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Abstract - The article deals with theory of dialogue management units and VoiceXML interpreters. Our goal is to develop the Voice platform with dialogue management unit based on the VoiceXML interpreter that fully supports VoiceXML v2.0. We have started from the scratch and in actual state it performs all fundamental algorithms of VoiceXML language and service functions for all VoiceXML commands, i.e. Form Interpretation Algorithm, Event Handling, Grammar Activation and Resource Fetching algorithms. It does not support full range of VoiceXML yet but it is enough for building basic voice dialogues. Our dialogue manager has implemented the XML Parser, ECMAScript engine, Input and Output interfaces, Grammar’s handling unit, and the Log interface. Our Voice platform is based on the hub architecture that uses a message communication between hub process and servers. All servers provide some features. 
Index terms – VoiceXML, interpreter, dialog, speech recognition, speech synthesis
1 Introduction

Nowadays the automatic voice services provided through telephony network are gaining ground. This evolution was done by managing technologies of speech recognition and speech synthesis. The simple speech recognizer and synthesis engines occur in some operating systems, but with support for world languages only. (English, German) 

 The automatic voice services or voice applications run on the Voice platforms (Voice portals). The dialogue management unit is the core component of overall system. Quality of dialogue doesn’t depend only on the ability to speak and to hear but also on the ability to make a dialog (to think). From this point of view the dialogue management unit is the control element of speech recognizer (system’s ears) and speech synthesizer (system’s mouth). 

The dialogue manager creates a dialogue and manages the interaction between system and user. The result of this process is generation of requirements for basic dialog actions which are playing prompts to the user and taking some input from user.

To build genuine intelligent dialogue management system is a complex task. This involves managing the other technologies as are natural language understanding (NLU) and natural language generation (NLG). Moreover this is possible only with very big set of general knowledge about real world. This task has also a big requirement to the speech recognizer.

Therefore some limitations of intelligence of dialogue systems are accepted in the real applications. We have to think about that the interaction between the user and the system has concrete goal - to provide some services.

One of the most frequently used solutions of the dialog control is based on VoiceXML language. This language makes possible to write the dialog in the clear XML style. The requirements to the dialogue actions are generated by its interpretation.
The paper is organized as follows. Section 2 contains describing of VoicePortal architecture with emphasis to dialogue manager function. Components of dialogue manager based on VoiceXML interpreter are described in Section 3. The VoiceXML basics in and structure of VoiceXML interpreter are presented in Section 4. 
2 Dialogue management unit in the Voice portal

The Voice platform (portal) is complex system that provides voice services through telephony network. These services in most cases bring the content of internet’s localities to a user on the line. From this point of view we can think about Voice platform as about interface between internet and telecommunication network.

 So the Voice portal serves as the heart of any VoiceXML-enabling network. Through the portal the VoiceXML based dialogue management unit and application running on it gain access to the users of telephony devices while providing users with TTS, speech recognition, media resources, and, often, access to the Internet.

Fig.3 Voice platform

The figure 3 shows the funfamental components of voice portal. As we said hereinbefore the dialogue management unit itself can not create voice dialogue between user and system. This unit generates only the requirements on dialog actions and it generates textual representation of dialogue. The texts of prompts to the user are translated into voice representation by Text-to-speech unit (TTS). This audio data are sended through Audio (telephony) unit into telephone line. On the other side, audio data from user are sended through Audio unit to Speech recogniser engine (ASR unit). Its output is the textual reprezentation of spoken user input. The internet interface unit takes care about physical connection to internet network and fetching of requirement documents and information. This unit creates an interface between voice platform and internet network. Audio unit makes an interface between telephony network and voice platform again.
3 Basic components of dialogue management unit based on VoiceXML interpreter

???? uvodna veta

Picture 2 shows the components of dialogue management unit. 

Fig.2 Dialogue management unit

Fundamental components of dialogue manager based on VoiceXML language are VoiceXML interpreter, XML Parser and ECMAScript unit. These three units were described in the previous section. 

The next components are:

Input interface unit. It takes care about taking and processing of spoken user input. It manages time intervals and catches input events (noinput, nomatch). The processed utterances goes to the Grammar’s handling unit. 

Grammar’s handling unit. This component implements grammar activation algorithm. It takes care about scope of grammars, creates support for several grammar formats (for example XML or BNF format) and generates grammars when <option> or <menu> elements were used. It can do conversion between grammars formats. In VoiceXML language the choice of grammar format is platform dependent.

Output interface. It generates the prompts to the user. It can do conversion between code tables, it adds the values of some variables into the prompts and it makes decision what prompt will be played. (prompt selection algorithm). 

Document manager. This unit is responsible for fetching, storing and downloading files, that are necessary (VoiceXML, audio, grammars and others) for dialogue management. Document manager must  provide pre-fetching of requirement documents (safe mode) as well as fetching of these documents from internet location during the dialogue (fast mode). Document manager must look after fresh of fetched documents.

Logging interface. It serves as monitoring tool. It logs all events that occur during a dialogue into „log“ files. There are also all errors, warnings, diagnostic messages and a textual representation of user-system interaction. These information serves by solving of unexpected state of system.

4 The VoiceXML interpreter
4.1 The VoiceXML language basics
The VoiceXML language is a markup language derived from XML (eXtensible Markup Language). It is designed for creating audio dialogs that feature synthesized speech, recognition of spoken and DTMF key input, telephony and others technologies. It makes possible to build the dialogues applications and services for Voice Platforms effectively. For example weather and traffic information or financial services. 

This is a little example of VoiceXML document. 

<?xml version="1.0" encoding="ISO-8859-1"?>

<vxml version="1.0" lang="English">

  <form id="start">

    <field name="first_name">

      <grammar src="names.xml" type="xml"/>

      <prompt bargein="false">

             Hello. What is your name?

      </prompt>

      <filled>

        <prompt>

           Hello <value expr="first_name"/>.

        </prompt>

        <goto next="#choice"/>

      </filled>

    </field>

  </form>

...

</vxml>
The structure of VoiceXML application is very similar to HTML document. The dialogues are the ground of VoiceXML documents. Each dialogue is delimited by the pair of form or menu elements. Each element of VoiceXML language must contain a beginning and termination markup. (for example <form> and </form> markups). 

We can find input fields within dialogues. They are represented by <field> elements. Input fields collect information from user. After the prompt to the user is played by <prompt> element and defined speech grammar is set up by <grammar> element, the interpreter waits for a spoken input from user. With the semantic interpretation of this input variables of matching input field are filled. Then the processing of spoken input follows. This is done by the <filled> element. In our case the next prompt to the user is played and the jump to the next dialogue is executed by <goto> element. User-system interaction can look for example like this:

System: Hello. What is your name?

User: Stano.

System: Hello Stano.

...

4.2 Components of VoiceXML interpreter

The VoiceXML interpreter interprets VoiceXML commands. They are not interpreted sequentially top down, but their executing is exactly described by VocieXML algorithms (Document loop, Form Interpretation Algorithm ...). Beside VoiceXML interpreter also other components are necessary to create dialog between computer and user (caller). Interpreter generates states of dialog and communicates with other components of dialogue management system. The figure 1 shows basic algorithms and tasks of VoiceXML interpreter.
Fig.1 Algorithms and task of VoiceXML interpreter

As we can see on the picture the basic algorithms are: 

Document loop. All processing is done within the document loop. The document loop defines the sequence of execution of several dialogues and stores information about variables and settings on the document level.

Form Interpretation Algorithm (FIA). Handling of elements within dialogues is managed by FIA that has four phases:
· initialization of dialogue
· select phase
· collect phase 
· process phase
Last three phases are part of the main loop. In the phase of initialization, variables on the dialog level must be created, prompt and event counters must be set up. In the select phase one element of dialog that will be executed is chosen. After that, the chosen element is executed in the collect phase. The purpose of the process phase is to process the input or event collected during the collect phase. It is clear that FIA determines only the order of form elements execution. Each VoiceXML element or group of elements must have their service function.

Grammar Activation. During the collection of user’s spoken input more than one grammar can be in active state. The Grammar Activation Algorithm takes care of activation and deactivation of speech grammars. The VoiceXML works with static grammars. It does not define what kind of grammar format has to be used. In the VoiceXML 2.0 specification the XML or BNF grammar formats are recommended as specified in the Speech recognition grammar specification (SRGS) released by the W3C. 

Event Handling. Event Handling Algorithm is responsible for catching and handling events that occur during interaction between system and user (silence when the user had to spoke, unrecognized spoken input, hang up from the user side).  

Resource Fetching. Resource Fetching Algorithm manages fetching of content from a URI occuring in VoiceXML applications. URI can refer to another VoiceXML document, audio files, grammars, objects and scripts.

The VoiceXML interpreter is only one part of the dialogue management unit. The next fundamental components of dialog management systems based on the VoiceXML interpreter are XML Parser and ECMAScript unit. XML Parser creates hierarchical image of VoiceXML application from the file with VoiceXML code. This image is representing the tree of the dialog. VoiceXML variables are in all respects equivalent to ECMAScript variables. VoiceXML supports the ECMAScript language also in the special element named <script>. This element makes possible to write the ECMAScript code in VoiceXML document and by this to implement features that are not included in the VoiceXML language (for example complicate mathematical operations and many others). Therefore it is necessary for the dialogue management unit to have an ECMAScript unit. VoiceXML interpreter, XML Parser and ECMAScript unit represents the ground of the dialog management unit. 
5 Conclusions

The dialogue management unit based on the VoiceXML interpreter is a good resource to running of dialogue services in a real application which are provided some information through the telephony line.
The Voice platforms of this type (with the VoiceXML based dialogue management unit) are used global for realization of call centers, information centers, weather information, bank services and others. 
They are many types of Voice platforms architectures for example hub architecture, client-server architecture, simple pipeline architecture...). 

In most cases the dialogues management units are included in the platform. They are a lot of Voice platforms from a lot of companies and a few free platforms (for example OptimTalk and PublicVoiceXML), that are not complet often and they are only some dialogue managers which makes possible to connect speech recogniser, synthetiser and others components through the standart interfaces. 

We buid an own Voice platform based on the hub architecture in the research project Intelligent Speech Communication Interface. The one component of this platform is the dialogue management unit based on the VoiceXML interpreter. This manager is not fully implemented. Its VoiceXML interpreter interprets VoiceXML 1.0 language. Our VoiceXML interpreter today does not support all VoiceXML commnads. 
We were choosen version 1.0 of VoiceXML language even trough that today's interpreters support version 2.0. Building of the interpreter for version 1.0 present good ground for its update to version 2.0. Together VoiceXML 1.0 is useful tool for creating standart dialogues. This versions do not critical differ from yourself. Form Interpretation Algorithm and ground of the others mentioned algoritms are fully implemented. 

The Weather information service and Train information service are running on this platform. Interpreter and dialogue management unit are created in C++ programming language.
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