=1101.101:

Step 2: Normalize to Scientific Notation

Move the binary point so there is one digit before the decimal:

1101.1012=1.101101x231101.101, = 1.101101 x 23

e Mantissa (M) =10110100000000000000000 (23 bits)
e Exponent (E) = 3 + 127 (Bias) = 130, = 10000010,
e Sign (S) = 0 (positive number)

Step 3: IEEE 754 Representation

01000001010110100000000000000000\mathbf{0 \quad 10000010 \quad 10110100000000000000000}

Final IEEE 754 Single Precision Representation (in Hexadecimal):

415A000016\mathbf{415A0000} {16}

4. Special Cases in IEEE 754

Sign
(s)

Case

Exponent

(E) Mantissa (M) Value




Sign || Exponent .
Case Mantissa (M) Value
(s) (E)
Zero Oor1 |/00000000 {(00000000000000000000000|0\pm O
Denormalized
Oor1 ||00000000 ||[Non-zero Very small numbers
Numbers
Infinity Oorl |11111111 ||00000000000000000000000|t>=\pm \infty
Undefined operations (e.g.,
NaN (Not a Number) |Oor1 ||11111111 ||Non-zero

0/0)

5. Floating-Point Arithmetic
A. Addition & Subtraction

e Align exponents (shift smaller exponent).

e Perform binary addition/subtraction.

e Normalize the result.

B. Multiplication

e  Multiply mantissas.

e Add exponents.

e Normalize and round the result.

C. Division

e Divide mantissas.
e Subtract exponents.

e Normalize and round.

6. Advantages & Disadvantages of Floating-Point Representation

Advantages:

v Can represent very large and very small numbers.
v/ More precise than fixed-point representation.
v Widely used in scientific, engineering, and graphics applications.




X Disadvantages:

X Slower arithmetic operations compared to fixed-point.
X Rounding errors and precision loss in some calculations.
X Requires specialized hardware (FPU - Floating-Point Unit) for efficient processing.

7. Applications of Floating-Point Representation

@ Scientific Computing (Physics, Engineering, Al).

€ Computer Graphics (3D Rendering, Animation).

@ Machine Learning & Al (Deep Learning, Neural Networks).

€ Financial Calculations (Currency conversions, Stock Market Analysis).

Floating-Point Addition and Subtraction in Computer Organization

Floating-point addition and subtraction involve several steps due to the representation of
numbers in scientific notation. The process ensures accurate calculations while maintaining
precision.

1. Steps for Floating-Point Addition and Subtraction
Step 1: Compare and Align Exponents

e The exponents of both numbers must be the same before performing addition/subtraction.
e If the exponents are different, shift the smaller number’s mantissa to the right to match the
larger exponent.

Step 2: Add/Subtract the Mantissas

e Perform binary addition/subtraction on the mantissas.
e If subtraction results in a negative value, take the 2’s complement.

Step 3: Normalize the Result

e Iftheresultis notin normalized form (1 .xxxxx x 2~E), shift the mantissa left or right and
adjust the exponent accordingly.



Step 4: Rounding (If Required)
e Round off the result to fit within the limited number of bits in the mantissa.
Step 5: Store the Result in IEEE 754 Format

e Convert back into Sign, Exponent, Mantissa format.

2. Example: Floating-Point Addition
Add 5.754¢ and 3.25; using IEEE 754 Single-Precision
Step 1: Convert to IEEE 754 Format

1. Convert 5.75:0
o Binary:101.11, - Normalized: 1.0111 x 22
o Sign (S) =0, Exponent (E) =127 + 2 = 129 = 10000001,, Mantissa (M) =
01110000000000000000000
o IEEE 754 Representation:
0 | 10000001 | 01110000000000000000000
2. Convert 3.2510
o Binary:11.01, - Normalized: 1.101 x 2°
o Sign (S) =0, Exponent (E) =127 + 1 = 128 = 10000000,, Mantissa (M) =
10100000000000000000000
o |EEE 754 Representation:
0 | 10000000 | 10100000000000000000000

Step 2: Align Exponents

e The larger exponent is 129.

« Shift the mantissa of 3.25 (Exponent = 128) to the right by 1 bit:
1.101 — 0.1101

« New Mantissa of 3.25: 01101000000000000000000

e Both numbers now have exponent 129.

Step 3: Add Mantissas

1.01110000000000000000000 (Mantissa of 5.75)
+ 0.11010000000000000000000 (Shifted Mantissa of 3.25)

10.01000000000000000000000

e Result:10.01000000000000000000000,



Step 4: Normalize the Result

e Convert 10.010 to normalized form:
1.0010 x 23

e Adjust exponent: 129 + 1 = 130 (10000010,)
¢ New Mantissa: 00100000000000000000000

Step 5: Store the Final IEEE 754 Result

e Sign(S)=0
e Exponent (E) =130 (10000010:)
e Mantissa (M) = 00100000000000000000000
o Final IEEE 754 Representation:
0| 10000010 | 00100000000000000000000
e Final Answer (Decimal) = 9.0

3. Example: Floating-Point Subtraction

Subtract 9.5, - 4.2510 using IEEE 754 Single Precision
Step 1: Convert to IEEE 754 Format

1. 9.5:.0 — Binary: 1001.1, — Normalized: 1.0011 x 2°3
o Sign =0, Exponent = 130 (10000010,), Mantissa = 00110000000000000000000
o |EEE 754:0 | 10000010 | 00110000000000000000000

2. 4.25:0 — Binary: 100.01, — Normalized: 1.0001 x 2?2
o Sign =0, Exponent =129 (10000001,), Mantissa = 00010000000000000000000
o |EEE 754: 0 | 10000001 | 00010000000000000000000

Step 2: Align Exponents

e The larger exponent is 130, so shift the mantissa of 4.25 right by 1 bit:
1.0001 — 0.10001

« New Mantissa of 4.25: 01000100000000000000000

e Both numbers now have exponent 130.

Step 3: Subtract Mantissas

1.00110000000000000000000 (Mantissa of 9.5)
- 0.10001000000000000000000 (Shifted Mantissa of 4.25)

0.10101000000000000000000



e Result:0.10101000000000000000000,

Step 4: Normalize the Result

e Convert0.10101 to normalized form:
1.0101 x 2%

e Adjust exponent: 130 - 1 =129 (10000001,)
e New Mantissa: 01010000000000000000000

Step 5: Store the Final IEEE 754 Result

e Sign(S)=0
e Exponent (E) =129 (10000001-)
« Mantissa (M) = 01010000000000000000000
o Final IEEE 754 Representation:
0 | 10000001 | 02010000000000000000000
e Final Answer (Decimal) =5.25

4. Summary of Floating-Point Addition and Subtraction

Step Description

1. Align Exponents Shift smaller exponent’s mantissa right

2. Perform Addition/Subtraction|/Apply binary arithmetic

3. Normalize the Result Convertto 1.xxxxx x 2°E form
4. Round if Necessary Adjust mantissa to fit 23 bits
5. Convert Back to IEEE 754 Store sign, exponent, and mantissa

5. Advantages & Disadvantages

Advantages:
v Handles very large and very small numbers
v More precision than fixed-point arithmetic




X Disadvantages:
X More complex than integer addition/subtraction
X Precision errors due to rounding

Floating-Point Multiplication and Division Algorithms in Computer
Organization

Floating-point multiplication and division involve additional steps compared to integer
operations due to exponent handling, normalization, and rounding. These operations follow IEEE
754 standards for floating-point arithmetic.

1. Floating-Point Multiplication Algorithm
Steps for Multiplication

1. Multiply the Mantissas
o lgnore the hidden 1 in IEEE 754 format initially.
o Perform binary multiplication.
2. Add the Exponents
o Since the exponent is stored in biased form, we adjust it as:
Eresult=(E1-Bias)+(E2-Bias)+Biask_{\text{result}} = (E_1 - \text{Bias}) + (E_2 -
\text{Bias}) + \text{Bias}
o This prevents double subtraction of bias.
3. Determine the Sign
o If both numbers have the same sign - Result is positive (0).
o If signs are different - Result is negative (1).
4. Normalize the Result
o Convert to 1.xxxxx x 2AE format by adjusting the exponent if needed.
5. Round the Mantissa
o |EEE 754 uses round to nearest, round toward zero, round up, or round down.
6. Store the Final IEEE 754 Representation
o Convert back to Sign, Exponent, Mantissa format.

Example: Multiply 3.25 x 2.5 Using IEEE 754 Single Precision
Step 1: Convert to IEEE 754 Format

1. 3.25 (Decimal to Binary)
o Binary:11.01,
o Normalized: 1.101 x 271
o |EEE754:S=0, E=128 (10000000.), M = 10100000000000000000000



2. 2.5 (Decimal to Binary)
o Binary:10.1,
o Normalized: 1.01 x 271
o |EEE754:5=0, E=128(10000000,), M = 01000000000000000000000

Step 2: Multiply Mantissas
(1.101)x(1.01)=1.10001(1.101) x (1.01) = 1.10001

Step 3: Add Exponents
Eresult=(128-127)+(128-127)+127=129(100000012)E_{\text{result}} = (128 - 127) + (128 - 127) + 127 =
129 (10000001,)

Step 4: Normalize & Store Result

¢ Normalized Mantissa: 1.10001 x 22
e |EEE 754 Representation: S=0, E =129 (10000001,), M = 10001000000000000000000
e Final Result (Decimal) = 8.125

2. Floating-Point Division Algorithm

Steps for Division

1. Divide the Mantissas
o lgnore the hidden 1 in IEEE 754 format initially.
o Perform binary division.
2. Subtract the Exponents
o Since the exponent is stored in biased form:
Eresult=(E1-Bias)-(E2-Bias)+BiaskE_{\text{result}} = (E_1 - \text{Bias}) - (E_2 - \text{Bias})
+ \text{Bias}
3. Determine the Sign
o Same sign - Result is positive (0)
o Different signs - Result is negative (1)
4. Normalize the Result
o Convert to 1.xxxxx x 2AE format.
5. Round the Mantissa
o |EEE 754 rounding modes apply.
6. Store the Final IEEE 754 Representation
o Convert back to Sign, Exponent, Mantissa format.



Example: Divide 9.0 by 3.0 Using IEEE 754
Step 1: Convert to IEEE 754 Format

1. 9.0 (Decimal to Binary)

o Binary:1001.0,

o Normalized: 1.001 x 273

o |EEE754:S=0, E=130(10000010;), M = 00100000000000000000000
2. 3.0 (Decimal to Binary)

o Binary:11.0,

o Normalized: 1.1 x 271

o |EEE754:S=0, E=128(10000000;), M = 10000000000000000000000

Step 2: Divide Mantissas
(1.001)+(1.1)=1.011(1.001) = (1.1) =1.011

Step 3: Subtract Exponents
Eresult=(130-127)-(128-127)+127=129(100000012)E_{\text{result}} = (130 - 127) - (128 - 127) + 127 =
129 (10000001,)

Step 4: Normalize & Store Result

e Normalized Mantissa: 1.011 x 2A1
e |EEE 754 Representation: S=0, E =129 (10000001,), M = 01100000000000000000000
e Final Result (Decimal) =3.0

3. Summary of Floating-Point Multiplication & Division

Operation Step 1 Step 2 Step 3 Step4 |Step5 Step 6
... |[Multiply . . . Store IEEE
Multiplication . Add Exponents Determine Sign||Normalize|[Round
Mantissas 754
L. L ) Subtract . . . Store IEEE
Division Divide Mantissas Determine Sign|[Normalize||Round
Exponents 754




4. Advantages & Disadvantages

Advantages:

v Handles large/small numbers efficiently.
v Standardized representation (IEEE 754).
v More precise than integer arithmetic.

X Disadvantages:

X Complex hardware implementation.

X Rounding errors & precision loss.

X Floating-point division is slow compared to multiplication.

Parallel Processing in Computer Organization

Parallel processing is the technique of executing multiple instructions simultaneously to improve
the performance and efficiency of a computer system. It is widely used in high-performance
computing, supercomputers, and multi-core processors.

1. What is Parallel Processing?

Parallel processing refers to the simultaneous execution of multiple instructions or tasks using
multiple processing units. It is used to enhance the speed and efficiency of computations by
dividing large problems into smaller sub-problems and solving them concurrently.

Why Parallel Processing?

Increases computational speed

Improves efficiency and resource utilization

Handles large-scale problems effectively

Essential for modern applications like Al, Big Data, and Simulations

2. Levels of Parallel Processing

Parallelism in computer organization can be categorized into different levels:



1. Bit-Level Parallelism

e Focuses on increasing word size of processors.
e Example: A 64-bit processor can handle more data per instruction than a 32-bit processor.

2. Instruction-Level Parallelism (ILP)

e Executing multiple instructions at the same time.
e Techniques: Pipelining, Superscalar Execution, Out-of-Order Execution.

3. Data-Level Parallelism (DLP)

e Same operation on multiple data elements at the same time.
e Example: SIMD (Single Instruction Multiple Data) in GPUs for matrix operations.

4. Task-Level Parallelism (TLP)

¢ Different tasks (threads/processes) executing concurrently.
e Used in multi-core processors and distributed computing.

3. Flynn’s Taxonomy of Parallel Architectures

Michael Flynn classified parallel computer architectures into four categories:

Type

Description

Example

SISD (Single Instruction,
Single Data)

Traditional sequential execution (Von
Neumann Model).

Single-core CPU

SIMD (Single Instruction,
Multiple Data)

One instruction operates on multiple data
points.

GPUs, Vector Processors

MISD (Multiple Instruction,
Single Data)

Rarely used; multiple instructions operate
on the same data.

Fault-tolerant systems

MIMD (Multiple Instruction,
Multiple Data)

Multiple instructions operate on different
data simultaneously.

Multi-core processors,
Distributed Systems




4. Parallel Processing Architectures
1. Symmetric Multiprocessing (SMP)

e Multiple identical processors share a single memory.
e Example: Multi-core CPUs in modern computers.

2. Distributed Computing (Cluster Computing)

e  Multiple computers (nodes) work together via a network.
e Example: Google’s data centers, AWS clusters.

3. Vector Processors (SIMD)

e Used for high-speed mathematical computations.
e Example: Graphics Processing Units (GPUs).

4. Multi-core Processors (MIMD)

e Each core can execute different threads independently.
e Example: Intel Core i9, AMD Ryzen processors.

5. Parallel Processing Techniques
1. Pipelining

e Divides tasks into stages and executes them in an overlapped manner.
e Used in CPU instruction execution.
e Example: Fetch - Decode - Execute - Memory Access - Writeback.

2. Superscalar Execution

e Allows execution of multiple instructions per clock cycle.
e Uses multiple execution units (ALUs, FPUs).

3. Multithreading

e Splitting a program into multiple threads that execute in parallel.
e Used in modern CPUs and concurrent programming.

4. Grid and Cloud Computing

e Distributed computing across multiple systems via the Internet.
o Example: AWS, Google Cloud, Azure.



6. Applications of Parallel Processing

Scientific Simulations (Weather forecasting, Physics simulations)
Artificial Intelligence & Machine Learning (Deep learning models)
Big Data Processing (Hadoop, Spark)

Real-time Systems (Autonomous Vehicles, Robotics)
Cryptography & Cybersecurity (Parallel encryption/decryption)

7. Challenges in Parallel Processing

X Synchronization Overhead — Managing multiple processors is complex.

X Memory Bandwidth — High-speed memory access is required.

X Load Balancing — Distributing tasks evenly across processors.

X Programming Complexity — Writing efficient parallel programs is challenging.

8. Summary of Parallel Processing

Concept Description

Levels of Parallelism |Bit-Level, Instruction-Level, Data-Level, Task-Level

Flynn’s Taxonomy SISD, SIMD, MISD, MIMD

Parallel Architectures|SMP, Distributed, Vector Processors, Multi-core

Techniques Pipelining, Superscalar, Multithreading, Cloud/Grid Computing

Applications Al, Big Data, Cryptography, Scientific Simulations

Pipelining in Computer Organization
1. Introduction to Pipelining
Pipelining is a technique used in modern processors to increase instruction throughput by

overlapping multiple stages of instruction execution. It works similarly to an assembly line in a
factory, where different stages of instruction execution happen simultaneously.



Why Use Pipelining?

Increases CPU performance by executing multiple instructions at once
Reduces instruction execution time without increasing clock speed
Efficient utilization of CPU resources

2. Basic Concept of Pipelining

A CPU normally follows the Instruction Cycle, which consists of five stages:

Fetch (F) — Retrieve instruction from memory

Decode (D) — Identify instruction type and operands

Execute (E) — Perform the operation (ALU calculation, memory access)
Memory Access (M) — Read/write data from/to memory (if needed)
Write Back (W) — Store the result in a register

vk wNe

Without Pipelining (Sequential Execution)

In a non-pipelined processor, one instruction is completely executed before the next one starts.
If each stage takes 1 clock cycle, then executing 4 instructions requires 20 cycles (5 cycles per
instruction).

Cycle||Instruction 1||Instruction 2|/Instruction 3|/Instruction 4

1 Fetch

2 Decode
3 Execute
4 Memory

5 Write Back

6 Fetch

7 Decode

20 Write Back




With Pipelining (Parallel Execution)

Pipelining allows different instructions to overlap in different stages. After the first instruction
moves to the next stage, the second instruction starts, and so on.

Cycle||Instruction 1||Instruction 2|/Instruction 3|/Instruction 4
1 Fetch

2 Decode Fetch

3 Execute Decode Fetch

4 Memory Execute Decode Fetch

5 Write Back ||[Memory Execute Decode

6 Write Back |[Memory Execute

7 Write Back [[Memory

8 Write Back

With pipelining, executing 4 instructions requires 8 cycles, rather than 20 cycles, significantly
improving performance.

[»] Speedup of pipelining:

Speedup=Number of stagesTime taken in non-pipelined execution\text{Speedup} = \frac{\text{Number
of stages}}{\text{Time taken in non-pipelined execution}}

For a 5-stage pipeline:

Speedup=5\text{Speedup} \approx 5

3. Types of Pipeline Stages

A pipeline typically has five stages, but different architectures may have variations.



1. Instruction Pipeline

e Used in CPUs for executing instructions efficiently.
e Example: RISC processors (ARM, MIPS)

2. Arithmetic Pipeline

e Used in floating-point operations and complex computations.
e Example: Vector processors for graphics processing (GPUs).

4. Pipeline Hazards (Problems in Pipelining)

1. Structural Hazards

e Occur when multiple instructions require the same hardware resource (e.g., memory access).
e Solution: Duplicate hardware (separate instruction and data memory).

2. Data Hazards

e Occur when an instruction depends on the result of a previous instruction.
e Example:

e ADD R1, R2, R3 ; Rl = R2 + R3

(] SUB R4, R1, R5 ; R4 depends on Rl

e Solution: Forwarding, Stall (waiting), Register Renaming.

3. Control Hazards (Branch Hazards)

e Occur when the pipeline cannot determine the next instruction due to a branch (if-else, loops).
e Solution: Branch Prediction, Delayed Branching.

5. Types of Pipelines

1. Linear Pipeline

¢ Fixed sequence of operations, each operation in a different stage.
e Used in RISC processors.

2. Non-Linear Pipeline (Dynamic Pipeline)

¢ Handles branching and interrupts dynamically.
e Used in superscalar and out-of-order execution processors.



6. Superscalar vs. Pipelining

Feature Pipelining Superscalar Execution

Execution Flow||Sequential but overlapped ||Multiple instructions per cycle

Speedup Limited by number of stages||Higher, depends on hardware

Example Intel Pentium 4 (5-stage) Intel Core i7 (Multiple ALUs)

7. Applications of Pipelining

Microprocessors (Intel, AMD, ARM) — Efficient instruction execution
Graphics Processing Units (GPUs) — Parallel arithmetic pipelines
Deep Learning & Al — Parallel execution of matrix operations
Real-Time Systems — Low-latency computation

8. Advantages & Disadvantages

Advantages

v Increases CPU efficiency

v Improves instruction throughput
v Reduces execution time

X Disadvantages

X Pipeline Hazards affect performance
X Increased complexity of CPU design
X Branch mispredictions cause delays

9. Summary of Pipelining

Feature Description

Definition ||Overlapping execution of multiple instructions

Types Instruction Pipeline, Arithmetic Pipeline

Stages Fetch, Decode, Execute, Memory, Write Back




Feature Description

Hazards Structural, Data, Control Hazards

Solutions Forwarding, Branch Prediction, Pipeline Stalls

Applications||Microprocessors, GPUs, Al, Real-Time Systems

Arithmetic Pipeline in Computer Organization

1. Introduction to Arithmetic Pipeline

An Arithmetic Pipeline is a type of pipeline architecture used to speed up arithmetic
computations, especially for floating-point operations, multiplication, and division. It divides
complex mathematical computations into smaller stages that can be executed in parallel.

Enhances speed of arithmetic operations
Reduces execution time for mathematical computations
Used in floating-point units (FPUs), DSPs, and vector processors

2. Stages of an Arithmetic Pipeline

Arithmetic operations like multiplication and floating-point addition are complex and can be
broken down into multiple stages.

Example: Floating-Point Addition Pipeline (4 Stages)

@Xponent Comparison — Align the smaller exponent with the larger exponent
PMantissa Addition/Subtraction — Perform arithmetic operation on significands
B Normalization — Adjust result to maintain precision

4Rounding & Storing — Round-off and store final result

Example: Arithmetic Pipeline for Multiplication (5 Stages)

(L Fetch Operands — Load numbers from registers/memory
R Partial Product Generation — Compute partial products
EBhift & Add — Perform shifting and addition of partial products



4 Normalization — Adjust the result for precision
fResult Storage — Store the computed value

& Key Point: The pipeline enables overlapping execution, meaning while one instruction is in
the multiplication stage, another can be in the addition stage.

3. Arithmetic Pipeline vs Instruction Pipeline

Feature Arithmetic Pipeline Instruction Pipeline
Purpose Optimizes arithmetic operations Improves CPU instruction execution
Operations|/Addition, multiplication, floating-point Fetch, decode, execute, write-back
Stages Expon.ent alignment, operation, normalization, Fetch, decode, execute, memory, write-
rounding back
Example ||Floating-point ALU, DSP processors RISC and CISC CPUs

4. Applications of Arithmetic Pipelining

Floating-Point Arithmetic Units (FPU) — Used in modern CPUs & GPUs
Digital Signal Processing (DSP) — Used in audio, image, and video processing
Vector Processors — Used in Al, deep learning, and scientific computing
Supercomputers — Used in large-scale mathematical simulations

5. Advantages & Disadvantages of Arithmetic Pipelining

Advantages

v Faster execution of arithmetic operations

v Increased parallelism and efficiency

v Suitable for high-speed mathematical computations

X Disadvantages

X Pipeline stalls due to data dependency

X Complex hardware needed for pipelined arithmetic operations
X Rounding errors in floating-point arithmetic




6. Summary of Arithmetic Pipelining

Feature Description

Purpose Speed up arithmetic operations

Operations ||Floating-point addition, multiplication, etc.

Stages Exponent alighment, operation, normalization, rounding

Applications||[FPUs, GPUs, DSPs, Supercomputers

Instruction Pipeline in Computer Organization

1. Introduction to Instruction Pipeline

An Instruction Pipeline is a technique used in modern processors to improve instruction
execution speed by overlapping multiple stages of instruction processing. Instead of executing
one instruction at a time, multiple instructions are processed simultaneously at different stages.

Increases CPU throughput
Reduces execution time for each instruction
Efficient utilization of CPU resources

2. Stages of an Instruction Pipeline

The instruction execution process is divided into multiple stages. A typical five-stage
instruction pipeline consists of:

@nstruction Fetch (IF)
e The CPU fetches the instruction from memory.
€ Instruction Decode (ID)

e The CPU decodes the instruction to determine the operation and required operands.



B Operand Fetch (OF)
e Therequired operands are fetched from registers or memory.
@ Execution (EX)
e The operation is performed using the ALU (Arithmetic Logic Unit).
6 Write Back (WB)
e Theresultis stored back in registers or memory.
S Key Idea: While one instruction is in the execution stage, another can be in the decode

stage, and yet another can be in the fetch stage, allowing multiple instructions to be processed
simultaneously.

3. Working of an Instruction Pipeline
Without Pipelining (Sequential Execution)

e Each instruction completes all stages before the next one starts.
e If each stage takes 1 clock cycle, executing 4 instructions takes 20 cycles (5 cycles per
instruction).

Instruction 1 ||Instruction 2|/Instruction 3|{Instruction 4

Cycle
1 Fetch
2 Decode

3 Operand Fetch

4 Execute

5 Write Back

6 Fetch

7 Decode

20 Write Back




With Pipelining (Parallel Execution)

e Eachinstruction enters the pipeline one after another in an overlapped manner.
e 4instructions now take only 8 cycles, instead of 20.

Cycle Instruction 1 || Instruction 2 || Instruction 3 || Instruction 4
1 Fetch

2 Decode Fetch

3 Operand Fetch||Decode Fetch

4 Execute Operand Fetch||Decode Fetch

5 Write Back Execute Operand Fetch||Decode

6 Write Back Execute Operand Fetch
7 Write Back Execute

8 Write Back

4. Pipeline Hazards (Problems in Pipelining)
Despite improving performance, instruction pipelining faces hazards that can cause delays.
(L $tructural Hazards

e Occur when multiple instructions require the same hardware resource at the same time.
e Example: Instruction fetch and memory access both require the memory unit.
e Solution: Use separate instruction and data memory units (Harvard Architecture).

@ Data Hazards

e Occur when an instruction depends on the result of a previous instruction.
e Example:

e ADD Rl1, R2, R3 ; Rl = R2 + R3

e SUB R4, R1, R5 ; R4 depends on R1

e Solution: Data Forwarding, Pipeline Stalling.



B Control Hazards

e Occur due to branch instructions (if-else, loops, function calls).
e The pipeline may fetch the wrong instruction due to a branch.
e Solution: Branch Prediction, Delayed Branching.

5. Types of Instruction Pipelines
@ Linear Pipeline

e Each instruction follows a fixed sequence of stages.
e Used in RISC (Reduced Instruction Set Computer) processors.

€ Dynamic Pipeline (Superscalar Execution)

e Multiple instructions are executed in parallel, not just sequentially.

e Used in modern Intel and AMD processors.

6. Instruction Pipelining vs. Arithmetic Pipelining

Feature Instruction Pipeline Arithmetic Pipeline
Purpose ||Speed up instruction execution Speed up arithmetic operations
Operations||Fetch, decode, execute, write-back Addition, multiplication, floating-point
Stages 5 (Ifetch, Decode, Operand Fetch, Execute, [|4-5 (ExPon.ent alignm.ent, operation,

Write Back) normalization, rounding)
Example |RISC CPUs, modern microprocessors Floating-point ALUs, DSPs

7. Applications of Instruction Pipelining

Modern Microprocessors — Intel, AMD, ARM CPUs
RISC Architectures — ARM, MIPS, SPARC
High-Performance Computing — Used in Supercomputers
Embedded Systems — DSPs, Mobile Processors



8. Advantages & Disadvantages of Instruction Pipelining

Advantages

v Increases CPU instruction throughput

v Reduces execution time for programs

v Efficient utilization of processor resources

X Disadvantages

X Pipeline stalls due to hazards (Data, Control, Structural)

X Requires complex CPU design (Branch Prediction, Data Forwarding)
X Performance gain is limited by dependencies between instructions

9. Summary of Instruction Pipelining

Feature Description
Purpose Speed up instruction execution
Stages Fetch, Decode, Operand Fetch, Execute, Write Back
Hazards Structural, Data, Control

Solutions ||Branch Prediction, Data Forwarding, Pipeline Stalls

Applications||CPUs, RISC Processors, Embedded Systems




LAB PROGRAMS

Implement a C program to convert a Hexadecimal, octal, and binary
number to decimal number vice versa.

ttinclude <stdio.h>
#include <stdlib.h>
#include <math.h>

#include <string.h>

// Function to convert Binary to Decimal
int binaryToDecimal(long long binary) {
int decimal =0, base =1, rem;
while (binary > 0) {
rem = binary % 10;
decimal +=rem * base;
base *=2;
binary /= 10;
}

return decimal;

// Function to convert Decimal to Binary
long long decimalToBinary(int decimal) {
long long binary = 0;
int remainder, base = 1;

while (decimal > 0) {



remainder = decimal % 2;
binary += remainder * base;
base *=10;
decimal /= 2;

}

return binary;

// Function to convert Octal to Decimal
int octalToDecimal(int octal) {
int decimal =0, base =1, rem;
while (octal > 0) {
rem = octal % 10;
decimal +=rem * base;
base *=8;
octal /= 10;
}

return decimal;

// Function to convert Decimal to Octal
int decimalToOctal(int decimal) {

int octal =0, base =1, rem;

while (decimal > 0) {

rem = decimal % 8;



octal += rem * base;
base *=10;
decimal /= 8;

}

return octal;

// Function to convert Hexadecimal to Decimal
int hexToDecimal(char hex][]) {

int decimal;

sscanf(hex, "%x", &decimal);

return decimal;

// Function to convert Decimal to Hexadecimal
void decimalToHex(int decimal) {

printf("Hexadecimal: %X\n", decimal);

int main() {
int choice, decimal;
long long binary;
int octal;

char hex[20];



do {
printf("\n===== Number Conversion Menu =====\n");
printf("1. Binary to Decimal\n");
printf("2. Decimal to Binary\n");
printf("3. Octal to Decimal\n");
printf("4. Decimal to Octal\n");
printf("5. Hexadecimal to Decimal\n");
printf("6. Decimal to Hexadecimal\n");
printf("7. Exit\n");
printf("Enter your choice: ");

scanf("%d", &choice);

switch (choice) {
case 1:
printf("Enter Binary number: ");
scanf("%lld", &binary);
printf("Decimal: %d\n", binaryToDecimal(binary));

break;

case 2:
printf("Enter Decimal number: ");
scanf("%d", &decimal);
printf("Binary: %lld\n", decimalToBinary(decimal));

break;



case 3:
printf("Enter Octal number: ");
scanf("%d", &octal);
printf("Decimal: %d\n", octalToDecimal(octal));

break;

case 4:
printf("Enter Decimal number: ");
scanf("%d", &decimal);
printf("Octal: %d\n", decimalToOctal(decimal));

break;

case 5:
printf("Enter Hexadecimal number: ");
scanf("%s", hex);
printf("Decimal: %d\n", hexToDecimal(hex));

break;

case 6:
printf("Enter Decimal number: ");
scanf("%d", &decimal);
decimalToHex(decimal);

break;

case 7:



}

printf("Exiting program...\n");

break;

default:

printf("Invalid choice! Please try again.\n");

}

} while (choice I=7);

return O;

Output :-

6.

7.

. Binary to Decimal
. Decimal to Binary
. Octal to Decimal
. Decimal to Octal

. Hexadecimal to Decimal

Decimal to Hexadecimal

Exit

Enter your choice: 1

Enter Binary number: 1011

Decimal: 11



Implement a C program to perform Binary Addition & Subtraction

#include <stdio.h>
#include <math.h>

#include <string.h>

// Function to convert Binary to Decimal
int binaryToDecimal(long long binary) {
int decimal =0, base =1, rem;
while (binary > 0) {
rem = binary % 10;
decimal +=rem * base;
base *=2;
binary /= 10;
}

return decimal;

// Function to convert Decimal to Binary
long long decimalToBinary(int decimal) {
long long binary = 0;
int remainder, base = 1;
while (decimal > 0) {
remainder = decimal % 2;
binary += remainder * base;

base *=10;



decimal /= 2;

}

return binary;

// Function to perform Binary Addition

long long binaryAddition(long long bin1, long long bin2) {
int decimall = binaryToDecimal(bin1);
int decimal2 = binaryToDecimal(bin2);
int sum = decimall + decimal2;

return decimalToBinary(sum);

// Function to perform Binary Subtraction
long long binarySubtraction(long long bin1, long long bin2) {
int decimall = binaryToDecimal(bin1);
int decimal2 = binaryToDecimal(bin2);
int difference = decimall - decimal2;
if (difference < 0) {
printf("Subtraction results in a negative binary number.\n");
return -1;

}

return decimalToBinary(difference);



int main() {
long long bin1, bin2;

int choice;

do{
printf("\n===== Binary Operations Menu =====\n"});
printf("1. Binary Addition\n");
printf("2. Binary Subtraction\n");
printf("3. Exit\n");
printf("Enter your choice: ");

scanf("%d", &choice);

if (choice ==1 || choice == 2) {
printf("Enter first binary number: ");
scanf("%lld", &binl);
printf("Enter second binary number: ");

scanf("%lld", &bin2);

switch (choice) {
case 1:
printf("Binary Sum: %lld\n", binaryAddition(bin1, bin2));

break;

case 2: {



long long result = binarySubtraction(binl, bin2);
if (result !=-1)
printf("Binary Difference: %lld\n", result);

break;

case 3:

printf("Exiting program...\n");

break;
default:
printf("Invalid choice! Please try again.\n");
}
} while (choice !=3);
return 0;
}
Output :-

===== Binary Operations Menu =====
1. Binary Addition

2. Binary Subtraction

3. Exit

Enter your choice: 1

Enter first binary number: 1101

Enter second binary number: 1011
Binary Sum: 11000

===== Binary Operations Menu =====
1. Binary Addition

2. Binary Subtraction

3. Exit

Enter your choice: 2

Enter first binary number: 1101

Enter second binary number: 1011
Binary Difference: 10



Implement a C program to perform Multiplication of two binary

numbers

#include <stdio.h>

#include <math.h>

// Function to convert Binary to Decimal
int binaryToDecimal(long long binary) {
int decimal =0, base =1, rem;
while (binary > 0) {
rem = binary % 10;
decimal +=rem * base;
base *=2;
binary /= 10;
}

return decimal;

// Function to convert Decimal to Binary
long long decimalToBinary(int decimal) {
long long binary = 0;
int remainder, base = 1;
while (decimal > 0) {
remainder = decimal % 2;
binary += remainder * base;

base *=10;



decimal /= 2;

}

return binary;

// Function to perform Binary Multiplication

long long binaryMultiplication(long long bin1, long long bin2) {
int decimall = binaryToDecimal(bin1);
int decimal2 = binaryToDecimal(bin2);
int product = decimall * decimal2;

return decimalToBinary(product);

int main() {

long long binl, bin2;

printf("Enter first binary number: ");
scanf("%lld", &bin1);

printf("Enter second binary number: ");
scanf("%lld", &bin2);

printf("Binary Product: %lld\n", binaryMultiplication(bin1, bin2));

return O;
}
Output :-
Enter first binary number: 110
Enter second binary number: 101
Binary Product: 11110



Implement arithmetic micro-operations using logic gates.

#include <stdio.h>

// Logic gate functions

int AND(int a, int b) {return a & b; }
int OR(int a, int b) {returna | b; }
int XOR(int a, int b) { return a * b; }

int NOT(int a) { return !a; }

// Half Adder (1-bit binary addition)
void halfAdder(int a, int b, int *sum, int *carry) {
*sum = XOR(a, b);

*carry = AND(a, b);

// Full Adder (Binary Addition using Half Adders)

void fullAdder(int a, int b, int cin, int *sum, int *carry) {
intsl,cl,c2;
halfAdder(a, b, &s1, &c1);
halfAdder(s1, cin, sum, &c2);

*carry = OR(c1, c2);

// 2’s Complement Subtraction using Adders

void binarySubtraction(int a, int b, int cin, int *diff, int *borrow) {



*diff = XOR(XOR(a, b), cin);

*borrow = OR(AND(NOT(a), b), AND(XOR(a, b), cin));

int main() {

}

int a, b, sum, carry, diff, borrow;

printf("Enter first binary digit (0 or 1): ");
scanf("%d", &a);

printf("Enter second binary digit (0 or 1): ");
scanf("%d", &b);

// Performing Binary Addition

fullAdder(a, b, 0, &sum, &carry);
printf("\nBinary Addition:\n");
printf("Sum: %d, Carry: %d\n", sum, carry);

// Performing Binary Subtraction using 2’s complement
binarySubtraction(a, b, 0, &diff, &borrow);
printf("\nBinary Subtraction:\n");

printf("Difference: %d, Borrow: %d\n", diff, borrow);

return O;

Output :-
Enter first binary digit (O or 1): 1
Enter second binary digit (O or 1): 0

Binary Addition:
Sum: 1, Carry: 0

Binary Subtraction:

Difference: 1, Borrow: 0



Implement logic and shift micro-operations using logic gates.
#include <stdio.h>

// Logic Operations using bitwise operators
int AND(int a, int b) { return a & b; }

int OR(int a, int b) {returna | b; }

int XOR(int a, int b) { return a * b; }

int NOT(int a) { return ~a; }

// Shift Operations

int logicalLeftShift(int num, int shift) { return num << shift; }

int logicalRightShift(int num, int shift) { return (unsigned int) num >> shift; }
int arithmeticRightShift(int num, int shift) { return num >> shift; }

// Circular Shift Left
int circularLeftShift(int num, int shift, int bits) {

return ((num << shift) | (num >> (bits - shift))) & ((1 << bits) - 1);
}

// Circular Shift Right
int circularRightShift(int num, int shift, int bits) {
return ((num >> shift) | (num << (bits - shift))) & ((1 << bits) - 1);

int main() {
int num1, numz2, shift, bits, choice;

printf("Enter first binary number (in decimal format): ");
scanf("%d", &num1);

printf("Enter second binary number (in decimal format): ");
scanf("%d", &num?2);

printf("\n===== Logic Micro-Operations =====\n");
printf("AND Operation: %d\n", AND(num1, num2));
printf("OR Operation: %d\n", OR(num1, num2));
printf("XOR Operation: %d\n", XOR(num1, num?2));
printf("NOT Operation on first number: %d\n", NOT(num1));

printf("\n===== Shift Micro-Operations =====\n");
printf("Enter shift amount: ");



scanf("%d", &shift);

printf("Logical Left Shift: %d\n", logicalLeftShift(num1, shift));
printf("Logical Right Shift: %d\n", logicalRightShift(num1, shift));
printf("Arithmetic Right Shift: %d\n", arithmeticRightShift(num1, shift));

printf("\n===== Circular Shift Micro-Operations =====\n");
printf("Enter number of bits in the number: ");

scanf("%d", &bits);

printf("Circular Left Shift: %d\n", circularLeftShift(num1, shift, bits));
printf("Circular Right Shift: %d\n", circularRightShift(num1, shift, bits));

return 0;
}
Output :-
Enter first binary number (in decimal format): 6
Enter second binary number (in decimal format): 3

===== Logic Micro-Operations =====
AND Operation: 2

OR Operation: 7

XOR Operation: 5

NOT Operation on first number: -7

===== Shift Micro-Operations =====
Enter shift amount: 1

Logical Left Shift: 12

Logical Right Shift: 3

Arithmetic Right Shift: 3

===== Circular Shift Micro-Operations =====
Enter number of bits in the number: 4
Circular Left Shift: 13

Circular Right Shift: 9



Implement a C program to perform Multiplication of two binary
numbers (signed) using Booth’s Algorithms.

#include <stdio.h>
ttinclude <stdlib.h>

// Function to convert decimal to binary
void decimalToBinary(int num, int *bin, int bits) {
for (inti = bits-1;i>=0;i--) {
bin[i] =num & 1;
num >>=1;

// Function to convert binary to decimal
int binaryToDecimal(int *bin, int bits) {
int num =0, power =1;
for (inti =bits-1;i>=0;i--) {
num += bin[i] * power;
power *=2;
}

return num;

// Function to perform Booth's multiplication
void boothsMultiplication(int M, int Q, int bits) {
int A[bits], Q_bin[bits], M_bin[bits], Q_1=0;

// Convert numbers to binary
decimalToBinary(M, M_bin, bits);
decimalToBinary(Q, Q_bin, bits);

// Initialize Accumulator (A) to 0
for (inti=0; i< bits; i++) A[i] = 0;

printf("\nStep | A | Q | Q-1 | Operation\n");
printf(" \n");

for (int step = 0; step < bits; step++) {
// Step 1: Check Q0 and Q-1



if (Q_bin[bits-1]==1 && Q_1==0) {// 10 condition
// A =A-M (Subtract M from A)
int borrow =0;
for (inti=bits-1;i>=0;i--) {
int diff = A[i] - M_bin[i] - borrow;
if (diff <0) {
Alil=1;
borrow = 1;
}else {
Ali] = diff;
borrow = 0;

}
}else if (Q_bin[bits - 1] == 0 && Q_1 ==1) {// 01 condition
//A=A+M(Add Mto A)
int carry = 0;
for (inti=bits-1;i>=0;i--) {
int sum = A[i] + M_bin[i] + carry;
Ali] =sum % 2;
carry=sum/ 2;

}

// Print the current step

printf("%4d | ", step + 1);

for (inti=0; i < bits; i++) printf("%d", A[i]);
printf(" | ");

for (inti=0; i< bits; i++) printf("%d", Q_bin[i]);
printf(" | %d | ", Q_1);

printf("Shift Right\n");

// Step 2: Perform Arithmetic Right Shift (ARS)
Q_1=Q_bin[bits - 1];

for (inti = bits - 1; i > 0; i--) Q_bin[i] = Q_bin[i - 1];
Q_bin[0] = A[bits - 1]; // Shift A's LSB to Q's MSB

for (inti=bits-1;i>0;i--) Ali] =A[i - 1];

A[0] = A[1]; // Maintain sign bit

// Print Final Result
printf(" \n");




printf("\nFinal Product in Binary: ");
for (inti=0; i < bits; i++) printf("%d", A[i]);
for (inti = 0; i < bits; i++) printf("%d", Q_bin[i]);

int result = binaryToDecimal(A, bits) * (1 << bits) + binaryToDecimal(Q_bin, bits);
printf("\nFinal Product in Decimal: %d\n", result);

int main() {
int M, Q, bits;

printf("Enter the number of bits: ");
scanf("%d", &bits);

printf("Enter Multiplicand (M): ");
scanf("%d", &M);

printf("Enter Multiplier (Q): ");
scanf("%d", &Q);

boothsMultiplication(M, Q, bits);

return O;
}
Output :-
Enter the number of bits: 4
Enter Multiplicand (M): -3
Enter Multiplier (Q): 2

Step| A | Q |Q-1| Operation

10001 | 1101 | O | Shift Right
210000 | 1110 | 1 | Shift Right
31111 | 0111 | O | Shift Right
41111 ] 1011 | 1 | Shift Right

Final Product in Binary: 11111010
Final Product in Decimal: -6



Implement a C program to perform division of two binary numbers
(Unsigned) using restoring division algorithm.

#include <stdio.h>

// Function to convert decimal to binary
void decimalToBinary(int num, int *bin, int bits) {
for (inti =bits-1;i>=0;i--) {
bin[i] = num & 1;

num >>=1;

// Function to convert binary to decimal
int binaryToDecimal(int *bin, int bits) {
int num =0, power =1;
for (inti =bits-1;i>=0;i--) {
num += bin[i] * power;
power *=2;
}

return num;

// Function to perform Restoring Division
void restoringDivision(int dividend, int divisor, int bits) {

int A[bits], Q[bits], M[bits];



// Convert numbers to binary
decimalToBinary(dividend, Q, bits);

decimalToBinary(divisor, M, bits);

// Initialize Accumulator (A) to O

for (inti = 0; i < bits; i++) A[i] = 0;

printf("\nStep | A | Q | Operation\n");

printf(" \n");

for (int step = 0; step < bits; step++) {
// Left Shift (A, Q)
for (inti=0; i< bits - 1; i++) {
Ali]=A[i +1];
Q[i] = Qli + 1];
}
Albits - 1] = Q[0]; // LSB of Q moves to A

QJbits - 1] = 0; // New LSB of Q set to 0

// Subtract M from A

int borrow = 0;

for (inti = bits - 1; i >=0; i--) {
int diff = A[i] - M[i] - borrow;

if (diff < 0) {



Alil=1;

borrow = 1;
}else{

A[i] = diff;

borrow = 0;

// Print Intermediate Step

printf("%4d | ", step + 1);

for (inti = 0; i < bits; i++) printf("%d", A[i]);
printf(" | ");

for (inti = 0; i < bits; i++) printf("%d", Q[i]);

printf(" | ");

// Check if A is negative
if (A[0] == 1) {
// Restore A (Add M back)
int carry = 0;
for (inti=bits-1;i>=0;i--) {
int sum = A[i] + M[i] + carry;
Afi] =sum % 2;
carry =sum / 2;
}

printf("Restore A\n");



Q[bits - 1] =0; // Set Q0 =0
}else {
printf("Keep A\n");

Q[bits-1]=1;//SetQ0=1

// Print Final Results

printf(" \n");
printf("\nFinal Quotient in Binary: ");

for (inti = 0; i < bits; i++) printf("%d", Q[i]);

printf("\nFinal Remainder in Binary: ");

for (inti = 0; i < bits; i++) printf("%d", A[i]);

int quotient = binaryToDecimal(Q, bits);

int remainder = binaryToDecimal(A, bits);

printf("\nFinal Quotient in Decimal: %d", quotient);

printf("\nFinal Remainder in Decimal: %d\n", remainder);

int main() {

int dividend, divisor, bits;



printf("Enter the number of bits: ");

scanf("%d", &bits);

printf("Enter Dividend: ");
scanf("%d", &dividend);

printf("Enter Divisor: ");
scanf("%d", &divisor);

if (divisor ==0) {
printf("Error! Division by zero is not allowed.\n");
return 1;

restoringDivision(dividend, divisor, bits);

return O;
}
Output :-
Enter the number of bits: 4
Enter Dividend: 13
Enter Divisor: 3

Step| A | Q | Operation

1| 1101 | 0010 | Restore A
2| 1010 | 0100 | Restore A
310001 | 0110 | Keep A
410010 | 0111 | Keep A

Final Quotient in Binary: 0111
Final Remainder in Binary: 0010
Final Quotient in Decimal: 7
Final Remainder in Decimal: 2



Implement a C program to perform division of two binary numbers

(Unsigned) using non- restoring division algorithm.
#include <stdio.h>

// Function to convert decimal to binary
void decimalToBinary(int num, int *bin, int bits) {
for (inti=bits-1;i>=0;i--){
bin[i] = num & 1;
num >>=1;

// Function to convert binary to decimal
int binaryToDecimal(int *bin, int bits) {
int num =0, power =1;
for (inti = bits-1;i>=0;i--) {
num += bin[i] * power;
power *= 2;
}

return num;

// Function to perform Non-Restoring Division
void nonRestoringDivision(int dividend, int divisor, int bits) {
int A[bits], Q[bits], M[bits];

// Convert numbers to binary
decimalToBinary(dividend, Q, bits);
decimalToBinary(divisor, M, bits);

// Initialize Accumulator (A) to 0
for (inti =0; i < bits; i++) A[i] = 0;

printf("\nStep| A | Q | Operation\n");
printf(" \n");

for (int step = 0; step < bits; step++) {
// Shift Left (A, Q)
for (inti=0; i< bits - 1; i++) {
Ali] = Afi + 1];



Q[i] = Q[i + 1];
}
Albits - 1] = Q[0]; // LSB of Q moves to A
QJbits - 1] = 0; // New LSB of Q set to 0

// If A is positive or zero, subtract M
if (A[0] == 0) {
int borrow = 0;
for (inti=bits-1;i>=0;i--) {
int diff = A[i] - M[i] - borrow;
if (diff <0) {
Alil=1;
borrow = 1;
}else {
A[i] = diff;
borrow = 0;

}
Q[bits-1]=1; //SetQ0 =1
printf("%4d | ", step + 1);
for (inti=0; i< bits; i++) printf("%d", A[i]);
printf(" [ ");
for (inti = 0; i< bits; i++) printf("%d", Q[i]);
printf(" | Subtract M\n");
}else {// If Ais negative, add M back (but keep QO = 0)
int carry =0;
for (inti=bits-1;i>=0;i-){
int sum = A[i] + M[i] + carry;
Ali] =sum % 2;
carry =sum/ 2;
}
Q[bits-1]=0; // Set Q0 =0
printf("%4d | ", step + 1);
for (inti=0; i< bits; i++) printf("%d", A[i]);
printf(" [ ");
for (inti = 0; i< bits; i++) printf("%d", Q[i]);
printf(" | Add M\n");

// If Ais negative at the end, restore by adding M
if (A[0] == 1) {



int carry =0;

for (inti = bits - 1; i >=0; i--) {
int sum = A[i] + M[i] + carry;
Afi] =sum % 2;
carry =sum / 2;

1

printf("Final Restore A\n");

// Print Final Results

printf(" \n");
printf("\nFinal Quotient in Binary: ");

for (inti=0; i < bits; i++) printf("%d", Q[i]);

printf("\nFinal Remainder in Binary: ");
for (int i =0; i < bits; i++) printf("%d", A[{]);

int quotient = binaryToDecimal(Q, bits);
int remainder = binaryToDecimal(A, bits);

printf("\nFinal Quotient in Decimal: %d", quotient);
printf("\nFinal Remainder in Decimal: %d\n", remainder);
int main() {

int dividend, divisor, bits;

printf("Enter the number of bits: ");
scanf("%d", &bits);

printf("Enter Dividend: ");
scanf("%d", &dividend);

printf("Enter Divisor: ");
scanf("%d", &divisor);

if (divisor ==0) {

printf("Error! Division by zero is not allowed.\n");
return 1;

nonRestoringDivision(dividend, divisor, bits);



return 0;

}

Output :-

Enter the number of bits: 4
Enter Dividend: 13

Enter Divisor: 3

Step| A | Q | Operation

11101 | 0010 | Add M
2 | 1010 | 0100 | Add M
310001 | 0110 | Subtract M
4| 0010 | 0111 | Subtract M

Final Restore A

Final Quotient in Binary: 0111
Final Remainder in Binary: 0010
Final Quotient in Decimal: 7
Final Remainder in Decimal: 2



Write assembly language code for A+B*(C-D) using various

instruction formats in MASMor any open-source assembler.
.MODEL SMALL
STACK 100H
DATA
ADWS5 ;DefineA=5
BDW 3 ;DefineB=3
CDW 8 ;DefineC=8
DDW?2 ;DefineD=2
RESULT DW ? ; To store the final result

.CODE

MAIN PROC
MOV AX, @DATA ; Load data segment
MOV DS, AX

;Stepl1: C-D
MOV AX, C ; Load Cinto AX
SUBAX,D ;AX=C-D

; Step2: B *(C-D)
MOV BX,B ; Load B into BX
IMUL BX ; AX=AX * BX (i.e., B *(C-D))

; Step3:A+B *(C-D)
ADDAX,A ;AX=A+AX(i.e., A+B*(C-D))

; Store the result
MOV RESULT, AX

; Exit program
MOV AH, 4CH
INT 21H

MAIN ENDP
END MAIN



Calculation:

mathematica

C-D=8-2=56

B* (C-D) =3*6 =18
A+B* (C-D) =5+ 18 = 23

Output (Stored in RESULT):
ini
RESULT = 23

< Running the Program

1. Install MASM (or use EMU8086 for 16-bit).
Save code as equation.asm.
3. Assemble & Link:

N

arduino
masm equation.asm

link equation.obj
equation.exe

4. Run and check RESULT in memory.



Write assembly language code for A+B*C using various addressing

modes in MASM or any open-source assembler.
.MODEL SMALL
.STACK 100H
.DATA
ADWS5 ; A=5(Stored in memory)
BDW 3 ;B=3(Stored in memory)
CDW 4 ;C=4(Stored in memory)
RESULT DW ? ; To store the final result

.CODE
MAIN PROC

MOV AX, @DATA ; Load data segment
MOV DS, AX

; Step 1: Load B into BX (Direct Addressing)
MOV BX, B

; Step 2: Load C into AX (Direct Addressing)
MOV AX, C

; Step 3: Multiply B * C (Register Addressing)
IMUL BX ; AX=BX * AX (AX=B * ()

; Step 4: Add A to result (Memory Direct Addressing)
ADD AX,A ;AX=AX+A(i.,e, A+B*(C)

; Store the result in memory
MOV RESULT, AX

; Exit program
MOV AH, 4CH
INT 21H

MAIN ENDP
END MAIN



Output :-
Example Execution

Given:
ini

Calculation:

mathematica

B*C=3%*4 =12

A+ (B*C) =5+ 12 =17

Output (Stored in RESULT):
ini

RESULT = 17

< How to Compile and Run (MASM)

1. Install MASM (Microsoft Assembler) or use EMU8086.
Save the file as expression.asm.
3. Assemble and Link:

N

arduino

CopyEdit

masm expression.asm
link expression.obj
expression.exe

4. Run and check RESULT in memory.



VIVA QUESTIONS

Here are Unit-wise Viva Questions and Answers for Computer Organization:

UNIT - I: Register Transfer Language and Micro Operations
1. What is Register Transfer Language (RTL)?

Ans: RTL is a symbolic notation used to describe data transfer operations between registers in a
digital system.

2. What is a Register?

Ans: A register is a small, fast storage unit within a CPU used to store temporary data and
instructions.

3. What is Register Transfer?

Ans: Register transfer refers to the movement of data between registers using control signals.

4. What is Bus and Memory Transfer?

Ans: A bus is a communication pathway that allows data transfer between registers and memory.
5. What are Arithmetic Micro-Operations?

Ans: These are operations like addition, subtraction, increment, decrement, and shift
performed on binary data in registers.

6. What are Logic Micro-Operations?

Ans: These operations perform bitwise logical operations like AND, OR, XOR, and NOT on
data in registers.

7. What are Shift Micro-Operations?

Ans: These operations shift the bits in a register left or right, such as logical shift, arithmetic
shift, and circular shift.

8. What is an Arithmetic Logic Shift Unit (ALU)?

Ans: An ALU is a digital circuit that performs arithmetic, logic, and shift operations in a
processor.



9. What are Instruction Codes?
Ans: An instruction code is a binary representation of a command that the CPU executes.
10. What is an Instruction Cycle?

Ans: The cycle in which the CPU fetches, decodes, executes, and stores instructions.

UNIT - II: CPU and Microprogrammed Control

11. What are Instruction Formats?

Ans: Instruction formats define the structure of an instruction, including the opcode and operand
fields.

12. What are Addressing Modes?

Ans: Addressing modes define how operands are accessed in memory or registers (e.g.,
immediate, direct, indirect, indexed).

13. What is Control Memory?
Ans: Control memory stores the microprogram that dictates how instructions are executed.

14. What is Hardwired Control?

Ans: Hardwired control uses fixed logic circuits to execute instructions, making it fast but
inflexible.

15. What is Microprogrammed Control?

Ans: Microprogrammed control stores control signals as microinstructions in memory, allowing
flexibility in instruction execution.

16. What is Address Sequencing?
Ans: Address sequencing determines the next microinstruction address based on control logic.

17. Whatis a CPU?

Ans: The Central Processing Unit (CPU) is the core component of a computer responsible for
executing instructions.



18. What are Register-Reference Instructions?

Ans: Instructions that operate directly on registers without accessing memory.
19. What are Memory-Reference Instructions?

Ans: Instructions that access memory to fetch operands or store results.

20. What are Input-Output and Interrupt Instructions?

Ans: 1/O instructions handle external device communication, while interrupts stop current
execution to handle higher-priority tasks.

UNIT - III: Memory Organization
21. What is the Memory Hierarchy?

Ans: The arrangement of memory types in a system, including registers, cache, main memory,
and secondary storage.

22. What is Main Memory?

Ans: The primary volatile storage (RAM) used for program execution.

23. What is Auxiliary Memory?

Ans: Non-volatile storage like HDDs, SSDs, and optical discs for long-term data storage.
24. What is Associative Memory?

Ans: A type of memory that allows data retrieval based on content rather than an address.
25. What is Cache Memory?

Ans: A high-speed memory that stores frequently accessed data to speed up processing.

26. What are Cache Mapping Techniques?

Ans: Techniques like Direct Mapping, Associative Mapping, and Set-Associative Mapping
used to place data in cache.



27.What is Virtual Memory?

Ans: A technique that extends RAM using disk space, allowing large programs to run on limited
memory.

28. What is Memory Interleaving?

Ans: A technique that increases memory access speed by allowing parallel access to multiple
memory modules.

UNIT - IV: Input-Output Organization
29. What are Peripheral Devices?

Ans: External devices like keyboards, printers, and hard drives that communicate with the
CPU.

30. What is an Input-Output Interface?

Ans: A communication link between the CPU and peripheral devices.

31. What is Asynchronous Data Transfer?

Ans: A transfer method that does not require synchronized clocks between sender and receiver.
32. What are the Different Modes of Data Transfer?

Ans:

e Programmed I/O — CPU directly controls I/O.
e Interrupt-Driven I/O — CPU gets notified via interrupts.
e Direct Memory Access (DMA) — Data transfers without CPU involvement.

33. What is Programmed 1/07?

Ans: A method where the CPU actively manages 1/0 operations.

34. What is Interrupt-Driven [/0?

Ans: The CPU is interrupted when an 1/0 device is ready for communication.



35. What is Direct Memory Access (DMA)?

Ans: A technique that allows data transfer between memory and 1/0 devices without CPU
intervention.

36. What is a Priority Interrupt?
Ans: A mechanism that prioritizes multiple interrupt requests.

37. What is an Input-Output Processor (I0P)?

Ans: A specialized processor that manages 1/0 tasks separately from the CPU.

UNIT - V: Computer Arithmetic and Parallel Processing
(A) Computer Arithmetic

38. What is Data Representation in Computers?

Ans: The format used to store and process numbers in binary.

39. What is Fixed-Point Representation?

Ans: A method of representing integers in binary format.

40. What is Floating-Point Representation?

Ans: A method of representing real numbers using sign, exponent, and mantissa.
41. How is Addition and Subtraction Performed in Binary?

Ans: Using two's complement representation for signed numbers.

42. What is Booth’s Algorithm?

Ans: A multiplication algorithm that optimizes signed binary multiplication.
43. What is the Restoring Division Algorithm?

Ans: A division method that restores partial remainders if necessary.



44. What is the Non-Restoring Division Algorithm?

Ans: A division method that does not restore remainders, making it faster.

(B) Parallel Processing
45. What is Parallel Processing?

Ans: The simultaneous execution of multiple instructions to improve performance.

46. What is Pipelining?

Ans: A technique that breaks instruction execution into stages for efficiency.

47.What is an Arithmetic Pipeline?

Ans: A pipeline used for executing arithmetic operations like addition and multiplication.
48. What is an Instruction Pipeline?

Ans: A pipeline that processes instructions in multiple stages like fetch, decode, execute.
49. What are Hazards in Pipelining?

Ans: Hazards are problems that reduce pipeline efficiency, such as data hazards, control
hazards, and structural hazards.

50. What is Multi-Core Processing?

Ans: A technique where multiple processors (cores) execute tasks simultaneously.



IMPORTANT QUESTION

Here are 5-mark and 10-mark questions unit-wise for Computer Organization:

UNIT - I: Register Transfer Language and Micro Operations
5-Mark Questions

Define Register Transfer Language (RTL) with an example.

What are computer registers? Explain their types.

Explain bus and memory transfers in a computer system.

What are arithmetic micro-operations? Give examples.

Explain the types of shift micro-operations.

What is an arithmetic logic shift unit (ALU)?

What are instruction codes? Give examples.

Explain the different types of computer instructions.

What are memory-reference instructions? Explain with examples.
10 Explain input-output and interrupt instructions.
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10-Mark Questions

Explain register transfer and bus organization in detail with a block diagram.

Discuss various types of micro-operations with examples.

Explain arithmetic, logic, and shift micro-operations with suitable diagrams.

Describe the instruction cycle in detail with a flowchart.

What are different types of instructions? Explain register-reference and memory-reference
instructions.

ok wnN e

UNIT - II: CPU and Microprogrammed Control
5-Mark Questions

What are instruction formats? Explain with examples.

What are addressing modes? Explain any three with examples.

Explain control memory and its working.

Compare Hardwired control and Microprogrammed control.

What is address sequencing? Explain its role in microprogrammed control.
Explain the design of a control unit.

Differentiate between RISC and CISC architectures.

Explain different types of CPU organizations.

What is an accumulator? Explain its role in CPU operations.

10 Discuss the advantages and disadvantages of microprogrammed control.

©CENDU AWM



10-Mark Questions

ok wnN R

Explain instruction formats and different types of addressing modes with examples.
Discuss the design and working of a microprogrammed control unit.

Explain the architecture of a CPU with the help of a block diagram.

Explain different types of addressing modes with suitable examples.

Compare hardwired control and microprogrammed control in detail.

UNIT - III: Memory Organization
5-Mark Questions
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Explain the memory hierarchy in a computer system.

What is main memory? Explain its types.

What is cache memory? Explain cache mapping techniques.
Define associative memory and explain its working.

What is virtual memory? Explain its advantages.

Explain the working of auxiliary memory.

What is cache coherence? Explain its importance.
Differentiate between static RAM and dynamic RAM.
What is memory interleaving? Explain its advantages.

10 Explain the role of memory management in a computer system.

10-Mark Questions

ok wnN R

Explain memory hierarchy in detail with a block diagram.

Discuss cache memory and different cache mapping techniques.

Explain virtual memory and its implementation in a computer system.

Compare associative memory, cache memory, and main memory.

Describe different types of semiconductor memory with advantages and disadvantages.

UNIT - IV: Input-Output Organization
5-Mark Questions

©CONDU AWM

What are peripheral devices? Explain with examples.

Define input-output interface and explain its working.

Explain asynchronous data transfer in a computer system.

What is programmed |I/O? Explain its advantages and disadvantages.
Define priority interrupt and explain its working.

What is Direct Memory Access (DMA)? Explain with a block diagram.
What is an Input-Output Processor (IOP)? Explain its importance.
Differentiate between programmed I/O and interrupt-driven I/0.
What are the different modes of data transfer? Explain briefly.

10 What are interrupt service routines? Explain with an example.



10-Mark Questions

Explain different modes of data transfer with a block diagram.
Describe Direct Memory Access (DMA) and its advantages.

Explain the priority interrupt mechanism with an example.

Discuss different types of input-output interfaces and their working.
What is an 1/0 Processor (IOP)? Explain its structure and working.
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UNIT - V: Computer Arithmetic and Parallel Processing
5-Mark Questions

Explain data representation in computers.

What is fixed-point representation? Explain with examples.

What is floating-point representation? Explain with an example.
Explain binary addition and subtraction.

What is Booth’s Algorithm? Explain its significance.

Explain the restoring division algorithm with an example.

Explain the non-restoring division algorithm with an example.
What is pipelining? Explain its advantages.

Differentiate between arithmetic and instruction pipelines.

10 What are hazards in pipelining? Explain different types of hazards.
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10-Mark Questions

Explain different types of data representation in computers.

Explain Booth’s Algorithm for signed binary multiplication with an example.
Discuss the restoring and non-restoring division algorithms with examples.
What is pipelining? Explain different types of pipelining in detail.

Explain parallel processing and its applications in modern computers.
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