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Where we are so far …
• Intro to Data Integration (Datalog, mediators, …)

– more to come (your projects!): schema matching, simple query rewriting

• Intro to Knowledge Representation & Ontologies
– description logic, first-order logic, …
– more to come: FCA, biological pathways & ontologies

• Intro to Scientific Workflows and Kepler
– more to come: lectures and your projects…

• Today: Linking Scientific Workflows (Process Integration) and 
“Semantics”
– support for workflow modeling and design
– data discovery
– service/actor discovery
– data actor binding
– actor actor binding

PIW Workflow
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A Simplified Scientific Workflow Model
• A SWF consists of:

– a set A = {a1, a2, …, an} of actors 
[[ NOTE: we often but not always use “ptolemaic” (ie Ptolemy II 

terminology); other terms are steps, components, services, 
processes, ... we will say more about some of these ]]

• each actor a can have a number of (named) ports {p1, …, pk}
• a port is either an input port or an output port

– a set C = {c1, c2, …, cm} of channels, i.e., directed edges 
linking outputs ports to input ports

[[ NOTE: more will be said about
• Composite actors/subworkflows: hierarchical models/workflows
• How these actors are executed: models of computation and 

directors]]
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A Simplified Scientific Workflow Model
• We can capture the topological structure of a 

SWF in different forms; simple ones are as 
relations channel/4 or even channel/2: 
– channel(from_actor, out_port,  to_actor, in_port)

• channel( a1,p1,  a2, p1 ).
• channel( a1,p1,  a2, p2 ).

– channel(from_actor_out_port,   to_actor_in_port)
• channel( a1_p1,  a2_p1 ).
• channel( a1_p1,  a2_p2 ).
• … plus a table associating ports with actors
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Port Annotations & Types 
• Port Name

– for identification purposes
• Port I/O type

– to say whether tokens flow in or out of the port
• Structural type

– to describe the data/object structure of the port
– … can be captured via

• a programming language/data type
– array(0..n) of record of (a:int, b:float) 

• an XML Schema (…)
• relational schema

– employee_record(SSN, Name, DeptNo)

• Storage type
– to describe details of the physical representation (int16, …)

• Semantic type
– to describe the “semantics” of the tokens being transferred on channels

• a concept name, concept expressions, … or a more general constraint
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Semantic Types and Constraints
• The goal of the semantic type is to provide a link between the 

structural type and concept expressions from an ontology

• In its general form, a semantic type is given as a semantic 
annotation over two schemas:
– the (conventional) structural schema  S
– the semantic schema (ontology) O

• A semantic annotation is denoted as a logic formula 
(constraint) α involving symbols from the [structural] schema S 
and the ontology [schema] O

• Here we focus on α having the form α : S O
“virtually populate” ontology structure O with instances of S
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A Semantic Annotation α : S O

Schema elements/
Structural type S

Ontology /
Semantic type O
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Propagating Semantic Annotations 

• Given: 
– structural schemas S (input) and S’ (output), and an 

ontology O
– a semantic annotation α: S O
– a query annotation q: S S’

• Problem: compute α’



5

B. Ludaescher, ECS289F-W05, Topics in Scientific Data Management

Applications

• WF design time:
– Actor Actor 

connections

• Data binding time:
– Actor Data 

connections (“data 
binding”)

• WF runtime:
– “semantic tagging” of 

derived data 
products
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Ontology O
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Scientific Workflow w/ Query Annotations q
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Annotation Constraint α : S O
α = ∀x (αs(x) ∧ αc(x)) → ∃y αo(z) % z = x ∪ y

– αs links the variables x to schema elements of S
– αc is conjunction of comparisons over x and constants
– αo “populates” the ontology structure O

X : biom[seas=S], S = ‘w’ → X : observation[temporalContext = S : WinterSeason]

αs(x) αc(x) αo(z)
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Semantic Annotations 
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Example (Biodiversity Workflow)
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Family Example


