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Unsupervised Small-World (USW)
has multiple areas of interest
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Preservation via benign neglect

!

LA § iy
L P _'_' /
-
e
v
B [ =,
a 'r

.-

o . . P
._,:q_’vf‘ ) At E .
e e

'y

Handwrltten on the back Lc.)f‘thé.photo:
“Josie McClure picture taken Feb 30, 1907 at Poteau, I.T.

Fifteen years of age When this was taken weighed 140 Ilbs.”

(cultural context needed to make sense of the annotation!)



Will Josie last 100+ years as a web object
(WO) in Flickr, Photobucket, et al.?

e Josie McClure | Flickr - Photo Sharing! - Opera e Josie McClure, 1907 Photo by ccartled1 | Photobucket - Opera
@open ®@save EpPrint OFind @A Home E2Tile & Cascade @open ®Save SPrint PO Find M Home E2Tile & Cascade
( i (
m‘\ Josie McClure | FL... ‘ ¥ opera | 2= Speed Dial |2 Josie McClure, 19... x | <>
& 2 IR www flickr.com/photos/24791 287383 < 2 ® Web | s1370.photobucket.com/user/ccartled 1/media/josie_zps70e16cc1.png.h
' ) — - '9-N!
flickr Sign Up Explore  Upload * Your Bucket
P 3
P n u 8+ Edit Slideshow | Next >
¥
¥}
o
)
+
4=
.
Josie McClure, 1907
An analog artifact in a digital age. Penciled on the back "Josie McClure picture taken Feb 30, 1907 at Poteau, |.T. Fifteen years of age When this was
taken weighed 140 lbs."
Tags® D9 W0 Vo
Josie McClure
Penciled on the back “Josie McClure picture taken Feb 30, 1907 at
Potaeau, |.T. Fifteen years of age When this was taken weighed
140 Ibs.”
m & @& 0O & &




Crowd sourcing preservation

 “Everyone is a curator ...”

89 hare «

— Crowd sourced activity
— Unscheduled |
— Willing to wait a long time | 4
* Enlist humans in creation |
and maintenance — B
opposite of benign neglect |

Frank McCown, Michael L. Nelson, and Herbert Van de Sompel, Everyone is
a Curator: Human-Assisted Preservation for ORE Aggregations, Proceedings
of the DigCCurr 2009 http://arxiv.org/abs/0901.4571

See also: http://ws-dl.blogspot.com/2013/10/2013-10-23-preserve-me-if-you-can-using.html



http://arxiv.org/abs/0901.4571
http://ws-dl.blogspot.com/2013/10/2013-10-23-preserve-me-if-you-can-using.html

Emergent behavior: flocking boids

* Craig Reynolds — basis of herd
and flock behavior in
computer animations

— 3 rules
* Collision avoidance

* Velocity matching
* Flock centering

— No central control, everything
based on local knowledge only

* Simple rules produce
complex, emergent behavior

Craig W. Reynolds, Computer Animation with Scripts and Actors, ACM SIGGRAPH, vol. 16, ACM,

1982, pp. 289 - 296.
Images http://www.red3d.com/cwr/boids/
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USW interpretation of flocking

Craig Reynolds’ “boids” USW interpretation

Collision dllx/ \

avoidance | Ii
/
TN

Velocity \}

matching \}3 \>/

Flock { \ ) )

| A | Move with friends to new hosts
centering | !.'

4 /

Each WO has a unique URI

Matching number of copies/family members




WOs wandering in the USW graph

Wandering WO is
“introduced” to an
existing WO

If a connection is not
made, then an
attempt is made to
another existing WO

Process is repeated
until a connection is
made

No global
knowledge

— No omnipotent
enforcer

— No omnipresent
monitor

No repositories

)- @ -9

} WO, - (b)) WOs - con- (¢) WOs -4 link
tact

® ©®

|:II1:| Yl“-':-}.".l“.h I].I"ht {l l| Ui {].1 ~ h SeC- [fi "I.ii { ]f. e h ill"lt
contact ond contact link

RSP

o) WO, . first (h) WO, .5 sec- (1) WO, ., first

:unt et ond contact link




USW WO “friendship” links

* WOs have
“friendship”

links to other
WOs

* Different than
HTML
navigational
links (i.e.,
<link> instead
of <a>)




USW WO “families”

A family is a
set of copies

of the same
WO

10



USW hosts

Family
members live
on different
hOStS Host #1

/ Host #2




WO roles & responsibilities

Hierarchy of family WOs

— Progenitor —initial WO

— Copies —more recent WO copies

— Each WO is timestamped with creation time
WO roles

— Active maintainer — eldest WO charged with
making copies and related housekeeping

— Passive maintainer — all other WOs
Order of precedence

— If progenitor is accessible then it is the active
maintainer

— |If declared active maintainer is accessible then it is
the active maintainer

— Otherwise, WO declares itself active maintainer

If family is disconnected then multiple active
maintainers are possible until reconnection then the
eldest WO declares itself active maintainer

Progenitor

12



Active and passive maintenance
activities

Time
* Active maintainer (the WO with earliest timestamp) — currently

charged with making copies and related housekeeping
e Passive maintainer — all other WOs 13



Progenitor is lost

Progenitor

Time
e Active maintainer — currently charged with making copies and

related housekeeping
 Passive maintainer — all other WOs 14



A new active maintainer

Passive

Time

e Active maintainer — currently charged with making copies and
related housekeeping
e Passive maintainer — all other WOs 15



Progenitor returns and assumes active
maintainer role

Active

Progenitor
declares

"Y1 act. as copy.
== nl

Passive

e Active maintainer — currently charged with making copies and
related housekeeping
e Passive maintainer — all other WOs 16



Progenitor has made copies

17



A copy is disconnected from the
family




Two active maintainers make

copies

declares
active

19



Disconnected copy is

reconnected to the progenitor

declares
active




Family has too many copies

Copy management policies
— Active: explicit removal
— Passive: “natural attrition”
""" — * Equivalent of Reynolds’

"""" — velocity matching, making
N and monitoring copies

declares
active

21



Parameters

C.. = Minimum number of preservation copies desired by a
web object

— e.8,C =3

Charg = Maximum number of preservation copies desired by
a web object

— €.8.,Cg =5

h,., = maximum number of hosts

max
— e.g.,, h,, =1000

h.,, = host capacity for web objects

— e.8, N, =5
n__. = maximum number of web objects

max
— e.g,n__ =500

max



Three USW copying policies

Least aggressive — one at a time to ¢, 4

Moderately aggressive — as quickly as possible to
C.. and then one at a time ¢, _ 4

Most aggressive — as quickly as possible to ¢, _ 4

Constraints:

— WOs can only take action when woken up by interactive
users or other WOs (i.e., mostly they lie dormant
waiting for crowd sourced preservation)

— Copying continues until WOs can no longer find hosts
that are not full



Reading tree ring graphs

Percentage

Time step 104 of 335,
500 nodes in the system

0 50 100 150 200 250 300

Time step

WOs preservation status
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Percentage

&0

Least aggressive (t = 1)

Time step 1 of 334, Time step 1 of 334,
5 nodes in the system 5 hosts used (out of 1000), 4 hosts preserving

=, 2l

min <=« max
== max

T T
100 200 300 400 500

Parcentage

Time step
0 100 200 300 400 500 600

Time step
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Percentage

&0

Least aggressive (t = 10)

B

Time step 10 of 334.
50 nodes in the system

min <=« max
== max

100

T
200

T
300

Time step

400

500

Parcentage

Time step 10 of 334.
50 hosts used (out of 1000), 37 hosts preserving

==0%

0 100 200 300 400 a00 600

Time step
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Least aggressive (t = 50)

Time step 50 of 334.
250 nodes in the system

Time step 50 of 334.
222 hosts used (out of 1000), 87 hosts preserving
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Percentage

Least aggressive (t = 100)

Time step 100 of 334. Time step 100 of 334,
500 nodes in the system 398 hosts used (out of 1000), 113 hosts preserving
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O A full YouTube video is available at: http://youtu.be/sHIGYphqtK4
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Least aggressive (final)

. Results

— System
stabilized

— Host capacity
limited

— Some WOs
without any
copies

— Some hosts
unused

*  “Least aggressive” is
not an effective

Time step 334 of 334.
500 nodes in the system

Time step 334 of 334,
398 hosts used (out of 1000), 263 hosts preserving

__ 0%

<25%

policy )

&0

Percentage
40

100

T T
200 300

Time step

400

<al%
‘ |
|
| -
L] | :hi
<78% |
I:- 75%
==l
g ®
g
c
— 8 3-
500 - 1
o
I I I 1 I I I
a 100 200 300 400 500 600
Time step
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Which policy to choose?

 Moderately aggressive

results in an additional
18% of WOs meeting
their preservation goals
and makes more
efficient use of limited
host resources sooner

Most aggressive results
in almost the same
percentage of WOs
meeting their goals, but
with slightly more hosts
having unused capacity

Time step 554 of 554. Time step 554 of 554.
500 nodes in the system 398 hosts used (out of 1000), 397 hosts preserving

30




Messages per time bin

1000 2000 3000 4000 5000

0

How does policy affect message
exchange?

Growth

phase =

o Messages sent

& Messages received

B
phase

Maintenance

T T
5000 10000
Simulation time

Least aggressive

T
15000

Messages per time bin

1000 2000 3000 4000 5000

0

Growth

phase

L

'-.'_‘b
—_—,

o Messages sent

& Messages received

Mmtas At MR ASE

Maintenance

0

T T
5000 10000
Simulation time

T
15000

Moderately aggressive

Messages per time bin

1000 2000 3000 4000 5000

0

Growth o Messages sent
phase ) & Messages received
]
d
!
d
R
]
5
: Maintenance
A\ A phase

T T T
5000 10000 15000
Simulation time

Most aggressive

Number of messages is constant, but amortized over different time scales



Conclusions

* Based on simulations:
— Be aggressive when making copies!
— Moderately aggressive copying was approximately
the same as aggressive copying

* Aggressive achieves steady state faster

* But moderately aggressive distributes WOs over hosts
more equally

— Moderately aggressive vs. aggressive comes down
to “go fast” vs. “spread the load”



Video URLs

USW video

— http://youtu.be/InCMenp73YQ

Least Aggressive

— http://youtu.be/sHIGYphgtK4

Moderately Aggressive

— https://www.youtube.com/watch?v=pVI-VhPh7KQ
Most Aggressive

— https://www.youtube.com/watch?v=elXz8Njh-QM
“Death Star” message histogram

— https://www.youtube.com/watch?v=X3EShyjFoc4

“Traditional” message histogram
— https://www.youtube.com/watch?v=9CcCup3Td-Q

33
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https://www.youtube.com/watch?v=9CcCup3Td-Q

Backup slides



Some WO reference
implementation details

Direct WO to WO communication: WO memory: simulated via “edit”
simulated via the HTTP Mailbox service

<LlNK
<link
<link
<link
<link
<link
<link
<link
<link

reL= aLternate\ type= TeXT/NTmL Nrer= NTTRJT L1CKI.CS.0QU.eau/ T LLCKI-£4/Y1
rel="self" typeX'application/atom+xmUAfef="http://flickr.cs.odu.edu/rems/f
reld"edit" tg-e- application/atom+xml" href="http://ws-d1-02.cs.odu.edu:1010

. .edu/uawdu/terma/cupy" type- appllcatlun/atom+xml" hr
£d! udo [term hronize ="message/http" hre
.edu/u5wd0/terms/httpmallbnx#self href="http://ws-dl
.edu/uswdo/terms/httpmailbox#all"” |href="http://ws-dl-
pmailbox#family" href="http://ws-

rel—"http”//wwwnupenarchlvea.urglure/termaldeacrlbea" href="http://flickr.cs

O Sawood Alam, HTTP Mailbox - Asynchronous RESTful Communication, Master's thesis, Old
Dominion University, Norfolk, VA, 2013.

O Carl Lagoze, Herbert Van de Sompel, Pete Johnston, Michael Nelson, Robert Sanderson, and
Simeon Warner, ORE User Guide - Resource Map Implementation in Atom, Tech. report, Open
Archives Initiative, 2004.

0 Sawood Alam, Charles L. Cartledge, and Michael L. Nelson, Support for Various HTTP Methods
on the Web, Tech. Report arXiv:1405.2330 (2014).



Preserve Me Viz! with new
connections

l—2x

L]
File Edit View History Bookmarks Tools Help 3
[ latext counter example - Go... ¥ | ®# Josie McClure | Flickr - Phot... & Preserve Me! Viz {51 [0704.3647v1) Evaluating Pe... | | ! Josie McClure | Flickr -Phot...  |EJ Google+ |+
vz ~ @) [ latext counter example Q v~
t '

www.cs.odu.edu/~salam/preserveme/viz htmizlog=live|

3 Preserve Me! Viz

* New copy ==
locations Nt o

[Preserve Me!

‘ Help preserve this page

[
|Log Streams

uuedu v

a

36



Preserve Me “Basic” on a copy

.,i Preserve Me! - Mozilla Firefox EI

D iffe r‘e n Ce S b etwe e n Lu n/preserveme/| rr:sn’:r‘.-'emr:.html?rem:ht‘tp‘!-&Bi\?-aEF?-aEFarxi‘.-'.cs.cclu.r:clu?-’c\EFccp;.-'rems?-a?_Fflickr-24?91103—NU?-1286?\' -
active and passive | [ |

maintainers.

Active maintainer is

. . courtDeTomasDeTorquem&dthor(s)
responsible for making smpie_simon_2007
copies.

Passive maintainer
sends alerts to the Check Healt
a Ctive m a i nta | n e r This Resource Map was not updated recently. Check to see if there are any pending maintenance tasks that will

. . . change the status of the Resource Map. Need Help?
Passive maintainer

may assume active

maintainer role if
active is not available. Existing Copies |

ee Nitp:/Mickr.cs.odu.edu/irems/fickr-24791103-N07-12867674403.xml

courtDeTomasDeTorquemada

Status: (Number of copies: 1) Updated: 27 minutes ago
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A USW instrumented sp

1] Evalustin onal Archiving Strategies [or Intarnet-bssed Information - MoriLa Fi

= Edit

Flle Edit View Hstory Bookmarks Taols Help
(] =@ x|® 2 | E1 (0704 3647v1] Evaluating Pe.__ % | %

edu

Cornell University

Library

arXiv.org > ¢s > arXiv:0704.3647v1

We gratetully acknow!
supporting institutions

Computer Science > Digital Libraries
L
Evaluating Personal Archiving Strategies for Internet-based Information

Catherine C. Marshall, Frank McCown, Michagl L. Nelson
(Subrmitted on 27 Apr 2007)

Internet-based personal digital belongings present different vulnerabilities than locally stored materials. We use responses to a survey of people who have recovered
lost websites, in combination with supplementary interviews, o paint a fuller picture of current curatorial strategies and practices. We examine the types of personal,
1opical, and commercial websites that respondents have lost and the reasons they have lost this potentially valuable material, We further explore what they have
ried 1o recover and haw the loss influences their subsequent practices. We found that curation of personal digital materials in online stores bears some striking
similarities to the curation of similar materials stored locally in that study participants continue to archive personal assets by relying on a combination of benign
neglect, sporadic backups, and unsystematic file repiication. However, we have also identified issues specific o Internet-based material: how risk is spread by
disiributing the files among multipie servers and services; the circular reasoning parlicipants use when they discuss the salety of their digital assels; and the types of
online malerial that are particularly vulnerable 1 lass. The study reveals ways in which expectations of permanence and notification are violated and situalions in
which benign neglect has far greater consequences for the long-term fate of important digital assets

Comments: 6 pages, 2 tables, to be published in the Procesdings of ISAT Archiving 2007, May 21-24 2007, Arington, Virginia, USA
Subjects:  Dighal Librarles (¢s.DL); Computers and Seciety (cs CY); Human-Computer Interaciion (cs HC)
Cite as: arKiv:0704.3647 [cs.DL]

{or arXiv:0704,36471 [c2,DL] for this version)

Submission history
From: Gatherine Marshall [view email

[wi] Fri, 27 Apr 2007 01:38:55 GMT (126kb)

Which authors of this paper are endorsers?

Download:

« PDF only

Current browse context:
cs.DL

< prev | next »
new | recent | 0704

Change to browse by:

oY
esHC

References & Ci
« NASA ADS

Bookmarks Tools Help

104.384701] Evaluating Pers... | 4% |

oduedy

than locally stor
materials. We use
responses to a survey
people who have
recovered lost webgfies,
in combination with
supplementary
interviews, to paint a
fuller picture of current

lash page

| Evaluating Personal Archiving Strategi EeTavED

DBLP - CS Bibliography

Bookmark what is tis?)
B® R0
&

B~ Coogle a i@ e~

listing | bibtex

Catherine C. Marshall |
Frank McCown !
Michael L. Nelson

<link rel="resourcemap" type="application/atom+xml;type=entry"
href="http://arxiv.cs.odu.edu/rems/arxiv-0704-3647v1.xml" />
<link rel="aggregation" href="http://arxiv.cs.odu.edu/rems/arxiv-0704-

3647v1.xml#aggregation" />

<script src="http://www.cs.odu.edu/~salam/wsdl/uswdo/work/preserveme.js"></script>
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USW algorithm popup

Written in
JavaScript

Relies on domain
services
— Copy -> creates
copy of a WO
— Edit -> update
own REM
Uses
communications
mechanism based
on Sawood Alam’s
master’s thesis

[]

www.cs.odu.edu/~salam/preserveme/preserve.htm|?rem=http%3A%2F%2Farxiv.cs.odu.edu%2Frems%2Farxiv-0704-3647v1.xml

—Oox

]

% Preserve Me! " Advanced |

Evaluating Personal Archiving Strategies for Internet-based Information

Author(s)
ResourceMap
D

Updated

State

Not Enough Copies!

Catherine C. Marshall, Frank McCown, Michael L. Nelson
http://arxiv.cs.odu.edwrems/arxiv-0704-3647v1.xml
tag:uswdo.cs.odu.edu,2012-11-01:arxiv-0704-3647v 1
2013-07-30T18:25:10-04:00

This Resource Map needs more coppies fo survive. Please help making more copies of it. Need Help?

Make More Coppies

Department of Computer Science Old Dominion University
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USW copies: famine to feast

Name Requirements

Famine hcap< Csoft< Chard
Boundary Low  hcap= Coqt < Chard
Straddle Conft < hcap< Chard

Boundary High co < ¢larg= Peap

Feast Canft < Chard < hca

40



Final states for copying policies and
named conditions

Named condi- Least aggressive Moderately aggressive Most aggressive
tion

Famine

Boundary Low

Straddle

Boundary High

Feast
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