
For The 32 Bit Dlx Processor Designed In The
Class, Show The Exact Number Of Clock
Cycles, Forwarding
For The 32 Bit Dlx Processor Designed In The Class, Show The Exact Number Of Clock
Cycles, Forwarding

Understanding the intricacies of processor architecture is fundamental for students and professionals
working with digital systems. In particular, the 32-bit DLX processor, a classic RISC (Reduced
Instruction Set Computing) architecture often used for educational purposes, offers valuable insights
into pipeline design and performance optimization. This article aims to elucidate the exact number of
clock cycles involved in executing instructions within the 32-bit DLX processor, with a special focus on
the concept of forwarding—also known as data hazard mitigation. By exploring these topics in detail,
readers will gain a comprehensive understanding of how pipelining improves processor throughput
and how forwarding ensures efficient data flow between pipeline stages.

Overview of the 32-Bit DLX Processor Architecture

The DLX processor, designed as a simplified model of a RISC architecture, features a 32-bit instruction
set, register-based operations, and a five-stage pipeline. Its main goal is to demonstrate fundamental
pipeline concepts such as instruction execution, hazards, and their mitigation.

Key Components of the DLX Processor

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

Instruction Decode (ID): Decodes the instruction and reads registers.

Execution (EX): Performs ALU operations or calculates memory addresses.

Memory Access (MEM): Reads or writes data from/to memory.

Write Back (WB): Writes the result back into the register file.

The processor executes instructions in a pipelined fashion, allowing multiple instructions to be
processed concurrently at different stages, significantly increasing throughput.

Pipeline Hazards and Their Types

While pipelining boosts performance, it introduces hazards that can cause stalls or incorrect execution



if not properly managed. The main types of hazards include:

Data Hazards
Data hazards occur when instructions depend on the results of previous instructions that have not yet
completed.

Control Hazards
Control hazards arise from branch instructions, impacting the flow of instruction fetching.

Structural Hazards
Structural hazards happen when hardware resources are insufficient to support overlapping
instructions.

This article primarily focuses on data hazards and their mitigation using forwarding.

Understanding Data Hazards in the DLX Pipeline

Data hazards are typical in pipelined architectures. For example, consider the following sequence:

```assembly
ADD R1, R2, R3
SUB R4, R1, R5
```

Here, the SUB instruction depends on the result of the ADD instruction. If the SUB instruction attempts
to read R1 before the ADD instruction has written the result back, incorrect data might be used,
leading to hazards.

Types of Data Hazards

RAW (Read After Write): The most common hazard where an instruction reads a register1.
before the previous instruction writes to it.

WAR (Write After Read): Less common in DLX, where an instruction writes to a register2.
before a previous instruction reads it.

WAW (Write After Write): Occurs if two instructions write to the same register in close3.
succession.

In the context of the DLX pipeline, RAW hazards are the primary concern, which can be mitigated



using forwarding.

Exact Number of Clock Cycles in the DLX Pipeline

Calculating the precise number of clock cycles for instruction execution involves understanding the
pipeline stages and how hazards impact performance.

Baseline Cycle Counts Without Hazards or Forwarding

In an ideal scenario with perfect pipelining and no hazards, each instruction takes one clock cycle per
pipeline stage, totaling five cycles per instruction:

Instruction Fetch (IF)

Instruction Decode (ID)

Execution (EX)

Memory Access (MEM)

Write Back (WB)

However, due to pipelining, multiple instructions overlap, and the throughput approaches one
instruction per cycle after pipeline filling.

Pipeline Hazards Impact on Cycle Counts

When hazards occur, stalls are introduced, increasing the total number of cycles. The exact number
depends on hazard detection and mitigation techniques, such as forwarding.

Role of Forwarding in Reducing Cycle Penalties

Forwarding allows data to be transferred directly from one pipeline stage to another without waiting
for it to be written and read from the register file, reducing stall cycles.

Forwarding Mechanism in the DLX Processor

Forwarding, or data hazard forwarding, is a technique that enables the processor to pass the result of



an operation directly to an earlier pipeline stage, bypassing the register write/read delays.

Implementation of Forwarding

Connect the output of the ALU or memory stage directly to the input of the ALU stage for
subsequent instructions.

Use additional multiplexers to select between the register file output and forwarded data.

Forwarding Paths in the DLX Pipeline

From EX/MEM pipeline register to ID/EX stage when the result is needed immediately.1.

From MEM/WB pipeline register to ID/EX stage for instructions dependent on load instructions.2.

Calculating Exact Number of Cycles with Forwarding

To determine the exact number of clock cycles for a sequence of instructions with forwarding,
consider an example:

```assembly
ADD R1, R2, R3
SUB R4, R1, R5
```

In a non-forwarding pipeline, the SUB instruction would need to stall until R1 is written back. With
forwarding, the stall can be eliminated.

Cycle-by-Cycle Breakdown

Assuming a pipeline with forwarding enabled:

| Cycle | Instruction 1 (ADD) | Instruction 2 (SUB) |
|---------|---------------------|---------------------|
| 1 | IF | |
| 2 | ID | IF |
| 3 | EX | ID |
| 4 | MEM | EX |
| 5 | WB | MEM |
| 6 | | WB |



In this sequence, the SUB instruction can start decoding immediately after the ADD instruction's EX
stage because forwarding supplies the needed data directly from the ALU output, avoiding stalls.

Total cycles for these two instructions: 6 cycles.

If stalls were necessary (without forwarding), additional cycles would be introduced, increasing total
execution time.

Summary of Exact Clock Cycles for Typical Instruction
Sequences

| Instruction Type | Without Forwarding | With Forwarding |
|--------------------|--------------------|-----------------|
| Load-Use Hazard | Up to 4 cycles stall | 0 stall cycles, 1 cycle total for the sequence |
| Arithmetic Instructions | 1 cycle per instruction | 1 cycle per instruction after pipeline fill |
| Branch Instructions | Variable, often stall | Reduced stalls with branch prediction and forwarding |

In typical scenarios, forwarding reduces the number of stall cycles to zero for many data hazards,
ensuring instructions proceed without delays, maintaining high throughput.

Conclusion

The 32-bit DLX processor, as designed in educational environments, provides an excellent platform to
understand pipeline architecture and hazard mitigation techniques. The exact number of clock cycles
for instruction execution depends heavily on the presence of hazards and the implementation of
forwarding.

By enabling forwarding, the DLX processor can execute dependent instructions with minimal stalls,
typically reducing the total cycle count to one per instruction after pipeline fill, significantly optimizing
performance. Understanding these concepts helps students and engineers design efficient pipelined
processors, balancing complexity and speed.

In sum, the precise number of clock cycles in the DLX processor with forwarding is determined by the
instruction sequence, hazard detection, and forwarding paths. Proper implementation of forwarding
ensures minimal stalls, maximizing throughput and demonstrating core principles of modern
processor design.

Frequently Asked Questions

What is forwarding in the context of the 32-bit DLX processor
designed in the class?
Forwarding is a technique used to resolve data hazards by directly passing the result of an instruction



to subsequent instructions without waiting for it to be written back to the register file.

How many clock cycles are required for a data hazard to be
resolved using forwarding in the DLX processor?
Typically, forwarding resolves data hazards with zero additional clock cycles, meaning the hazard is
resolved in the same cycle the data becomes available, effectively requiring 1 cycle for the instruction
to proceed without stalls.

What is the impact of forwarding on the total number of clock
cycles in a pipeline for the DLX processor?
Forwarding reduces the need for pipeline stalls, thereby decreasing the total number of clock cycles
needed to execute a sequence of instructions and improving overall throughput.

In the DLX processor design, which pipeline stages are
involved in forwarding for a load instruction?
Forwarding typically involves the EX (execute) and MEM (memory) stages, where the result from the
MEM stage can be forwarded to the EX stage of subsequent instructions needing that data.

How does forwarding influence the number of clock cycles
needed for instruction execution in the DLX pipeline?
Forwarding can eliminate certain data hazard stalls, thereby reducing the total number of clock cycles
required for instruction completion compared to a non-forwarding pipeline.

Are there any limitations or conditions where forwarding
cannot resolve hazards in the DLX processor?
Yes, hazards involving load instructions where data is not yet available can still require stalls, as
forwarding cannot resolve hazards when data is not produced in time, especially for load-use hazards.

What is the typical number of clock cycles for a load-use
hazard in the DLX pipeline with forwarding enabled?
Generally, a load-use hazard requires inserting a stall of 1 cycle to wait for the data to be loaded
before it can be used, even with forwarding.

Can forwarding completely eliminate data hazards in the DLX
processor pipeline?
No, forwarding can reduce data hazards but cannot eliminate all of them, especially load-use hazards
where the data is not yet available for forwarding.



How is the number of clock cycles affected for a sequence of
instructions with dependencies when forwarding is used in
the DLX processor?
Using forwarding decreases the number of additional cycles needed for dependent instructions,
leading to a more efficient execution with fewer stalls and a reduced total cycle count.

What is the role of control logic in implementing forwarding in
the DLX 32-bit processor?
Control logic detects data hazards and directs the data to be forwarded from the appropriate pipeline
register (EX/MEM or MEM/WB) to the ALU inputs, enabling seamless data transfer without stalls.

Additional Resources
For The 32 Bit DLX Processor Designed In The Class, Show The Exact Number Of Clock Cycles,
Forwarding

---

Introduction

The DLX processor architecture, originating from the seminal work by David A. Patterson and John L.
Hennessy in their influential textbook "Computer Organization and Design," remains a cornerstone in
the study of computer architecture. Designed as a RISC (Reduced Instruction Set Computing) model,
DLX offers students and researchers a simplified yet powerful platform to understand the core
principles of pipelined processor design, hazard management, and performance optimization.

This article delves into the intricacies of a 32-bit DLX processor designed in an academic setting, with
a particular focus on the precise number of clock cycles involved in executing instructions and the
implementation of forwarding (also known as data hazard forwarding or bypassing). By exploring the
detailed pipeline stages, hazard resolution strategies, and cycle-by-cycle analysis, we aim to provide
a comprehensive understanding suitable for both educational purposes and performance analysis.

---

Background: The DLX Architecture and Pipelining Fundamentals

The DLX Instruction Set and Architecture Features

The DLX architecture models a simplified RISC processor with:

- 32 general-purpose registers (GPRs)
- A 32-bit instruction set
- Fixed instruction length (32 bits)
- Load/store architecture
- A five-stage pipeline: Instruction Fetch (IF), Instruction Decode/Register Fetch (ID), Execute (EX),
Memory Access (MEM), and Write Back (WB)



Pipelining and Its Significance

Pipelining enables overlapping execution of multiple instructions to improve throughput. However,
pipelined execution introduces hazards that can stall or complicate the flow, notably data hazards,
control hazards, and structural hazards. Effective hazard resolution techniques, like forwarding, are
essential for maintaining high performance.

---

Exact Number of Clock Cycles in Instruction Execution

Basic Pipeline Timing Without Hazards

In an ideal, hazard-free scenario, the cycle count for each instruction follows the pipeline stages:

| Stage | Description | Cycles per instruction |
|---------|--------------|------------------------|
| IF | Fetch instruction | 1 |
| ID | Decode and register fetch | 1 |
| EX | Execute operation | 1 |
| MEM | Memory access (if needed) | 1 |
| WB | Write back results | 1 |

Total cycles per instruction = 5 cycles (assuming no hazards and perfect forwarding)

Impact of Hazards on Cycle Count

In practice, hazards can introduce stalls, increasing the number of cycles per instruction:

- Data hazards: occur when instructions depend on the results of previous instructions
- Control hazards: caused by branch instructions
- Structural hazards: occur when hardware resource conflicts

This analysis focuses on data hazards, where forwarding plays a crucial role in mitigating delays.

---

Forwarding: Concept and Implementation in the DLX Processor

What Is Forwarding?

Forwarding is a technique to resolve data hazards by routing data directly from one pipeline stage to
another, bypassing the register file. It allows dependent instructions to receive operand values
without stalling the pipeline.

Forwarding Paths in the DLX Pipeline

In the DLX, the primary forwarding paths are:

- From the EX/MEM pipeline register to the EX stage (for instructions needing data that was just
computed)



- From the MEM/WB pipeline register to the EX stage (for instructions waiting on data loaded from
memory)

Forwarding Logic and Control Signals

Implementing forwarding requires additional hardware:

- Forwarding multiplexers in the execute stage
- Hazard detection unit to identify situations needing stalls or forwarding
- Control signals to select the correct data source

---

Cycle-by-Cycle Analysis of Instruction Execution with Forwarding

To understand the exact number of clock cycles, consider a typical scenario involving dependent
instructions.

Example Sequence

Suppose we have the following instruction sequence:

```assembly
1. ADD R1, R2, R3 ; R1 = R2 + R3
2. SUB R4, R1, R5 ; R4 = R1 - R5
3. AND R6, R4, R7 ; R6 = R4 & R7
```

Here, each subsequent instruction depends on the result of the previous one. Without forwarding,
stalls would be necessary. With forwarding, the pipeline can be optimized.

---

Cycle Analysis Table

| Cycle | IF | ID | EX | MEM | WB | Comments |
|---------|---------|---------|---------|---------|---------|------------|
| 1 | ADD | | | | | Fetch ADD |
| 2 | SUB | ADD | | | | Fetch SUB, decode ADD |
| 3 | AND | SUB | ADD | | | Fetch AND, decode SUB, execute ADD (with forwarding) |
| 4 | | AND | SUB | ADD | | Decode AND, execute SUB, memory ADD results |
| 5 | | | AND | SUB | R4 computed, write back ADD result | |

Key points:

- Forwarding allows the SUB instruction to receive R1's value from the EX/MEM or MEM/WB pipeline
register, avoiding stalls.
- The total number of cycles to execute all three instructions is 5 cycles for the pipeline to reach
completion, given perfect forwarding.

---



Quantitative Summary of Cycle Counts

| Instruction | Cycles to Complete (with Forwarding) |
|----------------|--------------------------------------|
| First instruction (ADD) | 5 |
| Second instruction (SUB) | 5 (starts at cycle 2) |
| Third instruction (AND) | 5 (starts at cycle 3) |

Total cycles for the three instructions: 7 cycles (assuming pipeline fills and flushes are accounted for)

Factors Influencing Cycle Counts

- Pipeline depth and structure: The five-stage pipeline introduces a base latency of 5 cycles per
instruction.
- Hazard detection and forwarding logic: Proper forwarding reduces stalls, minimizing additional
cycles.
- Branch instructions and control hazards: Not covered here but can add cycles unless techniques like
branch prediction are implemented.

---

Implementation Challenges and Practical Considerations

Hardware Complexity

Implementing forwarding increases hardware complexity:

- Additional multiplexers
- Hazard detection units
- Increased wiring and control logic

Performance Trade-offs

While forwarding minimizes stalls, it cannot eliminate all hazards, especially for load-use
dependencies where data is not yet available in the pipeline.

Real-World Implications

In an educational setting, designing a DLX processor with forwarding offers valuable insights into
pipelined architecture. However, real processors may employ additional techniques, like out-of-order
execution or speculative execution, to further optimize performance.

---

Conclusion

The For The 32 Bit DLX Processor Designed In The Class, Show The Exact Number Of Clock Cycles,
Forwarding analysis reveals that:

- In an ideal, hazard-free pipeline, each instruction completes in 5 cycles.
- With forwarding, data hazards between dependent instructions can be resolved without stalls,



maintaining the 5-cycle per instruction latency.
- The total number of cycles for a sequence depends on the instruction dependencies and pipeline
implementation, but forwarding significantly reduces potential stalls and enhances throughput.

Understanding the precise cycle counts and the role of forwarding in pipelined processors deepens
one's appreciation of modern processor design challenges and solutions. Such analyses are
fundamental for computer architecture students, researchers, and hardware engineers aiming to
optimize pipeline performance in real-world applications.

---
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