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Memory Controllers



DRAM versus Other Types of Memories

Â Long latency memories have similar characteristics that 
need to be controlled.

Â The following discussion will use DRAM as an example, but 
many scheduling and control issues are similar in the 
design of controllers for other types of memories

Ç Flash memory

Ç Other emerging memory technologies

Â Phase Change Memory

Â Spin-Transfer Torque Magnetic Memory

Ç These other technologies can also place other demands on the 
controller
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Flash Memory (SSD) Controllers

Â Similar to DRAM memory controllers, except:

Ç They are flash memory specific

Ç They do much more: complex error correction, wear leveling, 
voltage optimization, garbage collection, page remapping, é

4Cai+, ñFlash Correct-and-Refresh: Retention-Aware Error Management for Increased Flash Memory 

Lifetimeò, ICCD 2012.



Another View of the SSD Controller
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Cai+, ñError Characterization, Mitigation, and Recovery in Flash Memory Based Solid State Drives,ò Proc. IEEE 2017.

https://arxiv.org/pdf/1711.11427.pdf

https://arxiv.org/pdf/1711.11427.pdf


On Modern SSD Controllers (I)

6https://arxiv.org/pdf/1706.08642

Proceedings of the IEEE, Sept. 2017

https://arxiv.org/pdf/1706.08642
https://arxiv.org/pdf/1706.08642


Many Errors and Their Mitigation [PIEEEõ17]
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Cai+, ñError Characterization, Mitigation, and Recovery in Flash Memory Based Solid State Drives,ò Proc. IEEE 2017.



More Up-to-date Version 

Â Yu Cai, Saugata Ghose, Erich F. Haratsch, Yixin Luo, and Onur Mutlu,
"Errors in Flash -Memory -Based Solid -State Drives: Analysis, 
Mitigation, and Recovery"
Invited Book Chapter in Inside Solid State Drives, 2018.
[Preliminary arxiv.org version]
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https://arxiv.org/pdf/1711.11427.pdf
https://link.springer.com/book/10.1007%2F978-981-13-0599-3/
https://arxiv.org/pdf/1711.11427.pdf


On Modern SSD Controllers (II)

Â Arash Tavakkol, Juan Gomez-Luna, Mohammad Sadrosadati, Saugata 
Ghose, andOnur Mutlu,
"MQSim: A Framework for Enabling Realistic Studies of Modern 
Multi -Queue SSD Devices"
Proceedings of the 16th USENIX Conference on File and Storage 
Technologies(FAST), Oakland, CA, USA, February 2018.
[Slides (pptx) (pdf) ]
[Source Code]
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https://people.inf.ethz.ch/omutlu/pub/MQSim-SSD-simulation-framework_fast18.pdf
https://www.usenix.org/conference/fast18
https://people.inf.ethz.ch/omutlu/pub/MQSim-SSD-simulation-framework_fast18-talk.pptx
https://people.inf.ethz.ch/omutlu/pub/MQSim-SSD-simulation-framework_fast18-talk.pdf
https://github.com/CMU-SAFARI/MQSim


On Modern SSD Controllers (III)

Â Arash Tavakkol, Mohammad Sadrosadati, Saugata Ghose, Jeremie Kim, 
Yixin Luo, Yaohua Wang, Nika Mansouri Ghiasi, Lois Orosa, Juan G. 
Luna and Onur Mutlu,
"FLIN: Enabling Fairness and Enhancing Performance in 
Modern NVMe Solid State Drives"
Proceedings of the 45th International Symposium on Computer 
Architecture (ISCA ), Los Angeles, CA, USA, June 2018.
[Slides (pptx) (pdf) ] [ Lightning Talk Slides (pptx) (pdf) ]
[Lightning Talk Video]
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https://people.inf.ethz.ch/omutlu/pub/FLIN-fair-and-high-performance-NVMe-SSD-scheduling_isca18.pdf
http://iscaconf.org/isca2018/
https://people.inf.ethz.ch/omutlu/pub/FLIN-fair-and-high-performance-NVMe-SSD-scheduling_isca18-talk.pptx
https://people.inf.ethz.ch/omutlu/pub/FLIN-fair-and-high-performance-NVMe-SSD-scheduling_isca18-talk.pdf
https://people.inf.ethz.ch/omutlu/pub/FLIN-fair-and-high-performance-NVMe-SSD-scheduling_isca18-lightning-talk.pptx
https://people.inf.ethz.ch/omutlu/pub/FLIN-fair-and-high-performance-NVMe-SSD-scheduling_isca18-lightning-talk.pdf
https://www.youtube.com/watch?v=eeR18a3_G_A


On Modern SSD Controllers (IV)

Â Myungsuk Kim, Jisung Park, GeonheeCho, Yoona Kim, Lois Orosa, Onur Mutlu, 
and Jihong Kim,
"Evanesco: Architectural Support for Efficient Data Sanitization in 
Modern Flash -Based Storage Systems"
Proceedings of the 25th International Conference on Architectural Support for 
Programming Languages and Operating Systems(ASPLOS), Lausanne, 
Switzerland, March 2020.
[Slides (pptx) (pdf) ]
[Talk Video (20 mins)]
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https://people.inf.ethz.ch/omutlu/pub/evanesco-secure-data-sanitization-for-flash-memory_asplos20.pdf
https://asplos-conference.org/
https://people.inf.ethz.ch/omutlu/pub/evanesco-secure-data-sanitization-for-flash-memory_asplos20-talk.pptx
https://people.inf.ethz.ch/omutlu/pub/evanesco-secure-data-sanitization-for-flash-memory_asplos20-talk.pdf
https://www.youtube.com/watch?v=4Ms30K39ctc


On Modern SSD Controllers (V)

Â Jisung Park, Myungsuk Kim, Myoungjun Chun, Lois Orosa, Jihong Kim, 
and Onur Mutlu,
"Reducing Solid -State Drive Read Latency by Optimizing Read -Retry"
Proceedings of the 26th International Conference on Architectural Support for 
Programming Languages and Operating Systems(ASPLOS), Virtual, March-
April 2021.
[2-page Extended Abstract]
[Short Talk Slides (pptx) (pdf) ]
[Full Talk Slides (pptx) (pdf) ]
[Short Talk Video (5 mins)]
[Full Talk Video (19 mins)]
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https://people.inf.ethz.ch/omutlu/pub/Reducing-SSD-Read-Latency-by-Optimizing-Read-Retry_asplos21.pdf
https://asplos-conference.org/
https://people.inf.ethz.ch/omutlu/pub/Reducing-SSD-Read-Latency-by-Optimizing-Read-Retry_asplos21-extended-abstract.pdf
https://people.inf.ethz.ch/omutlu/pub/Reducing-SSD-Read-Latency-by-Optimizing-Read-Retry_asplos21-short-talk.pptx
https://people.inf.ethz.ch/omutlu/pub/Reducing-SSD-Read-Latency-by-Optimizing-Read-Retry_asplos21-short-talk.pdf
https://people.inf.ethz.ch/omutlu/pub/Reducing-SSD-Read-Latency-by-Optimizing-Read-Retry_asplos21-full-talk.pptx
https://people.inf.ethz.ch/omutlu/pub/Reducing-SSD-Read-Latency-by-Optimizing-Read-Retry_asplos21-full-talk.pdf
https://www.youtube.com/watch?v=u48LFxYE-w0&list=PL5Q2soXY2Zi8_VVChACnON4sfh2bJ5IrD&index=117
https://www.youtube.com/watch?v=S87ufwEENMA&list=PL5Q2soXY2Zi8_VVChACnON4sfh2bJ5IrD&index=118


Lecture on Flash Memory & SSDs

13https://www.youtube.com/watch?v=rninK6KWBeM&list=PL5Q2soXY2Zi9xidyIgBxUz7xRPS-wisBN&index=47

https://www.youtube.com/watch?v=rninK6KWBeM&list=PL5Q2soXY2Zi9xidyIgBxUz7xRPS-wisBN&index=47


Special Course on Flash Memory & SSDs

14https://www.youtube.com/watch?v=dSsZA6JGcLE&list=PL5Q2soXY2Zi_4tPsgX9m_D7AI_c1T86cO

https://www.youtube.com/watch?v=dSsZA6JGcLE&list=PL5Q2soXY2Zi_4tPsgX9m_D7AI_c1T86cO

