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 Midterm: 20% 

 Lab Exercise or Homework: 20% 10%

◦ Homework: 10%

 Quizzes and Attendance: 20%  25%

◦ Quizzes 1:  9%

◦ Attendance: 16%

 Final Exam: 20% 25%

 Final Project: 20%
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 Diversified Application Domains

◦ Portable Storage Devices

◦ Consumer Electronics

◦ Industrial Applications

 Competitiveness in the Price

◦ Dropping Rate and the Price Gap with HDDs

 Technology Trend over the Market

◦ Improved density

◦ Degraded performance

◦ Degraded reliability
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Source: Richard Lary, The New Storage Landscape: Forces 

shaping the storage economy, 2003.
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 NAND accesses each cell through adjacent cells, while NOR 

allows for individual access to each cell

 The cell size of NAND is almost half  the size of a NOR cell
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 Write-Once

◦ No writing on the same page unless its residing block is erased

◦ Pages are classified into valid, invalid, and free pages

 Bulk-Erasing 

◦ Pages are erased in a block unit to recycle used but invalid 

pages

 Wear-Leveling

◦ Each block has a limited lifetime in erasing counts
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 FTL adopts a page-level address translation mechanism
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 A logical address under NFTL is divided into a virtual block address and a 

block offset, e.g., LBA=1011 =>  virtual block address (VBA) = 1011 / 8 = 

126 and block offset = 1011 %  8 = 3

18
© All Rights Reserved, Prof. Che-Wei Chang, 

Department of Computer Science and Information Engineering, Chang Gung University

.

.

.

(9)

Write data to 

LBA=1011

.

.

.

NFTL Address Translation 

Table (in main-memory)

Free

Free

Free

Used

Free

Free

Free

Free

Free

Free

Free

Free

Free

Free

A Chain Block

Address = 9

A Chain Block

Address = 23

VBA=126

Block 

Offset=3

If the page has 

been used

Write to the 

page with block 

offset=3

Free

Free

Free

Free

Free

Free

Free

A Chain Block

Address = 50

Used

Write to the 

page with block 

offset=3



 A logical address under NFTL is divided into a virtual block address and a 

block offset, e.g., LBA=1011 =>  virtual block address (VBA) = 1011 / 8 = 

126 and block offset = 1011 %  8 = 3
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 Performance

◦ Reduce the overheads of Flash management

◦ Reduce the access time to data

◦ Reduce the garbage collection time

 Reliability

◦ Error correcting codes

◦ Log systems 

 Endurance 

◦ Dynamic wear-leveling

◦ Static wear-leveling
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 3D flash memory provides a good chance to further scale 

down the feature size and to reduce the bit cost.

◦ Deliver very large storage space 

◦ Worsen program disturbance
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• PCM is a non-volatile memory 
(NVRAM)

• PCM employs a reversible phase 
change in materials to store 
information.

• PCM exploits differences in the 
electrical resistivity of a material 
in different phases
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 Pros of PCM

◦ Non-volatility

◦ Bit-addressability

◦ High scalability

◦ No dynamic power

 Cons of PCM 

(compared to DRAM)

◦ Low performance on writes 

◦ High energy consumption on writes 

◦ Low endurance
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The read and write (SET and RESET) 

operations of a PCM cell require different 

current and voltage levels on the bitline, and 

take different amount of time to complete.



 Take advantage of its scalability 

and byte-addressability 

 Challenges

◦ Limited PCM endurance

◦ Asymmetric read/write performance
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 Take advantage of its non-volatility 

and byte-addressability 

 Challenges:

◦ What data should be in DRAM

◦ What data should be in PCM

◦ How to reuse data after power-off
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 Take advantage of its non-volatility 

and high performance 

 Challenges

◦ Modern file systems have been built 

around the assumption that persistent 

storage is accessed via block-based 

interface

◦ How to exploit its properties of persistent, 

byte-addressable memory
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 IBM first proposed the idea of Storage 

Class Memory (SCM) 

 PCM is the candidate of SCM

 SCM blurs the distinction between 

◦ Memory (fast, expensive, volatile) and

◦ Storage (slow, cheap, non-volatile)
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 Write asymmetry

◦ Reset 

 High instant  power with short time

◦ Set 

 Low power with long time

 Write latency

 Endurance issue

29
© All Rights Reserved, Prof. Che-Wei Chang, 

Department of Computer Science and Information Engineering, Chang Gung University



30
© All Rights Reserved, Prof. Che-Wei Chang, 

Department of Computer Science and Information Engineering, Chang Gung University

 Big/massive data applications demand extremely large main 

memory space for better performance  

 PCM with low leakage power and high density is a promising 

candidate to replace DRAM

 Write endurance and latency are critical for using PCM

 Exiting studies improve the write mechanism to handle given 

write patterns on PCM

 Why don’t we improve fundamental data structures directly so 

as to generate more suitable write patterns for PCM
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 A systematic approach for indexing all nodes, where nodes 

having stronger relations will be assigned closer indexes
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 Gray code: An ordering of the binary numeral system such that two 

successive values have the shortest distance (differ in only one bit)
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