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Introduction

= Motivation
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Introduction

= This project develops a hybrid disk array architecture, which
Integrates small capacity flash SSDs with HDDs (hard disk
drives) to form a robust and energy-efficient storage system
for mobile data-intensive applications.

= An array of new data management techniques for data-
Intensive mobile applications will be developed.
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Mobile Disk Arrays

= Existing mobile disk array consists of an array of independent
small form factor hard disks connected to a host by a storage
Interface in a mobile computing environment.

= Hard disks have some intrinsic limitations such as long access
latencies, high annual disk replacement rates, fragile physical
characteristics, and energy-inefficiency.

-y

(/

iy ‘@{e to their severe application environments, mobile disk
\ar{a\ys must be energy-efficient, extremely rellable highly fault-
toleran and phyS|caIIy robust.
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Application One: Remote Surgery
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New Challenges of Mobile Disk Arrays

= Very limited power supply

= Stringent reliability requirement

,"fh demands on fault-tolerance
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File Open Issues That Will Be Addressed

1. The lack of a high-performance, highly reliable, and
energy-efficient storage architecture

2. New energy-saving data management schemes for
mobile data-intensive applications

2 Understanding of the relationship between disk
energy saving techniques and disk reliability

X The absence of an energy-ware fault-tolerant
mechanlsm

oA pr\(‘)&otye and a simulation toolkit

SAN DIEGO STATE
UNIVERSITY

AL FASR | (0] S| GO | S| SRS SAUTA | N G o T SO WS W) SO MR SN WS @ S §

4

ssvins hsn | Nameen | eooeig | ioRese SAIGHR) WREKS(ALEY, SOWMCIENS . SUNIEE VEMD NS G e, GRS DUA A, (A U8



R e R ol S ISR DN A R e 45 M.L._.. e o el
| , 3 : | , e 5 :

Five Research Tasks

1.Develop a hybrid disk storage architecture

2. Develop a reliability model

3. Establish an energy conservation infrastructure

4.Develop an energy-aware fault-tolerant
mechanism

5. Design and implement a mobile disk array
;“*p‘fototype and a simulation toolkit
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Task 1: Developing a flash disk assisted
storage architecture

1. We are implementing a novel flash disk storage
architecture (FIT) for high performance, energy
conservation and highly reliable mobile disk arrays.

2 The basic idea of the FIT architecture is to construct
- mobile disk arrays by using both non-volatile solid-
. _state flash SSDs and small-factor hard disk drives.
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They are physically robust with high vibration-tolerance and shock-

‘ resistance.

-.«%;’;Bf’éy iInherently consume much less energy than mechanical mechanism

\(‘ ased hard disks.
~. They offer much fast read access times.

4. ‘e}ent breakthrough largely relaxes the three constraints on e@ting
Isks: small capacity, low throughput, and limited erasure cygl

TEGO STATE
UNIVERSITY

{1t v i | D | O B e WS SRS A0 1Y
e e et A Digg o State University”

St bels e.—-.—l

=4 00057 § HeINAEETE | CHREEONONS | WERTNVIAL | T mashosii=



2.5" 5ATA 3.0Gbps 550 2.5" 5ATA 3.0Gbps HOD

Solid MARD flash based Mechanism type Magnetic rotating platters
G438 Density a0zHa
73g Weight a65g
Read: 100MBS=, Write :S0MBS Performance Fead: 29mBis, Wiite: GOMB!z

1 Active Power consumption 3.5E0

20 (1 0~2000Hz) Operating Vibration 0.5 (22~350Hz)

1,500 far 0.5ms Shock resistance 170G far 0.5ms

0°C ta FO°C Operating temperature S°C ta 5500

ane Acoustic Hoise 0.3 dB

MTBF =2M hours Endurance MTEF = 0.7h hiaurs
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Internal Structure of a SSD with Four Elements
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Flash SSD Datasheet

.

Page Read to Register 25us
Page Program (Write) from Register 200us
Block Erase 1.5ms
Serial Access to Register (Data bus) 100pus
Die Size 2GB
Block Size 256 KB
Page Size 4 KB
Data Register 4 KB
Planes per die 4
Dies per package (2GB/4GB/8GB) 1.20r4
Program/Erase Cycles 100 K

Table 1: Operational flash parameters
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Logic Diagram

Host
<
Interconnect

Processor

Buffer
Manager
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= Address Mapping

= Wear Leveling
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Mapping Schemes

= Page-level mapping

= Block-level mapping
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Wear Leveling

= Dynamic Wear Leveling

when a write request arrives it dynamically selects
a new free data block based on the number of
erasure cycles that the block already has

- Static Wear Leveling
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The FIT Architecture

Storage Server Host Channel Connection I

Processor
Hybrid Disk Array Controller
Data Data Data
Placement Reconstruction Prefecthing
‘ ‘ Data Reliability Data ' '
| Cache || """""|| Cache Redistribution Predictor Replication Cache || """*|| Cache
rd Disk Flash SSD Hard Disk Flash SSD Hard Disk Flash SSD
& [ ® [ [ [
Controller DRAM Controller Controller

l Cache o
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Task 2: Developing a disk reliability predictor

1. Developing a reliability predictor that is capable of
estimating failure rate for both hard disks and flash

SSDs is challenging.

7. A deep understanding of the relationship between
energy saving techniqgues and disk reliability is an

~open question.
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! Reliability Factors i ' Disk Reliability Model :
1 I N\ 1
: Speed Transition E_L Frequency-Reliability E
Reliability | i Function __J |
1
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---------------------- = 1
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' 1! . - 1
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Preliminary Results of Task 2

= We developed an empirical reliability model, called
PRESS (Predictor of Reliability for Energy Saving
Schemes) [Xie and Sun, IPDPS’08]

* Fed by operating temperature, disk utilization, disk
- speed transition frequency, three energy-saving-
~ related reliability affecting factors, PRESS estimates
~ the reliability of entire hard disk array

I,
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Task 3: Developing data management schemes

= Traditional data management schemes like data
placement algorithms only concentrated on
Improving system performance data reliability,
while normally overlooked energy efficiency.

- An array of energy-aware data management
software modules: data placement algorithms,
- data redistribution strategies, data replication
~ policies, and data prefetching schemes will be
de'}?gloped.
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Modules in Task 3

= Energy-Efficient Data Placement Algorithms

= Self-Adaptive and Reliability-Aware Data
Redistribution Strategies

;;“ ‘Trlggered Data Replication Policies

L Au tlc Data Prefetching Schemes
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Preliminary Results of Task 3

= “Dynamic Data Reallocation in Hybrid Disk Arrays® [Xie and
Sun, IEEE TPDS]

= "PEARL: Performance, Energy, and Reliability Balanced
Dynamic Data Redistribution for Next Generation Disk Arrays”
[Xie and Sun, MASCOTS’08]

IL: Self-Adaptive File Reallocation on Hybrid Disk Arrays”

-.‘:{aquadathll HIPC'08]
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Task 4: Developing an energy-aware fault-
tolerant mechanism for FIT

= Data reconstruction algorithms, which are executed In
the presence of disk failure, for mobile storage
systems must be reliability-aware, performance-driven
and energy-efficient.

- We developed two novel reconstruction strategies that

~ can be applied to mobile storage systems to
“noticeably save energy while providing shorter
reco]ﬁgruction times and user response times.
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Preliminary Results of Task 4

= "MICRO: A Multi-level Caching-based
Reconstruction Optimization for Mobile Storage
Systems” [Xie and Wang, |IEEE Transactions on
Computers, October 2008]

» - “Collaboration-Oriented Data Recovery for Mobile
-f’;’gaisk Arrays” [Xie and Sharma, ICDCS’09]
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= We developed a flash assisted data reconstruction

strategy called CORE (collaboration-oriented
reconstruction) on top of a hybrid disk array
architecture.
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Experimental Results of CORE
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Research Task 5 a prototype and a
simulation toolkit
N

= We are implement a FIT prototype, which will be the first of its
Kind.

= We are implementing a simulation software toolkit called
FITSIm Toolkit.
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The FIT Prototype

= Implement a FIT prototype to work on Linux

= Evaluate the FIT architecture and the new data
management schemes’ performance and tradeoffs

ldress the issues that will arise during the realization
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FITSIM

FITSim Toolkit version 1.0
Power Reliability
Consumption Checking
Model
Flash Disk Trace T
Datj?_ Mr?n_agement Gl & Trace Generator Framework
echniques Database Components
Data Data Data |
Placement Reconstruction Replication Underlying
fosmeooo----oeo Components
Data _ Data ! Future
Prefetching Redistribution | ! Techniques 1
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Other Active Projects

A Device-Array Based Flash Storage System for
Emerging Data-Intensive and Mission-Critical
Mobile Applications: from Architecture Redesign to
New File System (NSF under grant CNS-1320738,
$440,727, 10/2013 ~ 09/2016)

CAREER: Architectural Support for Integrating
-NAND Flash Solid State Disks into Enterprise-Class
Storage Systems (NSF under grant CNS-0845105,
$4_3§,OOO, 09/2009 ~ 08/2014)
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Questions?
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