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Refresh… 

Migrate… 

Emulate… 
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Note the complicated, active, 
on-going role of the archivist 

today future 
from today through all tomorrows 
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DVD 
Audio 

+ 
Video 

+ 
Menus 
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LANL MPEG‐21 DID 
Victoria 
Electronic 
Records 
Encapsulated 
Object 
(Australia) 

Metadata 
Encoding & 
Transmission 
Standard 
(USA) 
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Digital 
Libraries 

Official 
Government 
Records 

Technical Reports 
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Crawlapalooza Harvester Home Companion 
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The counting problem 
How many pages are on that site? 

To save it you have to get it 

The representation problem 
What’s that page all about? 
Use requires understanding 
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Data 
Object 

Representation 
Information 

Knowledge 
Base 

Information 
Object 
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File System <> Website Links <> Website 

A website is more than Links and Files 

http://foo.edu/draft-2.pdf

http://foo.edu/search.pl?name=Maly


W = {w1 ,w2 ,w3 , w4 … wn } 
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W = {w1 ,w2 ,w3 , w4 … wn } 
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W = {w1 ,w2 ,w3 , w4 … wn } 
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4 Unique Websites 
W = Links 

W = {w1 ,w2 ,w3 , w4 … wn } 
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W => is decaying 
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W = Buffet Links  W = Bread Crumb Links 
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W = Buffet Links  W = Bread Crumb Links 
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W = Buffet Links  W = Bread Crumb Links 

View of W can depend on how the website is designed 
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W = {w1 ,w2 ,w3 , w4 … wn } 

How should the Webmaster build W? 

W = ??? 
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W = ??? 
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W = {w1 ,w2 ,w3 , w4 … wn } 
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Source  Files  URLs 

Self‐Crawl  406  538 

External Crawl  406  761 

File System  2,052  2,052* 

*Canonical URLs 
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26% Hours Covered  37% Hours Covered 

164.106.195.133 ‐ ‐ [01/Jun/2006:11:10:20 ‐0400] "GET /files/gfx‐logo‐odu‐crown.gif HTTP/1.1" 304 ‐ 

Sample Log Entry: 
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W = {w1 ,w2 ,w3 , w4 … wn } 

It takes a  
long time  
to cover 
the website! 
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File System View of W  Web Logs View of W 



W 
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W = {w1 ,w2 ,w3 , w4 … wn } 

W 
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http://www.cratemodel.org/sitemap.xml 

W = {w1 ,w2 ,w3 , w4 … wn } 
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W = {w1 ,w2 ,w3 , w4 … wn } 
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Data  
Object 

Representation 
Information 

Knowledge 
Base 

Information 
Object 

Here are  
some bits 

What do I know 
about it? 

What is the 
Context? 

So this is what 
it should look like 

Do I know enough to represent this correctly? 
W alone is insufficient 

Preservation Function P(W) is required 

P(W)  =  W W = {w1 ,w2 ,w3 , w4 … wn } 
w1 

w2 

wn P (             ) 
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% telnet foo.edu 80  
Trying 82.165.199.160...  
Connected to foo.edu.  
Escape character is '^]'.  

GET /jackJill.jpg HTTP/1.1  
Host: foo.edu  

HTTP/1.1 200 OK  
Date: Mon, 11 Jun 2007 16:49:25 GMT  
Server: Apache/1.3.33 (Unix)  
Last-Modified: Mon, 29 Aug 2005 12:01:40 GMT  
ETag: "5800535-3e72-4312f924"  
Accept-Ranges: bytes  
Content-Length: 15986  
Content-Type: image/jpeg  

ÿØÿà 
"#2s¡35Rq‘±³ÁÂ$%Ccruƒ“¢ÃÒÿÄ 

HTML 
metadata 

HTTP 
metadata 
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W w2 w1 
wn 



MD5 Hash: 
58a54e8638db432f4515eedf89f44505 

 Slide # 42 

EXIF TOOL: 
File Name  103_0315.JPG 
Camera Model Name  Canon EOS DIGITAL REBEL 
Date/Time Original  2003:09:30 13:37:51 
Shooting Mode  Sports 
Shutter Speed  1/2000 
Aperture  7.1 
Metering Mode  Evaluative 
Exposure Compensation  0 
ISO  400 
Lens  75.0 - 300.0mm 
Focal Length  300.0mm 
Image Size  3072x2048 
Quality  Normal 
Flash  Off 
White Balance  Auto 
Focus Mode  AI Servo AF 
Contrast  +1 
Sharpness  +1 
Saturation  +1 
Color Tone  Normal 
File Size  1606 kB 
File Number  103-0315 

Standard HTTP Headers ‐‐ 
 Last-Modified: Mon, 29 Aug 2005 12:01:40 GMT  
 ETag: "5800535-3e72-4312f924"  
 Content-Length: 15986  
 Content-Type: image/jpeg  PLUS: Output from 

built‐in utilities: 

JHOVE TOOL: 
Date: 2007-06-18 14:35:50 EDT RepresentationInformation: /home/crate/apache/htdocs/jackJill.jpg 
ReportingModule: JPEG-hul, Rel. 1.2 (2005-08-22) LastModified: 2007-01-16 23:09:07 EST Size: 27750 
Format: JPEG Version: 1.00 Status: Well-Formed and valid SignatureMatches: JPEG-hul 
MIMEtype: image/jpeg Profile: JFIF JPEGMetadata:  CompressionType: Huffman coding, Baseline DCT 
Images:  Number: 1 Image:  NisoImageMetadata:  MIMEType: image/jpeg ByteOrder: big-endian 
CompressionScheme: JPEG ColorSpace: YCbCr  SamplingFrequencyUnit: inch  XSamplingFrequency: 33 
YSamplingFrequency: 26  ImageWidth: 172  ImageLength: 146  BitsPerSample: 8, 8, 8  SamplesPerPixel: 3 
Scans: 1  QuantizationTables: QuantizationTable:  Precision: 8-bit  DestinationIdentifier: 0  
Comments: LEAD Technologies Inc. V1.01 ApplicationSegments: APP0 

File/Magic: 
JPEG image data 
JFIF standard 1.00 
resolution (DPI) 
"LEAD Technologies Inc. V1.01“ 
33 x 26 

Wrapped together with the resource in simple XML 
12 June 2008  Joan A. Smith ‐ Defense 

wi 



Name Description 
Jhove Image analysis 
Kea Key-phrase extraction 
OTS Open Text Summarizer 
ExifTool Image/video metadata extractor 
Pdflib Extract PDF metadata 
MP3-Tag Extract audio file tags 
Essence Customized information extraction 
Droid MIME++ 
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P(W)  =  W 
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The web server can provide Representation Information 

P(W)  =  W 
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P(W)  =  W 
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•  URI, UUID 

•  Standard HTTP Headers 
•  Plug‐In Metadata 

•  Base64‐Encoded Resource 

CRATE 

CRATE UID 

METADATA 

RESOURCE 
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P(w)  =  w 
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P(w)  =  w 
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D
IP 

A
IP 

SIP 
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W = {w1 ,w2 ,w3 , w4 … wn } 

P(W)  =  W 
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Better than just a Sitemap! 
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Server response time to other web requests: < 2% throughput delta 
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W = {w1 ,w2 ,w3 , w4 … wn } 

P(W)  =  W 

Give me all JPEGs newer than 2008‐06‐06 
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Rick Luce,  
Vice Provost 
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•  Do you still have a copy of your first email? 

•  Can you still compile and run the first program you ever wrote? 
BASIC compilers are hard to find these days… 

•  If lightning fried your computer, how much information would you 
have lost? 

•  How many versions of your website have you made? How many do 
you still have?  

Digital information is very fragile 

“Digital information lasts forever -- 

or 5 years, whichever comes first”


-- Jeff Rothenberg


Fragile 
D

urable 
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In this example, each LOCKSS cache (oval) collects journal content from the 

publisher's web site as it is published. Readers (circles) can get content from the publisher

site. When the publisher's web site is not available (gray) to a local community, readers 

from that community get content from their local institution's cache. The caches "talk" to each

other to maintain the content's integrity over time .


3 Goals of LOCKSS: 

1.  Preserve content (bits) 
2.  Preserve access (to bits) 
3.  Preserve understanding 

of bits (as journal 
content) 
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Note the emphasis on digital signatures: 
A key element of official records 

The final object contains a 
wealth of metadata 
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Resource Metadata Available 

Less  More 

P
ro
ba

bi
lit
y 
of
 P
re
se

rv
at
io
n 

Lo
w
 

H
ig
h 

HTTP/HTML 

Automatic metadata utilities/CRATE 

Archival Information Package (AIP) 
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P(W)  =  W 
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