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Traditional AV archiving

PrestoSpace estimate: 6M hrs across 20 major European archives
UNESCO estimate: 200M hrs of film, video and audio in total







1/3 of material has deterioration
1/4 of material cannot be released as it is too easily damaged




brlounds

At least 2/3 of the material cannot be easily used




i_é} Expectations/Assumptions
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e Archivist

— Over 50 years of experience with media on shelves

— Well developed practices

— Uncertainty on how to transfer this to a digital world
¢ Management

— Archiving of files is an IT problem

— IT technology is safe

— IT service providers know how to deal with AV

e Assumption: mass storage technology
and digital files will make many problems
a thing of the past...




Media degradation

e [s digital better?
e No, it's worse!
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Data tape

e Claims

— LTO tapes last for 30
years

e Reality

— Tapes are not 100%
reliable

- You get your money
back, not your data
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1976 | 1977 | 1978 [ 1979]1980][1981]1982[1983][1984]1985] 1986] 1987 1988] 1989] 1990] 1991
3M 17 | 14 12 11 | 14 13| 13 [ 10 10 | 14
AGFA 14
AMPEX 14171 201 12
BASF 13 | 23 21 11| 19 | 14
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SONY 28] 21 19 [ 181 211 23 [ 22 901 13| 14| 14 10




Hard drives

Avg. Drive Temperature (C)
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(Schroeder and Gibson 2007)

e Manufacturers: MTTF is 1,000,000 hrs, i.e. 100 years.
e Google study : real-world MTTF is up to 10 times higher




i_é} Storage is a system
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Storage System
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e Finding (1): In addition to disk failures (20-55%), physical
interconnect failures make up a significant part (27-68%) of
storage subsystem failures. Protocol failures and performance
failures both make up noticeable fractions.

e Implications: Disk failures are not always a dominant factor of
storage subsystem failures, and a reliability study for storage
subsystems cannot only focus on disk failures. Resilient
mechanisms should target all failure types.




=M Systems are never perfect
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i_é} Systems become obsolete
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Encoding formats
Media formats
Storage hardware
Operating systems
Management software
Networking
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‘> Obsolescence is getting faster
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LTO 4 LTO 3 LTO 2 LT 1
Ultrivm 4 Drive Readtrite at Readtrite at Read only Mot
300 GB 400 GB compatible
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%% Six-Generation Roadmap

Uttrivnm 1 D)

Genaration 1 Generation 2 | Generaftion 3 Generation 4 Generation 5 | Generation 6
Compressed Capacity 200 GB 400 GB 800 GB 1.6 T8 3278 6.4 TB
Compressed Transfer Rate  up to 40 MB/s | up to 80 MB/s | up to 160 MB/s | up to 240 MB/s | up to 360 MB/s | up to 540 MB/s

Source: The LTO Program




Growth

Today

BBC archive intake is about 300
hours/week = 30 TB/week,
moving to 120 TB/week for HD

Volume created each year

1/2 1/2
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2 years

Time
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Broadcast archives grow at 5M new hours per year
Data volumes can double in 2 years




Automation and migration
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é} ...and it all costs money

webservices™

|J Y amazon

e Amazon: $0.12 per GB per month for more than 500TB
e SDSC: $1000 for 1TB online for 1lyear (half this for tape)

e BBC: traditional tapes on shelves costs 20 times less
(but neglects migration)

e 1PB online for 1 year has a TCO of $1M
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..and everyone wants to
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Business need for
Integration
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(BBC DMI 2007)

e 959% of BBC archive use is internal
e The broadcast world is going tapeless
e Networked sharing of file-based content
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So what do archives want?

Long term data integrity

From large scale storage

At low cost

Based on open and portable solutions

That provide easy access to files for a
wide range of applications

e Not much to ask for then!

(essentially a risk management problem)



Combining storage

Connecting with A-Stor
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Easy to add storage
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East to access content

P lefin of /- Mooies Firefas = oK
o 0 W e oo VRS e MO 0 o e e teay fedawie Iooh el R
.l:llll‘hﬂd .h:l-!::l.l'

Browse auatar

Indesx of / (et Fakder || Aot Fin |

Selessl m s o wesy in crindle o clickl #a krk (o prevers o men the s

Mamé mm Tye Lt et Actine :
[ Ll Fakier lst weah £ u f
B Aok Saras Fakor hast wiosah i
B 2005 130 Onda Ciaria mils B72ME MPEG- Yidm Ldwypram 4
(i AP S 331 B i 4562 ME TEFik 3 dape ap R
W e s T MPEG-L Viden & hoaam £ u
(3 A tuatiaz pt Chgad Biw Fabiis * RSt wistk L
Rt Ml P B Endar it naffw o 1ha kler b crasha in Tha b bekoes THH AR iy
B 'm0 S mipegd_pen mpd dhmimap I® ]
) i L Lol 2 s A Ca
W CSUSE T (T Carita m fast vk ,E
| e e i T B . T — S —— o s

profoco s effacks sy g2 12 KR File laet ek R

T baik, e 117 BB MEN Fli lis! wisih =

T bl mks¥ IHGh M Fie laed weak & o

| et 2 574 KE Tl Dacuiiveant tast wiszh =

¥ TREKST WX 11 ME M Filp tant weah 4
) wrludEne el KB AW Datunart | fast wiedh b =

=l - L T (R L]

1 finta), &2 68 total




Expandable and manageable
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Data management rules
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é} Approaches to data integrity
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e Multiple copies of whole files
— Complete copy of each file in 3 locations
- Expensive!
— Storage costs, repair costs, access costs
— But, if all else fails, you still have the files

e Erasure-correcting codes
- RAID, RAIN etc.
— Re-encode and distribute the data
— Availability + safety by using many nodes

- But, if you loose the encoder/decoder,
you can lose everything




i_é} Factors to consider
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e Assets are not all equal
— Cost, safety, accessibility, longevity
— Collections, genres, individual items
— Rushes, edits, broadcast masters

e Parts of assets are not all equal
— Metadata, video, audio, captions
- Shots, scenes, frames

e Storage systems are not all equal
— Spinning disk, tape robots, shelves




{_f-} AV aware integrity management
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e Split up files into pieces
— Deconstruct MXF
- Split video
— Chop up large files
e Manage pieces according to policies
— Number of copies

- Type of storage
— Frequency of integrity checking and repair




23

IBC

File chunking example

AV asset file

(GB-TB)

Chunk Files
(MB-GB)

AV File

Chunk File 1 | Chunk File 2

Chunk File 3 | Chunk File 4

N

O s

Chunk
Files

Chunk File 1 | Chunk File 2

(MB-GB)

Chunk File 3 | Chunk File 4

Blocks
(kB-MB)

Storage System A

Storage System B




i_é} Chunking strategy
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e Replicate chunks for safety

— Match chunk sizes to AV content formats
and storage corruption modes

— Locations chosen based on need for
safety, security, access, longevity
e Actively monitor for integrity

— Nothing goes in, out or is left alone
without the relevant chunks being
checked for integrity




Optimisation

e Markov model for chunk states

e Components of the model:
— Failure rates and costs
— Detection rates and costs
— Repair rates and costs
— Storage lifetime and migration

e Predict cost v.s. probability of loss

Corruption

detected

Failure Detection

Failure




i‘.’) Chunking adds little overhead

|BC to ingest or access
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i_é} Chunking reduces repair costs
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Integrity checking and repair of corrupted chunks
10000
X
1000 |* 0 0 _—

Retrieve new chunks
Write new chunks
—x— Total repair time
—e— Local integrity check
—=— Remote integrity check

0.1 1.0 10.0 100.0

Percentage of chunks corrupted

operation (sec)
—
o
S
|

-
o
|

Time take to perform

—_—
|

Repair of a 59GB file in 10MB chunks with varying levels of corruption



é How does this fit with AV
BC encoding?

e Uncompressed:
— Good as a long-term preservation format
— Storage can be hugely expensive
— Robust to storage errors

e Compression:
— Content often born this way
— Risk of format obsolescence
— Avoid transcoding to lossy formats
— Lossless is possible, e.g. JPEG2000
— More copies for the same money
- But...




Corruption amplification

e Take out redundancy
and you take out
robustness

e Can only partially
mitigate the problem
— Intraframe compression

e New approaches needed

— Digital file formats that
behave like analogue media

(Heydegger 2008)




Graceful degradation

e Dirac based encoding
— Designhed to be robust to storage failures

e Retrieval is no longer an ‘all or
nothing’ problem

o Compatible with chunking

— Check and repair less often

B|B|C




Conclusions

e Archives: how reliable are they?

e Ongoing struggle to balance cost,
safety and accessibility

e New technical approaches needed
to equip archives for the world of
digital files




g'} Future work EGISI“EEO
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e PrestoPrime: keeping audiovisual content alive
e European collaboration supported by the EC
e 12M€, 42 months, started Jan 2009

WWW.prestoprime.org

e Models and environments for long-term audiovisual
preservation

e Data management and processing for media
preservation

e Long-term audiovisual access and use in changing
contexts




Thank you

e mMja@it-innovation.soton.ac.uk
e Wwww.avatar-m.org.uk
e Exhibition Stand 7.A08e
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