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Advantages of SSD over HDD 
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§  Low power consumption 
§  Higher flexibility to external shock 
§  High random access performance 



A typical SSD Architecture 
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A typical SSD Architecture 
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Flash Translation Layer (FTL) 
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§  FTL typically provide three 
 software components: 
•  Address Translation 
•  Garbage Collection (GC)  
•  Wear Leveling (WL) 



Garbage Collection 
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Wear Leveling 
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Comparison Between SLC, MLC and TLC 
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Comparison Between SLC, MLC and TLC 
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(Dong and Xie 2011)  
(Hsieh et al. 2015) 



Organizations of Hybrid SSD Schemes 
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Hard vs. soft partitioning 
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Schemes using SLC as a buffer (SLC-Buf) 

Flash Memory Summit 2016 
Santa Clara, CA 

 
13 



Architecture of hybrid storage combined SLC/MLC 
flash memory for Chang’s scheme) Chang 2010( 
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Advantages and Disadvantages of (SLC-Buf)  

•  Advantages 
 Increasing the  performance of SSD in terms of speed.  
•  Disadvantages 

Using small size of SLC as a buffer to serve the hot 
data, thus the SLC portion will wear out quickly and that 
will affect the overall reliability of SSD. 
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Schemes Using Both SLC and MLC as a Buffer (SLC/MLC-Buf) 
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Architecture of hybrid storage combined SLC/MLC flash 
memory for soft partitioning scheme (Jimenez et al. 2012( 
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•  Advantages 
-  More reliable 
-  More flexible 
-  Cost efficient 
•  Disadvantages 
-   More complex 
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Advantages and Disadvantages of (SLC/MLC-Buf) 



Schemes Using External Memory as a Buffer (ExtM-Buf) 
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Architecture of hybrid storage combined SLC/MLC 
flash memory for Yim’s scheme (Yim 2005) 
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Advantages and Disadvantages of (ExtM-Buf)  
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•  Advantages 
-   High speed   
•  Disadvantages 
-  High price 
-  Losing data in case of power outage 



Schemes without a Buffer (No-Buf) 
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Architecture of hybrid storage combined MLC/TLC 
flash memory for HySSD scheme) Oh et al., 2013 ( 
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 Advantages and Disadvantages of (No-Buf) 

•  Advantages 
-  Cost efficient 
-  More flexible 
•  Disadvantages 
-  Low performance 



Conclusion and Possible Future Directions 

•  There are several open research trends that have already 
started on the ground. These future directions are summarized 
as follow: 

-  Exploitation Trade-off Among SLC, MLC, and TLC. 
-  Use Adaptive Parameters for the Future Software Schemes of 

Hybrid SSD Devices. 
-  Use File-System-Level Information in Software Schemes of the 

Hybrid SSD. 
-  Standardize the Simulators for Evaluation Purposes. 
-  Build a Standard Benchmark for Comparison Purposes. 
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Thank you! 
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