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Phase Change Memory

ÅMost promising form
of BPRAM

ÅάaŜƭǘƛƴƎ ƳŜƳƻǊȅ ŎƘƛǇǎ 
ƛƴ Ƴŀǎǎ ǇǊƻŘǳŎǘƛƻƴέ
ςNature, 9/25/09
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Phase Change Memory

phase change material
(chalcogenide)

electrode

slow cooling -> crystalline state   (1)

fast cooling  -> amorphous state (0)

Properties
Reads: 2-4x DRAM
Writes: 5-10x DRAM
Endurance: 108+
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A New World of Storage

+ Non-volatile
- Slow
- Block-addressable

BPRAM

Disk / FlashHow do we build fast, reliable systemswith BPRAM?

Byte-addressable, Persistent RAM

This talk: BPFS, a file system for BPRAM
Result: Improved performance and reliability
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Goal

New mechanism:
short-circuit shadow paging
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New guarantees for applications

ÅFile system operations will commit     
atomicallyand in program order

ÅYour data is durableas soon as the            
cache is flushed



Design Principles

1. Eliminate the DRAM buffer cache;
use the L1/L2 cacheinstead U

3. Provide atomicity and
ordering in hardware

Write A Write B

2. Put BPRAM on the 
memory bus
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Outline

ÅIntro

ÅFile System

ÅHardware Support

ÅEvaluation

ÅConclusion
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BPRAM in the PC
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BPFS: A BPRAM File System

ÅGuarantees that all file operations execute 
atomicallyand in program order

ÅDespite guarantees, significant performance 
improvementsover NTFS on the same media

ÅShort-circuit shadow paging often allows
atomic, in-place updates
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BPFS: A BPRAM File System
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Enforcing FS Consistency Guarantees

ÅWhat happens if we crash during an update?
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Enforcing FS Consistency Guarantees

ÅWhat happens if we crash during an update?

ïDisk: Use journalingor shadow paging

ïBPRAM: Useshort-circuit shadow paging
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Review 1: Journaling

ÅWrite to journal, then write to file system

A B

file system

journal
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Review 1: Journaling

ÅWrite to journal, then write to file system

A B

file system

journal !Ω .Ω

.Ω!Ω

ÅReliable, but all data is written twice
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Review 2: Shadow Paging

ÅUse copy-on-write up to root of file system

BA

ŦƛƭŜΩǎ Ǌƻƻǘ ǇƻƛƴǘŜǊ
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Review 2: Shadow Paging

ÅUse copy-on-write up to root of file system

BA !Ω .Ω

ŦƛƭŜΩǎ Ǌƻƻǘ ǇƻƛƴǘŜǊ

ÅAny change requires bubbling to the FS root

ÅSmall writes require large copying overhead
30



Short-Circuit Shadow Paging

ÅUses byte-addressabilityand atomic 64b writes

BA

ŦƛƭŜΩǎ Ǌƻƻǘ ǇƻƛƴǘŜǊ
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ÅInspired by shadow paging
ïOptimization: In-place update when possible
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