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Understanding the operational behavior of a computer’s control unit is fundamental to
grasping how computers process instructions. Specifically, analyzing how many times the
control unit interacts with memory during the fetch and execute cycles for a three-word
instruction provides insight into the efficiency and complexity of instruction processing. This
article explores the detailed steps involved, the number of memory references made, and
the underlying reasons for each interaction.

Overview of Instruction Processing in a Computer
System

Before delving into the specifics of memory references during instruction execution, it’s
essential to understand the general cycle that a computer’s control unit follows. Typically,
the process involves two main phases:

- Fetch phase: Retrieving the instruction from memory.
- Execute phase: Performing the operation specified by the instruction.

For a three-word instruction, these phases can involve multiple steps, each with potential
memory interactions.

What Is a Three-Word Instruction?

A three-word instruction refers to an instruction that spans three separate memory
locations or words. This can occur in architectures where instructions are longer or more
complex, requiring multiple words to specify the operation, operands, and addresses.
Common examples include:

- Instructions with an operation code (opcode), source address, and destination address.
- Complex instructions like those in RISC or CISC architectures.

In such cases, each word may serve a different purpose, and the control unit must access
each part accordingly during processing.



Number of Memory References During Fetch and
Execute Cycles

To determine how many times the control unit refers to memory, it is necessary to analyze
each step involved in fetching and executing a three-word instruction.

Fetch Cycle for a Three-Word Instruction

The fetch cycle involves retrieving each word of the instruction from memory. Typically, the
steps are:

1. Fetch the first word (the instruction itself):

- The control unit issues a memory read command.

- The memory provides the first instruction word.

- The program counter (PC) is incremented to point to the next word.
2. Fetch the second word (operand or address):

- The control unit issues a second memory read.

- The second word is retrieved.

- The PC is incremented again.

3. Fetch the third word (additional operand or address):

- A third memory read is issued.

- The third word is retrieved.

- The PC points to the next instruction location.

Memory references during fetch:

- Total references: 3 (one for each word).

Note: In some architectures, fetching the instruction may involve prefetching multiple

words simultaneously or using cache, but in a straightforward model, each word requires a
separate memory reference.

Decoding and Preparing for Execution

Once all three words are fetched, the control unit decodes the instruction to determine the
operation and operands. This decoding may involve:

- Interpreting the opcode.
- Loading operand addresses or data.

This process typically does not involve additional memory references unless operands are



to be fetched from memory.

Execution Cycle for a Three-word Instruction

The execution phase depends on the instruction type and may involve multiple memory
references:

Types of Operations and Memory Access

- Operations involving data stored in memory:

- Reading operands from memory.
- Writing results back to memory.

- Operations involving only registers:
- Might not require additional memory references.
Given that the instruction spans three words, it's likely that the instruction specifies

addresses or data stored in memory, necessitating further memory references during
execution.

Memory References During Execution

Assuming the instruction involves memory operands, the control unit may perform:
1. Fetching operands:

- For each operand, a memory read is issued.
- Number of references depends on the instruction specifics.

2. Storing results:

- If the operation modifies memory, a write operation is performed.

Total memory references during execution:

- For a typical load/store operation, at least 1 or 2 references (reads and possibly a write).
Total references depending on instruction:

- If the instruction is purely fetch-based with no memory operand access, memory

references may be minimal.
- If operands are in memory, references can increase to up to 2-4 (reads and writes).



Summary of Total Memory References for a
Three-word Instruction

| Phase | Number of Memory References | Description |

oo e o -
| Fetch (first word) | 1 | Retrieve instruction opcode and initial data |

| Fetch (second word) | 1 | Retrieve second part (operand/address) |

| Fetch (third word) | 1 | Retrieve third part (additional operand/address) |

| Execution (if needed) | 1-2 | Fetch operands from memory or write back results |

| Total | 3-6 | Depending on instruction complexity and memory access pattern |

In a simple, ideal scenario, the control unit references memory 3 times during fetch (once
per word). Additional references during execution depend on whether operand data is
stored in memory and the nature of the instruction.

Factors Influencing Memory References

Several factors can affect the number of memory references during instruction processing:

- Instruction architecture: RISC vs. CISC architectures may have different fetch and
execution strategies.

- Instruction length: Longer instructions require more fetch cycles.

- Use of cache: Cache memory can reduce actual memory references.

- Operand location: Whether operands reside in registers or memory impacts subsequent
references.

- Instruction type: Load/store instructions involve more memory references than register-
only operations.

Conclusion

In summary, when the control unit fetches a three-word instruction, it typically refers to
memory three times, once for each word. During execution, additional memory references
depend on the instruction's specifics, particularly whether operands are stored in memory
or registers. For a straightforward fetch process, the total number of memory references is
generally three. However, when considering the entire fetch and execution cycle, the total
references can increase to six or more, especially in memory-intensive operations.

Understanding these interactions helps in optimizing instruction execution, designing
efficient architectures, and improving overall system performance. It also provides valuable
insight into the fundamental operation of control units and memory management in
computer systems.
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Frequently Asked Questions

How many times does the control unit access memory
during the fetch phase of a three-word instruction?

During the fetch phase of a three-word instruction, the control unit accesses memory three
times—once for each word of the instruction.

What is the total number of memory references made
by the control unit when fetching and executing a
three-word instruction?

The control unit makes a total of six memory references: three to fetch the instruction
words and three to access data or perform operations during execution.

Does the control unit access memory more times during
the fetch or the execute phase of a three-word
instruction?

The control unit typically accesses memory the same number of times during both fetch
and execute phases for a three-word instruction, totaling six references.

Why does the control unit need to refer to memory
multiple times when handling a three-word instruction?

Because each word of the instruction and related data are stored separately, the control
unit must access memory multiple times to fetch each instruction word and to read/write
data during execution.

In the context of a three-word instruction, what are the
typical memory references made during execution?

During execution, the control unit references memory to read operands, write results, or
access data required for the instruction, often involving multiple memory references
depending on the instruction type.

How does the number of memory references impact the
performance of instruction fetching and execution?

More memory references increase the time required for fetching and executing instructions,
potentially leading to slower performance, especially in systems with high memory latency.
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Three-Word Instruction

Understanding the inner workings of a computer's control unit (CU) is fundamental to
grasping how modern processors operate efficiently. The control unit serves as the brain
within the CPU, orchestrating the fetching, decoding, and executing of instructions. When it
comes to instructions that span multiple words—specifically three words—the question
arises: How many times does the control unit need to access memory during this process?
This query delves into the core of instruction cycle mechanics and highlights the
importance of memory access patterns in optimizing processor performance.

Introduction to the Control Unit and Instruction
Fetching

The control unit (CU) is responsible for managing the sequence of operations that enable a
computer to execute programs. It interprets instructions fetched from memory and
generates control signals to direct other parts of the CPU accordingly. When executing
instructions, especially multi-word instructions, the control unit must access memory
multiple times—each fetch, decode, or operand retrieval potentially involves memory
references.

In the context of a three-word instruction, the complexity increases because the instruction
spans three separate memory locations, which may contain the opcode, operands, or other
relevant data. Analyzing how many times the CU refers to memory during this process
reveals insights into the instruction cycle's efficiency and the underlying architecture
design.

Understanding a Three-Word Instruction

Before exploring memory references, it's essential to clarify what constitutes a three-word
instruction:

- Opcode Word: Contains the operation to be performed.

- Operand Word(s): Contains data or memory addresses for the operation.

- Additional Word(s): May include further addresses or immediate data, depending on
instruction complexity.

In many architectures, instructions are stored sequentially in memory, and each word can
be fetched separately. The control unit must fetch each part of the instruction to fully
understand and execute it.



Example of a Three-Word Instruction Structure

| Word Number | Content | Purpose |

R oo oo e |

| 1 | Opcode (e.g., ADD, LOAD) | The operation to perform |

| 2 | Address or immediate data | Operand or target memory location |
| 3 | Additional address/data | Further information if needed |

The control unit’s task is to fetch these words in sequence, decode the instruction, and
execute it accordingly.

Memory Referencing During the Fetch-Decode-
Execute Cycle

The instruction cycle involves several steps where the control unit interacts with memory:

1. Fetching the Instruction (First Word):

- The CU reads the first word (the opcode) from the memory address stored in the Program
Counter (PC).

- This is a direct memory reference, constituting the first memory access.

2. Decoding and Determining the Need for Additional Words:

- The CU decodes the opcode and assesses whether the instruction requires additional data
or addresses.

- If so, it proceeds to fetch subsequent words.

3. Fetching Additional Words (Second and Third Words):

- For each additional word needed, the CU updates the memory address register (MAR) with
the address of the next word, then reads it from memory.

- Each fetch constitutes a separate memory reference.

4. Execution of the Instruction:
- Once all parts are fetched, the CU coordinates the execution, which may involve reading
or writing data from/to memory during execution.

Summary of Memory References:

| Step | Number of Memory References | Explanation |

oo oo e |

| Fetch first word (opcode) | 1 | Fetching the instruction opcode from memory |

| Fetch second word (operand) | 1 | Fetching the operand or address part of the instruction |
| Fetch third word (additional data) | 1 | Fetching further data if needed |

Total memory references depend on whether the instruction is executed solely from the
fetched data or if additional memory access occurs during execution.



Number of Memory References for a Three-Word
Instruction

In a typical scenario, the control unit refers to memory at least three times during the fetch
phase:

- Once for each word of the instruction.
- Additional references may occur during execution, especially if the instruction involves
memory operations.

Therefore, the minimum number of memory references during fetching and initial execution
is three.

Breakdown:

- Initial fetch: 1 reference to get the opcode.
- Subsequent fetches: 2 references for the remaining two words (operands or data).

Total minimum references during fetch: 3

However, in more complex instructions or architectures, additional memory references may
occur, such as:

- Fetching data during execution (e.g., load/store operations).

- Accessing memory for operand data if not already available.

- Handling pipelined or cached architectures that may reduce or increase memory
references.

Factors Influencing Memory Access Counts

The exact number of memory references can vary based on several factors:

- Instruction Format:

- Fixed-length instructions vs. variable-length instructions determine how many words need
to be fetched.

- Architecture Type:

- Von Neumann vs. Harvard architectures influence how many times the control unit
accesses memory.

- Instruction Complexity:

- Simple instructions may require fewer memory references.

- Complex instructions, such as those with multiple operands, may require additional
references.

- Use of Cache Memory:

- Cache reduces the number of main memory accesses, effectively altering the count seen
by the control unit.

- Pipelining and Parallelism:

- Modern CPUs may fetch multiple instructions or instruction parts simultaneously, affecting



the count.
Summary:

| Architecture/Feature | Effect on Memory References |

oo R |

| Instruction length | Longer instructions typically require more fetches |

| Memory hierarchy (cache) | Can reduce the number of main memory references |
| Instruction complexity | More complex instructions may need multiple fetches |

| Pipelining | Can fetch multiple words simultaneously, reducing cycle count |

Conclusion: How Many Times Does The Control
Unit Refer To Memory?

In the context of executing a three-word instruction, the control unit makes a minimum of
three memory references during the fetch phase—one for each word of the instruction. This
straightforward count assumes a simple architecture where each part of the instruction
must be fetched separately before execution begins.

Key points:

- Each word of a multi-word instruction typically requires at least one memory reference.

- The total number of memory references during fetching is equal to the number of words in
the instruction.

- Additional memory references may occur during execution, especially in instructions
involving data transfer or memory operations.

- Modern architectures can optimize or reduce these references through caching, pipelining,
and other techniques, but the fundamental process remains similar.

In summary, for a three-word instruction, the control unit refers to memory at least three
times during the fetch phase. The total references throughout the instruction cycle depend
on instruction complexity and system architecture but understanding these basics provides
a solid foundation for analyzing processor operations.

Features of Efficient Memory Referencing:

- Pros:

- Clear and predictable instruction fetch process.

- Simplifies instruction decoding and execution flow.
- Easier to design control logic and hardware.

- Cons:

- Can lead to increased latency if multiple memory references are needed.
- Less efficient in architectures without caching or pipelining.

- Potential bottleneck for high-speed execution.



Optimizing memory access patterns is crucial in modern CPU design to improve
performance and reduce latency, especially when dealing with multi-word instructions like
the three-word instruction discussed here.
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