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Main Challenges

« |dentify and reuse only the parts of SNOMED CT that
are relevant

— used existing tools from different Al communities

« ontology creation from a relational DB, ontology
matching, module extraction

— designed a flexible framework that goes beyond our
use case (github.com/IBM/ontology-enriched-query-answering)

* Answer queries expressed over the vocabulary of
SNOMED CT using our database

— Two main approaches exist:
— Materialization:

» Materialize a universal solution (once) using the
chase procedure

» Use the universal solution to compute the certain
answers on arbitrary CQs over the target schema

— Query Rewriting: Keep the original data, but rewrite
user query when it is submitted before evaluating it
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@ Ontology Creation
— Generate an ontology T, from a given relational DB
» includes functionality, domain and range
@ Matchings Generation

— Find matchings between the generated ontology T,
and an external ontology T, (e.g., SNOMED CT)

@ Module Extraction

— Retain a small subset (T’,) of the external ontology
that is relevant to a signature of interest S

— We determine S based one the matchings of Step 2
@ Unifying the TBox

— Merge the ontology T, with the S -module (T’,)

— for merged terms, use the names specified in T’,
® Query Answering via the Chase

— Use input relational schema as source schema S

— Use the unified TBox as target schema T

— Generate st-tgds, t-tgds, and t-egds fromSand T
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Chase Termination
Expressivity of the Unified TBox: acyclic ELFH/4"

« TLJH extended with domain and range, and limited

functionality:
e functional roles not allowed on the RHS of axioms

« Classic acyclicity definition extended with additional

conditions for domain, range and functionality
«E.g.: AC 3r, rng(r) E A (acyclic under the ELH
acyclicity conditions, but results in infinite chase)

st-tgds: From every relation R of the source schema S
R(Xq, ) Xn) = R'(x1) AR™2 (1, %2) A ARV (xq, X7),
where x; is the primary key of R, and R’, R'Y/ are fresh

relation names.
If (R, R”’) € C, we replace R'(x,) above with R"'(x,).

t-egds: Every functional role r gives rise to the t-egd
r(x,y) Ar(x,z) >y =z

t-tgds: For every EL concept C, there isa CQ g (x) with a
free variable x, s.t. C(x) = q-(x)
— Case 1: q¢(x) =3y (¥, x),
where y is a non-empty tuple of variables
— Case 2: qc(x) = A;1(x) A= ANA,(x),
where 4;(x), ..., A,(x) are concept names
The tgds arising from an ELJH/4" terminology have one of the
following 7 types:
1) Ax) - Iyec(,x)
2) Alx) > A (x) A--ANAL(x)
3)  9c(,x) > Alx)
4 A A NAp(x) > Ax)
5) nkxy) - nky)
6) rxy)—-AX)
7). r(xy) = AQY)

(A E C, where C is of Case 1)
(A E C, where C is of Case 2)
(C E A, where C is of Case 1)
(C E A, where C is of Case 2)
(rnE1)

(dom(r) E A)

(rng(r) E A)

Theorem: Let T be an acyclic ELIH4" terminology and let

X(T) be the associated set of tgds and egds.
Then X(T) is C-stratified.
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Experimental Evaluation

Input DB (MDB): 62 relations, 158FKs, 500k+ tuples
Ontologies:

« MDB ontology: 49 concepts, 170 roles (156 funct.)
 SNOMED CT: 356k concepts, 119 roles (0 funct.)

* 12 matchings identified (i.e, 12 elements in S)

* S -module in SNOMED: 35 concepts, 7 roles

« Unified TBox: 72 concepts, 177 roles (156 funct, 170
with domain and range)

Chase: 62 st-tgds, 154 t-tgds, 156 t-egds

15 queries selected from system logs Jan-Jun 2019
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(just renaming) (using our framework)

Chase execution time: 1,676ms (done once, offline)
QA times: 64ms on average (min: 1Tms, max: 576ms)

Space overhead: from 62.3MB (source instance) to
77.5MB (chase output)

Our framework is beneficial for two types of queries:

* (CQs whose conjuncts all appear in MDB, but we
learned something new about them from SNOMED

« (CQs with some conjuncts unknown
« could not be answered originally
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