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Reasons to classify (1)

Managing Compositional ontologies / Terminologies

— “Conceptual Lego”
* Managing combinatorial explosions - the exploding bicycle

Empowering users

o “Just in time” ontologies
— Give the users the Lego set with limited connectors

Organising polyhierarchies / Modularizing ontologies
* “Normalising ontologies™
» Multiaxial indexing of resources

Providing multiple views -
» Reorganising the ontology by new abstractions

Constraining ontologies & schemas
« Enforcing constraints
* Imposing policies

— For clinical Statements with SNOMED entries
In request mode  context is request




Reasons to classify(2)

e ‘Matching’ instances against classes
— Resource/service discovery

— Self-describing storage
e ‘Archetypes’ & templates

* Providing a skeleton for default reasoning & Prototypes
(but not to do the reasoning itself)

— Molluscs typically have shells

» Cephalopods are kinds of Molluscs but typically do not have shells
— Nautiloids are kinds of Cephalopods but typically do have shells
» Nautilus ancestor are kinds of Nautiloids but do (did) not have shells

— Biology is full of exceptions




Classification 1s about Classes

« Classification works for
— QOrganising & constraining classes / schemas
— ldentifying the classes to which an instance definitely belongs

» Or those to which it cannot belong

« Classification is open world

— Negation as unsatisfiability
* ‘not’ == ‘impossible’ (“unsatisfiable™)
— Databases, logic programming, PAL, queries etc
are closed world

* Negation as failure
— ‘not’ == cannot be found




Reasons not to Classify

To query large number of instances

— Open world (*“A-Box’’) reasoning does not work over large
numbers of instances

If the question Is closed world
* E.g. “Drugs licensed for treatment of asthma”

If the query requires non-DL reasoning

* E.g. numerical, optimisation, probabilistic, ...
— Would like to have a more powerful hybrid reasoner

For Metadata and Higher Order Information

— Classifiers are strictly first order
» A few things can be ‘kluged’

If there are complex defaults and exceptions

— “Prototypical Knowledge”

* E.g. “Molluscs typically have shells™
— NB Simple exceptions can be handled, but requires care




Use instead

 To query large numbers of instances OR

If the query is closed world
— Queries / constraints over databases
— Instance stores / triple stores/ ...

— Rules
e DL-programming
« JESS, Algernon, Prolog, ...
— Belief revision / non-monotonic reasoning

« If query requires Non DL Reasoning

— Hybrid reasoners or ?2SWRL?
» No good examples at the moment

» For defaults and Exceptions & Prototypical Knowledge
— Traditional frame systems
» More expressive default structure than Protege

— Exceptions for classes as well as instances
» Qver-riding rather than narrowing




Classification to build Ontologies:
Conceptual Lego

gene

hand T g = K , protein

NIy cell

expression

body

Lung

chronic inflammation
acute _ infection

bacterial

abnormal

normal deletion polymorphism
Ischaemic




Logic-based Ontologies:
Conceptual Lego

“SNPolymorphism of CFTRGene causing Defect in MembraneTransport of Chloridelon
causing Increase in Viscosity of Mucus in CysticFibrosis...”

“Hand which is
anatomically
normal”




Linking taxonomies:
Conceptual Lego

\ Normalisation
Protein

\ Function
CFTRGene Iinh
\. Disease

Species Genes

Protein coded by
(CFTRgene & in humans)

Membrane transport mediate
(Protein coded by
(CFTRgene in humans))

Disease caused by
(abnormality in
(Membrane transport mediated by
(Protein coded by (CTFR gene & in humans))))




Conceptual Lego and Normalisation
Practical Example




Take a Few Simple Concepts & Properties

Asserted Hierarchy (cT o o 2
=) ol Thing |
§ (C) Dornain_entity

@ (C)Disease

@ (C)Breast_cancer
@BrCa_Breast_Cancer
u_i} Cstic_fibrosis
(ST HIY
@Eicl—:le_cell_disease
o @Gene
@Eﬂrﬁa_@ene
(C) CFTR_Gene
(C)G152_Gene
@ (C) Organism
@Human
@Mnuse
@ (C)Process
@Apnptusis
@G}rg.rgen_transpm’[

u_i}Trans_hﬂemhrane_lnn_transpnr’[

@ (C) Protein

@ (C) Haemaoglobin
@ () valuePartition

W= — oo T =y [ =R

'Pll] Properties |Dj [Of DJ (O X

|_|has nnrmalmr stalus
'E"@ls linked to - '
Lo @Helatmn pru;:remr
Lo @has_lmk_tu d {
@EEUEEE_ﬁiEEiEIEE =5 JISease Ccaus
10| codes_for - | for by
|0] has_function «

'.-'.'.-'.'.-'.'.-'.'.". .".'."."."."f.".".".".".".".i' ................

""""""" ]| | b

1

8]




Combine them in Descriptions
which can be simple....

l.lélrglr":gin_entity 7 Sickle_cell_disease
® (C)Disease 2
@ (C) Breast_cancer = ST R R
@Elr(]a_Elreast_Cancer
@ Crvstic_fibrosis
(S HIY
@Eickle_cell_disease

® (C) Gene il
(CIBrCa_Gene 2 fﬂsser’[ed Inferred | Abstract Syntax | Abstrai <] » |

C) CFTR_Gene 2 o
Q E || Asserted Conditions (F (RF 40 B I

() G162_Gene
o @Drganism |

(©) Hurnan i NECESSARY

(T Mouse 1] |cDisease
® (C)Process || |33 is_disease_caused_by Sickling_haemoglol |

(C) Apoptosis o

@Dwgen _transport

OTrans Membrane_lon_trans

Sickle cell dlsease IS a disease caused
some sicklingl haemoea|lellii

MECESSARY & SUFFICIENT




or which can be as complex as you like

1ol Thing
2 @Dnmain_entiw
@ (C)Disease
@ (C)Breast_cancer
@Eera_Elreast_Cancer
@ Cystic_fibrosis
(CIHIY
@Eickle_cell_disease
o @Gene
@ErCa_Gene
(C) CFTR_Gene
(C)G152_Gene
o @Drganism
@Human
@Mnuse

@ (C)Process

o |Cystic_fibrosis

rilfs camment

T Edit OWL Expression

Jis_disease caused by (Trans_Membrane lon_transport N
3 has_normality_status nonMormal M
dis_function_of (Protein M
Bis_coded_for_by CFTR_Gene))

3P e 0o &
©E e B & 6 0«

Cytstic fibrosisis is caused by some non-
normal ion transport that is the function of
a protein coded for by a CFTR gene




Add some definitions

Asserted Hierarchy EF

@nwl:Thing :
@ () Domain_entity || rdfs:comment
§ (ClDisease al
& (C)Breast_cancer
@Cystic_ﬂhrnsis gl
\C) Diseases_linked_to_CFTR | -
\C) Diseases_linked_to_Genes | -
S HIY Ik .
(© Haemoglabinopathy | (ﬂsser’[ed | Inferred | Abstract Syntax | Abstra:
(C) Sickle_cell_disease a2 " i (Fj '
_cell_ | :|  msserted Conditions )G CL @
§ (Tl Gene e .I@

(C)BrCa_Gene B @D
@CFTH_GEHE - isease
(C1G152_Gene | (3 3is_linked_to CFTR_Gene

& () Organism
@'Human

“Diseases linked to CFTR Genes”

|Diseases_linHed_tn_CFTH_genes

HECESSARY & SUFFICIEN

HECESSAR




We have built a simple tree

i5-a

.-'-----_ - -'-.\_' ..'"l-- .""'l .-"-- . N ---'-\. —_— ---'-.
Haemoglobinopathy | ¢ Diseases_linked_to_CFTR_genes ) | HIV ,;'I 'i Breast_cancer ) [ inbeed_ta_ Sickle_cell_tisease
— R L — B ey e e

BiGa_Breast_Cancer

easy te maimtain




Let the classifier organise it

P
i Dlieaie |

/\1

'f-l-laem-:lglul:lin-:lpath'g.r.-:} {JDIEEEIEEE linked_to_ Genes :' Etre-a:t cancer M} | HIv .ﬁ_l

Sickle_cell_idisease @Iinked_’m_ﬁFT@ BiCa_Breast Cancer
1




If you want more abstractions,

just add new definitions
(re-use existing data)

. L

HIv TI l’;iseases_linked_tu_f:venes:':' Disease _finked_to_abnoimal_protein?

v

Diseases linked ta_CFTR_genes

Bita_Breast Cancer



And let the classifier work again

Diseasze

is-3

'iil_&re- a:t_cance-[::} (::I_E::i_ie azes_linke d_tu_Gen:e_;_::'
— - g —
iS-3 is-a iS-3
BrCa_Breast_Cancer @Iinked_’m_ﬂFT@ i=-7 i=-7 Haemaglabinopathy
1 )
i5-a i5-a

Sickle_cell_disease




And again —

For a view based on species

Disease |

|5-3

¢ '-Diseases_linked_tu_Genes-::' 'i:_'_flisease_linked_tu_abnurlnal_pruteir-n_'_::'

YA V] AW

"f Ereast_cancerji g5 ja-7 g5 ii:f_f:'_i_s-%ase_linked_
-

g ! [:'iseases_linkecl_tn:u_genes_clescril:ecl_in_muuse jo-n  ( Diseases_linked_to_CFTR_genes amnnglnl:innpathy g5
—— _ v
BiCa_Breast_Cancer

Ty

5-2

i5-a
~
Sickle_cell_disease

5-2

=

[



And let classifier check consistency

A2 owl Thing
A9 (C) Domain_entity
: & (C)Disease
E"@Eireaat_cancer
@ Cyrstic_fibrosis

(S H
&= (C) Gene
&= (C) Organism
&= (C) Process
: &= (C) Pratain
| & (O valuePartition

(C) Disease_linked_to_abr
E‘-@Diaease_linked_tu_abr §§
@ (C) Diseases_linked_to_G :

(My first try wasn'’t)

Cystic_fibrosis

Property

rdfs:comiment

fﬂsaened rlnferred rﬁbstract Syrita rﬁbstract Syrita rﬁhstractE v | | [P]]] Properties

Assered Conditions

\':T‘if \f_“:j .|F) .:I:K ® 0| has_nor

E"@is_diseas

@ Disease

@ A is_diseaze_caused_by Trans_Memhrane_lon_transpor i 3 ha

NECEssaRY & SUFFICIENT | f @ (O] is_functio
NECESSARY [0]is_descrid

I|in

The intersection of
= any ohjectwhere same instances are dizease ¢
= any ohject which has a non normal as its narma
= any ohject where some instances are function o

= protein
= any ohjectwhich has a non normal as its no

= any ohjectwhere some instances are codec

Class

Changed superclasses

@ BrCa_Breast_Cancer
@ Cystic_fihrosis

C) Haemoglobinopath

Added Diseases_linked_to_genes_described_in_mause
Inconsistent
@ Diseases_linked_to_CFTR_ger..Moved from Disease to Diseases_linked_to_Genes
@ Diseases_linked_to_agenes_de...Moved from Disease to Diseases_linked_to_Genes
Moved from Disease to Dizease linked to_abnormal_protein




Normalising (untangling)
Ontologies

Structure

Structure Part'wl:-lalr?ction Function

\ LA
iy

3

9|OyM-lJaed




Untangling and Enrichment

Using a classifier to make life easier

Substance

- Protein

- - ProteinHormone
- - - Insulin

- - Enzyme

- - - ATPase

- Steroid

- - SteroidHomone”
- - - Cortisol
-Hormone

- - ProteinHormone”?
- - - Insulin®

- - SteroidHormone”
- - - Cortisol®

- Catalyst

- - Enzyme”

- - - ATPase”




Normalisation & Quality Assurance

Humans recognise errors of commision easily

— Miss errors of omission

Classifiers convert errors of omission to errors of
commission

— Inadequate definitions create “orphans”

* BodyPart
Parts of Heart
Ventricle

Cardié.c.Septum

Classifiers flag errors of commision
— Over definition leads to inconsistency (unsatisfiability)




Enforcing constraints & policies

« A class with both necessary & sufficient and additional
necessary conditions acts as a rule

* The Unit testing Framework supports checking that
rules are enforced

Request_CD_ACT

Any Act with a mood code request must have
a Context Code request.

{Asserted " Inferred |

SUFFICIEN

3 has_CD CD_code_holder_for_request

= has_mood hlY:Reguest_mode_code




A Probe class to check a constraint

Probe_Request_mood_request_context_don oW
Request_CD_ACT iull rdfs:cq reli
Pu
s
- Mood request, context done
Any Act with a mood code request must have
a Context Code request.
[ Asserted | Inferred | { Asserted™ Inferred
| =
= P :
qr) &3 1
MECESSARY & SUFFICIEN \"-|.':|.':":""'.|""' :“r E'..| I |:||.'“'-
) hi7:Act _ | NECESSAR
3 has_CD CD_code_holder_for_request B hl7:Act | c
NECESSARY 3 has_CD CD_code_holder_for_done C
= has_mood hl7:Request_mode_code =2 has_mood hl7:Request_mode_code m

All Tests Passed

Type Source

Test Result
(o] () Probe_Request_mood_reqguest_context_done Expected consistecy (inconsistent) achieved

(v (0 Probe_Act_context_request_mode_event Expected consistecy (inconsistent) achieved



Skeleton for Defaults & Exceptions

beta blocker use of
S beta blocker P =8 asthma
in asthma

A
a

use of
e e & cardioselective : cardioselective
beta blocker beta blocker
in asthma

Experience: Normalised ontelogists |Iead e cleanraeiizmii
Inheritance




When to Classify

e ... butisn’t having a classifier an intollerable
overhead for the applications?

— It depends on the life cycle you choose

o Life cycles
— Pre-coordination
— Just in time coordination

— Post Coordination




Pre-coordination
If the terms can be enumerated In advance

&;‘1 — Classmer

Compller
Authors

(“high level language™
“Intermediate representations”)

Overwhelming the dominant I
pattern today.

L ™
“binary’ can be .‘
OWL Light RDF(S), &3@} &

XML Schema, OBO, ...

Users




Commit Results to a Pre-Coordinated

Ontology

Subeclass Relationship

Subeclass Relationship

Asserted Hierarchy @T : 4 ’E_‘l o|Inferred Hierarchy Ifjl g;
) owl Thing A} 20 ol Thing :
@= (C) Domain_entity : &= (C) Domain_entity :
e @ Probe_Catgories_for_demao_and_tes| &| &= @ Probe_Catgories_for_demo_and_te -
@ (C)YaluePartition | @ (2 valuePartition :
@ (C)valyeSelectar ; &= (C)valueSelector
| b
itk ik
Class | Changed superclasses
@Anﬂic_stenusis Added Disarder_of_FM&_hear =
@Aunic_valve Added Structural_parts_of _heart g
\C) Cardiac_chambear Added Structural_pars_of_heart 2
> .E:J Dizorder_of_FMA_heart Moved from Disorder, Probe_Catgories_for_demo_a.. §§§§§
*ﬁﬂ|@ Half_heart Added Structural_parts_of_heart £
Iﬂgsgrt;aele;:[éd chan EI{S}I| Added Disarder_of_Clinical_heart |
ﬂ[\__yl ST TC AT HTATTT g Added Clinical_parts_of _heart 4

| [c#C) Classification Results




Post coordination|
When there are combinatorially many potential terms

« “Lazy classification™ on demand

Big on the outside: small kerpelren theNnside
Avoid the explodingl bicycle




Post Coordination

L N [
L ¥ ;\ | Classifier
“% e ‘Compiler’
/S N

Authors

(& intermediate Termmology

representations)

But requires a classifier I

available at application time « o
‘3@@);&’

Users




A Compromise
Just iIn Time Coordination

‘EQ B Classifier
% ¥ ‘Compiler’
(& intermediate Terminology

representations) Services

Authors

Only the occasional new noetien
Requires classification -
need not be real time

‘g‘yé:j’

Users




Summary

 Why Classify

— Managing Compositional ontologies / Terminologies
» “Conceptual Lego”
 Empowering users - just in time classification
* Providing views & deferring decisions on abstractions
* Quality assurance

— Constraining concepts & schemas
— Providing a skeleton for default reasoning & Prototypes

 When to classify
— Pre-coordination
— Just-in-time coordination
— Post-coordination




Summary: When to Classify?
Applications do not need a classifier
to benefit from classification

e Pre-coordination
— If concepts/terms can be predicted
— When classifier is not available at run time

— When we must fit with legacy applications

e Post-coordination
— When a a few concepts are needed from a large potential set

— When a classifier is available
» and time cost is acceptable

— When applications can be built or adapted to take advantage







Skeleton for Fractal tailoring forms for clinical trials

7




More on Views

« A problem in the digital anatomist

— To an anatomist, the Pericardium and the Heart are
separate organs

— To aclinician they are part of the same organ

A disease of the pericardium counts as a kind of heart
disease




Represent context and views by
variant properties

art of

Organ «— — = 1s_p OrganPart

\

Pericardium eart— — — — — — —CardiacValve
Is_clinically part_of Is_structurally part_of

Disease of (Heart or part-of-heart)

Disease of
Pericardium




Protege-OWL alternative views

Disorder of “Clinical heart”
“Disorder of heart of any part of the heart”
(including clinical and functional parts)
- MECESSARY & SUFFICIENT
L Disorder IE|
.33 has_locus (Heartu (3 is_part_of Hear)

MECESSARY

Disorder of “FMA heart”
“Disorder of heart or any structural part of the heart’

- MECESSARY & SUFFICIENT
Ll Disorder
213 has_locus (Heart u (3 is_structural_part_of Hearty

MECESSARY




