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Abstract. Language and speech resources are of 
crucial importance for research and development in 

language technology. The central module of any 
natural language dialogue system is the dialogue 

manager. This paper presents common dialogue 

manager architectures and discusses their possible 

application in Croatian weather forecast system 

together with dialogue initiative strategies and 

problems that spoken dialogue systems face 

concerning the input. Beside the fact that the 

language is ambiguous in itself, there are cases of the 

speech input which is not linguistically or 

grammatically covered by the system. Moreover, the 

interaction may occur in noisy environment. Most of 

these problems are discussed here and our concern 

will be how to overcome these problems and build a 

robust Croatian spoken dialogue system. 
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1. Introduction 

 
Language and speech resources are of crucial 

importance for research and development in 
language technology. It is equally important to 
develop language tools to help people 
communicate effectively in foreign countries or 
with foreigners. Most researches are done on 
English language. Since Croatian and other 
Slavic languages are essentially very different 
from English, we are in the need of developing 
language-specific tools [8].  
Dialogue manager is the central module of 

any natural language dialogue system (Fig. 1). It 
plays the role of an intermediate agent between 
the user and the information source and it is 
responsible for a reply the user will receive. It 
performs clarification, completion, confirmation, 
and negotiation dialogs with users in order to 
resolve potential ambiguities [9]. Its output is a 
response frame which is than sent to a generation 
component.  
A basic problem with semantic interpretation  

is that language is ambiguous. One possible 
reason for ambiguity is that many words do not 
have unique meaning. There are cases where 
more than one syntactic structure can be assigned 
to an expression or scope relations are not clear. 
One solution to this problem is to use 
underspecification, meaning that we should have 
a common representation for all possible 
interpretations of an ambiguous expression. 
Although semantic representations must be built, 
ambiguities do not need to be resolved 
unconditionally [13]. That is the main reason 
why in developing conversational systems, we 
need a rich array of parse rules and interpretation 
functions for handling the many ways people 
express commonplace concepts. The dialogue 
manager should initiate a clarification 
subdialogue each time ambiguity has arisen 
during conversation. In cases of repeated 
recognition failure, the dialogue manager could 
automatically switch to entry at the keyboard or 
telephone keypad.  
Natural language understanding module is 

shown in Fig. 2. We will refer to it as the 
interpretation subsystem. Output of this system 
presents input for the dialogue manager.  
The first section of this paper discusses 

dialogue initiative strategies as first important 
dialogue behaviour and possible dialogue 
manager responses. In the next section a model 
of interpretation subsystem is proposed. 
Interpretation subsystem precedes the dialogue 
manager and provides its input. The third section 
discusses possible dialogue manager 
architectures and their implementation in our 
weather forecast system. Plans for future work 
are presented in the last section of this work.  
Although we will focus ourselves on the 

weather forecast dialogue manager, the same 
dialogue manager can be applied to expert 
systems [11], e-learning systems, TV 
programming domain, to financial planning, 
sports, hotels, and many similar domains [13]. 



2. Dialogue manager  

 
The interpretation module and not the 

dialogue manager should deal with the resolution 
of anaphoric expressions and ellipsis. The 
dialogue manager receives expression from the 
interpretation module and tries to identify the 
intended speech act [4]. 
The response that a dialogue manager 

generates is usually a confirmation or a 
negotiation. A confirmation can be explicit ‘Are 
you interested in the weather forecast for 
tomorrow?’(Zanima Vas vremenska prognoza za 
sutra?) or implicit ‘You are interested in the 
weather forecast for tomorrow. And for which 
area?’(Zanima Vas vremenska prognoza za sutra. 
A za koje područje Vas zanima?). Explicit 
confirmation is used for low confidence semantic 
objects, while implicit confirmation is used for 
high confidence semantic objects [7]. The cost of 
an error is important factor in deciding which 
strategy to use. Implicit confirmation is more 
natural, while explicit lengthens the conversation 
and sounds non-natural and non-human. 
Rejection can be used instead of confirmation in 
cases where confidence is so low or the best 
interpretation is semantically ill-formed. In cases 
of ill specification, an entity that matches the 
semantic object attributes does not exist. When 
an utterance is rejected, the system might follow 
the strategy of rapid reprompting ‘Could you 
repeat that, please?’(Možete li ponoviti?). When 
an utterance is rejected for the second time, 
systems often follow a strategy of progressive 
prompting or escalating detail. In our weather 
forecast system, in cases of input misrecognition 
the system might ask the user ‘For what place 
and time do you want to hear the weather 
forecast?’ (Za koje mjesto i dan želite čuti 
vremensku prognozu?).  
Dialog initiative strategies are first important 

dialogue behavior. A flexible mixed initiative 
style is preferred over a rigidly controlled one 

because the system will be more natural. Plan-
based systems which are mentioned further in the 
text are the most suitable to handle a flexible 
mixed initiative style. Turn-taking rule has a 
number of important applications for dialogue 
modeling. In some utterances speaker 
specifically selects the next person to speak. 
Examples are two-part structures which are 
called adjacency pairs. Representatives of these 
structures are question-answer structures, 
greeting followed by greeting, compliment 
followed by down player, request followed by 
grant, proposal followed by acceptance or 
rejection, and so on. If the speaker does not 
specifically select another speaker, anybody can 
take turn. Furthermore, if nobody wants to take 
their turn, the first speaker can take another turn 
[9]. Strict turn-taking between the user and the 
system does not allow interruptions. One goal 
has to be completed in order to initiate the next 
one [4]. Turn-taking dialogue is easily 
programmed, especially when a confirmation 
statement is included [7]. 
 
3. Interpretation Subsystem 

 
A key issue in NLP systems where it is likely 

to have partial and ill-formed utterances due to 
various factors is robustness. Robustness can be 
defined as a kind of monotonic behaviour, which 
should be guaranteed whenever a system is 
exposed to some sort of non-standard input data 
[1]. The quality of robust behaviour should be 
proportional to the degree of ungrammaticality.  
Portability is another major issue when 

developing a dialogue system. One of the 
solutions to promote portability is to separate the 
task and the dialogue strategy as in Fig. 1. The 
task refers to filling in the slots and it can be 
achieved using various strategies. [5] 
 

 
 
 
 Figure 1. Components of a natural language dialogue system 
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At this point of time, we will put our effort 
into building robust spoken dialogue system. Our 
system should be able to process telephone calls 
querying about the weather forecast. Among 
factors that affect such NLP systems are noisy 
environment, the speech recognizer’s language 
model, and grammatically uncovered speech 
input. Furthermore, special characteristics of 
spontaneous speech may not be represented in 
the linguistic tools that analyze the input before it 
is made available to the semantic analysis 
components [13]. Only algorithms dealing with 
stochastic automata or grammars have proved to 
be somehow robust [6]. 
The interpretation system that we propose is 

shown in Fig. 2. We could perform 
morphological analysis and tagging using tools 
that were developed in the European Linguistic 
Engineering Project MULTEXT [3]. Then we 
need to build a grammar based on the small 
sample of data and convert it into a probabilistic 
context-free grammar [1]. Context-Free 
Grammar or CFG refers to mathematical system 
used for modeling constituent structure in natural 
languages which is the most commonly used. It 
consists of a set of rules or productions. These 
rules express the ways that symbols of the 
language can be grouped and ordered together 
[9]. Syntactic trees would then serve as an input 
for the robust semantic analysis. Its goal is 
production of query frames. We also need a 
semantic model of the closed world presented by 
the domain of the system to be queried. This 
model puts constraints on the senses of words 
allowable in context and it reduces the ambiguity 
which is a basic problem with semantic 
interpretation. For instance, Croatian word puše 
(blow vs. smoke) has at least two meanings. One 
of the meanings refers to smoking cigarettes, and 

the other refers to the winds. Domain knowledge 
could also be used to ensure that the query 
frames contain a minimal amount of information 
necessary for the query to be labeled as well-
formed. It could also be used to determine out-
of-domain queries (for instance asking for the 
weather forecast for a village and the weather 
forecast system contains information only about 
towns and cities).  For semantic analysis we need 
to use state of the art techniques. One possible 
implementation of such technique, syntax-driven 
semantic analysis is discussed in [2]. The 
meaning representation assigned to the 
construction A can be computed by running the 
function f on some subset of the semantic 
attachments of A’s constituents. Semantic 
analysis of weather forecast data in F-logic is 
presented in [10].  

We also need a guessing module which would 
provide semantic hints for words not found in the 
lexicon. Finally, the task of the robust analysis 
module is to extract a coherent interpretation of 
the utterance. The semantic module should also 
be able to eliminate the ambiguity as not being 
relevant to the ultimate querying goal of the 
system. The goal of the interpretative process is 
to furnish a query to the dialogue manager. It can 
be viewed in the form of a frame with certain 
fields completed. The query must be classified 
by the interface into three categories. If the 
completed fields contain semantically valid data, 
the query is correct and it can be submitted. If 
there are fields that cannot be unambiguously 
filled in, a system-initiative dialogue must be 
invoked to furbish the necessary information to 
create a correct query. The last category is the 
one with non-coherent queries and in such case 
an error dialogue must be invoked.  

 

 
 Figure 2. Interpretation system as part of the dialogue system 



4. Common dialogue manager architectures 

 
There are four common dialogue manager 

architectures: 
1. finite-state architecture (FSA), 
2. frame-based architecture, 
3. probabilistic version of information-state 

managers based on Markov Decision 
Processes architecture,  

4. plan-based architecture [9]. 
 
The first of these architectures is also the 

simplest one but it cannot handle utterances like 
‘You are interested in the weather forecast for 
Rijeka tomorrow?’ (Zanima Vas vremenska 

prognoza za sutra za Rijeku?) Theoretically it is 
possible to create architecture which would 
handle this type of utterances but this would 
cause a vast explosion in the number of states. 
Most finite state systems can handle universal 
commands like help or start over or some sort of 
command to correct the system’s understanding 
of the last utterance. Even with universals, such 
systems are still of limited use. Besides the fact 
that these systems might be found inflexible by 
the user, they also have difficulty understanding 
non-literal speech. That is why most systems use 
architecture that allows mixed initiative [9].  
Another problem occurs when several utterances 
are used to express one speech act and vice versa 
[7].  
Frame-based systems are mixed initiative 

architecture systems. They ask the user to fill 
slots in the frame, but also allow the user to 
guide the dialogue by filling other slots in the 
frame with suitable information. A frame-based 
system functions similarly to a FSA. The user 
needs to answer certain questions and in that way 
the slots are filled. The difference lies in that the 
user can answer more than one question at a 
time. The system has to fill in these slots and 
remember not to ask questions associated with 
these slots. Not all the slots have an associated 
question. Some domains may be representable 
with a single frame, while some other domains 
need to deal with multiple frames [9]. For our 
purposes in weather forecast system, a single 
frame might be sufficient. 
 

Our system needs a place and a date before it 
can answer any of the questions. Besides these 
attributes, the form would contain some optional 
attributes, such as winds. The whole process can 
be described through three phases as in Fig. 3. 
First the system dispatches a query to the content 
providers, then it filters the response based on 
the constraints from the user, and finally, it 
determines an appropriate reply to the user [13]. 
Slots for which we do not have explicit 
information can be filled by default. For 
example, in our weather forecast system, if the 
user does not specifically mention any locality, it 
can be filled by default using the information 
about the caller’s telephone number [1]. When 
important pieces of information are missing, the 
system needs to prompt the user for them. A 
filtering function can be configured to look for 
matches on particular values in the attribute-
value pairs returned from the content providers. 
It can also reject some items according to a 
numerical threshold by searching for a given 
attribute and comparing its value to a threshold 
[13].  
 
Conclusion 

 
Up to this point, intelligent combinations of 

statistical and machine learning methods with 
linguistic and lexical tool produced the best 
results in NLP [12].  
In this work we have shown the process of 

building interpretation subsystem in Croatian 
spoken dialogue weather forecast system [8]. In 
the first phase of our subsystem morphological 
analysis and tagging will be performed using 
tools that were developed in the European 
Linguistic Engineering Project MULTEXT. Next 
a grammar needs to be built and converted into a 
probabilistic context-free grammar. Syntactic 
trees would then serve as an input for the robust 
semantic analysis. Its goal is production of query 
frames. Domain knowledge would be used to 
ensure that the query frames contain a minimal 
amount of information necessary for the query to 
be labeled as well-formed. It could also be used 
to determine out-of-domain queries.  

 

 
Response filtering Reply Query  

Figure 3. Dialogue manager subsystem 



Domain knowledge also puts constraints on 
the senses of words allowable in context and it 
reduces the ambiguity which is a basic problem 
with semantic interpretation. We also need a 
guessing module which would provide semantic 
hints for words not found in the lexicon. Finally, 
the task of the robust analysis module is to 
extract a coherent interpretation of the utterance.  
The goal of the interpretative process is to 

furnish a query to the dialogue manager. It can 
be viewed in the form of a frame with certain 
fields completed. The query can be classified by 
the interface into three categories. If the 
completed fields contain semantically valid data, 
the query is correct and it can be submitted. If 
there are fields that cannot be unambiguously 
filled in, a system-initiative dialogue must be 
invoked to furbish the necessary information to 
create a correct query. The last category is the 
one where queries not coherent with the 
interfaces model of the domain are created and 
then an error dialogue must be invoked. In the 
second part of this work, we shortly present 
common dialogue manager architectures and opt 
for frame-based architecture in developing our 
weather forecast system.  
Our future work will encompass 

implementing a complete dialogue system for 
weather forecast system. 
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