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0 Part 1: Characterising Digital Content: The
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O Part 2: Demonstration of XCL Tools:
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Overview

Q Characterisation: Why and What
Q About File Formats

a XCL: Goals

a XCL: Architecture
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Characterisation

Why characterisation?

“Characterisation is an essential precursor to preservation. It
provides the information required to make preservation planning
decisions about digital objects, and to validate the results of
preservation actions. ©

(A. Brown: Developing Practical Approaches to Active Preservation, IJDC, 2007)
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Why characterisation?
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Why characterisation?

— Content | /
Errar Error
\ )7 l
Ieteriify [~ = Ietentify
Valigate Packagy SIP P Unpackage Valdale Ingest =i
Charactenze M A Characlenze
Y A A
Metadata iMetadata "
Error
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Consistency
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Source: S. Abrams: Automated Characterization in Preservation
Workflows. Tools and Trends: International Conference on Digital . @ nets

Preservation Koninklijke Bibliotheek, 1-2 November 2007




What is subject to characterisation?

“One essential process in digital preservation is to perform format
characterization to extract technical metadata associated with each
digital object in the preservation archival collection. The technical
metadata are important attributes for understanding and managing
the digital archival collections, especially for format monitoring and
researching format transformation procedures.”

(C.C.H. Chou: Format Identification, Validation, Characterization and Transformation in DAITSS,
[?2007])
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About File Formats

What is a format?

0 On a very basic level (storage level) digital
content is nothing but binary data

0 On the software level, digital content is
stored as formatted data, i.e. as
meaningful sequences of bytes

= (File) Format

a On the most human-perceivable level it
appears in a rendered form

011100110001110100011010...




How many file formats?

PRONOM: ~ 550

. www.wotsit.org: ~ 900

www.fileformat.info: 567

www.fileinfo.com: > 3000 (file extensions)
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How many file formats can we find in institutions?

Planets internal study: “Gap analysis in tool provision”
. /6 Institutions from 13 countries

. 137 different file formats (124 excl. versions)

Source: Planets internal report: ik (
Gap analysis in tool provision (third version). @EE . e




How many file formats are used more often?

Number of institutions that store each file format
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Suitability of formats for preservation (1)

High confidence Medium confidence Low confidence
«TIFF <« BMP (*.bmp) +MrSID (*.sid)
(uncompressed) « JPEG/JFIF (*.jpg)  «TIFF (in Planar
<+ PNG (*.png) +JPEG2000 (prefer  format)
lossless or +FlashPix (*.fpx)
uncompressed) +PhotoShop (*.psd)
(*.jp2) «+All other raster
+TIFF (compressed) image formats not
+QGIF (*.gif) listed here

Source: http://www.fcla.edu/digitalArchive/ @EE (
pdfs/recFormats.pdf x DE8 O @ nets




Suitability of formats for preservation (2)

High confidence

< Plain text (encoding:
1ISO8859-1 - 9, UTF-8,
UTF-16 with BOM)

< XML (includes
XSD/XSL/XHTML, etc.;
with included or
accessible

schema and character
encoding explicitly
specified)

<+ PDF/A-1 (ISO 19005-

1)

* X %
* *
* *
* *

* 5k

pdfs/recFormats.pdf

Medium confidence

< Cascading Style
Sheets (*.css)

« DTD (*.dtd)

< PDF (*.pdf)
(embedded fonts)

< Rich Text Format 1.x
(*.rtf)

<« HTML 4.x (include a
DOCTYPE declaration)
« SGML (*.sgml)

+ Open Office
(*.sxw/*.odt)

+ Office Open XML
(*.docx)

Source: http://www.fcla.edu/digitalArchive/

Low confidence

+PDF (*.pdf)
(encrypted)

< Microsoft Word
(*.doc)

<+ WordPerfect (*.wpd)
<« DVI (*.dvi)

< All other text formats
not

listed here



Suitability of formats for preservation (3)

High confidence Medium confidence Low confidence

+AlIFF (PCM) (*.alif, +SUN Audio +AIFC (compressed)

* aiff) (uncompressed) (*.au) (*.aifc)

+ WAV (PCM) (*.wav) «<Standard MIDI (*.mid, < NeXT SND (*.snd)
*.midi) <+ RealNetworks 'Real

+0gg Vorbis (*.0gg) Audio, (*.ra, *.rm,
<+Free Lossless Audio  *.ram)

Codec (*.flac) < Windows Media

< Advance Audio Audio

Coding (*.mp4, *.m4a, <(*.wma)

*.aac) +WAYV (compressed)
<+ MP3 (MPEG-1/2, (*.wav)

Layer 3)(*.mp3) «+All other audio

formats not listed here

ECWl  Source: hitp://www.fcla.edu/digitalArchive/ (7~
pdfs/recFormats.pdf [EE‘EH Onel's




Criteria for suitability

* Openess

« Adoption

« Complexity

« Technical protection mechanism
« Self-documentation

* Robustness

« Dependencies

(J. Rog, C. van Wijk: Evaluating File Formats for Long-term Preservation, iPres 2007)




Robustness of Formats

Robustness
::= resilience of file formats against bit-stream corruption
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What happens if data is corrupted in files?
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Ux000: 49 49 2ZA 00 U8 04 OO0 OO0 OO O1 OZ2 O3 04 05 Oe OF
Ox010: U8 09 UOA OB OC OD OE OF 10 11 12 13 14 15 16 17
0x020: 1B 19 1K 18 1€ 1D 1E 1F 20 21 2z 23 24 25 26 27
0x030: 28 29 2A 2B 2C 2D 2E 2F 30 31 32 33 34 35 36
Ox040: 38 39 3A 3B 3C 3D 3E 3F 40 41 42 43 44 45 46 47
Dx050: 48 49 4A 4B 4C 4D 4E 4F 3 51 52 53 54 55 56 s7 — FF
Ox060: 58 59 5A 5B 5C 5D 5E 5F 60 61 62 63 64 65 66 67 ///,
0x070: 6B 69 GA 6B 6KC 6D 6E 6F 70 71 72 73 74 75 ?€ 77
0x080: |8 79 7A 7B 7C 7D 7E 7F 80 81 82 83 84 85 86 87
0x090: 88 89 8A 8B 8C 8D B8E 8F 90 91 92 93 94 95 96 97
0x0AD0: 98 99 9A 9B 9C 9D 9E 9F AQ0 Al A2 A3 A4 AS Ab A7
0x0B0O: A6 A9 AA AB AC AD AE AF BO Bl B2 B3 B4 BS Bo B7
0x0C0O: B8 BY BA BB BC BD BE BF CO C1 C2 C3 C4 C5 Ce C7
0x0D0O: C8 C9 CA CB CC CD CE CF DO D1 D2 D3 D4 D5 D6 D7

First 224 bytes of testfile
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Information loss: 1 byte data = = 1 Pixel

—
File Edit Image Options Yiew Help
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Part of the TIFF Image File Directory, Tag: Photometric Interpretation
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1 bit changes == 100% information changed

E¥basiogos.tif - Irfan¥iew (Zoom: 725 » 725)
File Edit Image Options Yiew Help
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Table 1: Results for Ret (in percentage) for various file formats

1 Byte 0.01 01% | 1.0%
uncompressed 0.00 0.56 5.64 45.83
(0.00063)
JPEG compressed, | 2.14 13.03 | - -
ratio 1:2.60 (62%) (0.00166)
JPEG compressed, | 2.44 13.32 | - -
ratio 1:10.72 (90%) | (0.00505)
LZW compressed, 1.37 18.79 | 77.95 | 99.34
ratio 1:1.01 {2%) {0.00064)
ZIP compressed, 27.12 8492 | 9847 | -
ratio 1:1.28 (22%) {0.00081)
FNG
ZLIE compressed, 18.21 79.15 | 97.63 | -
unfiltered (0.00074)
ZLIB compressed, 25.05 81.83 | 95.08 | -
filtered {0.00085)
BEMP (windows)
uncompressed 0.00 0.14 1.92 15.29
{0.00063)
JP2
lossless, 17.53 76.22 | 94.29 | -
ratio 1:1.36 (27%) (0.00088)
lossy, 33.371 51.86 | 93.03 | -
ratio 1:7.42 (87%) (0.00166)
lossy, 2261 7293 | 9562 | -
ratio 1:2.64 (62%) (0.00468)

V.Heydegger: Analysing the Impact of File Formats on
Data Integrity, Archiving 2008

.nel's




Categories of characteristics

What is subject to characterisation?

“One essential process in digital preservation is to perform format
characterization to extract technical metadata associated with each
digital object in the preservation archival collection. The technical
metadata are important attributes for understanding and managing
the digital archival collections, especially for format monitoring and
researching format transformation procedures.”

(C.C.H. Chou: Format Identification, Validation, Characterization and Transformation in DAITSS,
[?2007])
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Non-technical characteristics
(“associated metadata”)

What’s the name of the object?

Which software created the object?

Who holds the intellectual rights for the object?
When was the object modified for the last time?
Which collection does the object belong to?
Where is the object located in our repository?




Technical characteristics
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Image width: 277
Image length: 339

Compression: uncompressed

ImageLength

The number of rows of pixels in the image.
Tag =257 (101.H)

Type =SHORT or LONG

N =1

No default. See also ImageWidth.

ImageWidth

The number of columns 1n the image, 1. | the number of pixels per row.
Tag =256 (100.H)

Type =SHORT or LONG

N =1

No default. See also ImageLength.
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Categories of characteristics

 Significant characteristics:

= Those properties which are essential for keeping the
integrity of the object

—> Significant properties are always of technical nature




Lessons learnt so far

Characterisation is an essential part within an overall
preservation framework.

« File Format is the central concept for representation of
digital content.

« A Format describes the characteristics of objects.

« There is a huge amount of formats but only a couple of
them are actually suitable for preservation.

< CEL ©{plancts




Support preservation planning framework

Support a specific preservation action task: Evaluation
of file format conversion

Develop a more abstract model for extraction of
characteristics (syn. properties) from files

Develop tools which use this model in order to enable
characterisation in an efficiently, i.e. in an automated
way




XCL: Goals

In practice:

- Develop an ,eXtensible Characterisation Definition
Language“ (XCDL), able to describe the content of digital
objects (=1 + n more files), processible by a software tool
for further analysis.

- Develop an ,eXtensible Characterisation Extraction
Language® (XCEL), able to describe any machine
readable format in a formal language, processible by a
software tool for extraction of content as XCDL.




Support preservation planning framework

Support a specific preservation action task: Evaluation
of file format conversion

Develop a more abstract model for extraction of
characteristics (syn. properties) from files

Develop tools which use this model in order to enable
characterisation in an efficiently, i.e. in an automated
way




Why automate?

Assumption:

Preservation is only feasible, if the content of

two digital objects can be compared without
human intervention.

- GEI ©(pidnt=



Why automate?

1 million objects: use five minutes for each
==416 666.7 hours

== 52 803.4  8-hour days for a Human
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Why automate?

1 million objects: use one second for each.
== 16666.7 minutes == 277.8 hours

== 11.57 working days of a computer

== 34.7 8-hour days for a Human

== 7 working weeks

- GEI ©(pidnt=




LR

holl A

CENTRAL EUROFEAN INITIATIVE

Why automate?

Total Files Ingested by Date

# Tt filesingssted

(== T — - v o = 4

2007-02-25 7
2002-02-27

LR | =] ™ 4 £ & 4

120gh. —
160zh. +
140 gh. T+
120gh.
100 gh.
gk -
algh T
Agh T
Wb+

Dgh —5

2000-02-01
009-02-03 +
00R-02-03
005-02-09 -
o09.2-11
00R-02-15 -
W0R-02-21

Source: http://www.fcla.edu/digitalArchive/pdfs/reports/
@Y plonts

ingest_stats_February 09.pdf




XCL: Goals

Support preservation planning framework

Support a specific preservation action task: Evaluation
of file format conversion

Develop a more abstract model for extraction of
characteristics (syn. properties) from files

Develop tools which use this model in order to enable
characterisation in an efficiently, i.e. in an automated
way

- GEI ©(pidnt=




XCL: Main application: Evaluation of
format conversion

Extractor

Format

® o
migration Ny

Comparator

?7
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XCL: Architecture
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XCEL

>

is used to create

XCL

XCDL

® planets



XCEL

>

is used to create

XCL
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XCL Ontology
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>

XCEL is used to create XCDL

refe\ XC L /efers to
/ Vocabulary,

containing terms XCL Ontology
which are used in file

formats for defining
content; enables /
mapping of terms/

® planets



The Ontology

Asserted Class Hierarchy: audiolnformation IEEE

B

v @ specificationPropertyNames

©fmt_100_html4.1
@ fmt_10_tiff
©fmt_115_bmp
©fmt_136_odt
©fmt_137 ods
©fmt_138_odp
©fmt_13_png

b Ofmt_17_pdf

b @ fmt_385_mpegl
©fmt_386_mpeg2
©fmt_392_jpeg2000
@fmt_40_msword
©fmt_42_jpeg_1.0
Ofmt_4_gif89a
Ofmt_91_svg
@ fmt_xxx_docx
@O fmt_xxx_imagemagick
@ fmt_xxx_mpeg4
Ofmt_xxx_rtf1.5
Ofmt_xxx_rtf1.9
@O NISO_Property

v ®XCL Properties

@ generallnformation

» @imagelnformation
@ otherInformation
@ textInformation _:

O videninfarmatinn

[ Active Ontology  Entities  Classes

Object Properties  Data Properties

Individuals

OWLPropViz =~ OWLViz DLQueryl

[ Individuals Individuals By Class 1

Individuals: backgroundColour_PNG

[¢]D%]

¢ audioResolution

¢ audioTrackNumber

¢ Author

¢ AutoFocus_NISO

¢ autoSpaceDE

¢ autoSpaceDN

¢ AVC_Codec

¢ AvgWidth

¢ axis

¢b

¢ background_html

¢ Background_Pdf

¢ backgroundColor_IM

¢ backgroundcolor OOXML
¢ Backgroundcolour_Gif |
¢ BackgroundColourRGB |
¢ backgroundTexture_IM

¢ BackLight_NISO

¢ backround

¢ Backslash_Pdf

¢ Backspace_Pdf

¢ bar

¢ baseColumns_IM

¢ baseFilename L

_& haseFont_fontAlias

{Irldiwduamnmm\ons | Individual Usage |

Individual Annotations: backgroundColour_PNG

Annatations

comment

Datatype
& rational

“solid colour for the background of an image to be used when presenting the image [Compatibility: PNG 1.1]"@en

Description: backgroundColour_ IBER

Property assertions: backgroundColour_PNG

Types

@fmt_13_png
Same individuals

Different individuals

Object property assertions

mhas_alternative_filespecific_name Background Pdf
mijs_same_as BackgroundColourRGB
mhas_alternative_filespecific_ name Backgroundcolour_Gif

Data property assertions

MEEEHE

* % 4
gl
* b 1
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XML as backbone language

- BEL
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refers to
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XCL
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eXtensible Characterisation Extraction
Language (XCEL)

» Describing how properties of digital objects are
stored

» File format specification tagged in XML,
according to the XCEL language definitions

> Interpretable through an XCEL interpreter
(Extractor), able to extract characteristics

v ®EE Onets



XCEL: Global Architecture

Configuration tasks, affecting
Preprocessing the behaviour of the XCEL
interpreter

o Description of the structure
Format description of the object

Description of recuring
structures

Templates

_ Actions on the result of the
Postprocessing format description processing

e O(phnets

CENTRAL EUROPEAN INITIATIVE
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XCEL: Basic Structuring Elements

There are just a few elements sufficient enough to describe a file
format:




eXtensible Characterisation Definition
Language (XCDL)

« Describes the content of a file /set of files in an
abstract way.

« Designed for decription of the content of any file
format.

« Designed as a means to describe only parts or all
of the content.

L ®EE Onets
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XCDL: Basic Structuring Elements

Again, there are just a few elements sufficient enough to describe
the content of a digital object:




Benefits of the XCL approach

XCL is a generic solution, uses an abstract model,
provides a unique vocabulary

- Extensible: XCL is based on XML

—-> XCEL provides a means for description of any file
format

- XCDL is a language with which all sort of content can
be expressed

L ®EE Onets
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XCL by Example
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Image width: 277

Image length: 339

ImageLength

The number of rows of pixels in the image.
Tag =257 (101.H)

Type =SHORT or LONG

N =1

No default. See also ImageWidth.

ImageWidth

The number of columns 1n the image, 1. | the number of pixels per row.
Tag =256 (100.H)

Type =SHORT or LONG

N =1

No default. See also ImageLength.
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XCEL representation

<!l-- Tag 256: ImageWidth (XCL: imageWidth) -->

<item xsi:type="structuringltem" identifier="IFDE_256"

optional="true">

<symbol interpretation="uint16" length="2" value="256"/>

<item xsi:type="structuringltem" order="choice"> t

<item xsi:type="structuringltem" order="sequence">

<!— Data type (value ,3° means uint16)-->
<symbol interpretation="uint16" length="2" value="8"/>
<!— number of values (N)->
<symbol interpretation="uint32" length="4" value="1
<I-- the value and name of property -->
<symbol interpretation="uint16" length="2"
name="imageWidth"/>
<l-- wasted space-->
<symbol interpretation="uint16" length="2"/>

/>

</item> fmagefdidtth
</item> The numbler of columns m the 1image. 1.& , the number of pizels per row
</item> Tag =255 (100H)
Twpe =5HORT or LONG

kg 'l =1
* *
* * =
o default. See alsc ImageLength

* *
* 5 X



XCEL representation

<!l-- Tag 256: ImageWidth (XCL: imageWidth) -->
<item xsi:type="structuringltem" identifier="IFDE_256"
optional="true">
<symbol interpretation="uint16" length="2" value="256"/>
<item xsi:type="structuringltem" order="choice">
<item xsi:type="structuringltem" order="sequence">
<!— Data type (value ,3° means uint16)-->
<symbol interpretation="uint16" length="2" value="3"/>
<!— number of values (N)->
<symbol interpretation="uint32" length="4" value="1
<I-- the value and name of property -->
<symbol interpretation="uint16" length="2"
name="imageWidth"/>
<l-- wasted space-->
<symbol interpretation="uint16" length="2"/>

<E ite]m > fmagelRidth
</item> The number bf columns m the 1image. 1.& , the number of pixels per row
</item> Tag =254 (100H)
Twpe =5HORT or LONG
* Xk N =1

* *
b ; o default. See alsc ImageLength

* *
* 5 X



XCEL representation

<!l-- Tag 256: ImageWidth (XCL: imageWidth) -->
<item xsi:type="structuringltem" identifier="IFDE_256"
optional="true">

<symbol interpretation="uint16" length="2" value="256"/>

<item xsi:type="structuringltem" order="choice">
<item xsi:type="structuringltem" order="sequence">
<!— Data type (value ,3° means uint16)-->

<symbol interpretation="uint16" length="2" value="3"/>

<!— number of values (N)->

<symbol interpretation="uint32" length="4" value="1
<I-- the value and name of property -->
<symbol interpretation="uint16" length="2"
name="imageWidth"/>

<l-- wasted space-->

<symbol interpretation="uint16" length="2"/>

[..]

4

"/>

3

</item> mageldidth
</item> The nufpber of columns m the image. 1.2, the number of pizels per row
</item> Tag [-255 (100H)
Twpe FSHORT or LONG

* X % )

* *
* *

* *
* 5 X

=1

o default. See alsc ImageLength



XCDL representation

<property id="p5">
<name id="id30" >imageWidth</name>
<valueSet id="i i1 _s4" >
<labValue>
<val>277</val>
<type>int</type>
</labValue>
</valueSet>

</property>
. XCEL entry:
<!-- the value and name of property -->
<symbol interpretation="uint16" length="2"
name="imageWidth"/>
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XCDL representation

<property id="p5">
<name id="id30" >imageWidth</name>
<valueSet id="i i1 _s4" >
<labValue>
<val>277</val>
<type>int</type>

</labValue>
</valueSet>
</property>

XCEL entry:
<!— Data type (value ,3° means uint16)-->
<symbol interpretation="uint16"
length="2" value="3"/>

Onel's




XCDL representations can now
be compared...

Measure mame: @dqual

Id: 1
Explanation: hetric "equal’ is a simple comparison of two values (&, B) of any XCL data type on
equality.

Data type of input value: Any XCL data type
Data type of output value: XCL: boolean (true, false)

Example:
Yalue for propery A of XCDLT (src) “Yalue tor property A of ACDLY (tar)
<labValue> <labValue:
<val>32</val> <val>32</val>
<TyYperint</Types <EvpErint</oypes
=/ labValus- =/ lahVa lues-
copra output:

<property id="z2" name="imsgeHeight™ unic="pixesl® scace="copmpplete™>
<METrics>
SmEtric idemFlF ngemesfFfaounl fF
<result state=s"ok"rtrue</result>
</metric>
</mecrics>
i propercys

OBt




Thank you for your attention!

Any questions?
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