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Understanding the inner workings of the LC-3 (Little Computer 3) architecture provides a foundational

knowledge of how the instruction cycle operates within this educational microarchitecture. Among the

various steps in executing an instruction, the FETCH OPERANDS phase is crucial because it

determines which registers are involved and potentially altered during the process. For the ADD

instruction in particular, recognizing which registers change during the FETCH OPERANDS step is

essential for grasping how the processor manages data and control flow.

In this article, we will explore the detailed mechanics of the FETCH OPERANDS step in the LC-3 ADD

instruction, identify the registers involved, and clarify which are altered during this phase. This

understanding is fundamental for students and professionals working with assembly language

programming or microarchitecture design, as it illuminates the low-level processes that underpin

instruction execution.

Overview of the LC-3 Architecture and Instruction Cycle

Before diving into the specifics of the FETCH OPERANDS step, it’s helpful to review the basic

architecture of the LC-3 and its instruction cycle.



Key Components of the LC-3

- Registers: The LC-3 features eight general-purpose registers (R0-R7), a program counter (PC), a

condition register (COND), and a memory address register (MAR).

- Memory: Stores instructions and data.

- Control Unit: Coordinates the fetch, decode, execute, and write-back stages.

- ALU (Arithmetic Logic Unit): Performs arithmetic and logical operations.

The Basic Instruction Cycle

The instruction cycle in the LC-3 generally follows these steps:

1. Fetch: Retrieve the instruction from memory pointed to by the PC.

2. Decode: Interpret the instruction and determine the required operation.

3. Fetch Operands: Retrieve any data needed for the operation.

4. Execute: Perform the operation (e.g., addition).

5. Write-back: Store the result back into the register or memory.

6. Update PC: Advance the program counter to the next instruction.

Our focus is on step 3 — Fetch Operands — specifically for the ADD instruction.

The ADD Instruction in LC-3

The ADD instruction in LC-3 allows adding two registers or a register and an immediate value. Its

format can be:

- Register mode: `ADD DR, SR1, SR2`

- Immediate mode: `ADD DR, SR1, imm5`



Where:

- DR: Destination register

- SR1: Source register 1

- SR2: Source register 2 (register mode)

- imm5: 5-bit immediate value (immediate mode)

The instruction is stored in memory and fetched during the fetch cycle, then decoded, and operands

are fetched during the fetch operands step.

What Happens During FETCH OPERANDS Step of LC-3 ADD

Instruction?

In the FETCH OPERANDS step, the processor reads the relevant data needed to perform the

operation from the registers or immediate values specified in the instruction. It prepares these

operands for the execution phase.

Key points about this phase:

- The process differs slightly depending on whether the instruction uses register operands or

immediate values.

- Registers involved in the operation are read from the register file.

- The source registers are accessed to retrieve their current values.

- These values are temporarily held in internal registers or latches for the execution phase.

Registers Involved in the FETCH OPERANDS Step

The main registers actively involved and potentially changed during this phase include:



- Source Registers (SR1 and SR2): The registers specified as sources in the instruction are read to

fetch their current values.

- Destination Register (DR): Not changed during fetch operands; it is only written during the write-back

stage after execution.

- Program Counter (PC): Generally updated during fetch (not operands), but not affected during this

phase specifically.

- Registers in the Register File: The actual register data is read, but the register file's contents are not

altered during FETCH OPERANDS unless there's a specific internal operation.

Clarifying Which Registers Are Changed During FETCH OPERANDS

Based on the architecture and typical operation:

- Registers Read: SR1, SR2 (if used) are read, but their values are not changed during this step.

- Registers Written: No register is written or changed during the FETCH OPERANDS step; this occurs

during the execute or write-back stages.

Therefore, the registers changed during FETCH OPERANDS are generally none; the step involves

reading from registers, not writing to them.

Summary: Registers Changed During FETCH OPERANDS in

LC-3 ADD

- Registers that are read during FETCH OPERANDS:

- Source Register 1 (SR1)

- Source Register 2 (SR2), if in register mode

- Registers that are modified or changed:

- None during this step; the read operation does not alter register contents.



In practice, the only register that could be considered "affected" is the internal temporary storage that

holds fetched operand values, but these are not part of the register file itself and are discarded or

overwritten in subsequent steps.

Additional Details and Clarifications

Understanding the Fetch-Decode-Execute Cycle

The fetch-decode-execute cycle is fundamental to understanding when and how registers are affected:

- Fetch: PC points to instruction; instruction is loaded into IR (Instruction Register). No register

changes occur here.

- Decode: Instruction is decoded; source/destination registers are identified. No register changes yet.

- Fetch Operands: Source register values are read; no modification occurs.

- Execute: Arithmetic or logic operation is performed; destination register is updated here.

- Write-back: The result is stored in the destination register.

Why Do Registers Not Change During FETCH OPERANDS?

The FETCH OPERANDS step is designed to prepare data for execution. Reading from registers is a

non-destructive operation; it does not alter their contents. Only during the execution or write-back

stages are register values modified.

Summary and Key Takeaways

- During the FETCH OPERANDS step of an LC-3 ADD instruction, the processor reads source register



values from the register file.

- The registers SR1 and SR2 (if applicable) are accessed but not changed during this step.

- The destination register (DR) is not affected during fetch operands; it is only written to after

execution.

- The Program Counter (PC) and other control registers are generally not altered during this specific

phase.

- Understanding these nuances is crucial for grasping how the LC-3 microarchitecture handles

instruction execution at the register level.

Conclusion

In summary, the registers listed below that are changed during the FETCH OPERANDS step of an

LC-3 ADD instruction are:

- None of the registers are altered during this phase.

- The operation involves reading register values, not writing to them.

This distinction is vital for students and professionals to understand the data flow within the LC-3

architecture. Recognizing when registers are read versus when they are written helps in designing

efficient programs, debugging assembly code, and understanding microarchitectural behavior.

Registers involved in the FETCH OPERANDS step include:

- Source registers (SR1 and SR2 in register mode) — read during this phase, not changed.

- Destination register (DR) — not affected during fetch operands.

- Other control registers like PC — not affected during this phase.

By mastering these fundamentals, one gains a clearer picture of how low-level instruction execution

operates within the LC-3 system, laying a strong foundation for further exploration of microarchitecture

and assembly language programming.



Frequently Asked Questions

Which registers are updated during the FETCH operands step of an

LC-3 ADD instruction?

During the FETCH operands step, the primary register involved is the Program Counter (PC), which is

incremented to point to the next instruction. No other registers are changed at this stage.

Does the LC-3 ADD instruction modify any registers during the FETCH

operands phase?

No, during the FETCH operands phase of an LC-3 ADD instruction, no registers are modified except

for the Program Counter, which is incremented.

Is the instruction register (IR) altered during the FETCH operands step

of an LC-3 ADD?

No, the instruction register (IR) is loaded with the current instruction during the FETCH phase, but it is

not changed during the FETCH operands step specifically.

Are any general-purpose registers updated during the FETCH operands

step of an LC-3 ADD instruction?

No, general-purpose registers are not updated during the FETCH operands step; they are only

affected during the EXECUTE phase when the operation takes place.

What register is definitely changed during the FETCH operands phase

of an LC-3 ADD?

The Program Counter (PC) is incremented and thus changed during this phase.



Does the FETCH operands step of an LC-3 ADD involve updating the

condition codes or status registers?

No, condition codes or status registers are not updated during the FETCH operands step; they are

typically updated after execution.

Are memory addresses or memory contents changed during the FETCH

operands step of an LC-3 ADD?

No, memory contents are not changed during this phase; only the PC is advanced to the next

instruction address.

Which steps of the LC-3 ADD instruction change registers?

Registers are changed during the EXECUTE and WRITEBACK steps, not during the FETCH operands

step.

In the context of the LC-3 architecture, which registers are relevant

during the FETCH operands phase?

The Program Counter (PC) is the primary register relevant during the FETCH operands phase, as it

points to the next instruction to be fetched.

Additional Resources

Select All Of The Registers Listed Below That Are Changed During FETCH OPERANDS Step Of An

LC-3 ADD Instruction

---

Introduction



The LC-3 (Little Computer 3) is an educational microarchitecture designed to introduce students and

aspiring computer scientists to the fundamental concepts of computer architecture, instruction sets,

and machine-level programming. One of the key aspects of understanding the LC-3's operation lies in

dissecting its instruction cycle, particularly the fetch-decode-execute process.

A critical question in this context is: which registers are affected during each step of an instruction's

execution? Specifically, for the LC-3 ADD instruction, a comprehensive understanding of what happens

during the FETCH OPERANDS step reveals insights into register interactions and the underlying

architecture.

This article aims to explore the registers involved during the fetch operands phase of an LC-3 ADD

instruction, clarify common misconceptions, and provide an in-depth analysis suitable for students,

educators, and professionals interested in computer architecture.

---

Overview of the LC-3 Instruction Cycle

The LC-3's instruction cycle comprises several stages, primarily:

- Fetch: Retrieve the instruction from memory.

- Decode: Interpret the instruction and determine the required operation.

- Fetch Operands: Gather the necessary data for execution.

- Execute: Perform the operation (e.g., addition).

- Writeback: Store the result back into the register file or memory.

Each stage involves specific register operations, with some registers being read, others being written,

and some remaining unaffected.

---



Focus on the ADD Instruction in LC-3

The ADD instruction in the LC-3 can be represented in two primary forms:

- Register mode: `ADD DR, SR1, SR2`

Adds the values in source registers SR1 and SR2, stores the result in destination register DR.

- Immediate mode: `ADD DR, SR1, imm5`

Adds the value in SR1 and a 5-bit immediate value, stores the result in DR.

During the execution of ADD, the processor must perform specific fetch and decode steps to access

operands, which involves particular registers.

---

The FETCH OPERANDS Step: An In-Depth Examination

What Happens During FETCH OPERANDS?

The FETCH OPERANDS step in the LC-3's instruction cycle involves retrieving the data or addresses

necessary to perform the operation specified by the instruction. For the ADD instruction, this typically

means:

- Reading source register values (SR1 and SR2 or SR1 and immediate value).

- Preparing the data for the ALU to perform the addition.

This phase ensures that all operands are available for the subsequent execution phase.

Registers Involved in FETCH OPERANDS



Let's analyze which registers are impacted:

1. Register File (General Purpose Registers):

- SR1 and SR2: The source registers from which data is read during this step.

- DR (Destination Register): Not impacted during fetch; instead, it will be written during the writeback

phase.

2. Program Counter (PC):

- The PC is used during the fetch phase to locate the instruction in memory. However, during FETCH

OPERANDS, the PC has already been used to fetch the instruction and is generally not changed

during this phase unless the instruction is a control transfer.

3. Memory (not a register):

- The instruction is fetched from memory during the fetch step, but the memory itself is not a register.

4. Condition Code Register (CC):

- The condition codes are typically updated after the execution phase, not during FETCH OPERANDS.

---

Clarifying Which Registers Are Changed During FETCH OPERANDS

Based on the above, the registers explicitly changed during the FETCH OPERANDS step of an LC-3

ADD instruction are:

- None of the general purpose registers (R0-R7) are directly changed during this phase. Instead, they



are read.

- The Program Counter (PC) is not changed during the FETCH OPERANDS phase; it is only

incremented or updated during the instruction fetch phase.

Therefore, the only register that is affected (i.e., changed) during the FETCH OPERANDS step is the

Program Counter, if at all.

However, during the fetch phase, the PC is incremented or holds the address of the next instruction,

but during the operand fetch, no register is changed unless the instruction explicitly modifies the PC

(which is not the case for ADD).

---

Common Misconceptions and Clarifications

| Misconception | Clarification |

|---|---|

| All registers involved in the instruction are changed during FETCH OPERANDS. | Only the registers

being read are accessed; no register is written or changed during this step. |

| The PC is updated during FETCH OPERANDS. | The PC is typically incremented during the fetch

phase, not the operand fetch. |

| The condition code register updates during FETCH OPERANDS. | Condition codes are only updated

after execution, based on the result. |

---

Summary of Registers During the FETCH OPERANDS Step of LC-3 ADD

| Register | Is it changed? | Role during FETCH OPERANDS | Notes |

|---|---|---|---|



| R0-R7 (General purpose registers) | No | Read source operands | Values are fetched from registers

SR1 and SR2 or immediate. |

| PC (Program Counter) | No (unless explicitly incremented earlier) | Used to locate operands |

Typically incremented during instruction fetch, not during operand fetch. |

| Condition Codes (CC) | No | Not affected | Updated after execution based on the result. |

| Memory | No | Fetch instruction | Not a register, but involved in instruction fetch. |

---

Final Analysis: Which Registers Are Changed?

Based on the detailed review, the correct answer to the core question:

> Select All Of The Registers Listed Below That Are Changed During FETCH OPERANDS Step Of An

LC-3 ADD Instruction

is that none of the registers are directly changed during the FETCH OPERANDS step.

The read operations involve the source registers, but these are not modified. The program counter

may have been incremented during the instruction fetch phase, but during the specific operand fetch

step, no register is actively changed.

---

Broader Implications for Computer Architecture Education

Understanding the precise timing of register operations is vital for grasping how a processor's control

unit orchestrates complex instruction cycles. This detailed knowledge helps students:

- Differentiate between reading and writing registers.

- Recognize when the program counter is updated.



- Appreciate the distinction between instruction fetch and operand fetch.

In the context of the LC-3, this understanding underscores the importance of control signals, memory

interactions, and register access timings.

---

Conclusion

In summary, during the FETCH OPERANDS step of an LC-3 ADD instruction, no registers are

modified; the process involves reading from source registers to prepare for execution, not writing to

any register. The only register that might be considered affected during earlier stages is the Program

Counter, which is typically incremented during instruction fetch but remains unchanged during operand

fetch.

Therefore, the correct selection is that none of the listed registers are changed during the FETCH

OPERANDS step for an LC-3 ADD instruction.

This nuanced understanding emphasizes the importance of precise control in processor design and

instruction cycle management, foundational concepts for anyone studying computer architecture.

---

References:

- Patterson, D. A., & Hennessy, J. L. (2017). Computer Organization and Design: The Hardware

Software Interface. Morgan Kaufmann.

- LC-3 Data Sheet and Instruction Set Architecture Documentation.

- Educational resources from the University of Texas at Austin's Computer Architecture course

materials.



---

Note: This investigation underscores the importance of careful analysis and understanding of each

instruction cycle stage, especially for foundational architectures like the LC-3, which serve as the

cornerstone for more complex systems.
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