MICROPROGRAMMED CONTROL UNIT

A microprogrammed control unit is a type of control unit in a computer's CPU that generates
control signals through a set of stored instructions called a microprogram. Unlike a hardwired
control unit, which uses fixed logic circuits, a microprogrammed control unit allows flexibility
by using a sequence of microinstructions stored in memory to control the CPU's operations.

A **microprogrammed control unit** is a fundamental part of some computer processors,
especially those using a Complex Instruction Set Computer (CISC) architecture. The purpose
of this control unit is to translate high-level machine instructions (like ADD, SUB, etc.) into a
sequence of lower-level operations, called *micro-operations®*. Each machine instruction is
implemented as a sequence of microinstructions stored in a special memory within the CPU,
called the *control memory*.

### Key Components of a Microprogrammed Control Unit

1. **Control Memory (CM)**:

- Stores the microinstructions that make up the microprograms for each machine-level
instruction.

- Usually, it is a Read-Only Memory (ROM), ensuring the microprogram is stable and
consistent across executions.

- In some advanced systems, it might use a Writable Control Store (WCS) where
microprograms can be updated or reprogrammed.

2. ¥*Microinstruction®*:

- A microinstruction is a single, low-level instruction that directly controls the internal
operations of the CPU.

- Each microinstruction specifies operations for parts of the CPU, such as moving data
between registers, performing ALU operations, or interacting with memory.

- Microinstructions have fields that determine what each component of the CPU should do in
that cycle (e.g., activate certain control signals, set ALU functions, etc.).

3. *#*Control Address Register (CAR)**:

- Holds the address of the microinstruction that the control unit needs to fetch next.

- This address directs the control memory to the next step in the microprogram, allowing
sequential or conditional jumps in execution.

4. **Control Data Register (CDR)**:

- After fetching a microinstruction from control memory, it is stored in the Control Data
Register.

- The CDR holds the current microinstruction, which is then decoded to generate the
necessary control signals for CPU operation.

5. #*Sequencer™*:

- Manages the flow of microinstructions.

- It can increment the CAR to move to the next instruction or, based on conditional logic,
branch to another microinstruction address in the control memory.

- The sequencer thus enables loops, conditional jumps, and subroutine calls within
microprograms, allowing flexible control flow.



6. **Decoder**:

- Decodes each microinstruction into control signals that are sent to various CPU components
(ALU, registers, buses, etc.).

- Each decoded control signal activates specific micro-operations, such as loading a register,
shifting data, or initiating a memory read/write.

### How a Microprogrammed Control Unit Works

1. **Instruction Fetch**: The CPU fetches a machine instruction (like ADD) from main
memory.

2. **Decoding and Microprogram Start**: The instruction is decoded, and its associated
starting address is loaded into the CAR to initiate the corresponding microprogram from control
memory.

3. **Microinstruction Execution™**:

- The CAR fetches the microinstruction from control memory and stores it in the CDR.

- The microinstruction is decoded, and control signals are sent to CPU components to perform
specific micro-operations.

4. **Sequencing**:

- The sequencer determines the next microinstruction.

- It can either increment the CAR for sequential microinstructions or jump to another address
if a branch is required.

- This process repeats until all microinstructions in the program for the machine-level
instruction have been executed.

5. ¥*Completion and Next Instruction®**: Once all microinstructions for a machine instruction
are complete, the control unit returns to fetch the next machine instruction.

### Advantages of Microprogrammed Control Units

- **Flexibility**: Microprogrammed control units allow for modifications in control logic by
changing the microprogram, which can be easier than altering hardwired logic.

- **Ease of Design and Maintenance®*: Since complex operations are defined in microcode,
designing a control unit becomes more straightforward, especially for complex instruction sets.
- **Easier to Implement Complex Instructions**: CISC processors with many, varied
instructions benefit from microprogramming as it allows each instruction to have a distinct,
customizable microprogram.

### Disadvantages

- *¥*Slower Execution**: Fetching and interpreting microinstructions adds overhead, making
microprogrammed control units generally slower than hardwired control units.

- **Higher Memory Requirements**: The control memory must store all microprograms,
which requires additional memory within the CPU.

- **Dependency on Control Memory**: If control memory is slow or has limited capacity, it
can impact overall CPU performance.



### Applications of Microprogrammed Control Units

- **CISC Architectures**: CISC CPUs, which have complex instruction sets, often use
microprogrammed control to simplify control unit design.

- **Emulation and Compatibility Layers**: Microprogramming can emulate older instruction
sets, allowing backward compatibility without changing hardware.

- **Customizable CPUs**: Microprogrammed control units make it possible to update or
modify CPU behavior post-manufacture by changing microprograms, as seen in some DSPs
(Digital Signal Processors) and certain customizable processors.

Microprogrammed control units allow for more flexible and scalable CPU design, particularly
valuable in systems with complex or evolving instruction sets.

DIAGRAM REPRESENTING A MICROPROGRAMMED CONTROL UNIT.
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Here's a diagram representing a microprogrammed control unit. This setup includes the main
components involved in managing and executing microinstructions.
### Diagram Explanation

1. **Control Memory (CM)**: Stores the microinstructions that define the micro-operations
required to execute each machine-level instruction.

2. **Control Data Register (CDR)**: Holds the current microinstruction fetched from control
memory.

3. **Decoder & Control Logic**: Decodes the microinstruction and generates control signals
for CPU components (e.g., ALU, registers, buses).

4. **Control Signals**: Sent to the CPU components to perform the specified micro-operations
in each clock cycle.

5. **CPU Components**: The ALU, registers, buses, and other CPU elements that perform the
actual computation and data transfers.

6. **Control Address Register (CAR)**: Holds the address of the next microinstruction in
control memory.

7. **Sequencer®**: Determines the address of the next microinstruction, either sequentially or
by jumping to a specific address, based on the conditions and logic in the microprogram. This

address is fed back to the control memory for fetching the next microinstruction.

This cycle continues until the entire microprogram for a machine-level instruction is executed.



