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Understanding the behavior of a pipelined MIPS processor as it executes a
program is crucial for computer architecture students and engineers. When a
program runs on a pipelined architecture, multiple instructions are processed
simultaneously at different stages, leading to complex interactions with the
processor's registers. One common question is: which registers are being
written to during execution, and at what points? This article aims to explore
this gquestion in depth, analyzing how a pipelined MIPS processor manages
register writes, the impact of instruction dependencies, and common scenarios
encountered during execution.

Overview of the Pipelined MIPS Processor

Before diving into register-specific behaviors, it’s essential to understand
the architecture of a pipelined MIPS processor.

What Is Pipelining?
Pipelining is a technique used in processor design to improve instruction
throughput. It involves dividing the instruction execution process into
multiple stages, allowing multiple instructions to be processed concurrently.
Typical stages include:

e ITnstruction Fetch (IF)

e Tnstruction Decode (ID)

e Execution (EX)

e Memory Access (MEM)

Write Back (WB)

In a pipelined processor, while one instruction is in the EX stage, another
can be in ID, and yet another in IF, leading to increased efficiency.

The MIPS Instruction Set and Register Model

MIPS uses a load/store architecture with 32 general-purpose registers ($0 to
$31). Registers are used to hold operands and results during instruction



execution. Notably, register $0 always contains zero and cannot be modified.

Understanding Which Registers Are Written
During Program Execution

When executing a program, instructions may modify registers, and identifying
these modifications is fundamental for understanding program flow and data
dependencies.

Types of Instructions That Write to Registers

In a typical MIPS program, the following instructions write to registers:

1. Arithmetic and Logic Instructions: add, sub, and, or, xor, slt, etc.
2. Load Instructions: 1w (load word), 1lh, lb, etc.
3. Shift Instructions: sll, sra, srl

4. Jump and Link Instructions: jal (jump and link) writes the return
address to $ra (register 31)

Conversely, instructions like store (sw), branch, and some immediate
instructions do not modify registers directly.

Register Write—-Back Stage in Pipelining

In a pipelined processor, the register write occurs during the Write Back
(WB) stage. This is where the instruction's result is written into the
destination register. Due to pipelining, multiple instructions can be at
different stages, but only one instruction writes to a register in each
cycle.

Analyzing a Sample Program: Which Registers Are
Being Written?

To illustrate the concept, consider the following sample MIPS program:

" Tassembly
add $t0, S$ti1, sSt2
sub $t3, $t0, st4
1w $t5, 0($t3)
andi $t6, S$t5, OxFF
jal function



Let's analyze which registers are being written during the execution of these
instructions.

Instruction-by-Instruction Breakdown

e add $t0, $tl, $t2: Writes the sum of $tl and $t2 into $tO.

e sub $t3, $t0, $t4d: Writes the subtraction result of $t0 and S$t4 into
St3.

e lw $t5, 0($t3): Loads data from memory address contained in $t3 into
$t5.

e andi $t6, $t5, OxFF: Performs bitwise AND on $t5 and immediate value,
storing result in $t6.

e jal function: Jumps to "function" and saves return address in Sra
(register 31).

Registers written during execution:

- $t0: written by the add instruction.

- $t3: written by the sub instruction.

- $t5: written by the lw instruction.

- $t6: written by the andi instruction.

- Sra (register 31): written by the jal instruction.

Impact of Instruction Dependencies and Pipeline
Hazards

In pipelined execution, data hazards can affect when registers are written
and read, potentially causing delays or requiring hazard mitigation.

Data Hazards and Register Writes

For example, in the sequence above:

— The “sub’ instruction depends on the value of "$t0° produced by “add . If
the pipeline does not resolve this dependency properly, ~$t3° might be
written before “$t0° is updated, leading to incorrect data.

Pipeline Hazards and Forwarding

Modern pipelined processors employ forwarding (also known as data bypassing)
to mitigate hazards, allowing subsequent instructions to use results before

they are officially written back. This impacts when registers are considered
"ready" for reading.



Register Write Timing

In the typical 5-stage pipeline:

— The result of an instruction is written back during the WB stage.
— Dependent instructions in the next cycle can use forwarded data if
forwarding is implemented.

Special Cases: Jump and Link Instructions

The "~jal’ instruction not only Jjumps to a subroutine but also writes the
return address into register “Sra’ .

Register $ra (Register 31)

- The "jal’ instruction writes the address of the next instruction into
Sra’ .

— This allows the program to return after the subroutine completes.

Summary: Which Registers Are Being Written
During Program Execution

In a pipelined MIPS processor, the registers being written are primarily
those specified as destinations in instructions, occurring during the write-—
back stage. For the sample program, the registers being written include:

$t0 (register 8): written by the ‘add’ instruction.

$t3 (register 11): written by the “sub’ instruction.

$t5 (register 13): written by the “1lw' instruction.

$t6 (register 14): written by the “andi’ instruction.

$ra (register 31): written by the “jal® instruction with the jump return
address.

Understanding these write operations helps in debugging, optimizing, and
designing pipelined architectures.

Conclusion

The behavior of register writes in a pipelined MIPS processor 1is foundational



to understanding instruction execution, data hazards, and pipeline hazards.
By analyzing instruction sequences, recognizing which instructions modify
registers, and understanding the timing of these modifications, engineers can
optimize performance and ensure correct execution. Whether dealing with
simple arithmetic operations or complex control flow involving Jjumps and
links, knowing which registers are being written, and when, is key to
mastering pipelined processor design and operation.

Keywords: pipelined MIPS processor, register writes, instruction
dependencies, pipeline hazards, register $ra, register $t0, register $t3,
instruction execution, CPU architecture, instruction pipeline, hazard
mitigation

Frequently Asked Questions

Which registers are being written to during the
execution of the pipelined MIPS program?

The registers being written to depend on the specific instructions in the
program. Typically, destination registers in instructions like ADD, SUB, LW,
and similar are being written to during their respective write-back stages.

How can we identify registers that are being written
during a pipelined execution?
By analyzing the instruction sequence and noting the destination register

fields (rd, rt) in R-type and I-type instructions, we can determine which
registers are targeted for writing during each cycle.

What hazards could occur with register writes in a
pipelined MIPS processor?

Data hazards such as RAW (Read After Write) can occur if instructions attempt
to read a register before it has been written by a previous instruction.
Proper hazard detection and forwarding help mitigate this.

Are there any registers that are typically written to
in every instruction in the given program?
Not necessarily; only instructions that perform computations or load data

(like ADD, LW) write to registers. Instructions like BEQ or SW do not write
to registers.

How does the pipeline architecture affect register
write operations?

Pipeline architecture introduces stages where register writes occur (usually
in the Write-Back stage). This allows multiple instructions to be in
different stages simultaneously, increasing throughput but requiring careful
hazard management.



In a pipelined MIPS processor, how can we determine
which register is being written in a specific cycle?

By examining the instruction in the write-back stage during that cycle and
identifying its destination register field, we can determine which register
is being written.

What role do control signals play in register write
operations in the pipelined MIPS processor?

Control signals like RegWrite enable the writing of data into registers
during the write-back stage. These signals are generated based on the
instruction type and are crucial for correct register updates.

Can multiple registers be written simultaneously in a
pipelined MIPS program?

Yes, in a pipelined processor, multiple instructions at different stages can
be writing to different registers simultaneously, as long as there are no
data hazards or conflicts.

Additional Resources

The Pipelined MIPS Processor Is Running The Following Program: Which
Registers Are Being Written, And Why?

When analyzing the behavior of a pipelined MIPS processor executing a given
program, one of the key questions that arise is: which registers are being
written to during execution, and at what stages? Understanding register
writes in a pipelined environment is crucial for grasping how data flows, how
hazards are managed, and how the processor maintains correct execution
despite overlapping instructions. This article will explore these aspects in
detail, providing a comprehensive guide to analyzing register writes in a
pipelined MIPS processor running a specific program.

Introduction to Pipelined MIPS Architecture

Before diving into register-specific details, it's essential to understand
the fundamentals of the pipelined MIPS processor architecture.

What Is Pipelining?

Pipelining is a technique that improves instruction throughput by overlapping
multiple instruction executions. Unlike a non-pipelined processor, which
completes one instruction at a time, a pipelined processor divides
instruction execution into stages such as:

- Instruction Fetch (IF)

- Instruction Decode/Register Read (ID)
- Execution (EX)

— Memory Access (MEM)

- Write Back (WB)



Each stage operates concurrently on different instructions, increasing
overall throughput but also introducing challenges like data hazards, control
hazards, and structural hazards.

The MIPS Pipeline Stages and Register Writes

In a classic 5-stage MIPS pipeline:

| Stage | Function | Register Write Location |

| IF | Fetch instruction from memory | None |

| ID | Decode instruction, read registers | None |

| EX | Perform ALU operation | None |

| MEM | Access memory (load/store) | For load instructions, data is written
into a register; for store, no register write |

| WB | Write result into register | Registers are written in this stage |

Key Point: Register writes primarily occur during the Write Back (WB) stage,
but some instructions, such as loads, write back data during this stage, and
certain instructions may modify registers earlier depending on the pipeline

design.

Understanding the Program and Its Instructions

Suppose we have a sample program executed by the pipelined MIPS processor.
For illustration, consider the following sequence of instructions:

“assembly

add $t0, s$tl, st2
sub $t3, $t0, $t4
lw $t5, 0($t3)

sw $t5, 4($t0)
and $t6, S$tl, $t2

O W N e

Instruction Breakdown

- add $t0, S$tl, $t2: Adds “S$tl° and "$t2°, stores result in ~S$t0°.

— sub $t3, $t0, $t4: Subtracts "$t4° from "S$t0°, stores in " S$t3°.

- 1w $t5, 0($t3): Loads data from memory address in ~$t3° into ~$t5°
- sw $t5, 4($t0): Stores “S$t5° into memory at address "$t0 + 4°.

- and $t6, S$tl, $t2: Performs AND on ~$tl° and " $t2°, stores in ~$t6°

Which Registers Are Being Written? Analyzing the Program

To answer the question "which registers are being written" during the
program's execution on a pipelined MIPS, we must analyze each instruction's
intent and its pipeline stages.

General Approach:

1. Identify instructions that modify registers.

2. Determine at which pipeline stage the write occurs.

3. Account for hazards and pipeline forwarding that might affect register
writes.



4. Map out the timing of register updates relative to pipeline stages.

Detailed Breakdown of Register Writes Per Instruction
1. “add $t0, stl, st2°

— Operation: Addition; result stored in ~$t0°.

- Register Write: “$t0°.

— Pipeline Stage: The result is written during the WB stage.

— Implication: “S$t0° is not available for subsequent instructions until after
the WB stage completes.

2. “sub $t3, $t0, $t4°

— Operation: Subtract “$t4° from ~S$t0°.

- Register Write: “$t3°.

— Pipeline Stage: Writes occur during WB.

— Hazards: Needs the updated "$t0° from instruction 1. Data forwarding or
stalls might be necessary to resolve this dependency.

3. "1lw $t5, 0($t3)°

— Operation: Load data from memory into ~S$t5°.

- Register Write: “$t5°.

— Pipeline Stage: The load result is written during WB.

- Hazards: Depends on ~$t3° being updated before the load executes.

4. “sw $t5, 4(st0)”

- Operation: Store “$t5° into memory; no register write occurs here.
— Note: No register modification.

5. “and $t6, S$tl1, St2°
— Operation: AND operation; result stored in ~$t6 .

- Register Write: “$t6°.
— Pipeline Stage: Write during WB.

Summary of Registers Being Written

| Instruction | Registers Modified | Write Stage | Comments |

| “add® | “S$t0° | WB | Stores sum; used in subsequent instructions |
| “sub® | “S$t3° | WB | Depends on ~$t0° from previous instruction |
| “1w> | “$t5° | WB | Loads data from memory; hazard with ~S$t3° |

| “and® | “S$t6° | WB | Final register write in this sequence |

Key Takeaway: The registers being written during this program's execution are
TSt0T, "s$t37, “$t57, and "St6.

How the Pipeline Affects Register Writes

Data Hazards and Forwarding



In a pipelined environment, multiple instructions overlap. Therefore, the
timing of register writes and reads can lead to hazards:

- Read-After-Write (RAW) Hazards: When an instruction depends on the result
of a previous instruction not yet written back.

— Solution: Pipelined processors often implement forwarding (also known as
bypassing) to reduce stalls, allowing subsequent instructions to use results
before they are officially written back.

Hazard Scenarios in the Example

- “sub’ depends on the "$t0° from “add :

— The "sub’ instruction needs "$t0° after “add’ computes it.

- Forwarding paths or pipeline stalls ensure “sub’ gets the correct ~$t0°
value.

- 1w’ depends on ~$t3° from “sub:

— The load uses "“$t3° which is written by “sub’

— The pipeline must handle this dependency, possibly inserting stalls or
forwarding.

Write-Back Stage Timing

In the classic 5-stage pipeline, register writes happen at the end of the WB
stage. This timing impacts when subsequent instructions can access the
updated register values:

— Instructions after a write can only read the new value after the write

completes.
— Hazards are mitigated with forwarding and stall insertion.

Visualizing Register Writes Through Pipeline Stages

| Cycle | Instruction Stage | Register Write | Registers Updated | Comments |
| -———————— |- |- |- | —————
————— |

| 1 | IF | - | — | Fetch “add" |

| 2 | ID | = | — | Decode "add" |

| 3 | EX | = | — | Execute “add® |

| 4 | MEM | - | - | Memory access |

| 5 | WB | “$t0° | “$t0° <« “t1 4+ t2° | “add’ writes " $t0° |

| 2 | IF | = | — | Fetch “sub’ |

| 3 | ID | = | — | Decode "sub® |

| 4 | EX | - | - | Execute "sub |

| 5 | MEM | - | - | Memory access |

| 6 | WB | “S$t3° | “$t3° <« “S$t0° (latest wvalue) | After forwarding, ~S$t0° is
available |

| 3 | IF | - | = | Fetch "1lw |

| 4 | ID | - | - | Decode "1lw |

| 5 ] EX | = | = | Calculate address |

| 6 | MEM | - | = | Memory read |

| 7 | WB | “S$t5 | “$t5° <« memory data |
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