Performing Memory Hierarchy Analysis to Reduce Latency
and Bottlenecks
Part 1: Dialogue

Oliver (Computer Engineer): Our system is experiencing delays in accessing
frequently used data. Have you checked the cache eviction policy?

Sophia (Colleague): Yes, but we might need a different approach. If we
optimize virtual memory paging, we can reduce the number of page faults.

Oliver: That’s true. We should also look at the prefetching mechanism to
predict which data will be needed next and load it in advance.

Sophia: Good idea! If we fine-tune it correctly, we can reduce memory stalls
and improve processing speed.

Oliver: Exactly. But we need to ensure the memory coherency protocolis
efficient so multiple processors don’t read outdated data.

Sophia: Right. If coherency isn’t handled properly, we’ll get inconsistencies
when different cores access shared memory.

Oliver: That could lead to performance issues, especially if there’s an
instruction pipeline stall due to missing data.

Sophia: | agree. The pipeline stalls can slow execution, so we should find ways
to streamline instruction flow.

Oliver: Maybe we should analyze benchmark results and adjust memory
allocation strategies accordingly.

Sophia: Good plan! Let’s test different configurations and see which one
minimizes bottlenecks the most.

Part 2: Comprehension Questions



1. What is one benefit of optimizing virtual memory paging?
(A) It increases cache eviction frequency
(B) It reduces page faults
(C) It slows down data retrieval
(D) It prevents instruction pipeline stalls

2. How does a memory coherency protocol help?
(A) It speeds up prefetching
(B) It allows processors to ignore shared memory
(C) It increases instruction stalls
(D) It prevents outdated data from being read

3. What is the purpose of prefetching in memory optimization?
(A) To predict and load necessary data in advance
(B) To increase latency for large applications
(C) To remove cache eviction policies
(D) To slow down CPU processing

4. Why are instruction pipeline stalls problematic?
(A) They reduce CPU power consumption
(B) They improve cache memory performance
(C) They slow down instruction execution
(D) They eliminate the need for virtual memory

Part 3: Vocabulary with Definitions

. Cache eviction policy (¥ ¥ ¥ ¥ 2 B#K Y 2 —)-Amethod to

determine which data should be removed from cache when space is
needed.

. Virtual memory paging (fR%8 X € Y *— 3 v/ 7')— A process where the

operating system moves data between RAM and disk storage to manage
memory efficiently.



. Prefetching mechanism (7°V 7 = v F#f#) — A technique that predicts

and loads necessary data before it is requested to improve performance.

. Memory coherency protocol (X € U —E¥: 7w F 2)1)-Asystem

ensuring that multiple processors access the most up-to-date data in
shared memory.

. Instruction pipeline stall (ff$ 234 75 4 v D{&1k)- A delay in CPU

execution when required data is not immediately available.

Part 4: Answer Key

1. What is one benefit of optimizing virtual memory paging?
(B) It reduces page faults

2. How does a memory coherency protocol help?
(D) It prevents outdated data from being read

3. What is the purpose of prefetching in memory optimization?

(A) To predict and load necessary data in advance

4. Why are instruction pipeline stalls problematic?

(C) They slow down instruction execution



