I. Introduction

Language models are used extensively in speech recognition to provide a grammar for accepted utterances. Several industry standard grammar specifications such as the JSpeech Grammar Format (JSGF) [] and the XML Speech Recognition Grammar Specification (XML-SRGS or XML) [] exist. While these standards allow for the specification of context-free grammars (CFGs), most language models have a regular grammar equivalent and can therefore be modeled as finite state machines (FSMs), which are widely used in automatic speech recognition.   This paper describes our experience in developing a tool to convert between various popular CFG-based language models, including JSGF and XML, and our internal grammar format for our public domain speech recognition toolkit [], consisting of a set of hierarchical or nested finite state machines, collectively known as ISIP Hierarchical Digraph (IHD) format [].   
Theoretical equivalence and conversion between grammar formats of differing expressive power has been heavily studied, but no algorithms exist which perform conversions from arbitrary CFG’s generating regular languages to FSMs[ , ].    However, software tools have been developed for conversions between FSMs and CFGs, which assume reasonable restrictions on the grammars handled [].  Nonetheless, our experience has illustrated that the specifics of each grammar format present unique obstacles that cannot be easily addressed by theoretical solutions or generic conversions.   The remainder of this paper describes the technical issues encountered in the conversion process, our solutions to these issues, and finally offers insight into future development of robust, general purpose language model conversion tools.
 II.  Common CFG-based Language Models
Describe XML

Describe JSGF
II .Converting from XML

Began with the W3C SRGS test set.   Enumerate the test cases we chose to address:

Discuss recursion…

Pecularities of XML:  nesting??
________________________________________________________________________

Although the ISIP software natively processes only IHD format language models, it offers transparent conversion both from JSGF and XML to IHD and vice-versa in the form of the isip_network_converter and isip_network_builder utilities. Consequently, one may use XML language models with ISIP software without knowing the details of IHD. The construction and use of such XML language models is the focus of this tutorial. This tutorial assumes a basic understanding of the ISIP environment and of speech recognition principles. 

