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Overview

• Motivations
• Uses of ontological information

– for dialogue structure
– for interpretation

• Case studies:
– Referrals for cancer patients
– Home information and control

• Relationship to ISU
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Motivations

• Current systems: 
– hard to write and maintain 
– especially for complex/changing domains 

• Need to 
– separate out domain knowledge
– provide generic dialogue behaviour rather than all 

possible interaction paths

• Aim to move from fixed dialogues to naturally 
interactive systems
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Natural Interactivity

• Exploit the advantage of language in allowing mixed 
system and user initiative (natural interactivity)      
– go beyond forms and menus

• Menu paradigm
– S: Which service do you want: entertainment, control …

• Form filling
– S: Which film … S: How many tickets …

• Command line paradigm
– U: Set the vcr to record bbc1 from 3pm to 5pm

• Mixing command line / menus/ forms e.g.
– U: Set the vcr to record from 3pm to 5pm
– S: Which channel?
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Achieving Natural Interactivity

• Can we achieve flexibility by predicting all 
possible user initiated moves?

• Systems already have 100’s thousands of 
states

• Dialogue system design has to move from 
descriptions of an interaction to descriptions 
of a domain and of tasks
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Domain Knowledge

• Rather than full reasoning, see how far we 
get with limited knowledge

• Ontologies
– Usually contains an is-a backbone (taxonomy)
– Linking from concepts to terminology: terms 

and synonyms (thesaurus)
– Other relations e.g. is-part-of between concepts
– Usually less expressive than full FOL to ensure 

tractability of reasoning.
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Ontology-Based Dialogue

• Ontologies have been used in dialogue system for 
particular components  e.g.
– to decide how to word prompts
– to do reasoning to determine meaning of utterances

• In Ontology-Based Dialogue the ontology is 
central
– ontology drives interpretation, generation and the 

interaction
– dialogues are generated automatically from tasks and 

the ontology
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Architecture
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Dialogue Structure

• Ontological knowledge for
– Underspecification / overspecification
– Utterance ordering

• Informational/Intentional structure
• Differences from Monologue
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Separation of Ontology from Dialogue Structure

• Copes with differences in expectation between the 
system and the user

• Access knowledge at run time to allow:
– under-specification

S: Do you have a family history of chronic disease?           
[system expects: lung cancer, leukemia etc.]

U:Yes, cancer                  hypernym of lung cancer, leukemia
S: What type of cancer? 
U: Lung cancer is-a cancer

– over-specification
S: Where are you experiencing pain? 

[system expects: arm,chest]

U: My elbow                    part-of arm
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Separation of Ontology from Task Ordering

• Ontological knowledge used for precise ordering

• Follow a question with any appropriate elaborations c.f. text structure

Age

Gender

Smoker

Discharge 

Bloodstained 
discharge

S: What is the patient’s age?

elaboration

U: 35, female, with nipple discharge

S: Is the discharge bloodstained?

U: Yes

S: Is she a smoker?
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Intentional Structure

• Intentions underlying dialogue segments can 
be derived from tasks in the domain plan

• Dominance
– G1 DOM G2 if G2 sub-serves the goal of G1

– Derives from task decomposition in domain plan

• Satisfaction-Precedence
– G1 SP G2 if G1 must be satisfied before G2

– Derives from task preconditions in domain plan
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Information Structure

• Relations between the propositional content of 
utterances

• Can be derived from ontology

B: Ok B: And is it 
bloodstained?

A: YesA: She has some 
nipple discharge

elaboration
NIPPLE DISCHARGE BLOODSTAINED NIPPLE 

DISCHARGE
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Intentional/Informational Structure

• Intentional structure kept as underspecified as 
possible
– only order elements in a plan if absolutely necessary

• System respects intentional structure, and tries to 
maximise coherence using informational structure 
– perform elaborations as close as possible to their heads
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Monologue vs Dialogue

• Any new topics can be elaborated by the other speaker 
without a marked construction, whether or not they are on 
the right frontier 
S: What are the patient details?
U: Female, severe nipple discharge, family 

history of cancer
S: And, is it a bilateral nipple discharge? 
…..

• For monologue, a single speaker has a full informational 
structure so elaborates a.s.a.p
??I have a female patient. She has nipple discharge. She has a family history 

of cancer. She suffers from bilateral discharge. Her mother was diagnosed 
with ovarian cancer at age forty-five
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Relation to Other Approaches

• Asher & Lascarides
– elaboration as a step towards a goal
– we have subject matter elaboration more c.f. RST

• QUD
– elaboration used for ordering only when two 

questions posed simultaneously

• GODIS 
– plan is a list: no structure or recourse to 

ontological relationships during the dialogue



����������	
17

Interpretation

• Ontologies for Robust Interpretation
• Ontologies for Definite Reference
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Interpretation: Standard Pipeline

acoustic input
speech recogniser

string of words                            “turn on the kitchen light”
parser              

parse tree            [turn [on]P [the [kitchen light]N]NP]VP

compositional semantics

semantic interpretation                turn(on,l1) | in(l1,k1) & light(l1) & kitchen(k1)

reference resolution & disambiguation

contextual interpretation              house on light-5
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Breaking the pipeline

• Consider:
Turn on all the lights and the kitchen

• Aim to get the reading
Turn on all the lights in the kitchen

• Need to avoid decisions based on syntactic & 
acoustic evidence alone 
– pass on all readings for fragments and full parses e.g. 

packed/underspecified representations 
or
– bring in contextual/semantic information early in parallel 

to syntax



����������	
20

Example ontology usage

light ....  back ...  bedroom

• general ontological knowledge suggests a 
device in a room

• specific knowledge about the house allows 
choice of “back bedroom” vs “back light”
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Semantic-Based Composition

• Put items together if there are appropriate 
relationships in the domain

• Compositional: can make arbitrary combinations 
of concepts e.g. first floor back bedroom ceiling 
light

• More general and easier to reconfigure than 
keyword spotting approaches

• Set of individual relationships between indexes 
can be converted into a traditional representation 
if required
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Semantic-Based Composition Example

i3:bedroom

b1 b2

[ortn(b1,i2)]back
[in(11,b1)]light

[in(l2,b2)]light

i2:back

i1:light

[ortn(b1,i2)]bedroom
[ortn(b1,i2)]bedroom[in(11,b1)]light

[in(l1,b1)]bedroom
[in(l1,b1)]bedroom[ortn(b1,i2)]back

l1 l2
[in(l2,b2)]bedroom
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Relationship to Syntax

• No longer syntax proposing, and semantics filtering: 
syntax and semantics are both proposing connections

• Use bracketing supplied by linguistic information when 
available and helpful 
– Turn on all the lights except in the kitchen

• Competition/reinforcement possible 

• Can this help with phenomena in human processing?
– Asyntactic comprehension

• the cake ate the boy

– From incremental processing to prediction e.g.
• the boy will eat [the cake]
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Reference Resolution

• Going down the “is-a”, “is-part-of” or “in” 
hierarchies determines the situation in which we 
evaluate definite references

• S: Which room?
• U: The back bedroom
• S: Which device?
• U: Turn the tv to channel 5

• The context or “situation” can be defined by
– a class of action e.g. cinema booking
– a class of disease
– an entity e.g. the back bedroom
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Ontology-based dialogue for cancer applications

• Developed by Cancer Research UK
• EU Homey Project: Home Monitoring through an 

Intelligent Dialogue System
• Integrating dialogue systems with decision 

support, agents, process specification 
• To provide dialogue systems for helping with 

cancer care 
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What is challenging

• Ontologically rich domain
• Integration with an existing large-scale 

medical ontology
• Integration of guideline enactment engine 

and dialogue manager – not just information 
seeking
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S: what is the patient's age?

U: she is 30 and she has a nipple disorder
S: ok, what type of nipple disease does the patient have?
U: what do you mean?

S: for example: nipple anomaly or nipple discharge
U: ok, she has some nipple discharge
S: ok, and is it a bloodstained nipple discharge?

U: yes, and she has a lump
S: do you mean a breast lump?
U: yes

S: ok, does the patient have a nipple anomaly?
U: what do you mean?
S: for example: congenital absence of nipple or congenital deformity of nipple

U: no 

Example Dialogue

System clarification

User clarification

System provides explanation 
based on task specification

System elaboration

System clarification

User clarification

System provides explanation 
based on ontology
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PROforma Process Specification & 
Enactment Engine
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Breast Cancer Ontology
Breast Cancer Ontology Fragment (Total c.100,000 co ncepts) REPRODUCTIVE SYSTEM AND BREAST DISORDERS

IS_A
WOMAN WITH POSSIBLE BREAST CANCER HYPOTHESIS DISEASE OF THORAX

HAS-HEALTHCARE-PHENOMENON IS_A
IS_A IS_A BREAST FINDING

BREAST CANCER HYPOTHESIS BREAST DISEASE

IS-HYPOTHESIS-OF IS_A IS-RANGE-OF-DOMAIN-OF

MALIGNANT NEOPLASM OF BREAST BREAST SPECIALIST

IS_A IS-SPATIAL-PART-OF

MALIGNANT NEOPLASM IS_A BREAST STRUCTURE
IS_A

HAS-WE-STATE IS_A IS-CONSEQUENCE-OF

MALIGNANT NEOPLASM BREAST CANCER STAGE I

IS_CREATIVE_RESULT_OF

NEOPLASTIC PROCESS ADVANCED BREAST CANCER ADVANCED

IS_A IS_A
HAS-HEALTHCARE-PHENOMENON HAS-WE-STATE

ADVANCED CANCER
CANCER PATIENT

IS_A IS_A

PATIENT BREAST CANCER PATIENT



����������	
30

Task Knowledge vs Domain Knowledge

• Task knowledge embodied in other agents e.g. 
guideline enactment engine

• This knows which tasks have to be performed 
when

• Enactment engine and user can both create tasks
• If enactment engine requires information, asks for 

several pieces of information in one go. Leaves 
exact ordering for the DM

• DM uses ontology to order for maximum coherence
c.f. elaboration in RST
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Uses of the ontology

• Recognition
– use terms to create dynamic language models e.g.

• expected concepts:      cyst, skin ulcer
• hyponyms:                blue domed cyst
• hypernyms:                  ulcer
• synonyms:                   skin ulceration

• Interpretation
– map synonyms to concepts

• Generation
– use of upper ontology to decide on the use of templates
– use of preferred terms

• Dialogue management 
– dealing with under/over specification
– dialogue coherence (ordering according to relatedness)
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Ontology-Based Dialogue 
for Home Information and Control

• Developed by Linguamatics
• To provide a dialogue system which is 

dynamically reconfigurable
– new devices can be added
– user can subscribe to new services

• To allow for asynchronous device input
The smoke alarm has gone off

• To avoid unnatural scripted dialogues
Which kind of device do you want to turn on or off?
Which room is the device in?

• To provide flexible multi-modal interaction for all 
users including elderly and disabled
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Challenges for Dialogue Systems in 
Home Control & Information

• Scripted dialogues are particularly unnatural
Which kind of device do you want to turn on or off?

Which room is the device in?

Do you want it on or off?

• Need to cope with asynchronous device input
The smoke alarm has gone off

• Need to be able to reconfigure, even dynamically
• Different rooms, device locations
• New services, new devices

• Changing services
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S: What service would you like?

U: Home control
S: What kind of home control?
U: Is the cooker on?

S: Checking ... the cooker is off. Warning the smoke detector has been triggered
U: Reset it
S: The smoke detector has been reset and is on

U: Turn the television to channel four
S: Would you like bedroom tv or lounge tv or both?
U: both

S: OK, switched the lounge tv to channel 4 and front bedroom tv to channel 4
U: Top
S: What service would you like?

U: cinema booking
S: Which film?

Example Dialogue

User initiative

System initiative: high priority

System Clarification

Multiple events

Over specified answer
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Uses of the ontology

• Recognition
– use terms to create dynamic language models 
– reconfigure statistical language models via dynamic 

population of classes

• Interpretation
– semantic-based composition

• Generation
– use of ontology to generate definite descriptions

• Dialogue management 
– dealing with under/over specification



����������	
36

Ontology for DM

• Overspecification: Skip menu structures 
– S: Which service: entertainment, finance etc.
– U: Cinema booking

• Underspecification:System clarifications
– U: Turn on the light 
– S: Which light, the bedroom light or the kitchen light?

• Multiple inheritance: Hidden menus 
– S: Which service: entertainment, finance etc.
– U: Booking
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Ontology issues

• Semantics inspired ontology vs terminologically 
inspired ontology
– do not try to capture all possible complex concepts e.g. 

“kitchen light”
– instead have “kitchen”, “light”, “in”

• k1 is a kitchen, l1 is a light, l1 in k1

– avoids sparseness problems e.g. 
“kitchen light”,“ceiling light”, and “kitchen ceiling light”

– requires relations between individuals and properties
• b1 has-orientation back
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Home ontology

top

location

room

bedroom

b1 b2

device

light

l1 l2

relation

orientation

back front

inhouse

h1

h1

b1 b2

l1 l2

������
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Reconfigurability 

• Have we completely separated out domain knowledge? 
– Some domain specific tailoring of language models

• Some of the wrapper grammars e.g. “I have a patient with _”
• Statistical language model

– Generation templates 

• Have we achieved plug and play?
– new devices can be added (c.f. EU D’Homme)

– can reconfigure the home itself

– new classes of device and new services even at run-time 

– not just changing ABox information, but also TBox 
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Relation of these systems to ISU

• System state is structured c.f. a mental model of a dialogue participant
• This structure determines what happens next, but does not encode a 

full dialogue history
• Dynamic State

– Home Control System: 
• Stack of partial functions + context path
• Ontology (instances (ABox), and terminology (Tbox))
• Next question can look inside the functions - not limited to top of stack (unlike 

plan in GODIS)

– Cancer Referral System: 
• Dialogue gameboard + plan (tasks & data) 
• Gameboard is a tree (not a list as in GODIS plan) and next user utterance can 

be attached to any node in the tree

• Static State
– Cancer Referral System: 

• Ontology terminology (TBox)
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Conclusions

• Ontology based dialogue systems
– enable flexible multi-modal dialogue 

management using limited domain knowledge 
– enable hand coding to be replaced by generic 

interaction management + domain knowledge

• Contributes to discussion of
– dialogue vs monologue
– syntax/semantics interface
– reference resolution in context
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