
 

 

An Efficient Dialogue Control MethodAn Efficient Dialogue Control MethodAn Efficient Dialogue Control MethodAn Efficient Dialogue Control Method    under Systemunder Systemunder Systemunder System’’’’s Limited Knowledges Limited Knowledges Limited Knowledges Limited Knowledge    
    

Kohji Dohsaka, Norihito Yasuda, Noboru Miyazaki, Mikio Nakano, Kiyoaki Aikawa  

NTT Communication Science Laboratories 
 
 

ABSTRACTABSTRACTABSTRACTABSTRACT    

This paper presents a novel method that controls a dialogue 
between a spoken dialogue system and a user efficiently so that 
the system responds as helpfully as possible within the limits of 
its knowledge. Due to speech recognition errors, a system and 
user must engage in a “confirmation dialogue” to clarify a user’s 
request. Although a confirmation dialogue is unavoidable, it 
should be as concise as possible. Previous methods do not 
sufficiently allow for the effect of the limits of the system’s 
knowledge on the efficiency of dialogue. The result is 
unnecessarily long dialogues to confirm a user’s request 
minutely even if the request is beyond the system’s knowledge. 
This paper describes a method that controls a dialogue 
efficiently so as to avoid an unnecessary confirmation dialogue 
and presents a computational efficiency criterion for dialogue 
control within the limits of the system’s knowledge. 

1.1.1.1.    IntroductionIntroductionIntroductionIntroduction    
Systems in which a computer and a human user by speech to 
perform a task are called spoken dialogue systems. The recent 
advancement of speech and natural language technologies has 
led to the development of spoken dialogue systems in limited 
domains [4, 6, 10]. Speech has an advantage over other 
communication media. Human users can easily use a speech 
interface without learning how to manipulate a computer since 
the speech medium is commonly used in daily human-human 
communication and is familiar to human users. Thus, a speech 
interface can be regarded as an ideal one. However, there arises 
the serious problem of how to deal with speech recognition 
errors.  

Consider the situation where a user requests the system to 
provide information and the system conveys relevant 
information in response to the request. The system has to grasp 
the contents of the request from user’s speech. However, it 
cannot rely on the recognized items to identify the proper 
contents of the request since speech recognition errors may have 
occurred. Spoken dialogue systems tackle this problem by 
engaging the user in a dialogue whose purpose is the 
clarification of the user’s request. We call such a dialogue a 
“confirmation dialogue”. 

Confirmation dialogues are unavoidable due to speech 
recognition errors. However, a spoken dialogue system should 
avoid unnecessarily long confirmation dialogues if possible 
since a lengthy confirmation dialogue tends to vitiate the flow 
of the overall dialogue. The most disastrous cases are those 
where speech recognition errors occur during a confirmation 
dialogue, the errors perpetuating a ceaseless dialogue. 

An unnecessary confirmation dialogue typically occurs when a 
user’s request is beyond the limits of the system’s knowledge 
and the system attempts to confirm the contents of the request 
too minutely without reflecting on what it can do within the 
confines of its limited knowledge. This paper deals with cases 
where a system can understand a user’s request, but the system’s 
knowledge is not fine-grained enough to meet the whole of the 
user’s request. We are not concerned with other cases of system 
knowledge limitation, where a system cannot understand a 
user’s request because of limited vocabulary set, or cannot meet 
a user’s request because it cannot perform the task the user 
expects. 

Consider a spoken dialogue system for weather information 
retrieval in Japan. Assume that the system recognizes that a user 
has asked whether or not a heavy rain warning has been issued 
for Tokyo. Suppose also that the system has recorded no 
warning for any city or that it has recorded warnings for a few 
cities. This means that the system’s knowledge is not 
fine-grained enough to discriminate areas for which warnings 
have been issued from those for which no warning has been 
issued. In this case, the system has only to confirm whether or 
not the user’s request is an inquiry concerning warnings. It is 
unnecessary to carry out a confirmation dialogue to clarify the 
city and type of warning the user is interested in, since the 
length of the system response is almost the same regardless of 
that confirmation. The helpfulness of the system response is 
thus not affected even if further confirmation is not made. 

Previous methods do not sufficiently allow for how the limits of 
the system’s knowledge affect the efficiency of confirmation 
dialogues, and attempt to evoke unnecessary confirmation 
dialogues as described above. This paper describes a method 
that controls a dialogue efficiently so as to avoid such 
unnecessary confirmation dialogues and presents a 
computational efficiency criterion for dialogue control within 
the limits of the system’s knowledge. 

2.2.2.2.    Efficiency CriterionEfficiency CriterionEfficiency CriterionEfficiency Criterion    
To establish a computational efficiency criterion for controlling 
a confirmation dialogue, we propose two “dialogue costs”:  
“confirmation cost” and “information transfer cost”. The 
confirmation cost is the cost of confirming a portion or all of a 
user’s request and is counted as the number of the “attributes” 
to be confirmed when the contents of a user’s request are 
represented as a set of attribute-value pairs. The Information 
transfer cost is the cost of conveying information in response to 
the confirmed portion of the user’s request and is estimated to 
be the length of the system response.  
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In most cases, the smaller the confirmed portion of the user’s 
request becomes, the longer the system response is, since the 
system cannot sufficiently narrow down the contents of the 
user’s request by lowering the confirmation cost. Therefore, the 
lower the confirmation cost becomes, the higher the information 
transfer cost is. Our method works based on a computational 
efficiency criterion of optimizing the confirmation cost against 
the information transfer cost. The user’s request is partially 
confirmed by making the confirmation cost as low as possible 
while keeping the increase in the information transfer cost 
within a given limit. 

Let us take the heavy-rain-warning example mentioned in 
section 1 again. The system recognized that the user asked 
whether or not a heavy rain warning had been issued for Tokyo. 
Assume that the contents of the user’s request are represented 
by three attributes: attribute Inf_Type specifying the type of 
information, attribute Warning_Type specifying the type of 
warning, and attribute Area specifying the area. In this example, 
the value of Inf_Type is “warning”, the value of Warning_Type 
is “heavy rain”, and the value of Area is “Tokyo”. To clarify 
how the efficiency criterion works, let us compare two 
strategies: strategy A, where all attributes are confirmed as “Are 
you asking whether heavy rain warning is issued for Tokyo?” 
and strategy B, where only attribute Inf_Type is confirmed as 
“Are you interested in warnings?” The confirmation cost in 
strategy B is less than in strategy A.  

When the system knows that no warning has been issued 
anywhere or that warnings have been issued in only a few cities, 
the information transfer cost in strategy B will not increase 
greatly compared with that in strategy A. Thus, strategy B is 
preferred. However, when the system knows that warnings have 
been issued for a lot of cities, the information transfer cost in 
strategy B will greatly increase. In this case then, strategy A is 
preferred. 

3.3.3.3.    Related ResearchRelated ResearchRelated ResearchRelated Research    
The efficient control of a dialogue has recently attracted a great 
deal of attention in the research field of spoken dialogue 
systems. A variety of information sources such as speech 
recognition confidence, the distribution of dialogue initiative, 
and the context of dialogue, have been used to establish criteria 
for controlling a dialogue efficiently [2, 8]. This paper presents 
a novel criterion based on the balance of the confirmation cost 
and the information transfer cost, to grasp the limitedness of the 
system’s knowledge.  

A computational criterion for deciding how far user queries 
should be disambiguated has been proposed [1, 7, 9]. According 
to that criterion, user queries need not be disambiguated when 
the system response remains the same irrespective of the 
disambiguation of the queries. However, this criterion is not 
concerned with cases where a system response changes owing to 
the disambiguation of user queries but the length of a system 
response does not vary extremely. Such cases are dealt with in 
our method by keeping the increase in the information transfer 
cost within a given limit. In this sense, the criterion presented in 
this paper is a generalization of the previously proposed one. 

4.4.4.4.    Dialogue Control MethodDialogue Control MethodDialogue Control MethodDialogue Control Method    

4.1. 4.1. 4.1. 4.1.  S S S Spopopopoken Dialogue Systemsken Dialogue Systemsken Dialogue Systemsken Dialogue Systems    
A spoken dialogue system is composed of a speech 
understanding module and a response generation module. The 
speech understanding module recognizes user’s utterances and 
interprets their contents. The contents are represented as 
attribute-value pairs. For example, when the system recognizes 
that the user asked whether a heavy rain warning has been 
issued for Tokyo, the attribute-value pairs are as follows. 

<Inf_Type, warning>, <Warning_Type, heavy_rain>, 
<Area, tokyo>.            (1). 

The response generation module plans a system’s response that 
achieve a given “explanation goal”. Explanation goals are 
communicative goals that the system must achieve to fulfill user 
requests. Explanation goals are established based on the 
confirmed portion of the attribute-value pairs and the system’s 
knowledge. The system’s knowledge is a set of propositions 
held about the dialogue domain and is stored as a database or a 
table in the system. For example, in a system for weather 
information retrieval, possible explanation goals include 
explaining weather information in a specific area and date, 
telling the user whether a specific type of warning has been 
issued for a specific area, or telling the user that no warning has 
been issued anywhere. To establish such explanation goals, the 
system has to refer to its knowledge about the current weather. 

A dialogue between a system and user is decomposed into two 
phases: a user request phase and a response generation phase. In 
the user request phase, the user makes utterances to inform the 
system of a request. In this phase, due to speech recognition 
errors, the system carries out a confirmation dialogue. When a 
unique explanation goal has been determined based on the 
confirmed portion of the user’s request and the system’s 
knowledge, the dialogue moves to the response generation 
phase. In this phase, the system plans a response to achieve the 
explanation goal and provides relevant information in response 
to the request.  

4.2.  Outline of 4.2.  Outline of 4.2.  Outline of 4.2.  Outline of a Ma Ma Ma Method ethod ethod ethod     
In a confirmation dialogue, what a system has to do is twofold: 
it must prompt a user to provide further information and 
confirm what the user requested. Our method is concerned with 
the confirmation aspect. In particular, it focuses on how to 
determine a portion of the user request. In technical terms, the 
chief concern is to determine the subset of attribute-value pairs 
to be confirmed. 

Figure 1 shows a procedure that describes the outline of the 
method for controlling a confirmation dialogue. When the 
current attribute-value pairs AVP are given by the speech 
understanding module, the system attempts to establish an 
explanation goal. If one cannot be established, the system 
prompts the user to provide further information since the current 
attribute-value pairs AVP are less informative. This prompt is a 
question like “Where is the place you are interested in?” or an 



 

 

imperative like “Give me a city name that you are interested in”. 
Such prompting is not the main concern of this paper.  

If an explanation goal can be made based on the current 
attribute-value pairs AVP, the subset SUB_AVP of AVP to be 
confirmed is determined according to the efficiency criterion of 
minimizing the confirmation cost against the information 
transfer cost. Our chief concern here is the estimation of costs 
and the determination of the subset SUB_AVP of AVP to be 
confirmed, which are described in section 4.3, 4.4 and 4.5. 

After determining the subset SUB_AVP of the current 
attribute-value pairs AVP to be confirmed, the system checks 
whether each attribute-value pair in SUB_AVP has been 
confirmed. If all of the attribute-value pairs in SUB_AVP have 
been confirmed, the confirmation dialogue completes and the 
dialogue moves to the explanation phase. Otherwise the system 
makes utterances to confirm subset SUB_AVP. If user’s answer 
is affirmative, the confirmation succeeds and all attribute-value 
pairs in SUB-AVP are recorded as confirmed. If the user rejects 
the confirmation, the speech understanding module updates the 
current attribute-value pairs AVP.  

4.3.4.3.4.3.4.3.  Estimating Confirmation Cost  Estimating Confirmation Cost  Estimating Confirmation Cost  Estimating Confirmation Cost    
The confirmation cost for confirming attribute-value pairs is 
estimated to be the number of the attributes. For example, the 

confirmation cost for attribute-value pairs (1) is 3. This 
confirmation takes the form of a question like “Are you asking 
whether a heavy rain warning has been issued for Tokyo?” 
Consider the confirmation costs for the following subsets (2), 
(3) of attribute-value pairs (1). 

<Inf_Type, warning>, <Warning_Type, heavy_rain>.    (2) 

<Inf_Type, warning>.                             (3) 

The confirmation cost for (2) is 2. This confirmation is a 
question like “Are you interested in a heavy rain warning?” The 
confirmation cost for (3) is 1. This confirmation is a question 
like “Are you interested in warnings?” 

4444.4.  Estimating Information Transfer Cost.4.  Estimating Information Transfer Cost.4.  Estimating Information Transfer Cost.4.  Estimating Information Transfer Cost    
To estimate the information transfer cost, our method 
establishes an explanation goal corresponding to attribute-value 
pairs, plans a system response that achieves the explanation goal, 
and computes the size of the system response. The length of a 
systems response is approximately counted as the total number 
of noun phrases appearing in the response.  

Consider the information transfer costs for attribute-value pairs 
(1), (2) and (3). Assume that the system knows that no warning 
has been issued anywhere. An explanation goal corresponding 
to (1) is to tell the user that a heavy rain warning has not been 
issued for Tokyo. The noun phrases that will be included in a 
system response achieving that goal are “a heavy rain warning” 
and “Tokyo”. Thus, the information transfer cost for (1) is 2. An 
explanation goal corresponding to (2) is to tell the user that no 
heavy rain warning has been issued anywhere. The noun phrases 
that will be included in the response are “no heavy rain 
warning” and “anywhere”. The information transfer cost is 2. 
An explanation goal corresponding to (3) is to tell the user that 
no warning has been issued anywhere. The noun phrases that 
will be included in the response are “no warning” and 
“anywhere”. The information transfer cost for (3) is 2. 

4.5.  4.5.  4.5.  4.5.  Determining a Determining a Determining a Determining a PPPPortion of a Userortion of a Userortion of a Userortion of a User’’’’s s s s 
Request to Be ConfirmedRequest to Be ConfirmedRequest to Be ConfirmedRequest to Be Confirmed    

To determine which portion of the current attribute-value pairs 
AVP should be confirmed, this method first estimates the 
confirmation cost of confirming the whole of attribute-value 
pairs AVP and the information transfer cost for making a system 
response based on the whole of AVP. Let that confirmation cost 
be MAX_CC and that information transfer cost be MIN_ITC.  

Next, the method generates subsets of the current attribute-value 
pairs AVP by extracting some pairs from AVP and guaranteeing 
that an explanation goal can still be established for each subset 
of AVP. For each subset, the confirmation cost CC and the 
information transfer cost ITC are estimated. Among those 
subsets of AVP, the method chooses one having the minimum 
CC that satisfies the following inequality. 

MAX_CC – CC ≥α(ITC – MIN_ITC), 
where α> 0.      (4) 

 

Figure 1: Procedure that describes the outline of the 
method for controlling a confirmation dialogue 

Confirmation procedure 
/* Declaration of variables */ 
/* AVP is attribute-value pairs currently recognized */ 
/* SUB_AVP is the subset of AVP to be confirmed */ 

Attribute-value pair AVP, SUB_AVP; 
Boolean Fin_P;  /* If true, procedure completes */ 

 
/* Intiialization */ 

AVP : = the current attribute-values pairs; 
Fin_P := False; 

 
/* Confirmation loop */ 
  Repeat 
   If Any explanation goals cannot be established Then 
        Prompt a user to give further information; 
   Else {Determine the subset of AVP to be confirmed 

           according to the efficiency criterion; 
  SUB_AVP:=the subset of AVP to be confirmed; 

        If All attribute-value pairs in SUB_AVP have  
been confirmed 

Then  Fin_P := True; 
Else {Make utterances to confirm SUB_AVP;  
     If the user answer is affirmative Then 

Records attribute-value pairs in 
                          SUB_AVP as confirmed; 
             Else  Update AVP by the speech 

 understanding module } 
    } 
   Until Fin_P == True; 



 

 

The left side of the above inequality signifies the decrease in the 
confirmation cost by dropping some attribute-value pairs. The 
right side signifies the increase in the information transfer cost 
by leaving some attribute-value pairs unconfirmed. Positive 
constant α adjusts the differences of the impacts of the two 
costs. Inequality (4) shows that the increase in the information 
transfer cost must be counterbalanced with the increase in the 
confirmation cost. 

For example, the system recognizes that the user asked “Is a 
heavy rain warning has been issued for Tokyo?” The current 
attribute-value pairs AVP are represented as (1). Assume that 
the system knows that no warning has been issued anywhere. 
The MAX_CC is 3 and the MIN_ITC is 2. The method 
generates subsets (2) and (3) of AVP. The CC and ITC for (2) 
or (3) satisfy the inequality (4). As a result, this method chooses 
(3) having the minimum confirmation cost and generates a 
concise confirmation like “Are you interested in warnings?” The 
system response after confirming (3) is not equivalent to that 
after confirming (1). However, the size of the system response 
does not greatly vary, and the helpfulness of the system 
response is not affected. 

5. Implementation 
This method has been implemented in our newly developed 
spoken dialogue system “HUME” for weather information 
retrieval. HUME was developed by improving “DUG-1” [6], 
which we had developed earlier, in some respects: efficient 
dialogue control based on the proposed method and lucid 
summarization of system responses. As DUG-1 can, HUME can 
deal with user’s queries and interruptions in a timely and 
adaptive manner by making use of a couple technologies we 
developed: the incremental speech understanding [5] and 
incremental response generation [3]. 

HUME gathers weather information through the Internet and 
integrates the information into a database. Since this 
information varies day by day, we cannot predict in advance 
how much or how little the system knows. Thus, we cannot 
devise any fixed dialogue control strategies based on the 
pre-computed statistical tendencies in the system’s knowledge. 
The proposed method works quite well in this situation since it 
adapts to the current state of the system’s knowledge. 

6. Conclusion 
This paper presented a novel method by which a spoken 
dialogue system can control a dialogue efficiently so as to avoid 
unnecessary confirmation dialogue when a user requests 
information that is beyond its knowledge. A computational 
efficiency criterion for the efficient dialogue control is 
established based on the confirmation cost and information 
transfer cost. This method works according to the efficiency 
criterion of minimizing the confirmation cost against the 
information transfer cost. With this method, a spoken dialogue 
system has only to confirm the portion of the user’s utterance 
that has a significant impact on a system response.  
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