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SpaEal	  AnalyEcal	  FuncEons	  on	  the	  web	  

hPp://geopw.whu.edu.cn/geopw.html	  

GeoPW	  	   PySAL	  

hPps://geodacenter.asu.edu/projects/pysal	  



SpaEal	  Provenance	  

•  The	  informaEon	  of	  spaEal	  data	  lineage	  and	  
related	  analysis	  workflow,	  defined	  as	  spatial 
provenance,	  is	  oVen	  not	  well	  recorded.	  

•  These	  informaEon	  should	  also	  be	  well	  
captured	  and	  managed	  to	  support	  geospaEal	  
knowledge	  development	  and	  disseminaEon	  
(Wang et al., 2008).	  



Provenance	  in	  GIS	  

•  Early	  definiEon	  in	  the	  early	  90’s.	  

•  Geolineus	  developed	  by	  Lanter	  (1993)	  	  

•  Geo-‐Opera	  designed	  by	  Alonso	  and	  Hagen	  
(1997)	  

	  



Open	  Provenance	  Model(OPM)	  

•  The	  first	  IPAW	  workshop(2006)	  

•  OPM	  v1.00	  (2007)	  
– To	  exchange	  provenance	  informaEon	  	  between	  
systems	  	  

– To	  build	  tools	  that	  operate	  on	  such	  a	  provenance	  
model	  

– To	  make	  inferences	  about	  a	  provenance	  
– The	  newest	  v1.1	  (July	  2010)	  



OPM	  Basic	  Node	  and	  	  Dependency	  

A	  sample	  of	  OPM	  graph	  

(Moreau	  et.	  Al.	  2010)	  
Dependencies	  between	  different	  nodes	  

A:	  ArEfact	  	  	  

P:	  Process	  

Ag:	  Agent	  



SpaEal	  provenance	  data	  model	  by	  Wang	  et	  al.	  (2008)	  	  

Basic	  Elements	  of	  SpaEal	  Provenance	  



How	  to	  Manage	  GeospaEal	  Web	  
Processing	  Workflow	  
•  Workflow	  developer's	  view	  (OPM	  and	  Wang’s	  work)	  

–  how	  to	  capture?	  
–  how	  to	  restore?	  
–  how	  to	  exchange	  between	  systems?	  

•  user's	  view	  (to	  leverage	  provenance	  informaEon)	  	  
–  how	  to	  search	  and	  match	  workflows?	  
–  how	  to	  reuse	  exisEng	  workflows?	  
–  how	  to	  adapt	  the	  workflow	  to	  solve	  the	  problem	  if	  
exisEng	  workflows	  can	  not?	  

•  A	  semanEc	  foundaEon	  for	  Provenance	  in	  the	  
knowledge	  level	  is	  needed.	  (Ram	  and	  Liu	  2012)	  	  



W7	  model	  
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Table 1 Definition of
provenance semantics Provenance Construct in Bunge’s Definition

element ontology

What Event An event that affects a data object during its lifetime

How Action One or more actions that lead to the event

Where Space Location of the event. If data traveled (or was copied)

from one location to another during the event, “where”

refers specifically to where the data came from

When Time Time of the event

Who Agent and Individuals or organizations involved in the event

Which other things Software or instruments used in the event

Why N/A Reasons that explain why the event occurred

a photograph as an object. The first event or “What” in its
life is the “creation” of the photograph, “When” refers to the
time (e.g. 4 PM February 24, 2012) at which the photograph
was taken (i.e. created), “Who” refers to the person (photog-
rapher Mr. Powers) who took the photo, “Where” refers to
the location (Tucson, AZ) of the photo, “Which” refers to
the camera (Sony Cybershot DSC H10) used for taking the
photo, “How” refers to the mechanism (recorded by zooming
in from 20 ft), and “Why” refers to the reason (for including
in a magazine article) for taking the photo. After taking the
photo, it is stored on a hard drive. Thus “Transfer” becomes
another event associated with the photograph, and the rest
of the provenance describes this event, that it was stored at
5 PM, February 24, 2012 (When) by copying (How), from
Camera to Hard Drive (Where), by Mr. Powers (Who). In
this case, “why” and “which” may not be relevant and there-
fore are not tracked. Thus, the semantics of provenance may
be defined by what we term as the W7 model and we refer
readers to our earlier work that formally defines the semantic
constructs of such a model [6,8].

As stated in our earlier work, we adopt Bunge’s ontology
[1] in defining provenance. Bunge defines the history of a
thing as a sequence of events that occurred to a thing during
its lifetime. An event happens to a thing as it is acted upon by
an agent or other things. Also, an event occurs in space and
time. Hence, we define provenance as consisting of various
events that happen during the lifetime of a data object from
its creation to destruction, and then include how, who, when,
where, which and why associated with each event. Table 1
shows these 7 Ws and explains the mappings between them
and the constructs in Bunge’s work.

Figure 1 shows the W7 model and its conceptual repre-
sentation [11]. The overall structure of provenance (shown
in Fig. 1a) includes the 7 Ws (represented as concepts in
boxes) and the relationships (represented in ovals) between
them. What is the anchor of our W7 model. Each of the 7 Ws
has its subtypes, as shown in Fig. 1b. For instance, What has

subtypes including creation, modification, publication, and
ownership. How, representing an action leading to an event,
can be classified into single action and complex action. As
shown in Fig. 1b, we identify actions associated with differ-
ent types of event. For instance, an ownership event affects an
object when it is purchased or donated. Data creation often
results from the measurement or observation of a physical
phenomenon.

6 Provenance Semantics for Different Domains

While a model such as W7 defines the general semantics of
provenance, it can be tailored to suit the needs of different
domains.

Figure 2 below depicts the semantics of provenance for a
subset of objects in the iPlant Collaborative [9]. The specific
objects are phylogenetic tree datasets. The events relevant to
these objects are creation, modification, reconciliation, and
sharing (see Fig. 2a). Typically, plant biologists (users of the
iPlant Collaborative) “create” a phylogenetic tree dataset by
importing it (how), then they may “modify” it by deleting a
species, and finally “share” it for use by others. Figure 2b
represents an example of an event graph. A domain model
of provenance can include a number of event graphs, each of
which represents the semantics associated with an event. The
event graph shown in Fig. 2b indicates that plant biologists
often create a phylogentic tree by importing (how) it from
some external database (where). Our previous research [9]
proposed a graph-based approach to deriving event graphs
from the W7 model shown in Fig. 1.

Similarly, Fig. 3 shows semantics of provenance for a
materials management domain. As shown in Fig. 3a, the
provenance of a data object such as, the tensile strength
values of samples of a composite material used in manu-
facturing, includes details associated with its creation, mod-
ification and approval. Figure 3b indicates that some test
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(Ram	  and	  Liu	  2012)	  	  
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OPM	  graph	  for	  a	  geospaEal	  workflow	  
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Conclusion	  
•  Less	  aPenEon	  has	  been	  paid	  on	  user's	  view	  of	  
workflow	  management	  using	  spaEal	  provenance	  

•  The	  OPM	  model	  only	  defines	  the	  fundamental	  
dependency	  between	  elements	  which	  we	  believe	  is	  
sufficient	  to	  support	  workflow	  management	  at	  the	  
knowledge	  level.	  

•  Therefore,	  for	  construct	  a	  provenance	  framework	  for	  
managing	  geospaEal	  web	  processing	  workflow,	  a	  
semanEc	  foundaEon	  for	  spaEal	  provenance	  is	  
needed.	  



Future	  Works	  

•  A	  shared	  vocabulary	  of	  “what”	  element	  	  
regarding	  the	  data	  life	  cycle	  events	  of	  
geospaEal	  data.	  	  

•  	  To	  extend	  the	  OPM	  or	  to	  build	  a	  new	  model	  
to	  support	  workflow	  management	  at	  the	  
knowledge	  level.	  



Thank	  you	  


