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An Key-Value Store Example



Projects Using LevelDB



LevelDB

ÅάLevelDBis an open source on-disk key-value store 
written by Google fellows Jeffrey Dean and Sanjay 
GhemawatΦέ ςWikipedia

ÅάLevelDBis a light-weight, single-purpose library for 
ǇŜǊǎƛǎǘŜƴŎŜ ǿƛǘƘ ōƛƴŘƛƴƎǎ ǘƻ Ƴŀƴȅ ǇƭŀǘŦƻǊƳǎΦέ ς
leveldb.org



API

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



Key-Value Data Structures

ÅHash table, Binary Tree, B+-Tree

*Dennis G. Severance and Guy M. Lohman. 1976.

"when writes are slow, defer them and 
Řƻ ǘƘŜƳ ƛƴ ōŀǘŎƘŜǎέ ϝ



Log-structured Merge (LSM) Tree

hΩbŜƛƭΣ tΦΣ /ƘŜƴƎΣ 9ΦΣ GawlickΣ 5ΦΣ ϧ hΩbŜƛƭΣ 9Φ όмффсύΦ



Two Component LSM-Tree 



K+1 Components LSM-Tree



Rolling Merge



From LSM-Tree to LevelDB

Lu, L., Pillai, T. S., Arpaci-Dusseau, A. C., & Arpaci-Dusseau, R. H. (2016).



LevelDBData Structures

ÅLog file

ÅMemtable

ÅImmutable Memtable

ÅSSTable(file)

ÅManifest file



Archival Storage



Outline

ÅArchival Storage

- archival

- backup vs archival

ÅLong-term data retention

- architecture and technologies

- cloud for archival

- Self-contained Information Retention Format



What is archival storage?

ÅIn computers, archival storage
is storage for data that may not be
actively needed but is kept for
possible future use or for record-
keepingpurposes.

ÅArchival storage is often provided
usingthe samesystemas that used
for backup storage. Typically,
archivaland backupstoragecan be
retrievedusinga restoreprocess[1].



Health Insurance Portability and 
Accountability Act



An Archival Storage System
ÅA high-end computing environment includes a 132-petabyte

tape storagesystem that allowsscienceand engineeringusers
to archiveand retrieve important results quickly, reliably, and
securely(NASA)

Å44PBcurrentuniquedatastored

ÅSGI



Backups and Archives 

ÅBackups are for recovery 

ÅArchives are for discovery and preservation



Storage Perspective: archival application

ÅData archiving is the process of moving data that is no longer actively 
used to a separate data storage device for long-term retention.

ÅMost are write once, but if needed, it is crucial



Backup and archiving at a glance 



Backup and disaster recovery requirements

ÅHigh media capacity

ÅHigh-performance read/write streaming

ÅLow storage cost per GB



Archive requirements

ÅData authenticity

ÅExtended media longevity

ÅHigh-performance random read access

ÅLow total cost of ownership



Long Term Data Retention ς5 Key 
Considerations 
1. Business and Regulatory Requirements Demand a Long-term Plan

2. Manage and Contain Your Total Cost of Ownership (TCO)

3. Encrypt Your Data for Secure Long-term Retention

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

5. Simplify Management of the Entire Solution



Disk scrubbing

ÅDrives 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 two-tiered data retention

The two-tiered architecture enables administrators to 
deploy a short-term active tier for fast ingest of backup 
data, and a retention tier for cost-effective long-term 
backup retention [7] (Data Domain).  



The Emergence of a New Architecture for Long-
term Data Retention

ÅBy taking advantage of the tape layer, use cases like 
archiving, long-term retention and tiered storage (where 
70+% of the data is stale) can live on a low-cost storage 
medium like tape.
Å.ȅ ƭŜǾŜǊŀƎƛƴƎ CƭŀǎƘκ{{5Σ ŜŀŎƘ ǳǎŜ ŎŀǎŜ ŘƻŜǎƴΩǘ ǎǳŦŦŜǊ ǘƘŜ 

typical tape performance barriers.
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File Systems

Files 

Directories 

File system implementation 

Example file systems 
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Long-term 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 
information concurrently
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File Naming

Typical file extensions.
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File Structure

ÅThree kinds of files
Åbyte sequence
Årecord sequence
Åtree
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File Types

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

ÅSequential access
Åread all bytes/records from the beginning
Åcannot jump around, could rewind or back up
Åconvenient when medium was mag tape

ÅRandom access
Åbytes/records read in any order
Åessential for data base systems
ÅǊŜŀŘ Ŏŀƴ ōŜ Χ
ÅƳƻǾŜ ŦƛƭŜ ƳŀǊƪŜǊ όǎŜŜƪύΣ ǘƘŜƴ ǊŜŀŘ ƻǊ Χ
Åread and then move file marker



32

File Attributes

Possible file attributes


