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ResourceSync: 
A Web-Based 

Resource Synchronization 
Framework 

 
 
 
 
 
 
 
 
 

ResourceSync is funded by  
The Sloan Foundation & JISC #resourcesync 

14 

These following slides are excerpted from the ResourceSync tutorial. 
The most recent version of the full tutorial slides is available at 

http://www.slideshare.net/OpenArchivesInitiative/resourcesync-tutorial 
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Timeline, Status of Specification(s) 

•  August 2013 
o  Release of ResourceSync framework Core specification 

-  Version 0.9.1  
o  Public draft of ResourceSync Archives specification released 

•  September 2013 
o  Core specification on its way to become an ANSI standard 

•  November 2013 
o  Internal draft of ResourceSync Notification specification 

•  January 2014 
o  Public draft of ResourceSync Notification specification 

•  Mid 2014 
o  Core specification becomes ANSI/NISO standard 

17 
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Synchronize What? 

•  Web resources 
o  things with a URI that can be dereferenced 

•  Focus on needs of research communication and cultural heritage 
organizations but aim for generality 

•  Small websites/repositories (a few resources) to large 
repositories/datasets/linked data collections (many millions of 
resources) 

•  Low change frequency (weeks/months) to high change 
frequency (seconds) 

•  Synchronization latency and accuracy needs may vary 

19 



ResourceSync  
SWIB13, Hamburg, Germany, 2013-11-27 

 
 ResourceSync Problem 

20 

•  Consider: 
•  Source (server) A has resources that change over time: they 

get created, modified, deleted 
•  Destination (servers) X, Y, and Z leverage (some) 

resources of Source A. 
•  Problem: 

•  Destinations want to keep in step with the resource changes 
at Source A 

•  Goal: 
•  Design an approach for resource synchronization aligned 

with the Web Architecture that has a fair chance of adoption 
by different communities. 
•  The approach must scale better than recurrent HTTP 

HEAD/GET on resources.  
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Destination: Synchronization Needs 
1.  Baseline synchronization – A destination must be able to 

perform an initial load or catch-up with a source 
-  avoid out-of-band setup 

2.  Incremental synchronization – A destination must have some 
way to keep up-to-date with changes at a source 

-  subject to some latency; minimal: create/update/delete 
-  allow to catch-up after destination has been offline 

3.  Audit – A destination should be able to determine whether it is 
synchronized with a source 

-  regarding coverage and accuracy 

21 
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Didn’t you sell us OAI-PMH? 
Or... will ResourceSync replace OAI-PMH? 
 
ü  Proven XML metadata transfer protocol 
ü  Libraries in a number of programming languages 
ü  Widely adopted in our community 

X  Predates REST, not “of the web” 
X  Not adopted for content transfer 
X  Technical issues with sets 

•  Devise a shared solution for data, metadata, linked data? 

ResourceSync may replace, will likely coexistence 
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Use Cases – The Basics 

24 

a) 

b) 
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Use Cases – The Basics 

25 

c) 

d) 
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Use Cases – The not-so-Basics 

26 

e) 

f) 
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Use Case 1: arXiv Mirroring and Data Sharing 

•  Repository of scholarly articles in physics, 
mathematics, computer science, etc. 

•  > 880k articles, ~1.5 revisions per article  
•  ~75k new articles per year 
•  metadata, source, PDF 
•  ~3.8M resources 
•  ~2700 updates/day 

•  Support 
o  Mirroring 
o  Sharing 

27 
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Use Case 2: DBpedia Live Duplication 

•  Average of 2 updates per second 
•  Low latency desirable => need for a push technology 

28 
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Use Case 2: DBpedia Live Duplication 

•  Daily traffic: 
o  99% updates 
o  0.6% deletions 
o  0.03% creations 

•  LANL experiments 
with push-based 
sync 

29 
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Source: Core Synchronization Capabilities 

1.  Describing content – publish a list of resources available for 
synchronization to enable Destinations to perform an initial load 
or catch-up with a Source 

  

2.  Packaging content – bundle resources to enable bulk download 
by destinations 

3.  Describing changes – publish a list of resource changes to 
enable destinations to stay synchronized and decrease latency 

4.  Packaging changes – bundle resource changes for bulk 
download by destinations 

P 
U 
L 
L 
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Source Capability 1: Describing Content 
In order to advertise the resources that a source wants destinations 
to know about, it may describe them: 
 

o  Publish a Resource List, a list of resource URIs and possibly 
associated metadata 
-  Destination GETs the Resource List 
-  Destination GETs listed resources by their URI 

o  A Resource List describes the state of a set of resources at 
one point in time (snapshot) 

32 
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Source Capability 2: Packaging Content 
By default, content is transferred in response to a GET issued by a 
destination against a URI of a source’s resource. But a source may 
support additional mechanisms: 

o  Publish a Resource Dump, a document that points to 
packages of resource representations and necessary 
metadata 
-  Destination GETs the package 
-  Destination unpacks the package 
-  ZIP format supported 

o  A Resource Dump and the packages it points to reflect the 
state of a set of resources at one point in time (snapshot) 

35 
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Source:  
Modular Capabilities 

37 
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Source Capability 3: Describing Changes 
In order to achieve lower latency and/or greater efficiency, a source 
may communicate about changes to its resources: 

o  Publish a Change List, a list of recent change events 
(created, updated, deleted resource) 
-  Destination acts upon change events, e.g. GETs 

created/updated resources, removes deleted resources. 
o  A Change List pertains to resources that changed in a 

temporal interval with a start- and an end-date 
-  If a resource changed more than once, it will be listed 

more than once 

38 
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Destination: Key Processes 

40 
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•  Modular framework allowing 
selective deployment 

•  Sitemap is the core format 
throughout the framework 

o  Introduce extension elements and 
attributes:  

-  In ResourceSync namespace (rs:) to 
accommodate synchronization needs 

o  Reuse Sitemap format for all capability 
documents 

o  Utilize Sitemap index format where 
needed/allowed 
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Sitemap Format	  

 
<urlset xmlns="http://www.sitemaps.org/schemas/sitemap/0.9”> 
 
   <url> 
      <loc>http://example.com/res1</loc> 
      <lastmod>2013-01-02T13:00:00Z</lastmod> 
   </url> 
 
   <url> 
      <loc>http://example.com/res2</loc> 
      <lastmod>2013-01-02T14:00:00Z</lastmod> 
   </url> 
   … 
</urlset> 
 

45 

Use <sitemapindex> if >50k items 
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ResourceSync Sitemap Extensions	  

 
<urlset xmlns=http://www.sitemaps.org/schemas/sitemap/0.9 
             xmlns:rs="http://www.openarchives.org/rs/terms/”> 
   <rs:ln …/> 
   <rs:md …/> 
    
   <url> 
      <loc>http://example.com/res1</loc> 
      <lastmod>2013-01-02T13:00:00Z</lastmod> 
      <rs:ln …/> 
      <rs:md …/> 
   </url> 
   <url> 
   … 
   </url> 
</urlset> 
 

46 

Same extensions in <sitemapindex> 
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Resource Metadata Summary 
Element/Attribute Description Defined by 
<loc> Resource URI (identity)  sitemaps 
<lastmod> Timestamp of last change sitemaps 

<changefreq> Expected update frequency sitemaps 

<rs:md>   ResourceSync 

    change Change type (Change List & Change 
Dump Manifest only) ResourceSync 

    encoding 
HTTP Content-Encoding header value RFC2616 

    hash 
One or more content digests (md5, sha-1, 
sha-256) 

Atom Link Ext. 

    length 
HTTP Content-Length header value RFC4287 

    path 
Path in ZIP package (Dump Manifests 
only) 

ResourceSync 

    type 
HTTP Content-Type header value RFC4287 
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Link Relation Summary 
Rela%on	   Use	  in	  ResourceSync	   Defined	  in	  

rel="alternate"	   Link	  from	  generic	  to	  specific	  URI	   HTML	  5	  

rel="canonical"	   Link	  from	  specific	  to	  generic	  URI	   RFC6596	  

rel="collec/on"	   Resource	  is	  member	  of	  collec/on	   RFC6573	  

rel="contents"	   Link	  from	  dump	  to	  manifest	   HTML4	  

rel="describedby"	   Has	  metadata	  
Protocol	  for	  Web	  Descrip/on	  Resources	  
(POWDER):	  Descrip/on	  Resources	  

rel="describes"	   Is	  metadata	  for	   The	  'describes'	  Link	  Rela/on	  Type	  

rel="duplicate"	   Mirror	  or	  alterna/ve	  copy	   RFC6249	  

rel=".../rs/terms/patch"	  
A	  patch	  -‐-‐	  efficient	  change	  
informa/on	   This specification 

rel="memento"	   Link	  to	  /me-‐specific	  URI	   Memento	  Internet	  Draf	  

rel="/megate"	   Link	  to	  /megate	   Memento	  Internet	  Draf	  

rel="via"	   Provenance	  chain,	  came	  from	   RFC4287	  
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ResourceSync Sitemap Validation 

•  All ResourceSync capability documents are valid according to 
the Sitemap XML Schema 

o  http://www.sitemaps.org/schemas/sitemap/0.9 

•  For a more thorough validation use the ResourceSync XML 
Schema 

o  http://www.openarchives.org/rs/0.9.1/resourcesync.xsd 



ResourceSync  
SWIB13, Hamburg, Germany, 2013-11-27 

Example document: Resource List	  
 
<urlset xmlns="http://www.sitemaps.org/schemas/sitemap/0.9" 
             xmlns:rs="http://www.openarchives.org/rs/terms/"> 
   <rs:md capability="resourcelist" 
                at="2013-01-03T09:00:00Z”  
                completed="2013-01-03T09:01:00Z” /> 
   <url> 
      <loc>http://example.com/res1</loc> 
      <lastmod>2013-01-02T13:00:00Z</lastmod> 
      <rs:md hash="md5:1584abdf8ebdc9802ac0c6a7402c03b6" 
                   length="8876" 
                   type="text/html"/> 
   </url> 
   <url> 
   … 
   </url> 
</urlset> 

50 

•  Describe Source’s resources subject to synchronization 
•  At one point in time (snapshot) 
•  Creation can take some time – duration can be 

conveyed 
•  HTTP GET resources 
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Framework Structure 
 
(without possible index documents) 

51 

http://www.openarchives.org/rs/resourcesync#Structure 
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Supported Linking Use Cases	  

Provide links to related resources to address specific needs: 
 
1.  Mirrored content with multiple download locations 
2.  Alternate representations of the same content 

•  Resources subject to HTTP content negotiation 
•  Format migration for preservation reasons  

3.  Patching content rather than replacing it 
4.  Resources and metadata about resources 
5.  Prior versions of resources 
6.  Collection membership of resources 
7.  Republishing synchronized resources 

All cases use <rs:ln> element referring to the linked resource 

 
52 
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Linking – Alternate Representations – Case 1	  

53 

<urlset xmlns="http://www.sitemaps.org/schemas/sitemap/0.9" 
             xmlns:rs="http://www.openarchives.org/rs/terms/"> 
   <rs:md capability=”changelist" 
                from="2013-01-02T09:00:00Z”  
                until="2013-01-03T09:00:00Z”/> 
   <url> 
      <loc>http://example.com/res1</loc> 
      <lastmod>2013-01-02T13:00:00Z</lastmod> 
      <rs:md change=”updated”/> 
      <rs:ln rel="alternate" 
                 type="text/html" 
                 href="http://example.com/res1.html"/> 
      <rs:ln rel="alternate" 
                 type=“application/pdf" 
                 href=”http://example.com/res1.pdf"/> 
   </url> 
</urlset> Canonical URI links to specific URIs 
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Linking – Alternate Representations – Case 2	  
<urlset xmlns="http://www.sitemaps.org/schemas/sitemap/0.9" 
             xmlns:rs="http://www.openarchives.org/rs/terms/"> 
   <rs:md capability=”changelist" 
                from="2013-01-02T09:00:00Z”  
                until="2013-01-03T09:00:00Z”/> 
   <url> 
      <loc>http://example.com/res1.html</loc> 
      <lastmod>2013-01-02T13:00:00Z</lastmod> 
      <rs:md change=”updated”/> 
      <rs:ln rel=”canonical” 
                 href="http://example.com/res1"/> 
   </url> 
</urlset> 

54 

Specific URI links to canonical URI 
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Motivations: reduce synchronization latency, avoid polling 
 
•  1. Change Notification 

•  Notifies destination about changes to particular resources 
•  e.g., resource A has been updated | created | deleted 
 

•  2. Framework Notification 
•  Notifies destination about changes to capabilities i.e., their 

documents 
•  e.g., a Change List has been updated | created | deleted 
•  Also for Capability Lists and Source Description 

Investigating Pubsubhubbub as transport first, may look at 
WebSockets later  

Source: Notification Capabilities 

P 
U 
S 
H 



Polling sucks 

Polling sucks. 
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Source: Archival Capabilities 

The Source may hold on to historical data, for example, to allow 
Destinations to catch up with events they missed or revisit prior 
resource states. To this end, the Source can publish archives, i.e. 
documents that enumerate historical capability documents 
 

1.  Resource List Archive 
2.  Resource Dump Archive 
3.  Change List Archive 
4.  Change Dump Archive 

 
Re-use same document formats to list archived sets of 
corresponding documents, discovery entries tie together 

 

57 
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DSpace support for  
metadata harvesting use case 

59 

Metadata Format ResourceSync webapp Item handle 

http://mydspace.edu/dspace-rs/resource/123456789/7/qdc 

DSpace Module: 
https://github.com/CottageLabs/DSpaceResourceSync 
PHP client: 
https://github.com/stuartlewis/resync-php 
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ResourceSync @ arXiv  

•  Use ResourceSync for both 
mirroring and public data access 

o  efficient updates 
o  ability to do periodic audits 
o  public synchronization capability 
o  reduce admin burden 

•  Start with metadata + source for 
mirroring use case (doing 
experiments now) 

•  Open Access use cases require 
processed PDF also 
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Python Library and Client 
•  Aim to provide library code implementing all ResourceSync 

facilities for use in both source and destination implementations 
o  Designed for python 2.6 (RHEL6) and 2.7 
o  Will not work with python <= 2.5 

•  Client (resync) supports many destination operations, inspired 
by the common Unix rsync program 

•  Client also supports some operations that might be useful in a 
source, such as generation of static Resource Lists, or periodic 
Change Lists (used in arXiv experiments) 

•  Explorer (resync-‐explorer) intended to allow easy inspection 
of a source’s resource sets and capabilities 

•  Developed since ResourceSync v0.5, updated for v0.9.1 
http://github.org/resync/resync 
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ResourceSync Source Simulator 
•  Python code using Tornado server 
•  Provides random set of resources of different sizes updated at a 

particular rate 
•  Very useful for testing Destination code 

http://github.com/resync/simulator 
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Linked	  data	  

Fundamentally	  distributed	  but	  local	  copy	  ofen	  
required.	  Either:	  
	  
1.  cache	  

2.  sync	  local	  copy...	  

•  Many	  ad-‐hoc	  solu/ons	  
	  	  	  	  for	  local	  copy	  

64 

Last.FM 
MusicBrainz 

GeoNames 

DBpedia 

others... 

BBC 



How	  do	  you	  get	  your	  seman/c	  data?	  

•  @edsu	  -‐>	  @LibSkrat:	  “not	  at	  h@p://id.loc.gov	  	  no;	  someone	  
could	  download	  the	  triples	  and	  create	  their	  own	  though”	  

•  Philipp	  Zumstein	  –	  “copy	  the	  RDF/XML	  files”	  
•  Valeria	  Pesce	  –	  “harvest	  XML	  and	  CSV,	  then	  map	  to	  extended	  

VIVO	  ontology”	  
•  ...	  

•  Poll	  on	  storage:	  triple	  store?	  files?	  RDB?	  other?	  



Seman/c	  data	  synchroniza/on	  
•  Is	  your	  data	  nice	  linked	  data?	  URIs	  that	  resolve	  to	  
other	  documents,	  etc.	  
–  everything	  is	  a	  web	  resource	  so	  good	  match	  for	  
ResourceSync	  

–  maybe	  the	  web	  already	  provides	  adequate	  access?	  

•  Are	  you	  able	  to	  tell	  what	  has	  changed?	  
–  in	  most	  triple	  stores	  there	  is	  no	  /mestamp	  so	  
providing	  subsets	  of	  changed	  data	  might	  be	  hard	  

	  
•  Look	  at	  four	  scenarios...	  	  



Linked	  data	  
Sema/c	  data	  on	  the	  web	  –	  great	  match	  for	  ResourceSync	  
	  
Consider	  a	  linked	  data	  system	  has	  some	  convenient	  way	  to	  
generate	  and/or	  keep	  track	  of	  fixity	  informa/on	  (datestamps,	  
hashes,	  etc.)	  for	  all	  of	  its	  resource	  representa/ons,	  then	  this	  
may	  be	  an	  effec/ve	  way	  to	  synchronize	  with	  ResourceSync.	  	  

•  Usual	  ResourceSync	  mechanisms	  including	  Resource	  Lists,	  
Change	  Lists,	  Dumps,	  No/fica/ons	  and	  Archives	  all	  
applicable.	  	  

•  Complica/ons	  with	  triple	  store	  
–  How	  to	  generate	  fixity	  informa/on?	  
–  Cost	  of	  genera/ng	  	  set	  of	  self-‐contained	  representa/ons	  (e.g.	  
concise	  bounded	  descrip/on)	  may	  be	  high	  



Service	  level	  no/fica/on	  

Image	  a	  set	  of	  RDF	  data	  updated	  periodically,	  
goal	  is	  just	  to	  let	  consumers	  know	  that	  changes	  
have	  been	  made	  	  
•  Perhaps	  many	  sets	  or	  subsets	  provided	  
•  Need	  to	  give	  service	  a	  URI	  which	  is	  then	  listed	  
in	  Resource	  List	  etc.	  

	  



Dumps	  as	  resources	  to	  sync	  
•  Might	  have	  dump	  that	  is	  in	  any	  format,	  it	  is	  just	  a	  resource	  

on	  the	  web	  
•  Almost	  trivial	  but	  fits	  very	  cleanly	  in	  framework	  
•  Would	  work	  well	  with	  framework	  no/fica/on	  

•  Use	  link	  rela/on	  might	  also	  be	  used	  to	  indicate	  sequence	  if	  
there	  are	  a	  set	  of	  dumps	  from	  different	  /mes	  

Note:	  Somewhat	  different	  from	  a	  ResourceSync	  Resource	  
Dump	  (or	  Change	  Dump)	  which	  is	  something	  where	  the	  data	  
is	  represented	  as	  resources	  to	  be	  synchronized	  



Diffs	  or	  patches	  for	  RDF	  data	  
Open	  ques/on:	  it	  might	  be	  possible	  to	  use	  RDF	  patching	  
mechanisms	  (perhaps	  JSON-‐PATCH	  with	  JSON-‐LD)	  to	  
provide	  efficient	  updates	  of	  RDF	  datasets	  
•  Trivial	  for	  a	  dataset	  with	  no	  blank	  nodes,	  
•  Diffs	  progressively	  more	  difficult	  and	  less	  efficient	  if	  
there	  are	  many	  blank	  nodes	  

•  Par/cularly	  useful/efficient	  for	  large	  datasets	  with	  
small	  changes	  

	  
ResourceSync	  provides	  mechanism	  to	  link	  any	  patch	  
format	  and	  file,	  and	  relate	  to	  the	  resource	  patched	  
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Pointers 

•  Specification 
http://www.openarchives.org/rs/!
http://www.openarchives.org/rs/resourcesync!
http://www.openarchives.org/rs/archives!

 
•  List for public comment 

https://groups.google.com/d/forum/resourcesync!
!

•  Client and simulator code 
http://github.org/resync/resync!
http://github.org/resync/simulator!
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