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Understanding how a pipelined MIPS processor executes instructions is fundamental for
computer architecture students, software developers, and engineers working on low-level
optimization. When a program is run on a pipelined MIPS processor, multiple instructions
are processed simultaneously at different stages of execution, leading to increased
throughput and efficiency. However, this concurrency also introduces complexity in
tracking which registers are being read or written at any given cycle.

This article provides a comprehensive guide to analyzing a MIPS program in a pipelined
environment, focusing on identifying register activities—i.e., which registers are being
used or modified during the execution process. We will explore the typical pipeline stages,
instruction types, hazards, and techniques to determine register usage during execution.

Understanding the Pipelined MIPS Architecture

To analyze register activity during program execution, it’s essential to understand the
basic pipeline stages of a MIPS processor.

The Five Classic Pipeline Stages

A standard 5-stage MIPS pipeline consists of:

1. IF (Instruction Fetch): Fetch the instruction from memory.

2. ID (Instruction Decode/Register Fetch): Decode the instruction and read the required
registers.

3. EX (Execute): Perform ALU operations or calculate addresses.

4. MEM (Memory Access): Access memory if needed (load/store).

5. WB (Write Back): Write results back to the register file.

The pipeline allows multiple instructions to be in different stages simultaneously,
increasing throughput but also creating potential hazards that complicate register
analysis.



Pipeline Hazards Impacting Register Usage

- Data Hazards: Occur when an instruction depends on the result of a previous instruction
still in the pipeline.

- Structural Hazards: Hardware resource conflicts, less common in simple MIPS pipelines.
- Control Hazards: Branch instructions affecting instruction flow.

Understanding these hazards helps in determining when registers are read or written
during overlapping instructions.

Types of MIPS Instructions and Register Usage

MIPS instructions can be broadly categorized into R-type, I-type, and J-type, each with
distinct register activities.

R-Type Instructions

- Format: "opcode rs rt rd shamt funct’
- Example: "add $s1, $s2, $s3°

- Register activity:

- Reads: 'rs’, ‘rt’

- Writes: ‘rd’

I-Type Instructions

- Format: "opcode rs rt immediate

- Examples:

- "lw $t0, 4($s1)" (Load word)

- “sw $t0, 8($s1)” (Store word)

- “addi $t0, $s1, 10" (Add immediate)

- Register activity:
- Reads: ‘rs’, ‘rt° (for some instructions)
- Writes: "rt’ (for instructions like "addi’, "Iw")

J-Type Instructions

- Format: "opcode target
- Example: "j label’
- Register activity:



- No register read/write involved directly.

Understanding these patterns allows us to predict which registers are being accessed

during specific instructions.

Analyzing a Sample MIPS Program

Suppose the program being executed is as follows:

" Tassembly

addi $t0, $zero, 5 $t0 = 5

addi $t1, $zero, 10 $t1 = 10

add $t2, $t0, $t1 $t2 = $t0 + $t1

sub $t3, $t2, $t0 $t3 = $t2 - $t0

Iw $s0, 0($tl) Load word from address in $tl1 into $s0

sw $s0, 4($t0) Store word from $s0 into memory address in $t0 + 4
beq $t2, $t3, label Branch if $t2 == $t3

label: nop No operation

Let's analyze the register activity step-by-step.

Step-by-Step Register Activity Analysis

Instruction 1: addi $t0, $zero, 5

- Stage 1 (IF): Fetch "addi $t0, $zero, 5

- Stage 2 (ID): Read "$zero” (which is always zero)
- Stage 3 (EX): Calculate "$zero + 5°

- Stage 4 (MEM): Not used in "addi

- Stage 5 (WB): Write result to " $t0"

Registers involved:

- Read: "$zero  (not explicitly shown as a register, but it’s a hardwired register always

Zero)
- Write: " $t0°



Instruction 2: "addi $t1, $zero, 10

- Read: "$zero’
- Write: "$t1°

Instruction 3: add $t2, $t0, $t1°

- Read: "$t0°, "$t1" (from previous instructions)
- Write: "$t2°

Instruction 4: sub $t3, $t2, $t0°

- Read: "$t2°, "$t0°
- Write: " $t3°

Instruction 5: "lw $s0, 0($tl1)"

- Read: "$t1° (base address)
- Write: “$s0°

Instruction 6: sw $s0, 4($t0)"

- Read: "$s0°, "$t0°
- Write: None (store operation)

Instruction 7: "beq $t2, $t3, label’

- Read: "$t2°, "$t3°
- Write: None



Determining Register Usage During Pipeline
Execution

In a pipelined processor, multiple instructions are in different stages simultaneously. To
analyze which registers are being used at each cycle, consider the following:

1. Identify instruction overlaps: Which instructions are in the fetch, decode, execute, etc.,
during each cycle?

2. Track register reads: When are registers actually read? Typically, during the ID stage.
3. Track register writes: When are register results written? During the WB stage.

For example, in cycle 3:

- The first instruction (*addi $t0, $zero, 5°) is in the WB stage, completing its write.
- The second instruction ("addi $t1, $zero, 10°) is in the ID stage, reading " $zero .
- The third instruction ("add $t2, $t0, $t1°) is in the IF stage.

Thus, during cycle 3:

- Registers "$zero”, "$t0°, "$t1" are being read.
- Register "$t0" will be written at the end of cycle 4.
- Register "$t2° will be written at the end of cycle 6.

By following this pattern, we can determine precisely which registers are being read or
written at each pipeline stage and cycle.

Handling Hazards and Their Effect on Register
Usage

Data hazards occur when an instruction depends on the result of a previous instruction
that has not yet completed writing back. For example:

- In the “add $t2, $t0, $t1° instruction, "$t0" and " $t1° must be available before execution.
- If instruction 3 executes before instruction 1 or 2 completes writing to "$t0" and "$t1°,
hazard detection and forwarding are necessary.

Hazard mitigation techniques:
- Forwarding (Data Bypassing): Pass data directly from pipeline stages to avoid stalls.
- Stalling: Insert no-operation instructions ('nop") to delay dependent instructions.

- Register Renaming: Use additional registers to avoid false hazards.

Understanding these hazards is essential for accurately determining register activity,
especially when analyzing pipeline behavior with hazards present.



Visualizing Register Usage with Pipeline
Diagrams

Creating pipeline diagrams helps visualize register reads and writes over cycles:

| Cycle | Instruction 1 | Instruction 2 | Instruction 3 | Instruction 4 | Instruction 5 |
Instruction 6 | Instruction 7 |

I I I I I I I | I
[ TIIF[[][]]]

|2|ID[IF || []]]

| 3| EX[ID [IF|[]]]

| 4 | MEM | EX |ID | IF | | ||

| 5| WB | MEM |EX |ID ||| |

|6]|WB

Frequently Asked Questions

What is the significance of identifying which registers
are being used in a pipelined MIPS processor program?

Identifying the registers in use helps in understanding data dependencies, potential
hazards, and optimizing pipeline performance by managing register conflicts and
forwarding.

How does instruction pipelining affect register usage
analysis in a MIPS processor program?

Pipelining allows multiple instructions to overlap, making it essential to track register
reads and writes across different stages to prevent hazards and ensure correct execution.

What are common techniques to determine which
registers are being used at different stages of a
pipelined MIPS program?

Techniques include instruction decoding, pipeline simulation, and dependency analysis,
which help identify register reads and writes at each pipeline stage.

How can data hazards be identified by analyzing



register usage in a pipelined MIPS program?

Data hazards occur when an instruction depends on the result of a previous instruction
still in the pipeline, which can be detected by tracking register dependencies between
instructions.

Why is it important to determine which registers are
being written to and read from during program
execution?

Knowing register usage helps in managing hazards, optimizing performance, and ensuring
data integrity by avoiding conflicts and incorrect data usage.

In the context of pipelined execution, how do
forwardings and stalls relate to register analysis?

Forwarding and stalls are mechanisms to resolve register-related hazards; analyzing
register usage helps determine where forwarding can be applied or stalls introduced.

What role does instruction sequence play in
determining register usage in a pipelined MIPS
program?

The sequence of instructions determines data dependencies and register access patterns,
which are crucial for identifying potential hazards and understanding register flow.

How can understanding register usage improve pipeline
efficiency in a MIPS processor?

By accurately identifying register dependencies, the processor can optimize hazard
mitigation techniques, reduce stalls, and improve throughput.

What tools or methods can assist in analyzing register
activity in a pipelined MIPS program?

Tools like pipeline simulators, dependency graphs, and manual step-by-step analysis are
commonly used to track register reads and writes throughout program execution.

Can you explain how to determine which registers are
being accessed in a specific instruction within a
pipelined MIPS program?

Yes, by decoding the instruction, examining its opcode and operands, you can identify
source registers (read) and destination registers (written), which informs overall register
activity.



Additional Resources

Assume The Pipelined MIPS Processor Is Running The Following Program. Determine
Which Registers Are Being Used and How They Are Affected

Understanding how a pipelined MIPS processor executes instructions is fundamental for
computer architecture students and professionals alike. When analyzing a specific
program running on such a processor, a common task is to determine which registers are
being used at various stages of execution, how they are affected during each instruction
cycle, and how pipeline hazards might influence register states. This article offers a
comprehensive guide to dissecting a MIPS program in a pipelined environment, focusing
on register utilization and modification.

Introduction to Pipelined MIPS Architecture

Before delving into register usage, it's essential to understand the pipeline stages in a
typical MIPS processor:

- IF (Instruction Fetch): Fetch the instruction from memory.

- ID (Instruction Decode/Register Fetch): Decode instruction and read registers.
- EX (Execute): Perform arithmetic or logical operation.

- MEM (Memory Access): Access data memory if needed.

- WB (Write Back): Write results back to registers.

Pipelining allows overlapping execution of instructions, increasing throughput but also
introducing hazards that can affect register states.

The Importance of Register Analysis

In MIPS, registers are used systematically to hold intermediate and final data. Analyzing
which registers are being used involves:

- Identifying source registers (operands).
- Recognizing destination registers (results).

- Tracking register values as they propagate through the pipeline.

This process helps in understanding data dependencies, potential hazards, and overall
program behavior.

Step-by-Step Guide to Analyzing Register Usage in a Pipelined MIPS Program
Step 1: Obtain the Program Instructions

Start with the list of instructions, typically in assembly language. For example:



. Iw $t0, 0($s1)

. add $t1, $t0, $s2

. sub $t2, $t1, $s3

. SW $t2, 4($s1)

. beq $t2, $zero, Label
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Step 2: Identify Register Roles in Each Instruction
For each instruction:

- “lw $t0, 0($s1)”
- Source registers: “$s1° (memory address base)
- Destination register: “$t0" (loaded value)

- “add $t1, $t0, $s2°
- Source registers: “$t0°, " $s2°
- Destination register: “$t1°

- “sub $t2, $t1, $s3°
- Source registers: "$t1°, $s3°
- Destination register: ~$t2°

- “sw $t2, 4($s1)”
- Source register: ~$t2°
- No register is written; data is stored to memory.

- "beq $t2, $zero, Label
- Source registers: “$t2°, “$zero’
- No register is written; control flow changes.

Step 3: Map Register Usage to Pipeline Stages

In a pipelined processor, each instruction is at a different stage at any given cycle. For
each instruction, consider:

- When the source registers are read (ID stage).
- When the destination register is written (WB stage).

Example:

| Instruction | Cycle 1 | Cycle 2 | Cycle 3 | Cycle 4 | Cycle 5 |
I I I I I I |

| lw $t0, 0($s1) | IF | ID | EX | MEM | WB |

| add $t1, $t0, $s2 | | IF | ID | EX | MEM |

| sub $t2, $t1, $s3 || | IF | ID | EX |

| sw $t2, 4($s1) | || | IF | ID |

| beq $t2, $zero, Label | | | | | IF |

In this flow:



“lw’ reads "$s1” in ID.

“add’ reads "$t0° (produced by 'lw’) and "$s2" in ID.
“sub’ reads “$t1° (produced by "add’) and "$s3".
"sw' reads “$t2°.

"beq reads "$t2° and "$zero .

Analyzing Register Usage and Effects

1. Registers Read

At each instruction's decode stage, the processor fetches values from source registers:
-"$s17, "$s27, "$s37, "$t07, "$tl, "$t2°, $zero”

These are the registers actively read during instruction decode, influencing the
instruction's execution.

2. Registers Written

Registers are written during the write-back stage:

- "$t0° is written after "1w".

- "$t1° is written after "add".

- "$t2° is written after "sub'.

The timing of these writes affects subsequent instructions that depend on these registers.
3. Data Dependencies and Hazards

- Data hazards occur when an instruction depends on the result of a previous instruction
still in the pipeline.

- For example, "add” depends on "$t0" loaded by "1w".
- To resolve hazards, techniques like forwarding or pipeline stalls are used.

Handling Hazards and Register States

In pipelined execution, hazards can cause unintended register states if not managed
properly:

- Data hazards: When an instruction needs a register that hasn't been updated yet.
- Structural hazards: When hardware resources are insufficient.
- Control hazards: Due to branch instructions.

Strategies:

- Forwarding: Pass data directly from pipeline stages to avoid stalls.
- Stalls: Insert no-operation (NOP) instructions to delay execution until data is ready.



Practical Example: Tracking Register Values

Suppose the initial values at the start are:

- "$s1 =100
- "$s2 =20°
-"$s3 =10
-"$zero=0"

Execution flow:

- Cycle 1: "1w $t0, 0($s1)" fetches instruction.

- Cycle 2: Reads "$s1; loads value from memory address "100" into ~$t0".
- Cycle 3: "add $t1, $t0, $s2° fetches; "$t0" now holds the value loaded.

- Cycle 4: Reads "$t0" and "$s2; computes sum, writes to " $t1 .

- Cycle 5: "sub $t2, $t1, $s3° fetches.

- Cycle 6: Reads "$t1° and "$s3°; computes difference, writes to ~$t2".

- Cycle 7: "sw $t2, 4($s1) fetches.

- Cycle 8: Reads "$t2°; stores to memory.

- Cycle 9: "beq $t2, $zero, Label fetches.

- Cycle 10: Reads "$t2°, "$zero ; branch decision.

Throughout this process, registers "$t0", "$t1°, and "$t2" are being used and updated in
pipeline stages, with their states depending on data dependencies and hazard resolution.

Summary of Registers Used and Modified

- Registers Read:

- °$s17, "$s27, "$s37, "$t0, "$t17, "$t2°7, “$zero
- Registers Written:

- "$t0° (after load)

- "$t1° (after addition)

- "$t2° (after subtraction)

- Registers Not Modified:

- $s1°, "$s27, "$s37, $zero (assumed constants or unchanged unless explicitly modified
elsewhere)

Final Thoughts: Why Register Analysis Matters

Understanding which registers are being used in a pipelined MIPS processor is crucial for



optimizing performance and avoiding hazards. Recognizing data dependencies allows
engineers to implement forwarding paths or insert stalls where necessary. It also helps in
debugging and ensuring correctness of programs.

By carefully tracking register usage and updates across pipeline stages, developers can
write more efficient code and design better hazard mitigation strategies. Whether you're
analyzing existing code or designing new instruction sequences, this detailed register
analysis forms the backbone of effective pipeline management.

Additional Tips for Analyzing Pipelined Registers

- Always note the instruction sequence and pipeline stage timing.

- Identify data dependencies early to anticipate hazards.

- Use pipeline diagrams to visualize register flow.

- Remember that register values are only stable after the WB stage.
- Practice with different instruction mixes to gain intuition.

In conclusion, the detailed understanding of register usage in a pipelined MIPS processor
is a vital aspect of computer architecture. By methodically analyzing each instruction, its
source and destination registers, and their progression through pipeline stages, one gains
insight into how data flows and how potential hazards are managed to ensure correct and
efficient execution.
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