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A9.8 Performance, pipelining and parallel
processors
Computer architecture · A level · OCR H446 1.1.1, AQA 7517 4.7.3.7,
Eduqas A500QS 2.1 · about 25 min

Name Class Date

What this lesson is about

Cores, cache, clock speed, word length and bus widths; pipelining; CISC and RISC; multicore systems and GPUs.

Factors affecting performance

Pipelining

CISC and RISC

Multicore and parallel systems
GPUs

Questions

[1 mark]A three-stage pipeline runs 10 instructions with no branches. How many ticks does it take?1.

[1 mark]Which is a feature of RISC processors rather than CISC?

☐ A A small set of simple, fixed-length instructions that are easy to pipeline
☐ B Many complex instructions of different lengths
☐ C Fewer instructions per program

☐ D More of the work done in hardware

2.

[1 mark]Why does a larger cache usually improve performance?

☐ A More instructions and data can be found in fast memory, so fewer slow fetches from main memory are
needed
☐ B It increases the clock speed
☐ C It adds more cores

☐ D It widens the address bus

3.

[1 mark]Which task is best suited to a GPU?

☐ A Training a machine learning model
☐ B Running an operating system's scheduler

☐ C Handling a keyboard interrupt
☐ D Following a long chain of if statements

4.

[1 mark]What happens in a pipeline when a branch is taken?

☐ A The instructions already fetched and decoded after the branch are flushed
☐ B The pipeline speeds up
☐ C The branch is ignored

☐ D The clock speed doubles

5.



The task: a pipeline, tick by tick

Simulate a pipeline. instructions  is the list ["I1", "I2", "I3", "I4"]  and stages  is the list ["F",
"D", "E"] , in pipeline order. Each tick, every instruction moves on one stage: I1 is fetched at tick 1, decoded
at tick 2 and executed at tick 3, and each later instruction follows one tick behind the one before it. A stage
with no instruction in it holds nothing. - For every tick until the last instruction leaves the last stage, print one
line in the form tick 2: F=I2 D=I1 E=- , with each stage's name, = , and the instruction it holds or -  for
an empty stage, separated by single spaces. - Then print pipelined: 6 ticks  and not pipelined: 12
ticks , working both numbers out from the lengths of the two lists. The robot does not move.

# the two lines every program starts with: the commands, then the robot
from bugbot import *
connect()

instructions = ["I1", "I2", "I3", "I4"]
stages = ["F", "D", "E"]

Plan your program here, then type it in and press Run.

Do it on the robot
www.bugbotlab.com/learn/a9-8-performance-pipelining-and-parallel-processors/
The simulator checks it and tells you when it passes. Nothing to install, no account.

Challenges

1. Change the pipeline to five stages. How many ticks does it take now for four instructions, and for 100?
2. Instruction I2 is a branch that is taken, so I3 and I4 were the wrong instructions. Print the pipeline with those

two flushed and the correct instructions I7 and I8 fetched instead. How many ticks were wasted?
3. A job is 60% parallel. What is the most it can ever be sped up by adding cores?

[1 mark]What does this program print?

def speedup(p, cores):
    return 1 / ((1 - p) + p / cores)

print(round(speedup(0.5, 2), 2))
print(round(speedup(0.5, 100), 2))

6.



BugBotLab · free Python lessons that drive a robot · www.bugbotlab.com/learn/a9-8-performance-pipelining-and-parallel-processors/ · You may copy
this for your class.


