
25th of February 2026.
Petar Radojkovic
Barcelona Supercomputing Center 0



Before we start 
• The course will be recorded

• We will do a “family photo” just before the lunch
• It would be nice if you could make it, but it is not obligatory

• If you do not want to appear on the photo, you can still have a lunch with us … 
     … but no desert! ;-)

• Please follow the instructions of the organizers 
• People in the blue BSC t-shirts 
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Wifi

•eduroam 

•Network: BSC_TC_Memory_usage_2026
•Password: Memory26!
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Today will be an interesting day! 
• We were working hard to: 

• Debunk some common misconceptions: 
“Long DRAM latency continues to be a critical performance bottleneck in modern systems” 

• Demystify memory system performance
• Abstract & Esoteric 🡪 Tangible 

• I am excited 
• Very interesting lecturers

• Very interesting audience
• People who got their PhDs in 1990s (educated guess) and people who got the birth certificates in 2000s 

🡪 Difficult to make: “One size fits all” course
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Fits all: Coffee break (30 mins) 

+ Lunch (1:30h)

+ Networking event (2h) 

• Hunt the lecturers! 
• P.S. I am not a lecturer, just giving the intro … 

• 60 people in the room 🡪 You can talk to 59 people

• @zoom: 
• Big apology to people who wanted to join us in person, 

but we could not host them
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End of a session 🡪 Just a beginning of the journey 
 • Pointers to the related material: 

• “Tell me more …” 🡪 You know where to start!

• Contact 🡪 Do not underestimate the value of this! 
• “I have a question … ” 

• “I want to do a PhD … ”
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Just a beginning of the journey

• Planning of this course started some time ago

• Now, we are thinking about future trainings
• Your opinion is important!      🡪 
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Why (main) memory is important? 
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Who cares! Caches have 99% hit rate! 
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Assignment: 
Read this paper.
READ IT CAREFULLY
 

Wm. A. Wulf and S. A. McKee. Hitting the memory wall: Implications of the obvious. Computer 
architecture news, 1995.



Actually, read all three of them 
• Wulf and McKee. “Hitting the memory wall: Implications of the obvious”. 

Computer Architecture News. 1995.

• McKee. “Reflections on the Memory Wall”. 
International Conference on Computing Frontiers. 2004.

• Radulovic et al., “Another Trip to the Wall: How Much Will Stacked DRAM Benefit HPC?”. 
International Symposium on Memory Systems (MEMSYS). 2015. 
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2017-2025: 
Introduction to heterogeneous memory usage 
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“Make everything as simple as possible, but not simpler” 

• If you think in terms: 
• “High-performance memory” vs. “Low-performance memory”

• “Big & slow” vs. “Small & fast” memory 

🡪 This is too simple

•  If you want to work in area of memory systems
• Adoption of new memory devices

• Heterogeneous memory systems 

• Performance analysis 
• Memory devices 

• Applications 

• ... 

🡪 The course today is “as simple as possible” [!]
• At least 80% of the course today
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Brutal misconception: 
“DRAM latency is constant for decades …

… Therefore, long DRAM latency continues to be a critical performance bottleneck
in modern systems.“

• The truth is a bit more complex:
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Processing in memory: The tipping point. ETP4HPC white paper. 2021. 
Petar Radojkovic (BSC), Paul Carpenter (BSC), Pouya Esmaili-Dokht (BSC), Rémy Cimadomo 
(UPMEM), Henri-Pierre Charles (CEA), Sebastian Abu (IBM), Paolo Amato (Micron) 



“DRAM latency is constant for decades …
… Long DRAM latency continues to be a critical performance bottleneck 

in modern systems”

13

Misconception: 
The problem is here! 

The real problem is here!
And 15ns of the “DRAM cell” latency is irrelevant.  



DRAM latency is constant for decades

� Serious side affect: “There is nothing I can do about it …”  
�  Learned helplessness 

•  You could not be more wrong! 
• Memory access latency that matters (load-to-use latency) 

ranges between 100ns and 500ns in the servers which you use! 🡪 We will show you this today 

🡪 There is so much you could do about it!
 

�  Step 1: Understand it! 
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Next: Memory bandwidth

• Brain teaser 1: 
• The memory system bandwidth (from the data-sheets) is 100GB/s

• Your application uses 70GB/s 

• Would you benefit from more bandwidth?

• Brain teaser 2: 
• The memory system bandwidth (from the data-sheets) is 100GB/s

• You run a bandwidth-hungry benchmark (e.g. STREAM) and you measure 75GB/s

• Your application uses 70GB/s 

• Would you benefit from more bandwidth?
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What will you get today? 
(apart from the WiFi & Coffee) 
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We will tackle important questions 
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• Q1: Which memory system should I select for my application?

• Q2: Can I optimize my app to better use a given memory system? 
• Where is my performance problem? 

• Is there anything I can do about it? 



The best memory-related tools 
presented by (one of) the best experts
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• Three different views to similar problems

• In the same day, in the same room, without a bloodshed 
(we will see about that … )



Thank you!  
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Thank you!  
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Thank you! 
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mess@bsc.es

mailto:email@bsc.es


Your opinion is important 

• https://form.typeform.com/to/wD0ngb1r
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https://form.typeform.com/to/wD0ngb1r


The best memory-related tools 
presented by (one of) the best experts
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… but maybe we are still just a bunch of blind people touching an elephant

The “Blind Men and the Elephant” tale illustrates how perception is 
based on what a person is able to see or touch. In the story, six 
blind men touch an elephant. Although each man touches the 
same animal, his determination of the elephant is based only what 
he is able to perceive. The tale warns the reader that preconceived 
notions and perceptions can lead to misinterpretation.


