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
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PIW Workflow
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A Simplified Scientific Workflow Model

» A SWF consists of:
—asetA={a,, a,, ..., a,} of actors

* each actor a can have a number of (named) ports {p,, ..., p,}
< aportis either an input port or an output port

—asetC={cy,c,, ..., C,} of channels, i.e., directed edges
linking outputs ports to input ports
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A Simplified Scientific Workflow Model

* We can capture the topological structure of a
SWEF in different forms; simple ones are as
relations channel/4 or even channel/2:

— channel(from_actor, out_port, to_actor, in_port)
» channel( a,,p;, a,, p;).
» channel( a;,p;, a,, pP,).

— channel(from_actor_out_port, to_actor_in_port)
e channel(a,_p;, a, p;).
e channel(a,_p;, a, p,).
* ... 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
« aprogramming language/data type
— array(0..n) of record of (a:int, b:float)
e 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
* aconcept name, concept expressions, ... Oramore 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) o involving symbols from the [structural] schema S
and the ontology [schema] O

Here we focus on o having the form o : S > O
=> “virtually populate” ontology structure O with instances of S
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A Semantic Annotationa : S 2> O

(I) x:biom ==> X : OBSERVATION
(2) x:biom[yr=) ==> x [TEMPORALCONTEXT = ¥ : YEAR]
(3) x:biom[seas=y].y= ‘W ==> x [TEMPORALCONTEXT =} :WINTER]
(4) x:biom[seas=y].y= ‘S’ ==> x[rEMPORALCONTEXT =y : SPRING]
(5) x:biom[seas=y].y=‘F’ ==> x[TEMPORALCONTEXT =y : FALL]
(6) x:biom[plt=y] ==> X [spaTIALCONTEXT = y : PLoOT]
(7) x:biom[qd=y] ==> X [SPATIALCONTEXT =} | QUADRAT]
(8) x:biom[spp=y] ==> X [ITEM = y : SPECIES]
(9) x:biom[bm = y] ==> X [PROPERTY =y : BromassGSM]
Schema elements/ Ontology /
Structural type S Semantic type O
B. Ludaescher, ECS289F-WO05, Topics in Scientific Data Management
Propagating Semantic Annotations
(0] (0]
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@ ] @’ =q(a)
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* Given:

— structural schemas S (input) and S’ (output), and an
ontology O

— a semantic annotation a: S > O
— a query annotation g: S> S’

e Problem: compute o’
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Applications

Example 1 (Ontology Augmentation) Consider an actor
A; having as input species richness data. The developer of
A> might have provided a semantic annotation «, for 4;’s

mput, explicitely stating that 1t was designed to “consume”
(species) Ricuness® data. Now assume a workflow designer
connects the output of another actor A to the mput of A,
and assume also that for the output of A a semantic anno-
tation ) has been denved via propagation. indicating that
Als output is of type sum(OccurrENCE). 1.e.. the arithmetic
sum (resulting from a corresponding aggregate operation)
of Occurrenck data. In order for the link

to be semantically type correct, we must have that a, is
“compatible” with a2, i.e.. sum(OccURRENCE) T RICHNESS.
If we choose to run our propagation system in “automatic
mode”, it will augment the given ontology O with this ad-
ditional axiom. Conversely. the system can be run in “inter-

* WF design time:
— Actor< Actor
connections
» Data binding time:
— Actor<> Data

connections (“data
binding”)
* WF runtime:
— “semantic tagging” of
derived data
products

active mode”, asking the user to determine whether the m-
ferred axiom 1s correct and can be included in O, or whether
there is something wrong with the connection. 0
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Ontology O

(1) Osservanion . © W prorerry. OssProrerry 1 =1 proverty OssProverry M
' rrem. OesERVABLEITEM M =1 1mEM. OpsErvaBLEITEM M
' sPATIALCONTEXT.S LCONTEXT T 3 sPATIALCONTEXT. SPATIALCONTEXT [
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(2) Occurrence & OssProverty

(3) Apunpasce 0 OCCURRENCE

4) Biomass © ABUNDANCE

(5) BromassGSM = Biosass M GrasmsSovareMerer

(6) BiomassPPH = Biomass M PouspsPeErHECTARE

(7 RicHxess © ABUNDANCE

(8) Provuctivity  © Biosass

[$)] ProvuctiviryGSM € BiomassGSM 1 GranisSouareMeTer

(10y ProoucTivityPPH  C BiomassPPH M PouspsPerHecTARE
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(13) Quabrar  C Sp CONTEXT

(14) Year C TemroralConTEXT

(15) Season £ TeMporalCoNTEXT

(16) Wivter  C© Season

(17} SpriNG £ SEason

(18) Susiver  E Season

(19 UstTyre 0 WrorUser Usir 0 =1 ForUsir
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(22) SlUsair © Uwirn..

Figure 3. A simplified measurement ontology with ecological concepts.




Scientific Workflow w/ Query Annotations

Tnpur Data:
biom(yr, seas, plt, qd, spp, bm)

Ouipnt Data:
richness(yr, plt, qd, rch)

seasonal community: Seasonal | biowi | Annual | biowm2 |  Annual | biows | Species
.|

sscd(spp) Community Biomass Occurrence Richness
select b.* select yr. plt, qd, spp select yr. plt. qd. spp. 1 as pr seleet yr. pli. qd. swmipr) as rch
from biom b, ssed s sunt(bm) as annbim from biom2 from biom3
where bspp=s. spp from biom] where annbm > 0 group by yr, plt, qd

group by yr. plt, gqd, spp Lion
select yr, plt. qd. spp, 0 as pr
from biom?2
where annbm < 0

Annual biowmd Sum Ourpnt Data:

Productivity Productivity i d
predyr, pit, qd, prospp)

select bl yr, bl plt, bl.qd. bl.spp select yr, plt, qd, sumipro) as prospp

(b1 bm-b2 bm)+(b3 bin-b2 b)) as pro from biomd
from biom1 b1, biom] b2, biom b3 group by yr, plt, gd. spp
where bl yr=b2 vr and b2 vr=b3 vr

and bl.plt=b2 plt and b2.plt=b3.plt

and bl gd=b2.qd and b2 gd=b3.qd

and bl.spp=b2.spp and b2.spp=b3.spp

and bl.seas="s" and b2.seas="w" and b3 seas="{"

Figure 2. A scientific workflow with query annotations g (in SQL) for computing species richness and
productivity [14] (see Figure 4 for semantic annotations «).
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Annotation Constrainta:S> 0

o = VX (0g(X) A o (X)) = Y 04(2) Yoz=XUY

o, links the variables x to schema elements of S
o, IS conjunction of comparisons over x and constants
o, “populates” the ontology structure O

X : biom[seas=S], S = ‘W —> X : observation[temporalContext = S : WinterSeason]
H_/ LYJ N _
—

OLs(x) OLc(x) 0'0(2)
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We consider query annotations ¢ and semantic annotations e of the form:

Semantic Annotations

Here, Ps- is a logic atom over the output schema S” and s 1s a query over the input schema(s) S. Similarly, in a
semantic annotation @ we relate instances of a schema S with those of an ontology O via subformulas as and ag.

The basic idea of computing @’ = ¢g(a) is as follows: We would like to relate instances of the output schema S’
with instances of 0. Assume we can find instances of gs (in g) that imply certain instances of as (in @) to be true. For
these we then have established the desired relation between S’ and ©; we can denote this abstractly as S” Lso.

More precisely, consider g as a constraint of the form

o g = YVudv Ps (1) == s(it, V)

o o= Yidyas(d) - aplx, )

gy = Ps = Qi A AQu A Y
ws

and a of the form
a(X)= A A---NA = ap
_
g

Here, Ps- isalogic atom over the output schema S”. Similarly, the Q; and A are logic atoms over the input schemafs)
S: o and @p are first-order formulas. Note that we assume that all F-quantified variables (v and y above) have been
eliminated through Skolemization®, so that ¢ and & can be seen as (implicitely) ¥-quantified formulas with variables &
and %, respectively. In particular, we can assume that the variables & in g(i) are disjoint from the variables ¥ in a(%).

Observe that g can be written as a conjunction gy A -+ A gy A gy With g; = Ps» — Oy, and gy = Ps — . Now
assume that there is a substitution ¢ that unifies some atom Q;, and some A, i.e., Q;; =S A’;)." Then we can infer from
qi, = Ps» = Q;, and @ a new annotation constraint @; of the form:

rzfu = Pooaflas\Ap)T —af

where (s \ Aj,) is the conjunction Ay A--- A A; with A removed. Itis easy to show that the annotation a}n is implied
by g; and . In this way, by successively “resolving away” atoms A; from a's with matching atoms Q; from s, we can
obtain new semantic annotations ' that relate elements of the output schema S to those in the ontology O.

Example (Biodiversity Workflow)

Example 6 Consider the following query annotation expressed as a skolemized first-forder formula for the Seasonal
Comenity actor in Figure 2

(1) a:bioml|yr=r, seas=s, plt=r, qd=g, spp=p, bm=5h] —
a:biomlyr=r, seas=s, plt=t, qd=g, spp=p, bm=b]
A flaysscd|spp=gla)] A gla)=p

and semantic annotation (9) in Figure 4, expressed as the first-order formula
(2) xbiombm=v] — x[prorerTY=y:Biomass]
We can resolve (1) with (2) using the substitution o = {x— a, v — b}E, which results in the formula

(3) a:bioml|yr=r, seas=s, plt=s, qd=g, spp=p, bm=b] —
alrrem=h:Biomass] A flaysscd[spp=gla)] & gla)=p

Observe that we now have bm values for the output schemabioml semantically annotated as Biomass instances, linked
through the properTY role 1o corresponding tuples. We also gel some additional information, which can be viewed as
constraints over the input schema. These additional constraints can be ignored, bringing (3} into our standard form for
semantic annotations, which results in

(4) a:bioml|yr=r, seas=s, plt=t, qd=gq, spp=p, bm=b] —
alprorerRTY=h:Bromass |

We can further simplify (4) by dropping the attribute variables not used elsewhere in the annotation, giving

(5) a:bioml[bm=5b] — a[prorerTy=p:Biomass) o
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Family Example

Conjunctive Queries. We start with a semantic annotation with the signature a1 5 = 0

e p(e, p) = CHiLD{c) A PARENT(p) (ex)

. and a query annotation with the signature g: §':= §

* ge{y, x) - pl@, 2).p(2,y) (q)
To propatate the semantic type a through ¢, we need the “backward” (i.e.. left-to-right) direction of ¢':

o gely, @) » 3zp(x, 2) Ap(z.4) (40)
Before we chase g, with o, we eliminate the 3-quantifier via Skolemization:

e gely,x) = pla, folr,u)) Ap(faz, ), u) (ay)
We can resolve (o) and (g;) via the substitution oy = {e—=e, p—f.(2,y)} resulting in:

e ge(y, o) = Cin(z) A PARENT(f.(x.y)) Ap(f:(x,¥). 1) (ress, (o, qy))
We can apply « again, now with oy = {e— f.(x,y), p—ry} resulting in:

o goly, ) = CHILD(x) A PARENT(f.(x,y)) A CHILD(f.(z,y)) A PARENT(y) (resg, (o res, (o, qp)))

Observe how this result is in the desired form o : §* — . We now know that = and y are instances of CHiLD
and PARENT, respectively. Indeed x is the grandchild, y is the grandparent. We also get some additional
information (that we might choose to ignore). i.e., that there is some instance f.(x,y) who is both a CuiLp
and a PARENT (as it turns out, this is the intermediate parent, establishing the link between the grandchild
and grandparent).
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