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Resources have Representations that Change over Time

resources
have representations
that change over time

time —»

—— time —»

B
—— time —»
— R %
W

R @@@ Memento: Time Travel for the Web ﬂ) Okb
1 @ UNC Scholarly Communications Working Group, November 10 2010 ¢ Los Alamos [DMINION

UNIVERSITY




Only the Current Representation is Available from a Resource

only
the current representation

is available
- fromm a resource
F

Wi
olRle Memento: Time Travel for the Web ﬁ-) Ot
@ UNC Scholarly Communications Working Group, November 10 2010 Los Alamos [MINION

UNIVERSITY




Old Representations are Lost Forever

the old representations
are lost forever

“vv
.

F ’
“"’L
\ A
s

—e )

@@ Memento: Time Travel for the Web ﬂ) OLp
@ UNC Scholarly Communications Working Group, November 10 2010 LOS Alamos BDMINION

UNIVERSITY




Archived Resources Exist
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From Wikipedia, the free encyclopedia

This is an old revision of this page, as edited by The (talk | at04:51,20 2001. It may
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diff) +— Previous revision | Current revision (diff) | Newer revision -+ (cHf

In Memoriam, September 11, 2001

On the morning of September 11, 2001, what might well be the most devastating terrorist attack in the history
of the world occurred concurrently in New York City, Washington, D.C. and near Pittsburgh. Four passenger
jets were hijacked and then deliberately crashed into the World Trade Center and the Pentagon. Both towers
of the World Trade Center subsequently collapsed, and part of the Pentagon was destroyed in the ensuing
fire. Casualties are expected to be in the thousands: 265 on the planes; about 3000 people (early estimates
ranged as high as 6500 people), i ing h of firefig! who had rushed in, at the World Trade
Center; and 125 at the Pentagon.

Some passengers on the doomed flights were able to make phone calls reporting on events on board. They
reported that there were more than one hijacker on each plane and that they took control of the planes using
box-cutter knives. It appears that the passengers on the fourth jet tried to overpower the hijackers and that the
plane in a sparsely lated area as a result, thereby missing its intended target, which may have
been the White House.

The attack had immediate and deep global political effects and economic effects and inspired an international
outpouring of memorials and services. The massive undertaking of rescue and recovery, and of providing
assistance to the survivors and victims, is ongoing. There will be a great need for donations for a long time.

Though no group has claimed responsibility, the U.S. g i a full-scale
response, stating its intentions to go to war against those responsible. On October 7, a coalition led by the
United States launched an attack in Afghanistan. See 2001 U.S. Attack on Afghanistan.

Following the attack, the United States has been on heightened alert for new terrorist attacks. In late
September, cases of anthrax started breaking out; although, no connection to the September 11 attack has
been found. See 2001 anthrax attack.

http://en.wikipedia.org/w/index.php?title=September_1
1 attacks&oldid=282333 archived resource for
http://en.wikipedia.org/wiki/September_11 attacks

http://web.archive.org/web/20010911203610/http://ww
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From Wikipedia, the free encyclopedia

"9/11" redirects here. For the date, see September 11 or November 9. For other uses, see 911

(disambiguation).
The Sep 1" ks (often referred to as
September 11th or 9/11) were a series of
coordinated suicide attacks by Al-Qaeda upon the
United States on September 11, 2001. On that
mommg 19 Al-Qaeda terrorists hijacked four

P ger jet 12 The

hijackers intentionally crashed two of the airliners
into the Twin Towers of the World Trade Center in
New York City, killing everyone on board and many
others working in the buildings. Both buildings
collapsed within two hours, destroying nearby

September 11, 2001 Attacks

= Community portal
= Recent changes

= Contact Wikipedia
= Donate to

buildings and g others. The hijackers
crashed a third airliner into the Pentagon in
Arlington, Virginia, just outside of Washington, D.C.
The fourth plane crashed into a field near

Twin towers of the World Trade Center burning.

= Help
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= Related changes
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Special pages
Printable version
Permanent link
Cite this page
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= Azerbaycan
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(1

Shanksville in rural P Y after some of its Location New York City; Arlington County, Virginia;
passengers and flight crew attempted to retake and near Shanksville, Pennsylvania.
control of the plane, which the hijackers had Date Tuesday, September 11, 2001
redirected toward Washington, D.C. There were no 8:46 am — 10:28 am (UTC-4)
u s from any of the fights. Attack type  Aircraft hijacking, Mass murder, Suicide
In total 2,993 people, including the hijackers, died attack
in the attacks."®’ The overwhelming majority of Desthe) 2095 (ncuing 19 hackers)

2 il A ; % f
casualties were civilians, including nationals of injured Y

over 90 countries. In addition, the death of at least
one person from lung disease was ruled by a
medical examiner to be a result of exposure to dust
from the World Trade Center's collapse.'!

The United States responded to the attacks by launching a "War on Terrorism", invading Afghanistan to
depose the Taliban, who had harbored al—anda (arrcmsts and enacting the USA PATRIOT Act. Many other
countries also strengthened their anti and law powers. Some
American stock exchanges stayed closed for the rest of the week following the attack, and posted enormous

Perpetrator(s) al-Qaeda led by Osama bin Laden, see also
Responsibility and Hijackers.
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In Memoriam, September 11, 2001

On the morning of September 11, 2001, what might well be the most devastating terrorist attack in the history
of the world occurred concurrently in New York City, Wi
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Some passengers on the doomed flights were able to make phone calls reporting on events on board. They
reported that there were more than one hijacker on each plane and that they took control of the planes using
box-cutter knives. It appears that the passengers on the fourth jet tried to overpower the hijackers and that the
plane d in a sparsely lated area as a result, thereby missing its intended target, which may have
been the White House.

The attack had immediate and deep global political effects and economic effects and inspired an international
outpouring of memorials and services. The massive undertaking of rescue and recovery, and of providing
assistance to the survivors and victims, is ongoing. There will be a great need for donations for a long time.

Though no group has claimed responsibility, the U.S. g a full-scale
response, stating its intentions to go to war against those responsible. On October 7, a coalition led by the
United States launched an attack in Afghanistan. See 2001 U.S. Attack on Afghanistan.

Following the attack, the United States has been on heightened alert for new terrorist attacks. In late
September, cases of anthrax started breaking out; although, no connection to the September 11 attack has
been found. See 2001 anthrax attack.
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The Pentagon

From Wikipedia, the free encyclopedia

discussion edit this page history
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Coordinates: () 38°52'15.56"N 77°3'21.46°W

This article is about the United States military building. For the shape, see Pentagon.

The Pentagon is the headquarters of the United
States Department of Defense, located in Arlington,
Virginia. As a symbol of the U.S. military, "the
Pentagon" is often used metonymically to refer to
the Department of Defense rather than the building
itself.
Designed by the American architect George
Bergstrom (1876 — 1955), and built by Philadelphia,
y general John
the building was dedicated on January 15, 1943,
after ground was broken for construction on
September 11, 1941. General Brehon Somervell
provided the major motive power behind the
p!oioct:[‘] Colonel Leslie Groves and Major
Clarence Renshaw were responsible for overseeing
the project for the Army.
The Pentagon is the world's largest office building
by fioor areazzlm, by a margin of about
35,580 square metres (383,000 sq ft).
Approximately 23,000 military and civilian
(a'malmy\':es‘32 and about 3,000 non-defense support
work in the Pentagon. It has five sides,
five floors above ground (plus two basement
levels), and five ring corridors per floor with a total
of 17.5 miles (28.2 km)*® of corridors. The
Pentagon includes a five-acre (20,000 m?) central
plaza, which is shaped like a pentagon and
informally known as "ground zero", a nickname
originating during the Cold War and based on the
presumption that the Soviet Union would target one
or more nuclear missiles at this central location.

On 11, 2001, hij Airlines
Flight 77 was crashed into the western side of the

Penr

Southwest view of the Pentagon

The Pentagon

2

CIROPT
with the Potomac River and

e

Washington Monument in background.

Type
Coordinates
Built

Height

In use

me&amm
Headquarters
o 38°52'15.56"N 77°3'21.46"W
1943 (broke ground on September 11,
1941)
Five floors above ground and Two fioors
below ground
1943-present
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Current and Past Web are Not Integrated

= past Web @ t1 l<— cannot navigate the past — | Current and Past Web
past Web @ 12 | « based on same technology.
past Web @ t3
L « But, going from Current to
siet Past Web is a matter of
' fhonst (manual) discovery.
from
the now
| L D |  Memento wants to make
going from Current to Past
Web a (HTTP) protocol
v matter.
- « Memento wants to integrate
Current And Past Web.

\/

time

win
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TBL on Generic vs. Specific Resources

Web Architecture: Generic Resources

() il (228 (X)) ! ) / M © http://web.archive.org/web/19970731003253 /www.w3.org/Designlssues/Generic.html Y ,/.',. Q

{ Q )

@ Requested Date; 1996 ) 2010 06/05/ 1997 (%] v Displayed Date: 1997-07-31 D000 ©
| |l Web Architecture: Generic Resourc... + '-',

s

As an example, successively specific resources might be

53 i —— http://www.w3.org/Designlssues/Generic.html

3. The Bible, KJV, in English
4. A particular ASCII rendering of the KJV Bible in English

Each resource may have a URIL. The authority which allocates the URI is the authority which determines wo what it refers: Therefore, that
authority determines to what extent that resource is generic or specific.

This model is more of an observation of a requirement than an implementation decision. Multilevel gnericity clarly exists in all our current
life with books and electronic documents. Adoption of this model simply follows from the rule that Web design should not arbitrarily seek to
constrain life in general for its own purposes.

Dimensions of genericity

When we discuss electronic resources, an interesting fact is that a small number of dimensions of genericity emerge.

Time A resource may vary with time. For example, "The Wall Street Journal" varies with time. Each issue is a time-specific
resource, which does not change with time. Most home pages on the Web change with time, in a less periodic way.
L ‘When a document 1s translated, 1t 1s useful to be able to refer to it either in the generic, or to a particular specific
anguage :
translation.
Resiesenizton A given resource may have mny ways in which it can be represented on the wire, using different content-types (in HTTP
P terms). As an example, an image may be represented in PNG or JFIF format.

The fact that there are such a small number of dimensions currently apparent sugests that Web software should handle them individually in

its interface with the user, even though the architecure should handle them as a single concpet. i
v
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In The Beginning... there was the inode

struct stat {

dev_t st _dev; /* ID of device containing file */
ino t st _1no; /* 1node number */

mode t st_mode; /* protection */

nlink _t st nlink; /* number of hard links */

uid_t st uid; /* user 1D of owner */

gid_t st gid; /* group ID of owner */

dev_t st _rdev; /* device ID (if special file) */
off t st_size; /* total size, In bytes */

blksize t st blksize; /* blocksize for filesystem 1/0 */
blkcnt t st blocks; /* number of blocks allocated */

time_t st _atime; /* time of last access */
time_t st _mtime; /* time of last modification */
time_t st _ctime; /* time of last status change */

Wi
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Limited Time Semantics...

% telnet ww.digitalpreservation.gov 80
Trying 140.147.249.7. ..

Connected to www.digitalpreservation.gov.
Escape character i1s "]".

HEAD /images/ndiipp_header6.jpg HTTP/1.1
Host: www.digitalpreservation.gov
Connection: close

HTTP/1.1 200 OK

Date: Mon, 19 Jul 2010 21:41:04 GMT

Server: Apache

Last-Modified: Thu, 18 Jun 2009 16:25:54 GMT
ETag: ""1bc861-10935-dca24880""

Accept-Ranges: bytes

Content-Length: 67893

Connection: close

Content-Type: 1mage/jpeg

Connection closed by foreign host.
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Time Semantics Becoming Less, Not More Available

% telnet ww.digitalpreservation.gov 80
Trying 140.147.249.7. ..

Connected to www.digitalpreservation.gov.
Escape character i1s "]".

HEAD / HTTP/1.1

Host: www.digitalpreservation.gov
Connection: close

HTTP/1.1 200 OK

Date: Mon, 19 Jul 2010 21:36:00 GMT
Server: Apache

Accept-Ranges: bytes

Connection: close

Content-Type: text/html

Connection closed by foreign host.

wir
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The Past Links to the Present...

WebCite query result

(< Zj' ‘._E : EI (Ui http:/ /webcitation.org/query?id=1257028234035091 I v ) (f: Q
)
@ Requested Date; 1996 () 2010 m@ v 0
1 i WebCite query result | S I T
WebCite® I Showing WebClite for URL: http//www.digitalpreservation.gov/ [Permalink to this cache]
[ What's this? ) Cached: | 2009-10-31 18:30:35 & |

skip navigation

DIGITAL COLLECTIONS LIBRARY C

A —T T explicit HTML link;
The Lib;an' of Congress > Digital Preservation n O HTTP Iinks;

IGITAL
PRESERVATION

T opaque URI

Digital Preservation Home
News & Events

Partners

Tools & Services

« Publications

» Video Presentations

» Personal Archiving

« About the Program
« Contact Us

Related Resources

« Digital Formats Sustainability
« Federal Agencies Digitization Guidelines Initiative

« Section 108 Study Grou "
» Standards at the Library of Congress .

<xz1 A
Done Q “
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The Past Links to the Present...

ﬁ I ( M http://web.archive.org/web/20090516160321/www.digitalpreservation.gov/
| |

4

no HTML links:
. e no HTTP links;

poy———— implicit from URI
DIGITAL
v+ Digitalratseavarion

PRESERVATION
National Digital Information Infrastructure & Preservation Program:
A Collaborative Initiative of the Library of Congress

Requested Date: 1996

Il pigital Preservation (Library of Co.. +

() 2010 o07/19/ 2010 BE

9

L .4
Search this site | [Go]

Meeting the Challenge NDIIPP Newsletter

Digital Preservation Home

News & Events Beginning in January 2008, the Library of
Congress joined forces with the popular
photo sharing site Flickr to provide a new
avenue to the Library’s photos and build

new levels of interaction with the public.

Partners

]

]

)

© Tools & Services
© Publications
)

-]

)

Latest NDIIPP Newsletter

Personal Archiving

About the Program
Contact Us

© Read more
News & Events
Digital Preservation Pioneers
International Exchange Intern

As the motion picture industry converts to Visits NDIIPP
Related Resources all-digital technology, the Academy of
- Motion Picture Arts and Sciences is
Digital Formats Sustainability confronting digital-preservation challenges © Read More
: vy to ensure the preservation of digital
Federal Agencies Digitization movies. Event: The 4th Annual
Guidelines Initiative International Open
© Read More Repositories Conference i

Section 108 Study Group
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But the Present Does Not Link to the Past

Digital Preservation (Library of Congress)

< " il g fa)( | | http://www.digitalpreservation.gov/ Wi ':‘v
S = hints in HTML
6 Requested Date; 1996 () 2010 [07/19/ 2010 "3" v ]
|_| Digital Preservation (Library of Co.. I + [ H TT P Or l | R I
b)

E LIBRARY OF CONGRESS ASK A LIBRARIAN DIGITAL COLLECTIONS IBRARY CATALOGS GC Opt.

The Library of Congress > Digital Preservation

DIGITAL
PRESERVATION ‘ | 4

; ; I I p “ [ s [n_l.l_l_'_Lll | 1] — -
E ' 'A v - Pl % telnet www.digitalpreservation.gov 80
i ,,g{‘"\ ACollabomuveInmauveolmeub(a Tryi ng 140 .147. 249 7. ..

Search this site || e Connected to www.digitalpreservation.gov.
© Diaital Preservation Home | || On the Leading Edge x| Escape character is "/]".
© News & Events HEAD / HTTP/l - 1
- | - - -
OPutnnr DIGITAL | Host: www.digitalpreservation.gov
© Tools & Services LIVES pe al digita -
© Publications Read this Article » '_ ConneCt ion: C I ose

© Video Presentations

© Podcasts
© Personal Archiving

© About the Program
© Contact Us

Meeting the Challenge Digita) HTTP/1.1 200 OK

wy| Date: Mon, 19 Jul 2010 21:36:00 GMT
: ar innovative rawf Server: Apache

Related Resources Nadbhicies <. Accept-Ranges: bytes

Connection: close

Content-Type: text/html

Digital Formats Sustainability
Federal Agencies Digitization Digital Preservation Pioneers
Guidelines Initiative

Section 108 Study Group

Standards at the Library of
Congress

Connection closed by foreign host.

preservatio
Read this Article » Recap
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06 Jane Greenberg homepage, School of Library and Information Science, University of North Carolina at Chapel Hill ()

l S | \_!-”‘\'," 'ZLE;) 'ﬂi—:." 'I;;:) By [ http://ils.unc.edu/~janeg/ N‘ v) (*§- Google Q)

(®)

p ="

1 ﬁ; Jane Greenberg homepage, School... P + |

0 Requested Date: 1996 () ~ 2010 01/17/ 2001 @E' Q
i

D)

Jane Greenberg, Professor and
: ? Director, SILS Metadata Research Center
- School of Information and Library Science
University of North Carolina at Chapel Hill
205 Manning Hall, CB # 3360
Chapel Hill, NC 27599-3360
Phone: (919)962-8066

Fax: (919)962-8071
Emailjaneg@email.unc.edu

® SILS Metadata Research Center &tMRC>

® Metadata Research Center's photostream

’Sorinq 2008: INLS 890-092, Seminar in Knowledge
Organization

* Vitae

e
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Index

( 4 )» )= (@) () () (N nup:/jweb.archive.org/web/20010515194603 ils.unc.edu/~ja g ¥ ) (M Google Q)
l
| |
o Requested Date: 1996 {> : 2010| 01/17/ 2001 @:‘ Displayed Date: 2001-05-15 I @
-][Hm Index L+ | | -

Jane Greenberg, Assistant Professor
School of Information and Library Science
University of North Carolina at Chapel Hill
CB #3360, 100 Manning Hall

Chapel Hill, NC 27599-3360

Tel: (919)962-7024
E-mail: janeg@ils.unc.edu
Fax: (919)962-8071

e Biographical
Statement

e Research e Vitae e Teaching
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Linking the Past and the Present

« Codify existing methods to create linkage from the
past to the present

— easy: an archived version knows for which URI it
IS an archived version

* Create a linkage from the present to the past

— hard: solve with a level of indirection from present
to past

Wi
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Normal HTTP Flow

&
GET R w
200 OK (O

W

e OO Memento: Time Travel for the Web A Ok
1 @ UNC Scholarly Communications Working Group, November 10 2010 LOS Alamos BDMINION

UNIVERSITY




Normal HTTP Flow

&
GET R w
200 OK (O

W

e OO Memento: Time Travel for the Web A Ok
1 @ UNC Scholarly Communications Working Group, November 10 2010 LOS Alamos BDMINION

UNIVERSITY




The Web without a Time Dimension

— HTTP GET ——»

Original
resource

wir
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The Web without a Time Dimension

— HTTP GET —»4 uRL.

— HTTP GET —>iliR1

— HTTP GET ——» URI-

Archived
resources

wir
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The Web without a Time Dimension

— HTTP GET — -8
My

— HTTEGET ——» — HTTP GET —>-#lR1
M
2

— HTTP GET ——» URI-

Ma
Original Archived
resource resources

Need to use a different URI to access archived versions of a resource and its current version
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The Web with Time Dimension added by Memento

__ HTTP GET
datetime . URI-
Mo

Original Archived
resource resources

In Memento: use URI of the current version to access archived versions, but qualify it with datetime
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The Web with Time Dimension added by Memento

URI-
M4
HTTP GET /
"~ datetime g Uh?"
2
URI-
Mg
Original : Archived
g TimeGate
resource resources

.. and arrive at an archived version via level of indirection
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Content Negotiation in the datetime dimension

Many systems support content negotiation for media type:
o Your client by default asks for HTML and gets HTML,;
o But it could get PDF via the same URI.

Memento proposes a new dimension for content negotiation — time:
o Your client by default asks for the current time, and gets it
o But it could get an older version via the same URI

Can be accomplished with two new HTTP headers:
o Request header: Accept -Dat eti ne
o Conveys datetime of content requested by client
o Response header: Menent o- Dat eti ne
o Conveys datetime of content returned by server

Wi
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Memento HTTP Flow

HEAD R, Accept-Datetime

200, Link=>G

GET G, Accept-Datetime

302=>M, Vary, Link=>R,B,M

GET M, Accept-Datetime

200, Memento-Datetime, Link=R,B,M
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Memento HTTP Flow

HEAD R, Accept-Datetime

200, Link=>G

GET G, Accept-Datetime

302=>M, Vary, Link=>R,B,M
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Memento HTTP Flow

HEAD R, Accept-Datetime

200, Link=>G

GET G, Accept-Datetime

302=>M, Vary, Link=>R,B,M

GET M, Accept-Datetime

200, Memento-Datetime, Link=R,B,M
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The Memento Framework

HTTP Link
original A
_w/ URI |
HITP.GE] W
HTTP Link Accept-Datetime: t;
timegate HTTP Link
memento

HTTP GET

Accept-Datetime: tj

HTTP Link
original

Original

TimeGate
Resource Mementos

Win
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Why Not Bypass URI-R and Go Directly to TimeGate?

e The Original Resource (URI-R) might know a "better"
TimeGate than the default client value

— a CMS (e.qg., a wiki) or transactional archive will
always have the most complete archival coverage
for a URI-R

— the client can always ignore the URI-R's TimeGate
suggestion

o Summary: it is good design to check with URI-R
before using the default the TimeGate

Wiy
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Long Tail of Archives

Q: Which TimeGate should my server (or
client) Link to?

'g. A: There is no one true TimeGate.
| We envision a competitive marketplace
for TimeGates and Aggregators.

“ web archlvmg serwce

. UK
~, WebCite
~—_ AThe National Archives YREC? HIVE

S — preserving uk websites

W
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Transition Period

« Up until now, we've presented the scenario where
both the client and server are compliant with the
Memento framework

 Good news: Memento elegantly handles scenarios
where either the client or the server are not (yet)
compliant

L
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Compliant Client, Non-Compliant Server

HEAD R, Accept-Datetime

200

GET G, Accept-Datetime

302=>M, Vary, Link=>R,B,M

GET M, Accept-Datetime

200, Memento-Datetime, Link=R,B,M

!\lt 'i,l - !\lt 'i,l - !\lt 'i,l - !\lt 'i,l - !\lt 'i,l - !\lt 'i,l -
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Compliant Client, Non-Compliant Server

HEAD R, Accept-Datetime

200

f:' G f:

GET G, Accept-Datetime

302=>M, Vary, Link=>R,B,M

GET M, Accept-Datetime

200, Memento-Datetime, Link=R,B,M
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Compliant Client, Non-Compliant Server

HEAD R, Accept-Datetime £ B

) (:; |

Client detects absence of Link header in response from
URI-R, discards it, then constructs its own URI-G value

GET G, Accept-Datetime

302=>M, Vary, Link=>R,B,M

GET M, Accept-Datetime

200, Memento-Datetime, Link=R,B,M

YITYXXX.
Ce@OC

- win
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Compliant Client, Non-Compliant Server

HEAD R, Accept-Datetime

200

GET G, Accept-Datetime

f:' G f:

302=>M, Vary, Link=>R,B,M

GET M, Accept-Datetime

200, Memento-Datetime, Link=R,B,M
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Compliant Client, Non-Compliant Server

HEAD R, Accept-Datetime

200

GET G, Accept-Datetime

302=>M, Vary, Link=>R,B,M

f:' G f:

GET M, Accept-Datetime

200, Memento-Datetime, Link=R,B,M
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Compliant Client, Non-Compliant Server

/

HEAD R, Accept-Datetime 4

f:' G f:

/

200 (

GET G, Accept-Datetime

302=>M, Vary, Link=>R,B,M

GET M, Accept-Datetime

200, Memento-Datetime, Link=R,B,M
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Compliant Server, Non-Compliant Client

/

GET R (

/

200, Link=>G 4

GET G, Accept-Datetime

302=>M, Vary, Link=>R,B,M

GET M, Accept-Datetime

200, Memento-Datetime, Link=R,B,M
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Compliant Server, Non-Compliant Client

/

GET R (

/

200, Link=>G 4

GET G, Accept-Datetime

302=>M, Vary, Link=>R,B,M

GET M, Accept-Datetime

200, Memento-Datetime, Link=R,B,M

0 0C
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Compliant Server, Non-Compliant Client

GET R, Accept-Datetime @

200, Link=>G @

GET G, Accept-Datetime g

302=M, Vary, Link=R,B,M e N

GET M, Accept-Datetime

200, Memento-Datetime, Link=R,B,M
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Some Issues

e Observational uncertainty
« Different notions of time
 When is the past?

Wi
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No Uncertainty With Self-Archiving Systems

foo.html has <img src=pic.gif>

t0 t1 t2 t3 t4 t5 t6 t7 - 7"
| | | | | | | | [~ ¥ i
> I F R
foo.html  foo.html foo.html foo.html o \\’
pic.gif pic.gif pic.gif pic.gif MediaWiki
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foo.htm| @ t4

foo.html has <img src=pic.gif>
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foo.htm| @ t4

foo.html has <img src=pic.gif>
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pic.gif pic.gif pic.gif

GET /foo.html
Accept-Datetime: t4

HTTP/1.1 200 OK
Memento-Datetime: t4

GET /pic.gif
Accept-Datetime: t4

HTTP/1.1 200 OK
Memento-Datetime: tO
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Uncertainty in Third-Party Archives

foo.html has <img src=pic.gif>
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Missed Updates

foo.html has <img src=pic.gif>

t0 tl t2 t3 t4 t5 t6 t7
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foo.html foo.html foo.html  foo.html foo.html
pic.gif pic.gif pic.gif pic.gif pic.gif pic.gif

red italics = missed updates
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foo.htm| @ t4

foo.html has <img src=pic.gif>
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pic.gif pic.qif pic.qif pic.gif pic.gif pic.gif
GET /foo.html GET /pic.gif

Accept-Datetime: t4 Accept-Datetime: t4

HTTP/1.1 200 OK HTTP/1.1 200 OK
Memento-Datetime: t4 || Memento-Datetime: tO
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foo.htm| @ t4

foo.html has <img src=pic.gif>

t0 tl t2 t3 t4 t5 t6 t7

| | ] | | |

foo.html foo.html I foo.html Ifoo.html foo.html
pic.qgif pic.gif pic.gif pic.gif pic.gif

GET /foo.html GET /pic.gif
Accept-Datetime: t4 Accept-Datetime: t4

HTTP/1.1 200 OK HTTP/1.1 200 OK
Memento-Datetime: t4 || Memento-Datetime: tO

foo.html correct pic.gif incorrect
(should be t4)
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foo.htm| @ t4

foo.html has <img src=pic.gif>

t0 tl t2 t3 t4

t5 t6

| | I e

foo.html foo.html I foo.html Ifoo.html
pic.qgif pic.gif pic.gif pic.gif

foo.html

pic.gif

GET /foo.html
Accept-Datetime: t4

HTTP/1.1 200 OK
Memento-Datetime: t4

GET /pic.gif

Accept-Datetime:

HTTP/1.1 200 OK

Memento-Datetime: tO

t4

foo.html correct

pic.gif incorrect
(should be t4)

this combination (foo@t4, pic@t0) never existed!
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Decrease Uncertainty With More Observations?

foo.html has <img src=pic.gif>

t0 tl t2 t3 t4 t5 t6 t7
I I I I I I I I
foo.html foo.html foo.html  foo.html foo.html
pic.gif pic.gif pic.gif pic.gif pic.gif pic.gif )
WebCite
red italics = missed updates -

- o ;
LS8 web archiving service
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Three Notions of Time: Cr, LM, MD

« Creation (Cr): datetime when the resource first came
Into being

e Last-Modified (LM): when the resource was last
changed

 Memento-Datetime (MD): the datetime that the
resource was (meaningfully) observed on the web

— not the same as the datetime that the resource is
"about": I.e. there is no
""Memento-Datetime: Thu, 04 Jul 1776 14:37:00"
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Cr==MD == LM

e 6 Internet Archive Wayback Machine

(4 1:)' ( g,‘ (X)) i ) A | http:/jwayback.archive-it.org/1029/* /http:/ /www.nyu.edu/fas/pr 5.0 ¥ I_:‘!' Google Q)

€))

o Requested Date: 1996 O 2010 07/19/ 2010 ff) v 0
1 A Internet Archive Wayback Machine [ -+ I‘-‘

t, t, t, t, t, A ns11mm Web Archive (National September 11 Memorial Museum) mguuae"mm}nnﬂ
C r I I ‘ I o ARCHIVE-IT
Enter Web Address: [il37] All v Take Me Back Compare Archive Pages
}0 }1 t2 }3 }4 Searched for http://www.nyu.edul/fas/projects/vcb/case 911_FLASHcontent.html 1 Result
M D ‘ » Look up URL in general Internet Archive web collection Proxy Mode Help
1o ty t, 3 1y * denotes when page was updated
LM ! ‘ ! L, Search Results for Jan 1, 2005 - Dec 31, 2010
2005 2006 2007 2008 2009 2010
0 pages 0 pages 0 0 pages 0 pages
Mar 6, 2008 *
Home | Copyright Wse | Privacy Policy
© Find: (Q ) ((Next | Previous ) (O Highlightall ) [ Match case
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Cr==MD < LM

TACTICAL MEDIA

) R E ) | ) | i ) Q, http://wayback.archive-it.org/1029/20080306015336/http:/ /ww' 1.4 v ‘I,{" ( € Q)

-

Requested Date: 1996 O 2010 07/19/ 2010 rf‘ v
A ac] ¥

You are viewing an archived web page, collected at the request of National September 11 Memorial Museum using
Archive-It. This page was captured on 1:53:36 Mar 06, 2008, and is part of the ns11mm collection. The information on
this web page may be out of date. See All versions of this archived page.

< r | | ‘ | | The Virtual Casebook Project at NYU f

virtual casebook : 9-11 and after

v

o >» 0O
t, t, t, t, t, 5388
MD | [ ‘ [ [ 2§53 Introduction
> - @
; m S Reverberations
S h3z
ty t, t, t, t, -
LM | | | I ‘ r 28 Field Reports
5
o
>

J Extreme Close-Up

Ground Zero'
|

New York City ‘Y
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MD < Cr <= LM

Internet Archive Wayback Machine

== s —

\4 )_)' '\g)_\ () \_\El\ l\m http://web.archive.bibalex.org/web/* /http://www.cs.odu.edu/~m 1.4 v) (\-'_l'_welcome to apache Q)

@)

@ reauested Date: 199 () 2010 T07/19/ 2010 3] » @
1 N internet Archive Wayback Machine M+ y',

BIBLIOTHECA ALEXANDRINA

ty t, t, ty t,

C r [ [ [ [ ‘ ~_ter Web Address: L] Take Me Back
Searched for http://www.cs.odu.edu/~mIin/ 35 Results

ty t, t, ty t,

M D | | ‘ | | Note some duplicates are not shown. See all.
> * denotes when site was updated.
Search Results for Jan 01, 1996 - Jul 20, 2010

ty t, t ty t 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 20

L M | | | | 9 g g 9 L g 5 pages 6 pages 8 pages 7 pages 5 pages 1 pages 0 g ]
‘_y pages pages pages pages pages pages pages pages pa(

May 26, 2002 * Apr 26, 2003 May 13, 2004 Feb 05, 2005 Feb 05, 2006 Dec 15, 2007 *
May 28,2002 Jun 25, 2003 Jun 03, 2004 Feb 06,2005 Feb 11. 2006
Jul 24, 2002 * Aug 03, 2003 Jun 09, 2004 Feb 13,2005 Mar 03, 2006
Oct 05. 2002 * Oct 20, 2003 Jul 01, 2004 Mar 10, 2005 Apr 17, 2006
Nov 22, 2002 * Oct 24, 2003 Aug 26. 2004 Apr 03, 2005 Apr 27, 2006
Dec 06, 2003 Aug 28, 2004 Aug 29, 2005 *
Sep 30, 2004 Dec 05, 2005
Dec 02, 2004

Home | FAQs | Terms of Use | Privacy Policy

¢ J4i»
© Find: (Q ) (_Next | Previous ) (O Highlightall ) [ Match case
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1o ty t, t3 1y
| | | | This page is used to test the proper operation of the Apache HTTP server after it has been installed. If you can read this
r > page, it means that the web server installed at this site is working properly, but has not yet been configured.
1o ty t, t3 1y . . ook
M D | | | If you are a member of the general public: If you are the website administrator:

‘ > The fact that you are seeing this page indicates that the You may now add content to the directory /var /www
website you just visited is either experiencing problems, /heml/. Note that until you do so, people visiting your
or is undergoing routine maintenance. website will see this page, and not your content. To

1o ty t, t3 1y prevent this page from ever being used, follow the
| | | | If you would like to let the administrators of this website instructions in the file /etc/httpd/conf.d/welcome.cont.
‘ > know that you've seen this page instead of the page you

Cr<MD <= LM

.'9,

Test Page for the Apache HTTP Server on Fedora Core

X) (&) (‘i, http: //blanche-04.cs.odu.edu/

w7 v ) (°F: welcome to apache

Q)

o Requested Date: 1996 O
|

2010 07/19/ 2010 (%] v
-

|_] Test Page for the Apache HTTP Se... -+

Fedora Core Test Page

expected, you should send them e-mail. In general, mail
sent to the name "webmaster" and directed to the
website's domain should reach the appropriate person.

For example, if you experienced problems while visiting
www.example.com, you should send e-mail to
"webmaster @example.com".

For information on Fedora Core, please visit the Fedora
Project website.

You are free to use the images below on Apache and
Fedora Core powered HTTP servers. Thanks for using
Apache and Fedora Core!
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When is the Past?

OO0 6 derek jeter - Bing

r'\/:)z)- (@) () (M) ([= nup://www.bing.com/search?q=derek+jeter&go=&form=QBLH&qs=n&sk=&sc=8-11
@) I
O 210 o719/ 200 - | cf. the "chronoscope” in Asimov's "The Dead Past"
L+ .

N R P il Y 7. T e
TR I -~ g

()
D% ) @ ooge =

’ Requested Date; 1996

derek jeter - Bing

oL
ey

derek jeter

Web Web Videos Images Wikipedia
g £ doable but hard
RELATED SEARCHES ALL L 1-4 of 2,960,000 results - Advanced Sponsored sites
Derek Jeter Girlfriend
SR Derek Jeter SS, #2 New York Yankees Derek Jeter Jersey
erek Jeter Shirtless Buy Derek Jeter Jersey. You may get
Derek Jeter Wife : oPP AB R H HR RBI BB K SB 8% off with PayPal if eligible.
Derek Jeter Parents Jul16 TBWS4 5 0 0 0 0 0 1 0 wv::vet?ay.com
Derek Jeter Address W17 TBLS10 5 0 1. 0 0 0 1 0 % Bing cashback
Derek Jeter and Jessic|
Biel ; Jul18 TBBWS-5 5 2 2 0 1 0 0 1 Derek Jeter Jerseys
; = ) s Jeter Jerseys 4 Less, Free Shipping -
Alex Rodriguez Jul 20 - Angels at Yankees - 7:05 PM ET tou h Adult, Youth, Kids & BabyJerseys
Sharlee Jeter Season: GP 89 - AVG .271 - HR 8 - RBI 44 - Runs 62 - SB 10 g GrandSlamNewYork.com/Jeter_Jerseys

Player Stats - FOX Sports on MSN - Statistics provided by STATS, Inc. © 2010

SEARCH HISTORY
lebron james

dj shadow

derek jeter
michael nelson

See all
Clear all - Turn off

Derek Jeter Jerseys

Derek Jeter tops survey as MLB's "most marketable" - Game On ...

Derek Jeter ranks as MLB's "most marketable" player, according to a survey of sports executives and
news media conducted by SportsBusiness Daily.
content.usatoday.com/communities/gameon/post/2010/07/derek-jeter-tops-survey-as-mlbs-most... -
Cached page

Derek Jeter honored Steinbrenner, Sheppard with speech, but we expect ...
Derek Jeter has made a career of doing the right thing on and off the field, and Friday night he

Shop Derek Jeter Jerseys. Get 20%
Off - Use Code: TEAM20STORE.
www. TeamStore.com

Derek Jeter Memorabilila

100% Certified Derek Jeter Gear $4.99
Shipping on All Orders!
sportsmemorabilia.com

~
A
v

hall . handled himself eloquently, which is why it seemed out of character for him not to ... Derek Jeter Jerseys
challenging www.nydailynews.com/sports/baseballlyankees/2010/07/17/2010-07-17_jeter_a_hit_with_words... See our Sporting Goods store. More
’ than 30,000 Products 40% Off
Derek Jeter is MLB's 'most marketable player':... 12 hours ago amazon.com/sports &
Derek Jeter is the most marketable baseball player in the country, according to a new survey released .
today. See your message he Cha"eng|ng
www.nypost.com/p/news/local/derek_jeter_is_mlb_most_marketbale_DsXWr1vgOeyiHaawgyq e asy
CMP=... - Cached page
Videos of derek jeter
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Why Care About The Past?

From an anonymous reviewer (emphasis mine):

"Is there any statistics to show that many or a good number of Web
users would like to get obsolete data or resources? "
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Replaying the Experience...

...can be more compelling than a summary
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Hurricane Katrina - Special Reports from CNN.com

(4)» )~ (@) () () (B hp:/ www.cnn.com/SPECIALS/2005/katrina/ wv) (% Q)
o
L |
° Requested Date: 1996 {) 2010 '07/02/ 2010 (3] ¥ |
Shd

1 m Hurricane Katrina - Special Repor... F + [

w.com- Member Center: Sian In | Reaister International Edition

SEARCH (®mewes  (Dcuncom ( Search )

-
v

CNN.com Home Page - U.S. - Weather - [/ [eJ-R @ \ReloT3i BT Ta {[e]3 I

CNN's coverage of Katrina and the aftermath won a 2006 Peabody Award, the oldest henor in electronic media.

‘C\: N : Y.

HURRICANE KATRINA = o e o (11 special report was archived in September 2006.
MAIN PAGE

Voices from the Gulf Coast

Rebuilding August 29, 2005: Hurricane Katrina made landfall on the Guif Coast, destroying lives, leveling homes and leaving
« Mardi Gras thousands of survivors with the same story: We lost everything. One year later, many still coped with Katrina's

devastation. Some had moved forward, but for others recovery was at a standstill. CNN.com visited the region to get
* Panoramas their stories.

People
* Your Stories

* One Family’s Story
» Evacuation

Rescue & Relief
» Help Center

Storm & Flood
» Satellite Images

Hurricane Season
Special Report
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(thanks to Michele Weigle for the following Memento selection)
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CNN.com

aw' ) (-'l' google trends

(: E;ﬁi' 'E/' '\Y,' ';/' (‘L_x http://web.archive.org/web/20050827154427 /http: / /www.chn.com/
N

() 2010 0s/21/ 2010 (3] v
Gad

e CNN.com o+

Member Services

SEARCH (&) THEWEB () CNN.com

World

u.s.

Weather

Business at CNNMoney

Sports at Sl.com

Politics

Law

Technology

Sclence & Space

Health

Entertainment

Travel

Education

Special Reports

Video DEMEEES
i Autos with Edmunds.com

E-mail Newsletters
Your E-mail Alerts
RSS £y
CNNtoGO

Contact Us

International Edition | £ Netscape

0

SEARCH powered by YAFHOO! search |

Updated: 11:16 a.m. EDT (15:16 GMT), August 27, 2005

Strengthening Katrina to
hammer Gulf Coast

Blamed for at least seven deaths in Florida,
powerful Hurricane Katrina is becoming stronger
as it churns in the Gulf of Mexico. Forecasts say
it's poised to deal a hammer blow to the
Mississippi Gulf Coast and southeast Louisiana as
a possible Category 4 storm early next week.
Meanwhile, residents of southeast Florida are
cleaning up after Katrina cut across the state
packing strong winds and dumping heavy rain.

FULL STORY
» Watch: Oll rig evacuates | Homes flooded

MORE NEWS Most Popular »

* 1,000 prisoners released from Iraq prison
« Brothers held again in Natalee Holloway case | Watch

* Vote to save bases in 2 states, lawsuit in third | Watch

| = Watch: Anti-Sheehan group takes duel to Texas (2:20)

« Power-packed muscle cars come roaring back

* Oprah 'furious" at funeral snub claim

= U.S. soldier killed in Afghan attack

* Bush counsels patience in viewing Irag war

« Criminal probe into 17 Paris fire deaths | Gallery | watch

WATCH FREE VIDEO Browse/Search

Soundcheck
Mistaken for a with Faith Hi
Mistaken fora with Faith Hill
terrorist (2:17) (2:35)

Now In The News (11:14 a.m. ET): Your quick news update

Featured Video More Video Picks
BUSINESS a: CNNMoney ONCNNTV Schedule »
Markets: As of close Aug 26 Dead Wrong: Inside an

. Intelligence Meltdown
DOW ~9::-83.34 :10,397.29 How did U.S. intelligence get

NAS @ -1360 2,120.77 it so wrong? CNN

investigates how faulty
Sap o -7.29 1,205.10 intellinence led tn the Iran
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CNN.com +

SEARCH (& THEWEB () CNN.com

Home Page Updated: 11:07 p.m. EDT (03:07 GMT), August 27, 2005
World

us. Katrina drives people away
from Gulf Coast

Weather
Business at CNNMoney
Sports at Sleom
Politics
Law
Technology
Sclence & Space
Health
Entertainment
Travel
Education
Special Reports
Video DEMEEES

¥ Autos with Edmunds.com

m People leaving New Orleans pack highways.

E-mail Newsletters
Your E-mail Alerts Tourists and New Orleans residents are leaving
the city as Hurricane Katrina churns closer to

RSS LY
Louisiana and Mississippi. Officials fear New

CNNtoGO Orleans is vulnerable because it sits an average

Contact Us of 6 feet below sea level. Katrina could be a

category 4 when it makes landfall. "This is a very,
very dangerous hurricane,” says hurricane center
Director Max Mayfield.

FULL STORY

« Wateh: \lerv eoncermed’ | 'Rin Fasy' nrenares

( SEARCH)

powered by YAEHOO! search

MORE NEWS

Most Popular »

* Northwest strikers stay on picket lines

« California files french fry lawsuit
* Dual protests square off in Crawford | watch

« CNN/Money: Greenspan: End of home boom inevitable

* Encephalitis outbreak hits children, poor| Wwatch

* Oprah 'furious’ at funeral snub claim

= Watch: Will aging rats lead to younger people?

* Tall. twisted building opens

« 'Milkshake murder' trial nears end
« Dutch investigate producer's ‘Big Brother' baby plan

WATCH FREE VIDEO

Living longer
(2:05)

(:58)

Now In The News: Your quick news update

Featured Video More Video Picks

BUSINESS a: CNNMoney
Markets: As of close Aug 28

DOW ¥ -53.34 10,397.29
NAS ¥ -1380 212077

ONCNNTV Schedule »

Reasonable Doubt: Can

crime labs be trusted?

DNA has cleared some
innocent people. But forensic
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International Edition | £ Netscape
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SEARCH (9 THEWEB () CNN.com SEARCH powered by YAFHOO! search |

Updated: 10:56 a.m. EOT (14:56 GMT), August 28, 2005

:k:‘d MORE NEWS Most Popular »
W.o;thor New Orleans orde!'s * Committee signs Iraq’s draft constitution | Watch
Business a1 Ciliowy mandatory evacuation + Suicide bomber injures 21 in Israel | Watch
Sports at SLcom « California files french fry lawsuit
Politics BREAKING NEWS * Dual protests square off in Crawford | watch
s {6 J * Watch: Will aging rats lead to younger people?
Technology 5 g * ‘Milkshake murder" trial nears end
Science & Space : * Report: Swazi princess whipped for loud music
Health | *USS Monitor’s cat mystery
Entertainment * Rap mogul 'Suge’ Knight shot at Miami party
Travel
Education WATCH FREE VIDEO Browse/Search
Special Reports Human
Video DEMEEES Lap danger cannonball
b Autos with Edmunds.com (2:48) crosses border

(:48)

Now In The News (10:33 a.m. ET): Your quick news update

E-mail Newsletters
With powerful and strengthening Hurricane

e Featured Vid More Video Pick

o E:'a" Lo Katrina headed straignt for his city, the mayor of iz oe SRR

RSS cad New Orleans today ordered the mandatory

CNNtoGO evacuation of residents. The Category 5 storm

Contact Us has maximum sustained winds near 175 mph and
has already been blamed for nine deaths in South
Florida. Looking ahead, Max Mayfield of the BUSINESS 2t CNNMone ONCNNTV  Schedule»
;':tﬁe(:\{t)gl z‘:’g‘;:‘%i?::s"gfs"?édj "It has the Markets: As of close Aug 26 Reasonable Doubt: Can

: crime labs be trusted?

DEVELOPING STORY DOW <5338 :40,39%.29 DNA has cleared some
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World
us. Killer Katrina heading inland
Weather

Business at CNNMoney
Sports at Sl.com
Politics

Law

Killer Katrina heading inland

Mississippi: Three dead, "unprecedented damage"
More than 50 rescued from floods in New Orleans
Katrina downgraded to tropical storm

Parts of six Louisiana parishes "devastated”

Qil rig breaks loose, hits Mobile River bridge
“Life-threatening storm surge flooding" occuring

Technology
Science & Space DEVELOPING STORY

Health * Watch: Wind flogs Mobile | A beaten 'Big Easy’
e T » Watch: Katrina's destructive day | Biloxi battered

» Gallery: Photoblog | CNN reporters: In the heart of storm
Travel » Special Report: Tracking Katrina | In depth | Gallery
Education Residents in New Orleans struggle to keep above » Citizen Journalist: Your e-mails | Gallery | Share your story
Special Reports the rising flood waters.
Video IENEEES

¥ Autos with Edmunds.com MORE NEWS Most Popular» R"'7.Nged B2 A" (5] o)

m * New Orleans refugees told stay away | Watch

E-mail Newsletters * Downtown Mobile under water | Watch —M—:ﬂa":‘" t::: S mjﬂ? __g____y;hkzgia Eas
q g <
Your E-mail Alerts * CNN/Money: Wholesale gas prices soar | the Gulf (2:27) |SMERUBEEE Dbattering (2:00)
RSS LY Watch
CNNtoGO '_g} IME.com: Is global warming fueling Katrina? Now In The News (6:30 p.m. ET): Your quick news update
Contact Us « CNN/Money: Storm cost could hit $16B | Featured Video More Video Picks
Watch
« Struggling airlines hit by Katrina groundings BUSINES ONC b
« Eight ex-KPMG execs Indicted SINESS at CNNMone NCNNTV Schedule » -
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