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  Provenance	
  for	
  food	
  and	
  art	
  
 

 

 

 

 

Food Provenance  

hNp://buzzmachine.com/2010/06/27/the-­‐importance-­‐of-­‐provenance/	
  

“Good	
  cura&on	
  demands	
  good	
  provenance.	
  
Provenance	
  is	
  no	
  longer	
  merely	
  the	
  nicety	
  of	
  ar&sts,	
  
academics,	
  and	
  wine	
  makers.	
  It	
  is	
  an	
  ethic	
  we	
  
expect.”	
  (Jeff	
  Jarvis)	
  



Beyond	
  Provenance	
  for	
  food	
  and	
  art	
  

Open	
  Data	
  and	
  Journalism	
  
•  Data	
  wrangling	
  can	
  introduce	
  errors,	
  

data	
  journalists	
  should	
  care	
  about	
  the	
  
validity	
  of	
  data;	
  provenance	
  of	
  data	
  
should	
  include	
  its	
  primary	
  source,	
  but	
  
also	
  all	
  the	
  transforma&onal	
  steps	
  
performed	
  by	
  anyone.	
  

	
  	
  	
  	
  

Reproducibility	
  of	
  Science	
  

hNp://datadrivenjournalism.net/featured_projects/
how_spending_stories_spots_errors_in_public_spending	
  
	
  

•  Provenance	
  is	
  the	
  equivalent	
  of	
  
a	
  logbook	
  
capturing	
  all	
  the	
  steps	
  involved	
  
in	
  the	
  deriva&on	
  of	
  a	
  result,	
  	
  
could	
  be	
  used	
  to	
  replay	
  the	
  
execu&on	
  that	
  led	
  to	
  that	
  result	
  
so	
  as	
  to	
  validate	
  it.	
  	
  

	
  Accountability,	
  Transparency,	
  
Compliance	
  

	
  	
  	
  	
  

•  Steve	
  New	
  refers	
  to	
  the	
  provenance	
  of	
  a	
  
company’s	
  products,	
  and	
  explains	
  how	
  
businesses	
  have	
  changed	
  their	
  prac&ce	
  to	
  
make	
  their	
  supply	
  chain	
  transparent,	
  
because	
  they	
  worry	
  about	
  quality,	
  safety,	
  
ethics,	
  and	
  environmental	
  impact.	
  	
  

	
  	
  	
  	
  hNp://hbr.org/2010/10/the-­‐transparent-­‐supply-­‐chain/ar/1	
  
	
  



Provenance	
  Defini&on	
  

•  Oxford	
  English	
  Dic&onary:	
  	
  
–  the	
  fact	
  of	
  coming	
  from	
  
some	
  par&cular	
  source	
  or	
  
quarter;	
  origin,	
  deriva&on	
  

–  the	
  history	
  or	
  pedigree	
  of	
  a	
  
work	
  of	
  art,	
  manuscript,	
  
rare	
  book,	
  etc.;	
  	
  

–  concretely,	
  a	
  record	
  of	
  the	
  
passage	
  of	
  an	
  item	
  through	
  
its	
  various	
  owners.	
  

•  World	
  Wide	
  Web	
  
Consor&um:	
  

Provenance	
  is	
  a	
  record	
  that	
  
describes	
  the	
  people,	
  
ins&tu&ons,	
  en&&es,	
  and	
  
ac&vi&es,	
  involved	
  in	
  
producing,	
  influencing,	
  or	
  
delivering	
  a	
  piece	
  of	
  data	
  or	
  
a	
  thing	
  in	
  the	
  world	
  



PROV:	
  W3C	
  Standard	
  for	
  Provenance	
  

www.provbook.org	
  

Industry	
  involvement:	
  IBM,	
  	
  Oracle,	
  Nasa	
  
Early	
  adopters:	
  The	
  GazeNe,	
  The	
  2014	
  Climate	
  Report	
  



Na&onal	
  Climate	
  Assessment	
  



<hNp://data.globalchange.gov/image/
1a061197-­‐95cf-­‐47bd-­‐9db4-­‐f661c711a174>	
  <hNp://
www.w3.org/ns/prov#wasDerivedFrom>	
  <hNp://
data.globalchange.gov/dataset/nca3-­‐cmip3-­‐r201205>	
  .	
  

hNp://nca2014.globalchange.gov/report/our-­‐changing-­‐
climate/precipita&on-­‐change#graphic-­‐16689	
  



The	
  GazeNe	
  
hNps://www.thegazeNe.co.uk/no&ce/2152652	
  



GazeNe	
  Provenance	
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Challenge	
  

•  Vision:	
  lots	
  of	
  
applica&ons	
  generate	
  
provenance	
  

•  Deluge	
  of	
  provenance	
  
data	
  

•  How	
  can	
  we	
  make	
  
sense	
  of	
  it?	
  

provenance	
  



Three	
  Requirements	
  
•  Essence	
  of	
  Provenance	
  

–  A	
  provenance	
  summary	
  should	
  capture	
  the	
  essence	
  of	
  the	
  provenance	
  
graph	
  that	
  it	
  summarizes.	
  

–  Use	
  of	
  provenance:	
  how	
  to	
  make	
  provenance	
  understandable	
  to	
  its	
  
consumers	
  

–  hNp://www.w3.org/2005/Incubator/prov/wiki/
User_Requirements#Use	
  

•  Conformance	
  
–  It	
  should	
  be	
  possible	
  to	
  decide	
  whether	
  a	
  provenance	
  graph	
  is	
  

compa&ble,	
  or	
  conformant,	
  with	
  a	
  provenance	
  summary.	
  
–  “Is	
  today’s	
  behaviour	
  conformant	
  to	
  yesterday’s	
  provenance?”	
  	
  
–  Use	
  Case	
  1	
  [Miles	
  JOGC	
  2007]	
  

•  Outliers	
  
–  It	
  should	
  be	
  possible	
  to	
  detect	
  anomalies	
  or	
  outliers	
  in	
  a	
  provenance	
  

summary.	
  



Exis&ng	
  Work	
  

•  Network	
  analysis:	
  sta&s&cal	
  measures	
  not	
  
specific	
  to	
  provenance	
  

•  Unstructured	
  databases:	
  no&on	
  of	
  schema	
  
and	
  summary	
  (for	
  query	
  op&miza&on)	
  and	
  
no&on	
  of	
  conformance	
  

•  Visualiza&on	
  techniques	
  (line	
  thickness,	
  and	
  
selec&on	
  by	
  aNributes)	
  

•  Provenance	
  graph	
  transforma&ons	
  



Summary	
  Intui&on	
  
•  Every	
  day	
  processes	
  illustrate	
  that	
  we	
  focus	
  on	
  more	
  or	
  less	
  

recent	
  past,	
  according	
  to	
  how	
  discrimina&ng	
  we	
  want	
  to	
  
be.	
  	
  

•  Example:	
  Graduate	
  School	
  
–  Entry	
  requirement:	
  	
  a	
  first-­‐class	
  degree	
  from	
  a	
  reputable	
  
University.	
  

–  A	
  more	
  selec&ve	
  graduate	
  school	
  will	
  also	
  require	
  good	
  
transcripts	
  from	
  secondary	
  school,	
  or	
  extra-­‐curricula	
  ac&vity	
  
related	
  to	
  the	
  subject.	
  	
  

–  However,	
  older	
  informa&on,	
  such	
  as	
  performance	
  in	
  primary	
  
school,	
  is	
  generally	
  not	
  used	
  as	
  discriminator.	
  	
  

•  This	
  shows	
  that	
  individuals	
  are	
  dis&nguished	
  according	
  to	
  
their	
  past	
  -­‐-­‐-­‐	
  more	
  or	
  less	
  recent.	
  	
  	
  

•  The	
  distance	
  in	
  the	
  past	
  can	
  abstracted	
  by	
  a	
  parameter	
  k,	
  
used	
  in	
  APT(k).	
  



Provenance	
  Type	
  
•  Provenance	
  Type:	
  
–  a	
  category	
  of	
  things	
  that	
  have	
  common	
  characteris&cs	
  
from	
  a	
  provenance	
  perspec&ve.	
  	
  

•  Provenance	
  types	
  are	
  parameterised	
  by	
  an	
  integer	
  
indica&ng	
  the	
  length	
  of	
  provenance	
  paths	
  used	
  to	
  
characterize	
  things.	
  	
  

•  A	
  level-­‐0	
  provenance	
  type:	
  
–  one	
  of	
  the	
  core	
  type	
  predefined	
  in	
  PROV:	
  En&ty,	
  Ac&vity,	
  
and	
  Agent,	
  or	
  any	
  user-­‐defined	
  type.	
  

•  A	
  level-­‐k+1	
  provenance	
  type:	
  
–  	
  is	
  an	
  expression	
  describing	
  the	
  category	
  of	
  things	
  one	
  
PROV-­‐rela&on	
  away	
  from	
  things	
  that	
  have	
  a	
  level-­‐k	
  
provenance	
  type.	
  



Provenance	
  Type	
  
4 Aggregation by Provenance Types

Definition 1 A provenance type of level k, noted tk, is defined as follows.

t0 ::= Entity | Activity | Agent | user-defined type
tk+1 ::= label(tk)

where ‘label’ is a PROV property label defined as follows.

Label PROV property Label PROV property
used prov:used wsb prov:wasStartedBy
wgb prov:wasGeneratedBy web prov:wasEndedBy
wdf prov:wasDerivedFrom wifb prov:wasInformedBy
waw prov:wasAssociatedWith mem prov:hadMember
wat prov:wasAttributedTo spec prov:specializationOf
aobo prov:actedOnBehalfOf alt prov:alternate
wib prov:wasInvalidatedBy

Note that Definition 1 lists forward properties of PROV only, but could also consider PROV inverse
properties [18]. Provenance types with forward properties refer to what led to that node (i.e., the past of
the node), whereas provenance types with inverse properties refer to what happened to that node (i.e., its
future).

We introduce the properties ann:pType0, ann:pType1, . . . that associate a resource with its prove-
nance types of level 0, 1, . . . , respectively. A given resource may be the subject of multiple provenance
types properties. Figure 1 displays a template of SPARQL query to compute provenance types.

PREFIX prov: <http://www.w3.org/ns/prov#>
PREFIX ann: <http://provenance.ecs.soton.ac.uk/annotate/ns/#>

CONSTRUCT { ?y ?pType_kp1 ?provenanceType. }
WHERE {

{
?y prov:wasDerivedFrom ?x.
?x ?pType_k ?t.
BIND (CONCAT("wdf(",?t,")") AS ?provenanceType)

}
UNION
{

?y prov:used ?x.
?x ?pType_k ?t.
BIND (CONCAT("used(",?t,")") AS ?provenanceType)

}
// .... and similarly for other prov relations

}

Figure 1: Pattern of SPARQL Query to Compute Provenance Types of Level k+1. Provenance types are
expressed as a string encoding of Definition 1.

In the query template, variables ?pType_k and ?pType_kp1 have to be instantiated to the properties
reflecting the value k of interest: for instance, ann:pType3 and ann:pType4, respectively, for k =
3. A provenance type for level k = 0 is computed by the SPARQL query of Figure 2, which assigns
ann:pType0 to each resource of type prov:Entity, prov:Activity, or prov:Agent. We assume that
RDFS-reasoning has inferred PROV core types.

The graph transformation Level-k Aggregation by Provenance Types, written APT(k), constructs a
provenance summary by grouping all the nodes that have the same provenance types ti for any i such
that 0  i  k, and then merging all edges, as specified in Definitions 2 and 3.



Example	
  of	
  Provenance	
  Type	
  

•  :a0	
  prov:used	
  :e1	
  
–  If	
  :e1	
  is	
  assigned	
  level-­‐k	
  
provenance	
  type	
  τk,	
  
then	
  :a0	
  is	
  	
  assigned	
  
level-­‐k+1	
  provenance	
  
type	
  used(τk)	
  

–  :a0	
  belongs	
  to	
  the	
  
category	
  of	
  things	
  that	
  
used	
  something	
  of	
  type	
  
τk.	
  	
  

used(τk)	
  

τk	
  



How	
  to	
  Compute	
  Provenance	
  Types	
  
PREFIX	
  prov:	
  <hNp://www.w3.org/ns/prov#>	
  
PREFIX	
  ann:	
  <hNp://provenance.ecs.soton.ac.uk/annotate/ns/#>	
  
	
  
CONSTRUCT	
  {	
  	
  ?y	
  ann:pType2	
  ?provenanceType.	
  }	
  
WHERE	
  {	
  
	
  	
  	
  {	
  
	
  	
  	
  	
  	
  	
  ?y	
  prov:wasDerivedFrom	
  ?x.	
  
	
  	
  	
  	
  	
  	
  ?x	
  	
  ann:pType1	
  ?t.	
  
	
  	
  	
  	
  	
  	
  BIND	
  (CONCAT("wdf(",?t,")")	
  AS	
  ?provenanceType)	
  
	
  	
  	
  }	
  
	
  	
  	
  UNION	
  
	
  	
  	
  {	
  
	
  	
  	
  	
  	
  	
  ?y	
  prov:used	
  ?x.	
  
	
  	
  	
  	
  	
  	
  ?x	
  ann:pType1	
  ?t.	
  
	
  	
  	
  	
  	
  	
  BIND	
  (CONCAT("used(",?t,")")	
  AS	
  ?provenanceType)	
  
	
  	
  	
  }	
  
	
  	
  	
  //	
  ....	
  and	
  similarly	
  for	
  other	
  prov	
  rela&ons	
  
}	
  

X	
  has	
  provenance	
  type	
  Y	
  of	
  level	
  k	
  
•  X	
  ann:pType0	
  Y	
  	
  
•  X	
  ann:pType1	
  Y	
  
•  X	
  ann:pType2	
  Y	
  	
  
•  X	
  ann:pType3	
  Y	
  	
  
•  X	
  ann:pType4	
  Y	
  
•  …	
  	
  



An	
  Example	
  

:e prov:wasGeneratedBy :a.
:a prov:used :e.
:a a prov:Activity.
:e a prov:Entity.
:e prov:wasAttributedTo :ag.
:ag a prov:Agent.



An	
  Example	
  

τ0=ag	
  

τ0=ent	
  

τ0=act	
  

τ1=wat(ag)	
  
τ1=wgb(act)	
  

τ1=use(ent)	
  

τ2=wgb(use(ent))	
  

τ2=use(wgb(act))	
  
τ2=use(wat(ag))	
  



Another	
  Example	
  

:e1 prov:wasGeneratedBy :a.
:e2 prov:wasGeneratedBy :a.
:a prov:used :e1.
:a prov:used :e2.
:a a prov:Activity.
:e1 a prov:Entity.
:e2 a prov:Entity.
:e1 prov:wasAttributedTo :ag.
:ag a prov:Agent.
:e2 prov:wasDerivedFrom :e1.



Another	
  Example	
  
τ0=ag	
  

τ0=ent	
  

τ0=act	
  

τ1=wat(ag)	
  
τ1=wgb(act)	
  

τ1=use(ent)	
  

τ2=wgb(use(ent))	
  

τ2=use(wgb(act))	
  
τ2=use(wat(ag))	
  

τ0=ent	
  

τ1=wdf(ent)	
  
τ1=wgb(act)	
  
τ2=wgb(use(ent))	
  

τ2=use(wdf(ent))	
  



Poten&al	
  Explosion	
  …	
  
τ2=use(wat(Agent))	
  
use(wdf(En<ty))	
  
use(wgb(Ac<vity))	
  
	
  
τ4=wdf(wgb(use(wat(ag))))	
  
wdf(wgb(use(wdf(ent))))	
  
wdf(wgb(use(wgb(ac))))	
  
wgb(used(wdf(wat(ag))))	
  
wgb(used(wdf(wgb(act))))	
  
wgb(used(wgb(used(ent))))	
  
	
  

…	
  but	
  let’s	
  see	
  the	
  evalua&on	
  



APT(k)	
  

•  Level-­‐k	
  Aggrega&on	
  by	
  Provenance	
  Types,	
  
APT(k),	
  creates	
  a	
  provenance	
  summary	
  	
  by:	
  
– grouping	
  all	
  the	
  nodes	
  that	
  have	
  the	
  same	
  
provenance	
  types	
  τi	
  for	
  any	
  i<=k,	
  	
  

– merging	
  all	
  edges	
  
– keeping	
  numeric	
  informa&on	
  about	
  the	
  frequency	
  
of	
  nodes	
  and	
  edges	
  in	
  the	
  original	
  graph	
  



Example:	
  Collabmap	
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Complexity	
  

•  Length	
  τk+1	
  is	
  the	
  length	
  of	
  τk	
  plus	
  a	
  constant	
  
•  Thus:	
  
– Cost(all	
  τk)	
  <	
  N	
  (CI)k	
  +	
  c	
  

•  With:	
  
– N:	
  number	
  of	
  nodes	
  
– CI:	
  maximum	
  number	
  of	
  incoming	
  edges	
  per	
  node	
  
– c:	
  a	
  constant	
  

•  Linear	
  in	
  the	
  size	
  of	
  the	
  document,	
  
exponen&al	
  in	
  the	
  level	
  k	
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ExecutionStep 5 ⌘ 9 used Building834.1 2 (†)
u 9 used Route2324.0 13 (†)
u 9 wasAssociatedWith User 6 (†)
u  0 used¬(Building834.1 2 t Route2324.0 13) (?)

u  0 wasAssociatedWith ¬User 6 (?)

T 9 ⌘ V ote (†)
u 9 wasDerivedFrom Building834.1 2 (†)
u 9 wasGeneratedBy (ExecutionStep 1 t ExecutionStep 5) (†)
u  0 wasDerivedFrom ¬(Building834.1 2) (?)

u  0 wasGeneratedBy ¬(ExecutionStep 1 t ExecutionStep 5) (?)

Fig. 4. OWL2 Definition for ExecutionStep 5 and T9 from Figure 7 (right)

1. AtomicOrchid (ato) [14] is a real-time location-based serious game to ex-
plore coordination and agile teaming in disaster response scenarios. The
provenance includes location and activities of participants, and orders is-
sued by the headquarter.

2. CollabMap (col) [15] is an application to crowd-source evacuation routes
in an area (with a view of simulating evacuations under various conditions);
the provenance describes how all artifacts, i.e., building, routes, route sets,
and votes, have been created.

3. Patina of Notes (pon) [16] is an application for collecting notes about ar-
chaeological artifacts, with a view to build, possibly multiple, interpretations
of these artifacts. The provenance includes the notes, their structures, and
how they evolve over time.

4. The Provenance Challenge 1 (pc1) [17] workflow is an FMRI workflow rep-
resentative of applications building brain atlases. It was the basis of the
provenance challenge series and the provenance inter-operability e↵ort.

5. The PROV Primer (pri) [18] describes the activities around the editing of
a document.

6. Linear (lin) is a synthetic provenance graph exhibiting a linear sequence of
successive derivations.

apt outputs a summary. Hypothesis 1 is concerned with the size of apt’s output.

Hypothesis 1 (Compression) Given a provenance graph G, apt results in a

summary whose number of nodes is smaller than or equal to the number of nodes

in the original graph G.

Method We apply apt to our selected set of provenance graphs, and compare
the number of types produced by apt with the number of input nodes, for types
entity, activity, and agent. To be able to compare the relative performance of
apt on the di↵erent graphs and di↵erent types, we plot the ratio “number of
types : number of input nodes”. Figure 5 plots such a ratio for apt(2).



Hypothesis	
  1	
  [Summary	
  Size]	
  
	
  

Given	
  a	
  provenance	
  graph	
  
G,	
  APT	
  results	
  in	
  a	
  
summary	
  whose	
  number	
  
of	
  nodes	
  is	
  smaller	
  than	
  or	
  
equal	
  to	
  the	
  number	
  of	
  
nodes	
  in	
  the	
  original	
  
graph	
  G.	
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Hypothesis	
  2	
  [Monotonicity	
  &	
  
Satura&on]	
  

	
  
The	
  number	
  of	
  output	
  
types	
  of	
  APT(k)	
  is	
  a	
  
monotonically	
  increasing	
  
func&on	
  of	
  k,	
  but	
  it	
  
plateaus	
  once	
  k	
  reaches	
  
the	
  graph's	
  Maximum	
  
Finite	
  Distance	
  (MFD).	
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Hypothesis 2 (Monotonic) The number of output types of apt(k) is a mono-

tonically increasing function of k, but it plateaus once k reaches the graph’s

Maximum Finite Distance (MFD).

Method We apply apt to the selected set of provenance graphs, and compare
the total number of types produced by apt(k) with the total number of input
nodes. Figure 4 plots the ratio “number of types : number of input nodes”, for
increasing values of k.

(online version)
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ato 24 24
col 2 4
lin 14 15
pc1 4 6
pon 7 8
pri 2 4

Fig. 6. Ratio “number of output types : number of input nodes” for apt(k), for in-
creasing values of k. We also express the ratio x/y when apt plateaus (where x denotes
the number of output types, whereas y denotes the number of input nodes).

Analysis For each application, apt(k) reaches a plateau for a given value of
k. The table in Figure 4 records this value as well as the MFD measure of the
corresponding graph, computed according to [17]. We see that the plateau is
reached for a value of k smaller than the graph’s MFD. Intuitively, this can be
explained by the fact that no distinct provenance type can be propagated on
chains longer than the Maximum Finite Distance.

In some cases, such as lin, the output types correspond exactly to the input
nodes, meaning that with a value of N that is large enough, apt is capable of
distinguishing all nodes, and therefore does not aggregate any. In other cases,
such as pc1, no level of apt is able to distinguish some input nodes. Indeed, the



Hypothesis	
  3	
  [Repeated	
  PaNerns]	
  

Types	
  produced	
  by	
  APT(k)	
  
with	
  occurrences	
  >k	
  are	
  
likely	
  to	
  be	
  members	
  of	
  
graph	
  paNerns	
  repeated	
  
more	
  than	
  k	
  &mes.	
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Informal	
  Discussion	
  

•  APT	
  output	
  is	
  helpful	
  to	
  
derive	
  a	
  narra&ve	
  from	
  
a	
  provenance	
  graph	
  
(see	
  Q1)	
  

•  APT	
  helps	
  get	
  a	
  good	
  
insight	
  in	
  the	
  way	
  
provenance	
  is	
  modelled	
  

•  APT	
  helps	
  detect	
  
outliers	
  (see	
  Q3)	
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Conclusion	
  
•  To	
  deal	
  with	
  provenance	
  data	
  deluge,	
  	
  summarisa&on	
  

techniques	
  	
  for	
  provenance	
  are	
  required	
  
•  A	
  complexity	
  analysis:	
  it	
  is	
  linear	
  in	
  the	
  size	
  of	
  the	
  graph,	
  

and	
  poten&ally	
  exponen&al	
  in	
  the	
  maximum	
  path	
  length	
  k.	
  
•  Evalua&on	
  and	
  discussion	
  show	
  that	
  the	
  algorithm	
  is	
  

tractable	
  since	
  useful	
  summary	
  graphs	
  can	
  be	
  obtained	
  
with	
  small	
  values	
  of	
  k.	
  

•  We	
  also	
  introduced	
  a	
  no&on	
  of	
  conformance	
  to	
  a	
  summary.	
  
•  With	
  this	
  paper,	
  we	
  have	
  opened	
  up	
  a	
  whole	
  area	
  of	
  

research	
  in	
  summariza&on	
  techniques	
  for	
  provenance	
  
graphs,	
  and	
  their	
  applica&on	
  to	
  conformance	
  checking	
  and	
  
visualiza&on	
  


