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Memory System Performance
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Lab tomorrow: HW2 
office hours!
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Image Credit: https://www.newswire.com/news/
upmem-raises-7m-to-revolutionize-ai-and-

analytics-processing-22126102
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Outline

• Memory system performance metrics


• The memory wall and AI


• DRAM prices (???)
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Cache Performance Metrics

• Cache hit rate: number of hits / number of accesses


• MPKI: cache misses per thousand (K) instructions


• Expected cache latency: (hit rate * hit latency) + (miss rate * miss latency)


• Miss latency is the expected cache latency of the next level below
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10ns * .7 + .3 * L3 Latency= 17ns

Cache Access Latency Example
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CPU

L1 Cache

L2 Cache

L3 Cache Main Memory

2ns, 85% hit rate

10ns, 70% hit rate

20ns, 90% hit rate

150ns

What’s the expected 
access latency of 

this memory system?

2ns * .85 + .15 * L2 Latency

20ns * .9 + .1 * 150ns = 33ns

L1 Latency

L2 Latency

L3 Latency

33ns

= 4ns17ns



CS181CA-PO: Computer Architecture Spring 2026, Cache Performance

An average memory latency of 4ns is very tolerable for 
most systems. If you are a computer architect who 
designs memory systems, are you done? What else 

might need to be considered?
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Chat with your neighbor(s)!

Beyond time to access 
(latency), we care about the 
work done per unit of time 

(throughput)!

We also need to be able to 
implement devices with 

larger capacities

… and the pesky security 
problem (we will talk about 

this on Friday)
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Memory System Throughput

• In order to maintain quality-of-service for an application, a memory system 
needs to have fast accesses and high throughput ➡ otherwise, the 
application will not be able to receive from memory all of the data relevant to 
its execution


• In general, we can think of throughput in a memory device as the number of 
transfers per unit of time that it can achieve (e.g., 64GT/s)


• Sometimes, this is generalized by the term bandwidth which describes the 
number of bytes transferred per unit of time (e.g., 64GB/s)
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Memory System Throughput
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CPU

L1 Cache

L2 Cache

L3 Cache Main Memory

32GT/s

15GT/s

10GT/s

64GT/s

What is the 
maximum throughput 

of this memory 
system?

If we need to get 
data from memory, 

the L3 cache serves 
as a bottleneck! 

10GT/s!

Why do caches have 
lower throughput than 

memory?

Caches have lower 
throughput than memory 
because of buffers and 

queues for pending 
operations and misses!

Are there other 
bottlenecks in our 
memory system?

Buses also serve as 
bottlenecks!
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The Bandwidth Issue and the Memory Wall
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Advances in processor 
designs are directly related 
to the increased demand 

for memory!
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The Bandwidth Issue and the Memory Wall
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The Bandwidth Issue and the Memory Wall
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Case Study: DRAM Prices
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Image Credit: https://
pcpartpicker.com/trends/price/

memory/


