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https://www.youtube.com/watch?v=MfpLmrtvNtU&list=PL5Q2soXY2Zi_tOTAYm--dYByNPL7JhwR9&index=11

https://www.youtube.com/watch?v=MfpLmrtvNtU&list=PL5Q2soXY2Zi_tOTAYm--dYByNPL7JhwR9&index=11
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SAFARI Live Seminars

https:// safari.ethz.ch/safari-seminar-series/

https://safari.ethz.ch/safari-seminar-series/


Four Key Current Directions

Â Fundamentally Secure/Reliable/Safe Architectures

Â Fundamentally Energy-Efficient Architectures

Ç Memory-centric (Data-centric) Architectures

Â Fundamentally Low-Latency and Predictable Architectures

Â Architectures for AI/ML, Genomics, Medicine, Health, é
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Why the Long Memory Latency?

Â Reason 1: Design of DRAM Micro-architecture

Ç Goal: Maximize capacity/area, not minimize latency

Â Reason 2: ñOne size fits allò approach to latency specification

Ç Same latency parameters for all temperatures

Ç Same latency parameters for all DRAM chips

Ç Same latency parameters for all parts of a DRAM chip

Ç Same latency parameters for all supply voltage levels

Ç Same latency parameters for all application data 

Ç é
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More on AL-DRAM

Â Donghyuk Lee, Yoongu Kim, Gennady Pekhimenko, Samira Khan, 
Vivek Seshadri, Kevin Chang, and Onur Mutlu,
"Adaptive -Latency DRAM: Optimizing DRAM Timing for 
the Common -Case"
Proceedings of the 21st International Symposium on High-
Performance Computer Architecture (HPCA), Bay Area, CA, 
February 2015. 
[Slides (pptx) (pdf) ] [ Full data sets] 
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http://users.ece.cmu.edu/~omutlu/pub/adaptive-latency-dram_hpca15.pdf
http://darksilicon.org/hpca/
http://users.ece.cmu.edu/~omutlu/pub/adaptive-latency-dram_donghyuk_hpca15-talk.pptx
http://users.ece.cmu.edu/~omutlu/pub/adaptive-latency-dram_donghyuk_hpca15-talk.pdf
http://www.ece.cmu.edu/~safari/tools/aldram-hpca2015-fulldata.html


Different Types of Latency Variation

Â AL-DRAM exploits latency variation

Ç Across time (different temperatures)

Ç Across chips

Â Is there also latency variation within a chip?

Ç Across different parts of a chip
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Variation in Activation Errors
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Different characteristics across DIMMs

No ACT Errors

Results from 7500 rounds over 240 chips

Very few errors

Modern DRAM chips exhibit 

significant variation in activation latency

Rife w/ errors

13.1ns

standard

Many errors
Max

Min

Quartiles



Spatial Locality of Activation Errors
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Activation errors are concentrated 

at certain columns of cells

One DIMM @ tRCD=7.5ns



Mechanism to Reduce DRAM Latency

ÅObservation: DRAM timing errors (slow DRAM 

cells) are concentrated in certain DRAM regions

ÅFlexible -LatencY (FLY) DRAM

ïA software-transparent design that reduces latency

ÅKey idea :

1) Divide memory into regions of different latencies

2) Memory controller: Uselower latency for regions without 

slow cells; higher latency for other regions

Chang+, ñUnderstanding Latency Variation in Modern DRAM Chips: Experimental 
Characterization, Analysis, and Optimization" ,ò SIGMETRICS 2016.

https://people.inf.ethz.ch/omutlu/pub/understanding-latency-variation-in-DRAM-chips_sigmetrics16.pdf
https://people.inf.ethz.ch/omutlu/pub/understanding-latency-variation-in-DRAM-chips_sigmetrics16.pdf


FLY-DRAM Configurations
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Chang+, ñUnderstanding Latency Variation in Modern DRAM Chips: Experimental 
Characterization, Analysis, and Optimization" ,ò SIGMETRICS 2016.

https://people.inf.ethz.ch/omutlu/pub/understanding-latency-variation-in-DRAM-chips_sigmetrics16.pdf
https://people.inf.ethz.ch/omutlu/pub/understanding-latency-variation-in-DRAM-chips_sigmetrics16.pdf


Chang+, ñUnderstanding Latency Variation in Modern DRAM Chips: Experimental 
Characterization, Analysis, and Optimization" ,ò SIGMETRICS 2016.

Results
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FLY-DRAM improves performance 

by exploiting spatial latency variation in DRAM

https://people.inf.ethz.ch/omutlu/pub/understanding-latency-variation-in-DRAM-chips_sigmetrics16.pdf
https://people.inf.ethz.ch/omutlu/pub/understanding-latency-variation-in-DRAM-chips_sigmetrics16.pdf


FLY-DRAM: Advantages & Disadvantages

Â Advantages

+ Reduces latency significantly

+ Exploits significant within -chip latency variation

Â Disadvantages

- Need to determine reliable operating latencies for different 
parts of a chip Ą higher testing cost

- More complicated controller
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Analysis of Latency Variation in DRAM Chips

Â Kevin Chang, Abhijith Kashyap, HasanHassan, Samira Khan, Kevin Hsieh, 
Donghyuk Lee, Saugata Ghose, Gennady Pekhimenko, Tianshi Li, and 
Onur Mutlu,
"Understanding Latency Variation in Modern DRAM Chips: 
Experimental Characterization, Analysis, and Optimization"
Proceedings of the ACM International Conference on Measurement and 
Modeling of Computer Systems(SIGMETRICS ), Antibes Juan-Les-Pins, 
France, June 2016. 
[Slides (pptx) (pdf) ] 
[Source Code] 

https://users.ece.cmu.edu/~omutlu/pub/understanding-latency-variation-in-DRAM-chips_sigmetrics16.pdf
http://www.sigmetrics.org/sigmetrics2016/
https://users.ece.cmu.edu/~omutlu/pub/understanding-latency-variation-in-DRAM-chips_kevinchang_sigmetrics16-talk.pptx
https://users.ece.cmu.edu/~omutlu/pub/understanding-latency-variation-in-DRAM-chips_kevinchang_sigmetrics16-talk.pdf
https://github.com/CMU-SAFARI/DRAM-Latency-Variation-Study

