UNIT I

** Register transfer

Register transfer refers to the process of transferring data between registers within a digital
computer or between different digital devices. In digital systems, a register is a small unit of
storage typically made up of flip-flops, capable of holding binary data.

Register transfer operations involve moving data from one register to another, performing
operations on the data, or storing data in memory.

In a register transfer operation, the data is transferred from a source register to a destination
register based on control signals. These control signals dictate the operation to be performed,
such as addition, subtraction, logical operations, or data movement.

Register transfer is a fundamental concept in digital logic design and plays a crucial role in the
design and implementation of processors, microcontrollers, and other digital systems. It forms
the basis for the execution of instructions in a CPU and is essential for data processing and
manipulation in digital systems.

¢ Register Transfer Language (RTL)
Register Transfer Language (RTL) is a type of hardware description language used in digital
circuit design. It describes the flow of data between registers, logic gates, and other digital
components within a digital system. RTL is primarily used in the design and simulation of
digital circuits, especially in the context of hardware description languages.

¢ Inter-register transfer
Inter-register transfer refers to the movement of data between different registers within a digital
system. Registers are storage elements within a digital circuit that hold binary data. Inter-
register transfers are often controlled by clock signals and involve operations such as loading
data from one register into another, shifting data between registers, or performing arithmetic
or logical operations on data stored in registers.

% Control functions
Control functions in the context of digital circuits refer to the logic that determines when and
how data transfers and operations occur within the system. Control functions are often
implemented using finite state machines or control units that interpret control signals and
generate control signals to coordinate the operation of various components within the system.



% Bus transfer
Bus transfer involves the movement of data between different components of a digital system
using a shared communication pathway called a bus. Buses typically consist of multiple parallel
lines that carry address, data, and control signals between components such as the CPU,
memory, and 1/O devices. Bus transfers are often controlled by bus protocols that define the
timing, sequencing, and signaling standards for communication between components.

% Memory transfer
Memory transfer specifically refers to the movement of data between registers and memory
within a digital system. Memory transfers are essential for tasks such as loading data from
memory into registers for processing, storing the results of computations back into memory, or
transferring data between different locations in memory.

% Micro operations and Arithmetic Logic Unit (ALU)
Micro operations and Arithmetic Logic Unit (ALU) are both fundamental components of a
computer's central processing unit (CPU) responsible for executing instructions and performing
arithmetic/logic operations.

Micro Operations:

Micro operations are basic operations that can be performed on data stored in registers or
memory.

They represent low-level operations such as data transfer, arithmetic operations (addition,
subtraction, multiplication, division), logic operations (AND, OR, NOT, XOR), shifting, and
rotating.

Micro operations are the building blocks of higher-level instructions executed by the CPU.

«» Examples of micro operations include:
Transfer: Move data from one register to another.

Arithmetic: Perform arithmetic operations like addition, subtraction, multiplication, and
division.

Logic: Perform logical operations like AND, OR, NOT, and XOR.

Shift: Shift the bits of a binary number left or right.

Rotate: Rotate the bits of a binary number left or right.



Arithmetic Logic Unit (ALU)

The ALU is a digital circuit within the CPU that performs arithmetic and logic operations on
binary numbers.

It takes two binary numbers as input and produces a result based on the operation specified by
the control unit.

The ALU performs arithmetic operations such as addition, subtraction, multiplication, and
division.
It also performs logical operations such as AND, OR, NOT, and XOR.

The ALU typically operates on fixed-size binary numbers, with the size determined by the CPU
architecture (e.g., 8-bit, 16-bit, 32-bit, 64-bit).

The ALU may have additional functionality, such as supporting floating-point arithmetic or
handling special instructions.

In summary, micro operations are the elementary operations performed by the CPU, while the
ALU is the component responsible for executing arithmetic and logic operations as part of
these micro operations. Together, they form the backbone of a CPU's ability to execute
instructions and process data.

+» Types of micro operations
1. Arithmetic Micro Operations:

Binary Adder: A binary adder is a digital circuit that performs the addition of two binary
numbers. The simplest form is the half adder, which adds two single binary digits and produces
a sum and a carry. A full adder extends this concept to add three binary digits: two inputs and
a carry from a previous addition. This forms the basis of adding larger binary numbers.

Binary Subtractor: Similar to the adder, a binary subtractor is a digital circuit that performs
the subtraction of two binary numbers. This involves borrowing from higher bits, similar to
manual subtraction in decimal arithmetic. A full subtractor is used for subtracting three binary
digits, including borrow from the previous subtraction.

Incrementer: An incrementer is a circuit that adds 1 to the input value. It's often used in
arithmetic operations or for counting purposes.

4-bit Arithmetic Circuit: A 4-bit arithmetic circuit is a combination of various arithmetic
operations (such as addition, subtraction, and incrementation) implemented using digital logic
gates to operate on 4-bit binary numbers.



2. Logic Micro Operations:

One Stage of Logic Circuit Applications: This typically involves designing a logic circuit using
basic logic gates such as AND, OR, NOT, NAND, NOR, XOR, etc. These circuits are used for
various applications including data processing, signal processing, and control in digital
systems.

3. Shift Micro Operations:

4-bit Combinational Circuit Shifter: A 4-bit combinational circuit shifter is a circuit that
performs shifting operations on a 4-bit binary number. It can perform logical shifts (left shift,
right shift) or arithmetic shifts (logical shift with sign extension) based on the requirements.
This is useful in various applications such as multiplication, division, and data manipulation.

4. One Stage of ALU (Arithmetic Logic Unit):

An ALU is a fundamental component of the CPU responsible for performing arithmetic and
logic operations on binary numbers. Each stage of the ALU typically consists of various
combinational logic circuits implementing operations such as addition, subtraction, logical
AND, OR, XOR, etc. These stages work together to perform complex arithmetic and logic
operations on data stored in registers or memory.

¢ Central processing unit

The Central Processing Unit (CPU) is often referred to as the brain of a computer. It's a crucial
component that performs most of the processing inside a computer. The CPU interprets
instructions it receives from the computer's memory and executes them, performing arithmetic,
logic, and control operations.

Modern CPUs consist of one or more processing cores, each capable of executing instructions
independently. These cores can handle multiple tasks simultaneously through techniques like
multitasking and multithreading. CPUs are measured by factors like clock speed (how many
cycles per second it can execute instructions), cache size (high-speed memory for storing
frequently accessed data), and the number of cores.

There are various manufacturers of CPUs, with Intel and AMD being the most prominent in
the consumer market. CPUs come in different architectures, such as x86, x86-64, ARM, and
others, each with its own instruction set and design philosophy suited for different purposes,
ranging from personal computers to servers, mobile devices, and embedded systems.

+» Components of CPU



The CPU (Central Processing Unit) is the core component of a computer system responsible
for executing instructions. It consists of several key components:

1. Control Unit (CU): The control unit manages the execution of instructions. It fetches
instructions from memory, decodes them, and then executes them by coordinating the operation
of other CPU components.

2. Arithmetic Logic Unit (ALU): The ALU performs arithmetic and logical operations such
as addition, subtraction, AND, OR, and NOT. It's responsible for performing calculations and
logical comparisons as directed by the instructions.

3. Registers: Registers are small, high-speed storage locations within the CPU used to
temporarily hold data, instructions, and memory addresses that are being processed. Registers
include the instruction register (IR), program counter (PC), accumulator, index registers, and
general-purpose registers.

4. Cache Memory: Cache memory is a small but extremely fast type of volatile computer
memory used to store frequently accessed data or instructions to reduce the average time to
access memory. It sits between the CPU and main memory (RAM), providing faster access to
data than fetching it directly from RAM.

5. Clock: The clock generates a series of electronic pulses at a constant frequency, which
synchronizes the operation of various components within the CPU. Each pulse represents a
fixed unit of time, and the speed of the clock (clock speed) is measured in Hertz (Hz) or
multiples thereof (such as GHz).

6. Data Bus and Address Bus: These are the pathways through which data and memory
addresses are transmitted between the CPU and other components of the computer system. The
data bus carries data between the CPU and memory or I/O devices, while the address bus carries
memory addresses specifying where data should be read from or written to.

7. Instruction Set Architecture (ISA): This defines the set of instructions that a CPU can
execute. It includes the opcodes (operation codes) and addressing modes supported by the CPU,
as well as the organization of registers and memory addressing schemes.

These components work together to fetch, decode, and execute instructions, enabling the CPU
to perform the necessary computations and control the operation of the computer system.



+» General register organization

In computing, a general register organization refers to the arrangement and utilization of
registers within a processor architecture. Registers are small, fast storage locations within the
CPU that hold data temporarily during processing. General-purpose registers are those that can
be used for a variety of purposes by the processor and the programmer.

% Here's a typical organization of general registers in a CPU:

1. Accumulator (AC): The accumulator is a register used to store the results of arithmetic and
logical operations. It often serves as the primary register for arithmetic calculations.

2. Index Registers (IX, 1Y): Index registers are used for holding memory addresses, often
used in indexed addressing modes for accessing data structures like arrays or records.

3. Base Pointer (BP): The base pointer typically points to the base address of a stack frame in
memory, facilitating access to local variables and function parameters in procedural
programming languages.

4. Stack Pointer (SP): The stack pointer keeps track of the top of the stack in memory. It's
used for pushing and popping values onto and from the stack, commonly used for function
calls, local variable storage, and managing program execution flow.

5. Program Counter (PC): The program counter holds the memory address of the next
instruction to be fetched and executed. It's crucial for maintaining the flow of program
execution by indicating the current instruction being processed.

6. Instruction Register (IR): The instruction register holds the currently executing instruction
fetched from memory. It's used by the control unit of the CPU to decode and execute the
instruction.

7. Status Flags (Flag Register): This register contains individual bits (flags) that represent the
outcome of arithmetic and logical operations, such as carry, zero, overflow, etc. These flags
are used for making decisions in conditional branching and for controlling program flow.

8. Data Registers (D0-Dn): These are a set of general-purpose registers used for holding data
during computations. The number and size of data registers can vary depending on the CPU
architecture.



9. Temporary Registers (Temp Registers): These registers are used for holding temporary
data during arithmetic and logical operations. They might be used for intermediate results in
complex calculations.

The exact organization and number of general registers can vary significantly between different
CPU architectures and designs. Some architectures might have more specialized registers for
specific tasks, while others might have fewer general-purpose registers but compensate with
more complex instruction sets or pipeline architectures.

*»» Bus system

In computer architecture, a bus system refers to a communication system that transfers data
between components within a computer or between computers. It serves as a pathway for
transferring information and signals between various hardware components, such as the CPU,
memory, input/output devices, and other peripherals.
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+ Here are 3 types of bus systems.

1. Data Bus: This is a set of wires used to transfer data between different components. It carries
binary data in parallel form, allowing for the simultaneous transfer of multiple bits. The width
of the data bus (i.e., the number of wires) determines how many bits can be transferred at once.
Common widths include 8-bit, 16-bit, 32-bit, and 64-bit buses.



2. Address Bus: Similar to the data bus, the address bus is a set of wires used to specify
memory addresses. It determines which memory locations are being read from or written to.
Like the data bus, its width determines the maximum addressable memory size.

3. Control Bus: The control bus carries control signals that coordinate and regulate the
operations of the various components connected to the bus. These signals include commands
such as read, write, interrupt requests, and bus arbitration signals.

% Register Set With Common ALU

A register set with a common Arithmetic Logic Unit (ALU) is a typical configuration in many
computer architectures, especially in those following the Von Neumann architecture or similar
designs. Here's a brief overview:

1. Registers: Registers are small, high-speed storage locations within the CPU. They hold data
that are being actively used or manipulated by the CPU. Registers are crucial for fast access to
operands and intermediate results during computation.

2. Arithmetic Logic Unit (ALU) : The ALU is the part of the CPU responsible for performing
arithmetic (addition, subtraction, multiplication, division) and logical (AND, OR, NOT, etc.)
operations on data. It takes operands from registers, performs the specified operation, and
stores the result back into registers.

«» Computer system with a register set and a common ALU:

Register Set: This consists of multiple registers, each typically holding a single data item such
as an integer, a memory address, or a control bit. These registers are interconnected with the
ALU and other parts of the CPU.

Common ALU: Rather than having separate ALUs for each operation, a common ALU is
shared among all registers within the CPU. This ALU is capable of performing various
arithmetic and logical operations as instructed by the CPU's control unit.

Data Flow: When an instruction is fetched from memory and decoded by the CPU, the
operands specified by the instruction are loaded from the appropriate registers into the ALU.
The ALU performs the specified operation, and the result is then stored back into a designated
register.

«» Benefits



e Simplifies CPU design by having a single ALU that handles all arithmetic and logical
operations.

e Reduces hardware complexity and size compared to having separate ALUs for each
operation.

e Facilitates efficient data movement between registers and the ALU, as they are closely
connected.

+ Drawbacks:

e Potential for contention: Since multiple instructions may require the ALU
simultaneously, there could be contention for its resources, potentially leading to
delays.

e Limited parallelism: Having a single ALU limits the ability to perform multiple
operations simultaneously, which can impact performance in certain scenarios.

Overall, a register set with a common ALU is a fundamental component of many CPU designs,
balancing simplicity, efficiency, and performance.

% Memory stack

In computer architecture, a memory stack typically refers to a data structure known as the
"stack." The stack is a fundamental component of memory management in most computer
systems, used for organizing and managing memory allocations during program execution.

Here's a brief overview of how the memory stack works and its significance:

1. Data Structure: The stack is a linear data structure that follows the Last In, First Out (LIFO)
principle. This means that the last element added to the stack is the first one to be removed.

2. Stack Pointer: A special register called the "stack pointer" keeps track of the top of the
stack. When an element is pushed onto the stack, the stack pointer is incremented to point to
the new top of the stack. Similarly, when an element is popped from the stack, the stack pointer
is decremented.

3. Function Calls: One of the primary uses of the stack is to manage function calls and returns.
When a function is called, its parameters, local variables, and the return address are typically
pushed onto the stack. This creates a new stack frame for the function. When the function
returns, its stack frame is popped from the stack, restoring the state of the calling function.



4. Local Variables: Local variables of a function are typically allocated on the stack. They are
created when the function is called and destroyed when the function exits. This automatic
allocation and deallocation of memory make the stack very efficient for managing local
variables.

5. Recursive Calls: The stack also plays a crucial role in supporting recursive function calls.
Each recursive call creates a new stack frame, allowing the function to maintain its local
variables and return addresses.

6. Memory Management: The stack is usually implemented in a region of memory known as
the "stack segment.” Memory for the stack is allocated at the start of program execution and is
reclaimed when the program exits. Because the stack operates in a well-defined and structured
manner, it is typically faster and more efficient than dynamic memory allocation mechanisms
like the heap.

Overall, the memory stack is a fundamental aspect of computer architecture, providing a
structured and efficient way to manage memory during program execution, especially for
function calls and local variable storage.

+» Stack limit

In computer architecture, a stack is a data structure used for storing information temporarily,
typically in a Last-In-First-Out (LIFO) manner. The stack is crucial for many computing tasks,
including function calls, recursion, expression evaluation, and managing local variables.

The stack typically has a fixed size determined by the hardware and software environment. The
limit of the stack size is determined by several factors:

1. Hardware Limitations: The architecture of the processor often imposes constraints on the
maximum size of the stack. This can be due to the size of the stack pointer register or limitations
on memory addressing.

2. Operating System Settings: The operating system may impose its own limits on the size of
the stack for each process or thread. This is usually done to prevent a single process from
consuming too much memory and affecting system stability.



3. Compiler and Linker Settings: Compilation and linking settings can also affect the stack
size. For example, when compiling a program, the compiler may allocate a certain amount of
memory for the stack based on compiler options or directives in the source code.

4. Runtime Environment: Some programming languages or runtime environments provide
mechanisms to adjust the stack size dynamically, either at compile time or runtime.

Exceeding the stack size limit can lead to stack overflow, which typically results in program
termination or undefined behavior. It's essential for programmers to be aware of stack limits
and manage stack usage carefully, especially in applications with deep function call hierarchies
or recursive algorithms.

+* Processor Organization

Processor organization in computer architecture refers to the design and structure of the central
processing unit (CPU) within a computer system. It encompasses various components and
functionalities that work together to execute instructions and perform computations. Here are
some key aspects of processor organization:

1. Instruction Set Architecture (ISA): ISA defines the instructions that the CPU can execute
and the way these instructions are encoded. It includes the data types, registers, addressing
modes, and instruction formats supported by the CPU.

2. Execution Pipeline: Modern CPUs use a pipeline architecture to improve performance by
breaking down instruction execution into multiple stages. These stages typically include
instruction fetch, decode, execute, memory access, and writeback.

3. Registers: Registers are small, fast storage locations within the CPU used to store data
temporarily during instruction execution. They include general-purpose registers, which hold
operands and intermediate results, as well as special-purpose registers like the program counter
(PC), stack pointer (SP), and status flags.

4. Arithmetic Logic Unit (ALU): The ALU performs arithmetic and logical operations on
data stored in registers. It supports operations such as addition, subtraction, AND, OR, and
shift operations.



5. Control Unit: The control unit is responsible for coordinating the operation of the CPU. It
fetches instructions from memory, decodes them, and controls the execution of each instruction
by issuing control signals to various CPU components.

6. Memory Management Unit (MMU): In systems with virtual memory, the MMU translates
virtual addresses generated by the CPU into physical addresses in main memory. It also handles
memory protection and access control.

7. Cache Memory: Cache memory is a small, high-speed memory located on the CPU chip or
close to it. It stores frequently accessed data and instructions to reduce the average time to
access memory and improve overall system performance.

8. Instruction Pipelining and Superscalar Execution: Pipelining allows multiple instructions
to be processed simultaneously by dividing the instruction execution into stages. Superscalar
execution takes this further by allowing multiple instructions to be issued and executed in
parallel.

9. Branch Prediction and Speculative Execution: Branch prediction techniques are used to
predict the outcome of conditional branches, allowing the CPU to fetch and execute
instructions speculatively to improve performance.

10. Vector Processing and SIMD: Some CPUs support vector processing, where a single
instruction operates on multiple data elements simultaneously. This is particularly useful for
applications like multimedia processing and scientific computing.

Overall, the organization of a processor plays a crucial role in determining its performance,
power efficiency, and compatibility with software. Designers must carefully balance factors
such as instruction throughput, latency, power consumption, and cost to create efficient and
effective CPU architectures

+* Instruction format

The term "instruction format" typically refers to the structure or layout of machine instructions
in a computer's instruction set architecture (ISA). The instruction format dictates how the
binary representation of an instruction is organized, including fields for the opcode (operation
code), operands, addressing modes, and any other necessary information. Different instruction
formats are used by various processor architectures, each tailored to the specific needs and
design principles of the architecture.

Common components found in instruction formats include:



1. Opcode: This field specifies the operation to be performed, such as addition, subtraction,
load, store, etc. It is typically the most significant part of the instruction.

2. Operands: These are the data on which the operation specified by the opcode is performed.
The number and type of operands vary depending on the instruction and the architecture. They
could be immediate values, register addresses, memory addresses, or a combination thereof.

3. Addressing Mode: This field specifies how the operands are interpreted or located.
Common addressing modes include immediate (operand value is directly specified in the
instruction), register (operand is a register), direct (operand is a memory address), indirect
(operand is the address of the memory location containing the actual operand), etc.

4. Modifiers/Flags: Some instruction formats include additional bits for specifying modifiers
or flags that affect the operation of the instruction, such as setting condition codes, specifying
shift amounts, etc.

5. Control Bits: These bits might be used for specifying other control signals, such as whether
an instruction should be executed conditionally based on some condition codes.

6. Length: In variable-length instruction formats, there might be fields indicating the length of
the instruction or the location of the next instruction.

Instruction formats can vary significantly between different processor architectures, and the
choice of format can impact factors such as instruction decoding complexity, instruction
density, and overall performance. Some architectures use fixed-length instruction formats for
simplicity and ease of decoding, while others use variable-length formats to improve code
density and flexibility.

% Addressing modes

Addressing modes are a fundamental aspect of computer architecture and assembly language
programming. They define how a CPU accesses operands or data during instruction execution.
Different processors support various addressing modes, and each mode offers different
capabilities and efficiencies for accessing data. Here are some common addressing modes:

1. Immediate Mode: In this mode, the operand is specified directly in the instruction. For
example, MOV AX, 5" moves the immediate value 5 into register AX.



2. Register Mode: The operand is specified directly by a register. For example, MOV AX,
BX" moves the contents of register BX into register AX.

3. Direct Mode: The operand is specified by a memory address. For example, 'MOV AX,
[1234]" moves the contents of the memory location 1234 into register AX.

4. Indirect Mode: The address of the operand is held in a register or memory location. For
example, MOV AX, [BX]" moves the contents of the memory location whose address is stored
in BX into register AX.

5. Indexed Mode: Similar to indirect mode, but an offset value is added to the base address.
For example, MOV AX, [BX+SI]" adds the contents of BX and Sl registers to form an address
and then moves the contents of the memory location pointed to by that address into register
AX.

6. Relative Mode: Used in branch instructions, where the operand is a relative address to the
current instruction pointer or program counter.

7. Base-Register Mode: The base address is stored in a register, and an offset is added to it to
access the operand. This is commonly used in addressing data structures like arrays.

8. Stack Mode: Often used for push and pop operations, where operands are implicitly taken
from or pushed onto the stack.

Different processors may support additional addressing modes or variations of these modes.
The choice of addressing mode can significantly impact program efficiency, code size, and
complexity. Assembler programmers need to understand the available addressing modes to
write efficient and correct code.

% RISC and CISC Architecture, Characteristics.

RISC (Reduced Instruction Set Computing) and CISC (Complex Instruction Set Computing)
are two contrasting approaches to the design of CPU architectures. They differ significantly in



terms of their instruction sets, complexity, and execution philosophy. Here are the
characteristics of each:

¢ Characteristics of RISC (Reduced Instruction Set Computing)

1. Simplified Instruction Set: RISC architectures have a relatively small and simple set of
instructions, typically with fixed-length instruction formats. Instructions are designed to
perform simple operations, such as load, store, arithmetic, and logical operations.

2. Single-Cycle Execution: RISC CPUs typically execute instructions in a single clock cycle,
leading to a more predictable and efficient execution pipeline. This simplifies the hardware
design and allows for higher clock speeds.

3. Register-Register Architecture: RISC CPUs often have a large number of general-purpose
registers, and most operations involve data transfers between registers rather than between
memory and registers. This reduces memory access and improves performance.

4. Pipeline Friendly: RISC architectures are inherently suited for pipelining, as instructions
are simple and execute in a single cycle. Pipelining allows multiple instructions to be processed
simultaneously, improving throughput.

5. Compiler-Friendly: RISC architectures rely heavily on compilers to optimize code. By
providing a simple instruction set, compilers can efficiently schedule instructions and optimize
code for performance.

6. Load/Store Architecture: RISC architectures typically follow a load/store model, where
data must be loaded from memory into registers before manipulation and stored back to
memory afterward.

Examples of RISC architectures include ARM, MIPS, and PowerPC.

¢ Characteristics of CISC (Complex Instruction Set Computing):



1. Complex Instruction Set: CISC architectures have a large and varied set of instructions,
including complex operations that may involve multiple memory accesses or micro-operations.
Instructions may vary in length and complexity.

2. Multi-Cycle Execution: CISC instructions often require multiple clock cycles to execute,
as they may involve complex operations or accessing memory directly.

3. Memory-to-Memory Operations: CISC architectures often support instructions that
operate directly on memory operands, reducing the need for explicit register management.

4. Fewer Registers: CISC architectures typically have fewer general-purpose registers
compared to RISC architectures, as many operations can directly access memory.

5. Hardware Complexity: CISC architectures tend to have more complex hardware, as they
must support a wide range of instructions and addressing modes.

6. Microcode: CISC processors often use microcode to translate complex instructions into
simpler micro-operations that the hardware can execute efficiently.

Examples of CISC architectures include x86 (Intel and AMD processors) and DEC VAX.

In summary, RISC architectures prioritize simplicity, fast execution, and compiler
optimization, while CISC architectures aim to provide a rich set of instructions and features,
often at the expense of increased hardware complexity.

«» Control unit
A control unit, in the context of computer architecture, is a component responsible for directing
the operations of a CPU (Central Processing Unit). It manages the execution of instructions
fetched from memory, decoding them, and coordinating the data flow within the CPU.
Essentially, it serves as the "brain" of the CPU, orchestrating its various functions.

% Key functions of a control unit include:
1. Instruction Fetch: It retrieves instructions from memory for execution.

2. Instruction Decoding: It interprets the fetched instructions, determining the operation to be
performed and identifying the operands involved.



3. Execution Control: It oversees the execution of instructions, ensuring they are carried out
in the correct sequence and coordinating with other components of the CPU, such as the
arithmetic logic unit (ALU) and registers.

4. Operand Fetch: It fetches data from memory or registers required for executing
instructions.

5. Result Store: It stores the results of executed instructions back to memory or registers.

Control units can vary in complexity based on the CPU architecture and design. In simple
processors, the control unit may be a single unit responsible for all instruction execution tasks.
In more complex processors, particularly those with pipelining or superscalar execution
capabilities, the control unit may be more intricate, coordinating parallel execution of multiple
instructions.

Overall, the control unit plays a crucial role in the functioning of a CPU, ensuring that
instructions are executed accurately and efficiently.

+¢ Structure of control unit

The control unit (CU) is a crucial component of a computer's central processing unit (CPU). It
is responsible for coordinating and controlling the activities of other units within the CPU and
managing the execution of instructions. The structure of a control unit typically involves
several key components:

The control unit in a computer system is responsible for managing the execution of instructions.
It coordinates the activities of the CPU, memory, and input/output devices. The control unit
typically follows a sequence of cycles to execute instructions. Here's an overview of the
common cycles involved:

1. Fetch Cycle: This is the initial cycle in which the control unit retrieves the next instruction
from memory. It involves the following steps:

- The program counter (PC) is used to determine the address of the next instruction to be
fetched.

- The control unit sends a memory address to the memory unit.

- The instruction located at that memory address is fetched from memory and placed into the
instruction register (IR) within the CPU.



2. Decode Cycle: After fetching an instruction, the control unit decodes it to determine what
operation needs to be performed and what operands are involved. This cycle involves
interpreting the instruction stored in the instruction register.

3. Execute Cycle: In this cycle, the actual operation specified by the instruction is performed.
This could involve arithmetic or logical operations, data transfers, or other types of processing.
The execution of an instruction may involve accessing data from memory or registers,
performing calculations, and storing results back to memory or registers.

4. Indirect Cycle: Some instructions may require additional memory accesses or operations
before they can be fully executed. The indirect cycle handles such cases. For example, if an
instruction involves accessing data through an indirect addressing mode, the control unit may
need to perform an additional memory access to retrieve the actual memory address before
proceeding with the execution.

5. Interrupt Cycle: During the execution of a program, the CPU may receive interrupts from
external devices or from internal sources. The interrupt cycle is triggered when an interrupt
occurs. The control unit saves the current state of the CPU (such as the program counter and
other relevant registers), handles the interrupt, and then restores the CPU to its previous state
once the interrupt has been serviced.

6. Instruction Cycle: This encompasses the entire sequence of fetch, decode, and execute
cycles required to complete the execution of a single instruction. Once the execute cycle is
finished, the control unit typically proceeds to fetch the next instruction, starting a new
instruction cycle.

These cycles work together to ensure the orderly execution of instructions and the proper
functioning of the computer system as a whole. Each cycle plays a crucial role in the overall
operation of the CPU and the execution of programs.

% Types of control unit

The control unit in a computer is responsible for coordinating and controlling the activities of
the various components within the CPU (Central Processing Unit). There are primarily two
types of control units: hardwired control units and microprogrammed control units. Let's delve
into each:



1. Hardwired Control Unit:

Description: In a hardwired control unit, the control signals are generated by combinational
logic circuits (such as AND, OR, and NOT gates) and sequential logic circuits (such as flip-
flops) designed explicitly to execute the instruction set architecture (ISA) of the processor.

Operation: The control signals in a hardwired control unit are directly derived from the
opcode (operation code) of the instruction being executed. Each instruction opcode directly
maps to a unique set of control signals.

Advantages of Hardwired Control Unit

Faster execution: Since the control signals are generated directly without any intermediate
steps, hardwired control units tend to execute instructions faster.

Simplicity: Hardwired control units are relatively simpler in terms of design compared to
microprogrammed control units.

Disadvantages of Hardwired Control Unit

Lack of flexibility: Any changes or modifications to the instruction set architecture may
require significant redesign of the control unit.

Complex instruction sets: Hardwired control units might struggle to efficiently handle
complex instruction sets with a large number of instructions.

2. Micro-programmed Control Unit

Description: In a microprogrammed control unit, the control signals are generated by a
microprogram stored in control memory. This microprogram is essentially a sequence of
microinstructions, each controlling specific operations within the CPU.

Operation: The opcode of the instruction being executed is used to index into a
microprogram ROM (Read-Only Memory) or RAM (Random Access Memory) to fetch the
corresponding microinstruction sequence.

Advantages of Micro-programmed Control Unit

Flexibility: Micro-programmed control units are more flexible and easier to modify
compared to hardwired control units. Modifications to the instruction set architecture can be
accommodated by simply updating the micro-program.

Simplified design: The design of the control unit is simplified as it involves writing and
modifying micro-programs rather than redesigning hardware circuits.



Disadvantages of Microprogrammed Control Unit

Slower execution: Microprogrammed control units tend to execute instructions slightly
slower compared to hardwired control units due to the additional overhead of fetching
microinstructions.

Additional hardware: Microprogrammed control units require additional control memory
to store microprograms, adding to the overall hardware complexity and cost.

Conclusively, while hardwired control units offer speed and simplicity, microprogrammed
control units provide flexibility and ease of modification. The choice between these two types
of control units depends on factors such as the complexity of the instruction set architecture,
the need for flexibility, and performance requirements.



