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Q1 Case Study: Optimizing a Server Farm's Performance
Imagine you're a system architect for a large online retailer. Your company's server farm is experiencing performance bottlenecks during peak shopping seasons. To address this issue, you've proposed implementing a four-stage pipeline architecture for processing incoming requests.
Task:
1. Design the Pipeline:
· Identify the four stages: Break down the request processing into four distinct stages, considering tasks like instruction fetch, instruction decode, execution, and write-back.
· Create a Space-Time Diagram: Visualize the pipeline's operation using a space-time diagram, illustrating how multiple instructions can be processed concurrently in different stages.
2. Analyze Pipeline Performance:
· Calculate Instruction Throughput: Determine the maximum number of instructions that can be completed per unit of time.
· Identify Potential Bottlenecks: Analyze the space-time diagram to pinpoint any stages that might limit overall performance.
· Propose Optimization Techniques: Suggest strategies to address bottlenecks, such as pipeline stalling or bypassing.
3. Evaluate the Impact of Pipeline Hazards:
· Discuss Structural Hazards: Explain how resource contention can affect pipeline performance and how it can be mitigated.
· Explain Data Hazards: Describe the issue of data dependencies and how techniques like forwarding and stalling can resolve them.
· Discuss Control Hazards: Analyze the challenges posed by branch instructions and how branch prediction can improve pipeline efficiency.


