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Adam Sandler [ ATHENS | N AKRON|
There is an Athens in Georgia and in Greece. Wich
destination did you want?
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I"msorry, | didn't catch that. There is an Athens in



g User: Georgia[ GECRA A]
o System A flight from Athens...\WWere do you want to go?
10 User: Sart over [ START OVER]
1n System Do you really want to start over?
12 User: Yes[ YES]
13 System What city are you |l eaving fronf
1 User: Hamilton, Ontario [ H LTON ONTARI
15 System Sorry, I'mnot sure | understood what you said. Were
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System Semantic error rate
CMU Communicator [12] 32%
CU Communicator [50] 27%
How May | Help You [71] 36%
Jupiter [23] 28%
SpeechActs [74] 25%

Table 1. Proportion of utterances containing understanding errors in various spoken

dialogue systems
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! Other sources of understanding errors exist besides the recognition process. Parsing (i.e. grammar coverage)
errors can lead to misunderstandings or non-understandings as well. High-level interpretation, reference
resolution, and intention recognition can also create similar problems. Nevertheless, in most spoken dialogue
systems, the largest proportion of errors stem from the speech recognition process[8, 12].
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2 The system’s belief over a concept will be represented as a probability distribution over the set of candidate
values for that particular concept.
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SUPPORT WORK
Developed a modern dialogue management framework and used it to construct several spoken dialogue
systems spanning different domains and interaction-types. The framework and the developed systems
will provide the infrastructure for evaluating the proposed error handling approach.

1. - RavenClaw Dialogue Management Framework
Completed Developed a state-of -the-art dialogue management framework for complex, task-oriented
domains.
2. - RavenClaw-based Spoken Dialogue Systems
Completed Developed several RavenClaw-based spoken dialogue systems spanning multiple

domains, tasks and interaction types.

PART | —INDICATORS

Develop a set of indicators which can reliably track how well the dialogue is proceeding. (These
indicators will constitute the evidence for the error handling decision process)

- Confidence Annotation

3.

Completed Created an accurate confidence annotation mechanism by leveraging multiple sources of
knowledge in a spoken dialogue system. The confidence scores will provide a starting
point for constructing system beliefs over concept values.

4 - Updating Beliefs over Concept Values
PROPbSED Develop a model for updating system beliefs over concept valuesin light of initial
—_— confidence scores and subsequent user responsesto system actions.

5 - Portability of Confidence Annotation and Belief Updating Schemes

Exten.si on Study the portability of the confidence annotation and belief updating mechanisms across

various tasks, domains and interaction types.
- Non-under standing Indicator s and Dialogue-on-Track Indicators
6 Construct a set of indicator s which carry information about the potential sour ces of
PROPbSED non-under standings (non-understanding indicators), and a set of indicatorswhich

describe how well the dialogue is proceeding within the scope of a given discourse
segment (dialogue-on-track indicators).

PART Il —STRATEGIES
Develop alarge number of conversational error handling strategies. (the strategies will constitute the set
of actions for the error handling decision process)

7.
PROPOSED

- Conversational Error Handling Strategies

Investigate and construct task-independent, reusable implementationsfor an
extended set of conversational error handling strategies.

PART |1l —DECISION PROCESS

Develop a decision process that can choose among the error handling strategies developed in Part 11,
based on the indicators developed in Part |

- Error Handling Decision Process

8.
Develop a task-independent, adaptive and scalable data driven approach for
PROPOSED . . > X
- learning error handling policiesin spoken dialogue systems.
9 - In-depth Evaluation of Reusability and Adaptability
Exten.si on Perform an in-depth evaluation of the reusability of the proposed error handling decision

process

Table2. Summary of work itemsin the proposed research program
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* | introduce and use the term concept instead of the traditional term slot, in order to accentuate the difference
between the task-oriented dialogue management framework (such as RavenClaw) and the form-filling dialog
management approaches in which dots are typically used. The concepts in RavenClaw have a richer
representation and set of operators, not commonly encountered in slot-based systems. For more details, see[7]
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Dialogue Task
Specification

OnName

Dialogue Engine

; Error Handling isi
Indicators > Decision Process pecision > BxlicitConfirm(Narre)
AskName
Login
RoomLine

Error Handling Dialogue Stack

Strategies

ExplicitConfirm

Figure 1. RavenClaw Ar chitecture: the figure illustrates the separation between the
dialogue task representation (on top) and the Dialogue Engine (on bottom).
The dialogue task is an excerpt from RoomLine, a spoken dialogue system
that provides assistance for conference room reservations. The figure also
illustrates the operation of the error handling mechanisms in the underlying
Dialogue Engine.
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Name Description Interaction- | Dimensions

type

LARRI [6] Multi-modal spoken dialogue system that provides Guidance # agents. 61+
assistance to F/A-18 aircraft mechanics performing through # concepts: 31+
maintenance tasks (developed by D. Bohus, A. procedural
Rudnicky, Y. Sun, K. Patel) tasks

CMU Let'sGo!! | Telephone-based spoken dialogue system that Information # agents: 44

Bus Information | provides an information access interface for Access # concepts: 27

System [45] Pittsburgh bus routes and schedules (developed by
A. Raux, B. Langner)

RoomLine Telephone-based spoken dialogue system that Information # agents: 50
provides assistance for conference room reservations Access # concepts: 20
and scheduling in the CMU School of Computer
Science (developed by D. Bohus)

TeamTak [62] A spoken language command-and-control interface Command # agents: 26
for ateam of robots; the system is focused on multi- and Control # concepts: 10
party conversations and asynchronous behaviorsin
dialogue (developed by T.K. Harris, S. Banerjee, J.

Sison, S.P. Kishore, K. Bodine)

Eureka[46] System that explores the use of dialogue to overcome | Information # agents: 47
the difficulties of providing access to a web-search Retrieval # concepts: 19
service over the phone (developed by A. Raux)

Table 3. RavenClaw-based spoken dialogue systems devel oped to date
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® We regarded the confidence annotator as a detector for misunderstandings; correctness was defined at the
semantic level.
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1. | System belief: New York /0.6
System action: Did you say you wanted to fly out of New Y ork?

(Explicit Confirmation)
Decoded result; Newark / 0.6 ; New York / 0.35

{NewY ork/0.6} + Explicit Confirmation + {NewArk/0.6; NewY ork/0.35} = ?

2. | System belief: Boston /0.7

System action: When do you want to leave?
(Next Task Action)

Decoded result; Boston / 0.75

{Boston/0.7} + Next Task Action + {Boston/0.75} = ?

3. | System belief: Austin / 0.7; Aspen/0.2
System action: from Austin... When do you want to leave?
(Implicit Confirmation)
Decoded resuilt: [ _non_understanding_] + Bargeln

{Austin/0.7; Aspen/0.2} + Implicit Confirmation + {}/Bargeln = ?

Table4. Three examples of the belief updating problem: given an initial system

belief, a system action, and the recognition results for the user’ s response,

how should the system update its belief about the departure location?
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Figure 2. Potentia structure for adynamic belief network which models belief
updates over the top-N candidate values for a concept (only a subset of the
user response nodes areillustrated)
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Name Level Description
RecoConf Recognition The confidence score of the recognition
NoWords Recognition Indicates whether the recognition result contains any words
(or just acoustic non-lexical events)
SNR Recognition Signal-to-noise ratio for the channel
NoParse Parsing Indicates whether or not the language understanding layer
formed a semantic representation of the input
ParseFragmentation | Parsing Measures the parse quality in terms of fragmentation
ParseCoverage Parsing Measures the parse quality in terms of how much coverage it
provides for the user’s utterance
BlockedMatch Interpretation | In case there is a parse, indicates that the non-understanding
occurred because the semantic input matched a system
expectation that was currently blocked (i.e. the system was
not open to talk about that subject at that point in time)
NoMatch Interpretation | In case there is a parse, indicates that the non-understanding
occurred because the semantic input did not match any
system expectation

Table5. Some non-understanding indicators.
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Goal

Type of problem
addressed

Dialogue
Entity

Strategy Name
Example

I mplementation

Expected

Status | Giticulty

Ensurethat the
system oper ates
with reliable
information

misunderstandings

Explicit Confirmation
Did you say you wanted to fly from Pittsburgh?

Finished

Implicit Confirmation
from Pittsburgh ... When do you want to fly?

In
progress

Concept

Disambiguation (*)
Did you want to leave from Boston or Austin?

Difficult

Ask Repeat Concept (*)
Can you tell me again where were you flying from?

Easy

Reject Concept
I'msorry | don't think | understood the city name

Easy

Ensurethat the
dialogueison
track, and
advancing
normally towards
itsgoals

non-understandings
and problems at the
discourse level

Switch Input M odality
Can you please dial that number on the phone pad?

Easy

SNR Repair
| think thereis a lot of noise on the line. Can you
please move to a quieter environment?

Moderate

Ask Repeat Turn
Can you repeat that please?

In

progress Easy

Ask Rephrase Turn
Could you please rephrase that?

In

progress Easy

Notify Non-under standing
I"'msorry, I'mnot sure | understood you correctly

Finished

Explicit Confirm Turn
Did you mean you wanted to fly tomorrow?

Difficult

Turn

Targeted Help (*)

To make a hotel reservation, you could try something
like“1'd like a hotel in San Francisco”

Difficult

WH-Refor mulation (*)
You said you wanted a hotel where?

Difficult

K eep-a-word Reformulation (*)
What about Pittsburgh?

Difficult

GenericHelp
Here are some tips for a smooth interaction...
Please speak clearly and naturally. If you wish to
make a correction just restate the new information ...

Easy

You Can Say ...
You can say a city name, followed by a state name, like

‘Austin, Texas . To hear other things you can say at
this point, say ‘More'.

In

progress Easy

Restart (Sub)Task Plan

Okay, I'msorry I'ma bit confused. Let'stry this
part again....

Difficult

Topic

Select Alternative (Sub)Task Plan
Okay, let' stry thisin a different way. Can you first
tell me the state?

Moderate

Start Over
I'msorry | ama hit confused. I' m afraid we will have
to start over.

Finished

29




Terminate Session / Hand Over

I'msorry | got a bit confused. | will transfer you to Easy
an operator now.

Table6. System-initiated conversational error handling strategies, the strategies
marked with a star (*)will be implemented only if the time constraints will

alow it.
Strategy Name I mplementation
Example Ex
pected
Status | itficulty
Help .
Help! Finished
Where Are We _
Where are we? Finished
Start Over _
Can we start from the beginning? Finished
Scratch CI:oncept Value . Difficult
You' ve got the wrong city name!
Go Back g
No, | didn't mean that%s Go back! Difficult
Channel Establishment _
Hello! Helo! Areyou still there? Finished
Suspend / Resume .
Suspend! Finished
Repeat .
Can you say that again? Finished
Summarize . Moderate
Summarize!
Quit -
Bye bye! Finished
Table 7. User-initiated conversational error handling strategies
# rn $ = 1
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® A simple metric which can be used to measure efficiency is the percentage of times that the next turn contains
another non-understanding. Other metrics, involving the lengths of the error segments can also be envisioned.
’ Other factors, such as interaction type, user population, etc. might also affect the efficiency of each strategy

31



- , # | '
8 # ! ! # ! !
% ! " % / 3 02+
'3 # # # ! # "
# $ ! # oo # !
! 'K #
! I # % # # &
- # | | W #
# ! % |
- % # ' - | ## # ! #
& # ! % ' - #
I I+ $ B ! #
- # $ #
" " A # % # M, % !
" % ! $ # & " %
- # | # !
! ! # %
- # ! " # & " A # %
" # 1" B ! " # # !
! B
! $ >*K % ! / 02 - !
+ - D # ] 0
% - ! & A #
1 ! " | # ! ' ! " %
! " " I # ' ! &
! 3 A # &
! 3 # ! ! !
#1 1 "1 'E | |
| n I # % |
B % ! %'
! # # B | #
I ! % - #
| # | - | | #
! ! ! B # K
" I I "
' | ! |
" A ! H B #$ !
H B 1 |
- "o ! | " o
- ! # ! # %
| | - ! R | | | | #
# ! | #t ! '

8 Some of the RavenClaw-based spoken dialogue systems have a much larger number of concepts: RoomLine
uses 20, CMU Let's Go!! Bus Information System uses 27, LARRI uses over 31 (the task grows dynamically)
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° The idea of decoupling task specific control decisions from error handling decisions and focusing the
reinforcement learning on the latter also appears in Konrad Scheffler’s Ph.D. thesis on automatic learning of
dialogue strategies [52] as a subject for future work.

0 Note that both the figure and the following discussion make reference to the RavenClaw dialogue
management framework. The proposed approach can nevertheless be implemented in any dialogue management
framework that exposes a notion of concept (i.e. slot, attribute), and a notion of topic (i.e. discourse segment).
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Figure 3. Structure of the proposed Gated-M DP model. At each time step, each of
the MDPs running on the concepts and topics in the dialogue task tree
forwards at their suggested action to a gating mechanism, which ultimately
decides which action will be performed by the system.
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™ 1n RavenClaw, the request dialogue agents occupy terminal (leaf) positions in the dialogue task tree. Their
roleisto ask the user a question (or present some information) and then give the turn to the user.
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# L}
State variables Actions
C (confidence level): EC — Explicit Confirmation
VL (very low, ¢ <0.2) IC — Implicit Confirmation
L (low, 0.2 <c<0.4) R — Reject Concept
M (medium, 0.4 < ¢ < 0.6) NoA — No Action

H (high, 0.6 < ¢ < 0.8)
VH (very high, 0.8 <c)
V (value)
1 — at least a candidate value exists
0 — no candidate value exists

No R NoA NoA R NoA R NoA

NoA

Figure 4. Sample structurefor a concept-M DP: the model has 4 actions and 6
states corresponding to five levels of confidence on the top candidate value
and whether or not there is a candidate value (for clarity, the transitions are
not illustrated; they go from every action to every state).
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Figure 5. Two possible reward structures for gated MDPs. In thefirst case (a), the
reward is global, and appears after the gating mechanism. In the second
case (b), the reward is defined locally for each MDP.
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12 These two baselines require additional data collection efforts.
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