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LevelDB

AdLevelDBs an open source edisk keyvalue store
written by Google fellows Jeffrey Dean and Sanjay
Ghemawat € Wikipedia

AdLevelDBs a lightweight, singlepurpose library for
LISNBAAAUSYOS S6A0K OAYRAY I
leveldb.org



API

AGet, Put, Delete, Iterator (Range Query).



KeyValue Data Structures

AHash table, Binary Tree*-Bree

"when writes are slow, defer them and
R2 UOKSY Ay ol 0OKS

*Dennis G. Severance and Guy M. Lohman. 197



Logstructured Merge (LSM) Tree
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Two Component LSIVree

C1 tree Co tree
| | |
| | |
isk Memory

Figure 2.1. Schematic picture of an LSM-tree of two components



K+1 Components LSNee
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Figure 3.1. An LSM-tree of K+1 components



Rolling Merge
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Figure 2.2. Conceptual picture of rolling merge steps, with result written back to disk



From LSMree toLevelDB
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(a) LSM-tree (b) LevelDB
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LevelDBData Structures
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Archival Storage



Outline

AArchival Storage
- archival
- backup vs archival
ALongterm data retention
- architecture and technologies
- cloud for archival
- Selfcontained Information Retention Format



What Is archival storage?

AlIn computers, archival storage
IS storage for data that may not be
actively needed but Is kept for s
possible future use or for record- HHkmm

e e
UL

keepingpurposes i i

AArchival storage is often provided e
usingthe samesystemas that used
for backup storage Typically,
archivaland backup storage can be
retrievedusingarestoreprocesdl].




The Need for Digital Preservation SNIA—-I

Global Education

Health Insurance Portability and

> Regulatory compliance and legal issues Accountabilty Act

+ Sarbanes-Oxley, HIPAA, FRCP, intellectual property litigation
> Emerging web services and applications

+« Email, photo sharing, web site archives, social networks, blogs

> Many other fixed-content repositories
+« Scientific data, intelligence, libraries, movies, music
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SIRF: Self-contained Information Retention Format 7
Approved SMIA Tutonal @ 2015 Storage Networking Industry Association. All Rights Reserved.




An Archival Storage System

AA high-end computing environment includes a 132-petabyte
tape storage systemthat allows scienceand engineeringusers
to archive and retrieve important results quickly, reliably, and
securely (NASA)
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Backups and Archives

ABackups are for recovery

AArchives are for discovery and preservation



Storage Perspective: archival application

AData archiving is the process of moving data that is no longer actively
used to a separate data storage devicelforgterm retention.

A Most arewrite once, but if needed, it is crucial



Backup and archiving at a glance

Issue Backup Archiving

What is it? Protection for system and data "live | Records of inactive document
state" "steady state"

Why use it? Recovery" restore business Discovery: produce evidence to

operations after data loss,

interruption, or disaster

meet legal, regulatory, and policy

obligations

Who wants it?

Business stakeholders—CEO,

shareholders, your boss

Public stakeholders—courts,

regulators

What's in it?

Images in full operational context

Individual objects, especially email

How many are there?

Many: original left in place plus

multiple point-in-time copies

One: single global instance -
originals replaced by links, or
removed altogether from primary

storage




Backup and disaster recovery requirements

AHigh media capacity
AHighperformance read/write streaming
ALow storage cost per GB




Archive requirements

AData authenticity

AExtended media longevity
AHighperformance random read access
ALow total cost of ownership



Long Term Data Retentigrb Key
Considerations

1. Business and Regulatory Requirements Demand a #teng Plan
2. Manage and Contain Your Total Cost of Ownership (TCO)

3. Encrypt Your Data for Secure Letagm Retention

4. Weigh the Environmental Impacts and Minimize Power and Cooling
Costs

5. Simplify Management of the Entire Solution



Disk scrubbing

ADrives are periodically accessed to detect drive failure.
By scrubbing all of the data stored on all of the disks,
we can detect block failures and compensate for them
by rebuilding the affected blocks.



The tweatiered data retention

CatDm n Controller

Active tier R tention Retention unit 1 Retention unit 2
[

"J Oldest
| eg, 90days

-

Older
. Recent

7 years +

The twaotiered architecture enables administrators to
deploy a shorterm active tier for fast ingest of backup
data, and a retention tier for costffective longterm
backup retention [7] (Data Domain).



The Emergence of a New Architecture for kong
term Data Retention

High

Time to Last Byte

Low

A€

Low Time to First Byte High

ABYy taking advantage ot the tape layer, use cases like
archiving, longerm retention and tiered storage (where
7/0+% of the data Is stale) can live on a-mst storage
medium like tape.
A8 fSOSN)YIAYy3I Cil akKk{{5% SI OK
typical tape performance barriers.



File Systems

Files
Directories
File system implementation
Example file systems



Longterm Information Storage

1. Must store large amounts of data

2. Information stored must survive the termination
of the process using it

3. Multiple processes must be able to access the
iInformation concurrently



File Naming

Extension Meaning

file.bak Backup file

file.c C source program

file.qif Compuserve Graphical Interchange Format image
file.hlp Help file

file.html World Wide Web HyperText Markup Language document
file.jpg Still picture encoded with the JPEG standard
file.mp3 Music encoded in MPEG layer 3 audio format
file.mpg Movie encoded with the MPEG standard

file.o Object file (compiler output, not yet linked)

file.pdf Portable Document Format file

file.ps PostScript file

file.tex Input for the TEX formatting program

file.txt General text file

file.zip Compressed archive

Typical file extensions.
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File Structure

1 Byte 1 Record
Ve v
Ant Fox Pig
Cat || Cow || Dog Goat Lion" Owl Pony || Rat ||Worm
Hen || Ibis ||Lamb

(a) (b)

()

AThree kinds of files

A byte sequence
Arecord sequence

Atree
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File Types

Magic number

Text size

~N

Data size

BSS size

Symbol table size

Entry point

727

'<7 Header 4>|

Flags

2 Text

g Data

A Relocation
T bits

Symbol
table

> i 1
C

Module
name
Header
Date
Object Owner
module
Protection
Size
Header
Object
module
Header
Object
module

(@

(a) An executable file (b) An archive
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File Access

ASequential access
Aread all bytes/records from the beginning
Acannot jump around, could rewind or back up
Aconvenient when medium was mag tape

ARandom access
Abytes/records read in any order
Aessential for data base systems
ANBI R OFy 0S X
AY2 @3S FALS YFENJSNI 6aSS{0.
Aread and then move file marker



File Attributes

Possible file attributes



